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Abstract

The purpose of this study is intended to detect 
and evaluate serum lipid concentrations and 
establish the interrelationship between the 
lipid profile variables for both oral and non oral 
cancer. This case control study included 100 
clinically diagnosed and histopathologically 
confirmed OSCC cases and 100 age and gender 
matched healthy control subjects who had 
neither any history of cancer nor suffered from 
any major illness. Serum lipid concentrations 
such as total cholesterol, HDL cholesterol and 
triglycerides were determined by enzymatic 
colorimetric assays. LDL and VLDL cholesterol 
concentrations were calculated from the above 
findings. ANOVA was performed to compare 
mean, standard deviation and P- values of 
the parameters using SPSS 15.0 version for 
windows. The results have shown significantly 
decreased levels of serum lipid concentrations in 
OSCC cases when compared to normal control 
subjects, showing an inverse relation between 
serum lipid levels and Oral Squamous cell 
carcinomas. The detected lower concentrations 
of serum lipid components in the head and neck 
cancer cases might be due to the utilization 
of lipids by the cancer cells to maintain cell 
integrity. Plasma lipid status may be a useful 
bio-marker indicator for initial changes occurring 
in neoplastic cells.

 Key words: Lipids, Cholesterol, Triglycerides, 
Oral Squamous cell carcinoma ,head and neck 
cancers, HDL, LDL, VLDL, areca nut, alcohol, 
tobacco, smoking, HNSCC, carcinogenesis, 
oral cancer.

Lipids are chief cell membrane 
components crucial for various biological 
functions including cell growth and division of 
normal and malignant tissues, maintenance 
of the structural and functional integrity of all 
biological membranes, activity of membrane-
bound enzymes and stabilization of the DNA 
helix. Total cholesterol (TC), triglycerides 
(TG), high density lipoproteins cholesterol 
(HDLC), low density lipoproteins cholesterol 
(LDLC), and very low density lipoproteins 
cholesterol (VLDLC) constitute the lipid profile. 
Lipoproteins transport free cholesterol in the 
circulation, LDLC help in the transportation of 
cholesterol from liver to the other cells, HDLC 
in the transportation of cholesterol from other 
cells to the liver, VLDLC packs and transports 
the triglycerides, which are taken up and 
degraded by cells to perform cellular functions. 
Cholesterol, an amphipathic lipid is vital for 
cellular uptake and is distributed systematically 
in the domains of membranes and exists either 
as free cholesterol or connected with a long 
chain fatty acid, as cholesteryl ester. Cholesterol 
is synthesized in many tissues from acetyl-Co-A, 
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and is eliminated from the body in the bile as 
cholesterol or bile salts. Specialized membranes 
called ‘lipid rafts’ are maintained enriched with 
sphingolipids and cholesterol, which act as the 
platform for signal transduction. Head and Neck 
Squamous Cell Carcinoma (HNSCC) advances 
from the mucosal epithelial cells that underlines 
the oral cavity, larynx, pharynx, sinonasal tract 
and the use of tobacco products is associated 
with inflammation in the exposed tissues (1). 
Tobacco smoke has been reported to kindle 
H2O2 and hydroxyl radicals in addition to direct 
carcinogenic effects on the epithelial cells of 
the oral mucous membrane. Extensive use of 
areca nut and tobacco carcinogens induce the 
production of free radicals and reactive oxygen 
species (ROS), which has been implicated in 
pathogenesis of several diseases including 
cancer. Oxidative stress is the chief leading 
causes of toxicity attributed to the interactions 
of ROS and reactive nitrogen species (RNS) 
with cellular macromolecules like DNA, 
lipid, and proteins, which hamper the signal 
transduction pathways such as protein kinases, 
phosphatases, and transduction mechanisms 
(2). ROS enhances the rate of oxidation 
and per-oxidation of polyunsaturated fatty 
acids, thus disturbing essential constituents 
of cell membrane and apparently involving 
carcinogenesis. Animal studies have shown 
that nicotine, a tobacco carcinogen, affects 
the activity of enzymes responsible for lipid 
metabolism (3). Lipid metabolism in rapidly 
proliferating cancerous cells is based on 
redirecting the carbon from energy production 
into membrane biosynthesis. During signal 
transduction cascades, lipids are broken down 
into bioactive lipid mediators, which regulate an 
array of carcinogenic processes like cell growth, 
cell migration and metastasis formation (4).   

 Cancer is a leading cause of morbidity 
globally and a growing public health concern, 
with the increasing annual number of new cancer 
cases it is projected to amplify to 13.1 million 

deaths in 2030 (5). In 2015 caused over 8.7 
million deaths globally, being the second leading 
cause of death behind cardiovascular diseases 
(6). The most common histological type of oral 
cavity cancer is Squamous cell carcinoma, 
which accounts for more than 90% of cases (7), 
with more than 450,000 new cases and 350,000 
deaths annually (8-11). The distressing rates of 
mortality reported in HNSCC are usually owing 
to high incidence of loco-regional recurrence 
and metastatic disease (12). The incidence of 
HNSCC continues to mount and is estimated 
to enhance by 30% (1.08 million new cases 
annually) by 2030 (13-14),  and critical needs 
for novel therapies to improve overall survival 
is indispensable (15) .Despite some modest 
improvements in the treatment ,the overall 
5-year survival rate remained  just about 40–
50% chiefly due to poor accessibility of effective 
therapeutic options for HNSCC cases with 
recurrent disease (16) whereas the recurrence 
rates remain high (17). Cancers of the lip and 
oral cavity are vastly common in South Central 
Asia (India, Sri Lanka, and Pakistan) (18) as 
well as Melanesia (Papua New Guinea, with 
the highest incidence rate worldwide in both 
sexes), reflecting the popularity of betel nut 
chewing (19). Incidence rates are also high in 
Eastern and Western Europe and in Australia/
New Zealand and have been linked to alcohol 
consumption, tobacco smoking, HPV infection 
for cancers of the oropharyngeal region, and 
to ultraviolet radiation from sunlight exposure 
for lip cancer (19-22). OSCC develops in the 
oral cavity and oropharynx and can occur due 
to many etiological factors, but smoking and 
alcohol remain the most common risk factors 
especially in the Western world (23). Though 
treatment is complex for cases with head and 
neck cancers24, its early detection can improve 
the prognosis significantly (25). Oral cancer 
is a preventable disease, where smoking and 
alcohol, considered major risk factors are 
present in 90% of cases (26), and having them 
both derives a synergic effect (27). There is 
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now sufficient understanding of the causes, 
and adequate information to facilitate early 
detection and well-timed treatment of another 
third of cases (28) which remains to be the key 
to improving survival (29).  

Materials and Methods   

 A total of 200 individuals were 
included in our case control study. Out of 
them 100 were histopathologically confirmed 
and untreated OSCC cases from MNJ cancer 
hospital, Hyderabad and the remaining 100 
were normal healthy subjects who had never 
suffered any major illness that alters serum 
lipid concentrations. Fasting blood samples 
were collected from the cases and controls 
by obtaining a written informed consent 
from each of them. Serum was separated 
and stored in small aliquots at -20º C. Total 
cholesterol, HDL cholesterol and triglyceride 
concentrations in serum were determined in 
mg/dl by using standard commercially available 
kits manufactured by Transasia Bio-Medicals 
Ltd, Daman (India) in collaboration with ERBA 
Diagnostics Mannheim GmbH, Germany.    

 Serum Total cholesterol concentrations 
in mg/dl were determined by CHOD-PAP 
enzymatic method, a modified Roeschlau’s 
method  in which 20 µl of serum was mixed 
with 1 ml of working enzyme reagent 
containing cholesterol esterase, cholesterol 
oxidase, peroxidase, sodium phenolate, 
4-aminoantipyrine, phosphate buffer (pH: 6.5) 
and lipid clearing agent. Then the mixture was 
incubated at 37º C for 10 minutes and the 
absorbance was measured at 505 nm.  

 Serum HDL cholesterol concentrations 
in mg/dl were determined by phosphotungstic 
acid method in which 250 µl of serum was 
mixed with 500 µl of precipitating reagent that 
precipitates LDL and VLDL fractions of lipid 
cholesterol. The mixture was then allowed to 
incubate at room temperature for 10 minutes 
and then centrifuged at 4000 rpm for 10 

minutes. The clear supernatant obtained was 
then assayed as per the serum total cholesterol 
estimation.  

 Serum triglyceride concentrations 
in mg/dl were determined by GPO-Trinder 
Method, an enzymatic method in which 10 
µl of serum was mixed with 1 ml of working 
enzyme reagent containing lipoprotein lipase, 
glycerol kinase, glycerol phosphate oxidase, 
di-hydroxy-acetone phosphate, adenosine 
triphosphate, 4-aminoantipyrine, 3,5-dichloro-
2-hydroxybenzene sulfonate, peroxidase and 
buffer (pH:7.0). The mixture was incubated at 
37º C for 10 minutes and then the absorbance 
was measured at 505 nm. The serum VLDL and 
LDL cholesterol concentrations in mg/dl were 
calculated as per the following formula:  

Serum VLDL cholesterol =   Serum Triglycerides 
÷ 5  

Serum LDL cholesterol = Serum Total cholesterol 
– (HDL cholesterol + VLDL cholesterol) 

Statistical analysis: Results of the study were 
tabulated for OSCC and control groups. All 
the parameters in the study were statistically 
analyzed for mean values, standard deviation, 
range and P- values. ANOVA was performed 
to compare mean, standard deviation and P- 
values of the parameters using SPSS version 
15 (SPSS, Chicago, IL) for windows.  

Results and Discussion: 

 Age range for OSCC cases was 9-87 
years in males and 27-75 years in females, and in 
controls 21-80 years in males and 22-87 years in 
females. However, many of the ages mentioned 
in case sheets are given by cases were 
subjective, while exact age of 100 OSCC cases 
(Males 45 and Females 55) and 100 controls 
(Males 55 and Females 45) was available, 
hence analysis was carried out with those, 
mean age at which OSCC identified was 9-87/ 
49.30±15.55 in male and 27-75/84.20±11.26 
in female years .To comprehend the role of 
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gene mutations/ polymorphisms in onset of the 
disease, the cases and controls were divided 
into 4 categories, <25 years (1% cases and 
3% controls), 26 to 45 years (27% cases and  
19% controls), 46 to 65 years (60% cases and 
70% controls), and above 66years (12% cases 
and 8% controls). Highest percentage of OSCC 
cases was identified between 46-65 years in both 
case and control group. Regarding the primary 
tumor site, there was a neat predominance on 
the BM adding up 35 cases (35.0%), followed 
by tongue adding up 23 cases (23.0%), then 
Mandible, oral cavity and RMT adding up 12, 
10, & 8 cases (12%, 10% and 8%) (Table 1). In 
the present study Stage III showed the highest 
frequency (39%) when compared to Stage IV 
(34 %) and Stage II (21%), and further types of 
tumor grade like Stage I (6%) showed very low 
frequency when compared to other stages (table 
1). Histopathologically OSCC were graded as: 
well differentiated Squamous cell carcinoma 
(WD SCC), moderately differentiated, (MD 
SCC) and poorly differentiated (PD SCC) based 
on the degree of differentiation. In the present 
study, the serum lipid levels in OSCC cases 
were found to be slightly elevated in WD SCC 
and MD SCC compared to PD SCC. The levels 
showed significant correlation with serum TC, 
LDL, VLDL, HDL and triglycerides among the 
degrees of differentiation (Table2). The gender 
wise levels of the various parameters of lipid 
profiles were found significantly lower in OSCC 
cases as compared with controls (table 3). 
ANOVA and P-values were calculated (Table 
3). The P-values were found significant for 
serum total cholesterol, VLDL, LDL, HDL and 
for serum triglycerides, revealing an inverse 
relationship between serum lipid profile in 
OSCC and controls. The mean serum levels of 
total cholesterol was significantly (p= 0.0001) 
lowered in OSCC cases (148.1±22.8) compared 
to controls (181.45±23.67). In OSCC cases both 
the HDL (45.52±11.1) and LDL (84.69±17.4) 
were also lowered when compared to levels of 
HDL (47.92±10.60) and LDL (98.86±17.58) in 

controls. However the decreased HDL levels were 
not found significant (p=0.13) when compared 
to controls. There was significant (0.0001) 
decrease in the levels of VLDL (18.0±6.0) 
when compared to controls (29.05±8.19) and 
triglycerides were found to be little higher in 
controls (145.53±40.73) than compared to 
cases (89.7±30.4) respectively.    

 Among one hundred OSCC cases, the 
number of cases who had only Chewing habit 
showed a high frequency of 31%, than only 
smokers 6% while we did not find, only alcohol 
habituates in cases. Analysis pattern of the 
cases with two habits revealed that chewing and 
alcohol habituate cases were more prevailing 
(26%) than Alcohol and Smoking (14%) and 
Smoking and chewing (2%), and cases who 
were having all the three risk factors: alcohol, 
smoking and chewing habits were found to 
be 10%. In the present study 11% were found 
without any habitual risk factors.  

 95% C.I and t stat values were observed 
and p values were calculated correlating the 
risk factors with the lipid components in OSCC 
cases and control subjects and marked for 
significance (table 5).  

• We observed that only alcohol risk factor 
habituates were not present in our study.  

• The smoking risk factor was significant in 
TC, VLDL and TG values (<0.0001), and 
insignificant in HDL (>=0.014) and LDL 
values (=0.001).   

• Chewing risk factor was significant in all 
the cholesterol components TC, HDL, LDL, 
VLDL and TG (<0.0001).   

• Smoking and alcohol combination risk factor 
also was relatively significant in this case 
study (<0.0001).   

• In alcohol and chewing combination risk 
factor, only TG was insignificant (<0.0003).   

• With the other risk factor combinations: 
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chewing and smoking (<0.0001), chewing, 
smoking and alcohol (<0.0001), all showed 
a statistical significance in TC, HDL, LDL, 
VLDL and TG values.  

• No habits group also showed a statistical 
significance (<0.0001), in our case control 
study.  

 Majority of the cases in our study were 
in the age group of 46-65 years (60%), which 
is in accordance, and observed a similar range 
of 41-60 years (40%) (30). Interesting finding 
observed was that low serum cholesterol 
concentration (i.e. <5.16 mmol/L) magnifies 
the overall mortality from cancer and enhances 
prostate, colon and lung cancer among men 
over 60 years of age (31).  

 Male predominance was observed 
in studies (32-33) which is similar with our 
findings. While numerous studies suggest 
that low cholesterol levels are linked with 
various cancers, it was recorded that high 
total cholesterol level (≥240 mg/dL) and was 
positively associated with breast cancer in 
women and prostate, colon cancers in men, but 
negatively associated with risk of liver, stomach 
cancer in both men and women, and lung 
cancer in men (34).  

 Cases with tumors in advanced stages 
might have lower lipid levels due to malnutrition 
caused by an inadequate food intake. In 
accordance to our study well and moderate 
groups were higher than poorly differentiated 
(35-36), and no correlation between the T stage 
and lipid levels was also observed excluding the 
possible link between tumor stages, malnutrition 
and low lipid levels in cases (37). While the 
correlation between histological grading and 
serum lipid profile in Oral Cancer and pre-cancer 
was not noted (38), studies have established 
the linkage with tobacco abuse and histological 
grading (39).  

 Carcinogenesis leads to reduced level 

of cholesterol in proliferating tissues and blood 
(40), probably due to the augmented tumor cells. 
The new membrane biogenesis occurs due to 
degradations of lipoprotein fractions (41), like 
HDL, VLDL and LDL of cholesterol in the blood 
compartments (42). A significant decrease was 
noticed in mean serum cholesterol levels of 
lipoproteins in oral carcinoma and leukoplakia 
groups of cases (43) while both total cholesterol 
(TC) levels and triglyceride levels were 
considerably reduced in oral Squamous cell 
carcinoma cases as compared to the healthy 
controls (44). TC, LDL and TG were lowered 
and a significant decrease in all the lipid 
fractions correlates to oral malignancy (45-46) is 
in accordance with our study. The lower serum 
lipid level status may be an important indicator 
for initial changes occurring in neoplastic cells 
which might be due to utilization of cholesterol 
for membrane biogenesis. Hypolipidemia may 
occur due to the direct lipid lowering effect 
of tumor cells or the malfunction of the lipid 
metabolism (47), while cancer mortality risk with 
low plasma cholesterol was attributed to the 
effect of existing cancer disease (31). However, 
earlier studies observed that higher mortality due 
to cancer was observed in cases with high total 
cholesterol levels (38) although total cholesterol 
(mg/dL) was significantly lower in cases who 
were deceased (48). The crucial role of lipid 
classes and molecular species in supporting 
tumor growth and metastatic dissemination (49), 
and the dependence of cancer cells on aberrant 
lipid and cholesterol metabolism might point to 
these pathways as prominent targets to treat 
cancer as well as to sensitize them to anticancer 
therapies(50). Total lipids, cholesterol and HDL 
cholesterol levels are inversely associated with 
incidence of cancer whereas triglycerides levels 
were significantly elevated in cancer cases (51). 

 Lipids are major cell membrane 
components which are vital for various biological 
functions involving cell division and growth of 
normal and malignant cells (52) and cholesterol, 
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an integral part of lipid rafts plays a vital role 
in pathways governing carcinogenesis, drug 
resistance and metastasis (53). Oxidative stress 
increases with the increase of lipid peroxidation, 
causing inflammation and tissue damage in 
OSCC cases with compromised antioxidant 
defence (54). Tumor promotion is associated 
with perioxidant status as ROS participates in 
carcinogenesis (55). Carcinogens from tobacco 
cause liberation of free radicals and reactive 
oxygen radicals which cause high rate of 
peroxidation of unsaturated fatty acids causing 
increased utilization of lipids like TG, TC, 
lipoproteins for membrane biogenesis of cancer 
cells. The present study could be a preliminary 
study where such a correlation of lipid profile 
with risk factors was done.  

Smoking alone:    

 Approximately 90% of people with oral 
cancer are tobacco users. A reduction in the 
total cholesterol, TG, LDL and HDL in all forms 
of tobacco users with OPC and OSCC cases 
was observed56 in accordance with our study, 
but the HDL values were slightly increased in 
our study. A decreasing serum lipid status in 
the chronic smokers, especially the LDL can be 
used as an early indicator for changes in the 
neoplastic cells. Using tobacco is an important 
etiologic factor which aids in the development 
of oral precancerous lesions /conditions and 
head and neck cancer (30). HDL values were 
significantly lowered in the tobacco habituates 
when compared to the healthy controls (57), 
and passive smoking was reported to be a 
significant risk factor for decreased HDL(58). 
Contrarily our study suggests that smoking was 
an insignificant risk factor for HDL& LDL, so 
future study considering a larger sample could 
yield some better difference if at all it exists.  

Areca nut chewing alone:  

 Chewing correlated with lipid profile 
was significant in our case control study. We 
found that all the lipid component values 

were significant (p< 0.0001) which is in 
accordance with the study, which reported a 
dose-dependent relationship between areca 
nut use and triglyceride(59). Contrarily current 
and former areca nut chewers had an elevated 
triglyceride level, more than normal values (1.7 
mM) while a significantly lower level of HDL 
was observed in current areca nut chewers 
(60). A rise in the levels of TG, LDL and VLDL 
with a decrease in the HDL level was observed 
when the lipid profile of tobacco chewers was 
analyzed (61). The chief alkaloid in areca nut 
arecoline undergoes nitrosation and gives rise 
to N-Nitrosamine, which may have cytotoxic 
effect on the cells. These carcinogens induce 
generation of free radicals and reactive oxygen 
species, which are accountable for high rate 
of oxidation ⁄ peroxidation of polyunsaturated 
fatty acids releasing peroxide radicals. In the 
course of areca nut chewing, ROS produced, 
attacks salivary proteins; alters the structure 
of oral mucosa, activating an inflammatory 
response (62). Cross-sectional studies have 
shown that smokeless tobacco use seems to 
have an adverse effect on lipid profiles, wherein 
smokeless tobacco users had 2.5 times the 
adjusted risk of hypercholesterolemia compared 
to nonusers (63).  

Smoking and alcohol:  

 Studies indicate a multiplicative effect 
of tobacco consumption and alcohol containing 
more than 300 carcinogenic chemicals 
including polycyclic aromatic hydrocarbons with 
respect to frequency and duration of OSCC 
(64). We understand from our study that all 
the lipid component values were significant 
(p<0.0001) when correlated with smoking and 
alcohol risk factor. This can be explained with 
the consideration that tobacco smoke increases 
the ethanol acetaldehyde in the mouth (65) and 
alcohol consumption promotes carcinogenic 
effects of tobacco smoke and they confer a 
synergistic risk for oral cancer (66).  
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Alcohol and chewing:

 In our study, it was observed that the 
lipid components TC, HDL and LDL showed 
significance (< 0.0001) when correlated with 
risk factors alcohol and chewing, but TG and 
VLDL did not show any significance. The effect 
of alcohol along with tobacco has deleterious 
effects on the epithelium thereby enhancing 
carcinogenesis (66).

Chewing and smoking:  

Tobacco chewing, a significant risk factor of 
oral cancer in India is due to consumption of 
betel quid (67), and the carcinogens present 
in tobacco and areca nut enhance breakage 
of cellular structural blocks such as lipids due 
to lipid per oxidation (68). In our study the lipid 
components TC, HDL, LDL, VLDL & TG were 
found to be significantly reduced in alcohol 
and chewing cases compared to controls, and 
statistically significant when correlated with the 
risk factors, which is partly in accordance with a 
study (69).  

Smoking, chewing and alcohol:

  Well-known risk factors for OSCC are 
areca nut chewing, sniffing of tobacco and 
alcohol consumption in various forms, which 
results in increased free radicals formation 
causing lipid peroxidation, affecting diverse 
cellular vital activities like growth, differentiation 
and gene expression (70). Our study recorded 
that all the lipid components (TC, HDLC, LDLC, 
VLDLC and TG) were statistically significant in 
correlation to combination of all the three risk 
factors - smoking, chewing and alcohol. In India, 
where the habits of chewing tobacco with betel 
nut, reverse smoking and alcohol usage are 
extensive, there is a striking incidence of oral 
cancer which accounts for as many as 30% of 
all cancers (71). 

No Habits:  
 In our study, a statistical significance in 
correlation to lipid profile was observed in cases 

and controls without any habits of alcohol, 
chewing or smoking. Contrarily, no significance 
was reported in studies which considered the no 
habits group (33, 44).

Summary and conclusions:  

Newly forming and rapidly proliferating 
malignant cells necessitate various crucial 
components such as lipids, well above the 
normal physiological limits leading to reduced 
lipid stores (72). Hence, increased de novo 
synthesis of fatty acids occurs due to intensive 
tumor growth (49) may perhaps signify 
overutilization of lipids during transformation 
from oral precancer to cancer (38). Intracellular 
and comprehensive cholesterol concentrations 
are tightly regulated by the balance between 
de novo biosynthesis, uptake, efflux, and 
storage, and metabolic alterations in lipid 
pathways supporting hypotheses that the 
lower cholesterol values, even before the 
manifestation or detection of cancer; maybe 
the result of carcinogenesis. Secondly, lower 
cholesterol values may head the development 
of cancer, and serve as biomarkers and might 
be a promising approach for cancer detection 
and therapeutics. Cancer cells harness lipid 
metabolism to generate components for 
biological membranes, and signaling molecules 
required for proliferation, survival, invasion and 
metastasis. Dysregulation in lipid metabolism is 
among the main important metabolic alterations 
in cancer. Taking into consideration the above 
facts, the importance of serum lipid levels as 
a diagnostic marker of oral cancer, should be 
noted. This study was designed to evaluate the 
changes in serum lipid levels in OSCC cases and 
healthy volunteers, in correlation to risk factors 
which might give an insight into the significant 
prognostic indicators in diagnosis of oral cancer. 
Changes to lipid organization that result in 
cancer initiation and progression contribute 
to the understanding of carcinogenesis and 
identification of potential therapeutic targets.  
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Table 1 Clinical Characteristics of the OSCC Cases & Healthy controls  
 Clinical Characteristics  n = 100 (Cases)  n = 100 (Controls)  

Gender  
Males  
Females  
Mean age & Range Males  
Mean age & Range Females  

 
45(45%)  
55 (55%)  
50.53/9-87  
55.27/30-75  

  

55(55%)  

45 (55%)    

Age Distribution  

26-45  

46-65  

66 and above  

  

28 (28%)  

60 (60%)  

12 (12%)  

  

22(22%)  

70(70%)  

8 (8%)  

  

Habitual Risk  
Alcoholics  
Smokers  
Tobacco chewing  
Alcohol + Smoking  
Alcohol + Tobacco chewing  
Smoking + Tobacco chewing 
Alcohol + Smoking + Tobacco chew-
ing  No Habits  

  
- 
6(6%)  
31(31%)  
14 (14%)  
26 (26%)  
2 (2%)  
10(10%)   
11(11%)  

  
3 (3%)  
13 (13%)  
30 (30%)  
6 (6%)  
13(13%)  
4 (4%)  
6 (6%)  
25 (25%)  

Site of Diagnosis  
Tongue  
Buccal mucosa (BM)  
Mandible  
Oral Cavity  
Retromolartrigone  
Floor of mouth  
Lip  
Base of tongue  
Maxilla  
Palate  

  
23(23%)  
35 (35%)  
12 (12%)  
10 (9%)  
8(8%)  
4(4%)  
3(3%)  
2 (2%)  
2 (2%)  
1 (1%)  

  

Staging  
Stage 1  
Stage 2  
Stage 3  
Stage 4  

  
6 (6%)  
21 (21%)  
39 (39%)  
34(34%)  
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S.No WD SCC MD SCC PD SCC F-

Statistics 

P-value 

(N=64) (N=31) (N=5) (Paired Samples Test) 

TC 148.1±21.6 148.5±25.17 137.0±24.8 0.621 0.0001 

HDL  45.5±10.8 44.9±10.5 46.8±19.0 0.089 0.0001 

VLDL  18±6.1 17.9±6.1 15.8±4.9 0.353 0.0001 

LDL 84.69±17.0 85.7±18.8 74.4±13.3 0.93 0.0001 

TG 89.7±31.0 89.6±30.3 78.6±25.1 0.357 0.0001 

WD= Well differentiated; MD= Moderately differentiated; PD= Poorly differentiated

Table 2  Lipid profiles according to gender wise distribution  

SD= Standard deviation; n=number of cases; F-statistics=ANOVAs. 

Table 3 Lipid profiles according to tumor degree of differentiation. 
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Table 4:  Correlation of risk factors of OSCC with Lipid Profile

Habits in cases TC HDL VLDL LDL TG 

MEAN ±SD MEAN ±SD MEAN ±SD MEAN ±SD MEAN ±SD 

Smoking 
   150.33 ± 

20.50 
   46.00 ± 10.88 

   19.33  
± 

6.44 
 85.00 ± 22.32  97.00 ± 31.46 

Alcohol No cases No cases No cases No cases No cases 

Chewing 
  140.66  ± 

16.67 
40.19  ± 10.40 17.44 ± 6.09  83.03 ± 10.80 87.38 ± 30.49 

Smok + Alch 
  140.43 ± 

18.05  
39.71 ± 7.64 17.29 ± 5.78 85.57 ± 12.16  86.29 ± 29.01 

Alch + Chew 
  145.15 ± 

26.31  
45.38 ± 13.12 17.93 ± 7.53  82.88 ± 22.76 89.54 ± 37.53 

Chew + Smok   133.5  ± 54.45   41.5 ± 28.99 14.5  ± 2.12 77.5  ± 27.58 72.5 ± 12.02 

All three habits    137.0 ± 20.57   43.7 ± 7.53 17.4 ± 4.25 75.9 ± 14.04 86.7 ± 20.91 

No habits   148.2 ± 27.30  43.5 ± 11.87 18.8 ± 6.43 85.9 ± 20.75 94.4 ± 31.31 

Habits in control TC HDL VLDL LDL TG 

MEAN ±SD MEAN ±SD MEAN ±SD MEAN ±SD MEAN ±SD 

Smoking 172.38 ± 19.31 43.85 ± 11.22 32.15 ± 8.64 93.23 ± 11.60 161 ± 43.41 

Alcohol 165.67 ± 23.80 39 ± 10.58   35.67 ± 4.16 91  ± 18.36 178.67 ± 20.53 

Chewing 181  ± 24.20 51 ± 10.92 36 ± 9.57 94 ± 16.65 180 ± 47.44 

Smok + Alch 227 ± 19.50 71 ± 9.38 33 ± 2.66 96  ± 12.90 166  ± 13.30 

Alch + Chew 210 ± 20.79 59  ± 9.92 22  ± 6.63 109  ± 15.85 108  ± 32.98 

Chew + Smok 210 ± 21.51 54  ± 6.61 29  ± 2.65 127  ± 22.02 143  ± 12.37 

All three habits 195  ± 23.45 53  ± 8.26 28  ± 5.25 114 ± 20.49 140  ± 26.04 

No habits 130 ± 26.59  36 ± 10.69 25 ± 9.00 69 ± 20.31 124 ± 44.70 
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Abstract: 

 Hyperpigmentation refers to the skin 
darkening which is mainly due to the increased 
production of melanin. Many synthetic drugs are 
available in the market to cure hyperpigmenta-
tion but produce various side effects. Medicinal 
plants are the way forward to curing hyperpig-
mentation with less side effects and benefi-
cial to the consumers.  Acalypha indica is one 
of the traditional medicinal plants that is used 
for treating various skin disorders but has not 
been explored for hyperpigmentation and oth-
er aesthetic treatments.  Therefore, the present 
study is aimed at isolation of active compounds 
from Acalypha indica for antimelanogenic and 
anticancer activity on human melanoma cell 
line A375.  The ethyl acetate fraction of A. in-
dica was chosen from the sequential fraction 
since it has flavonoids and polyphenols in high 
quantity when compared with other fractions. 
The compound was isolated using column chro-
matography technique and further character-
ized by various analytical techniques including 
mass spectra, FT-IR spectra, and 13C-NMR and 
1H-NMR. Cytotoxicity study on A375 melanoma 
cell line was studied using MTT assay and the 
IC50 value was calculated.  The mode of cell 
death was studied by acridine orange and ethid-
ium bromide staining. Melanin and Tyrosinase 
activity was studied using the cell line. Western 
blotting was performed using various pro-apop-

totic and apoptotic genes. Results revealed that 
the compound isolated was Isorhamnetin and 
the compound showed significant antiprolifer-
ative activity with the IC50 value of 8.26 μg/ml. 
The cell cycle analysis revealed that the com-
pound arrested the cells at sub G0/G1 phase 
with the depletion of cells in S and G2-M phase. 
The anti-apoptotic genes such as Caspase 3, 
Caspase 9 and BCL-2 were down regulated 
and Bax protein was upregulated.  

Keywords: A375 cell line, Isorhamnetin, Cell cy-
cle arrest, Docking, Bax Protein 

Introduction

 In humans, skin pigmentation diverges 
among various populations based on the level 
of UV penetration. Population near the poles 
and located far from the tropical region receives 
very low intensity of UVB radiation. Contrast-
ingly, the populations near the equator region 
are exposed to high amounts of UVB radiation. 
Exposure to UVB radiation induces the pro-
cess named as melanogenesis by the organ-
elle called melanosomes (1). Dysregulation of 
melanisation may lead to hyperpigmentation or 
hypopigmentation. Among the different derma-
tological disorders, variation in pigmentation is 
the third common disorder which causes high 
psychosocial impairment (2). Various skin disor-
ders including skin melanoma, freckles, nevus, 
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and age spots are mainly due to hyperpigmen-
tation due to increased production of melanin 
pigment (3). Therefore, hyperpigmentation can 
be treated by the regulation of melanisation pro-
cess (4). 

The age-old drug for treating this hy-
perpigmentation is hydroquinone which is a 
hydroxyl phenolic compound. Because of the 
adverse effects of this drug like contact derma-
titis, skin irritation etc., hydroquinone has been 
removed from the cosmetic industry in various 
countries including the European Union (5). An-
other drug used in the cosmetic industry as a 
skin bleaching agent is tretinoin. These drugs 
are the synthetic agent involved in the inhibition 
of the tyrosinase activity. Due to the various side 
effects of these synthetic compounds, identifi-
cation of compounds from natural sources with 
little or no side effects are the need of the hour 
(6). In the present study, the plant Acalypha in-
dica was chosen because of its traditional use 
in skin disease including skin eruptions (7). Pre-
liminary studies in our laboratory showed that 
the ethyl acetate extract had potent anti-mela-
nogenic activity on zebrafish embryos and sig-
nificant cytotoxicity on A375 melanoma cell line. 
Therefore the present study is focused on iso-
lating an anti-melanogenic compound from the 
ethyl acetate fraction of the Acalypha indica and 
identifying the mechanism of action. 

Materials and Methods

Maintenance of cell line

 A375 melanoma cell line was obtained 
from National Centre for Cell Science, Pune, 
India (NCSS). The cells were maintained in 
Minimal Essential Media supplemented with 
10% FBS, penicillin (100 U/ml) and streptomycin 
(100µg/ml) in a 5% CO2 at 37° C.

Isolation of active compound

The ethyl acetate extract was dis-
solved in methanol and adsorbed on silica gel 
60 – 120. After evaporation of the solvent it was 

loaded into a silica gel column (100 – 200 mesh 
size), prepared in hexane. The column was elut-
ed with hexane followed by gradually increas-
ing polarity with Hexane: ethyl acetate (90:10; 
80:20; 70:30; 60:40; 50:50; 40:60; 30:70; 20:80) 
and finally with 100% Ethyl acetate. The column 
was further eluted with Ethyl acetate: Chloro-
form (90:10; 80:20; 70:30; 60:40; 50:50; 40:60; 
30:70; 20:80) and finally with 100% Chloroform. 
The column was further eluted with Chloro-
form: Methanol (98:2; 94:2; 92:8; 90:10; 85:15; 
80:20). A total of 124 fractions were collected 
and monitored under TLC. The fractions 43 to 
56 showed similar bands and these fractions 
were combined and the solvent was evaporat-
ed under reduced pressure. The resulting crude 
materials were purified by using activated char-
coal in hot ethanol and the fractions are kept for 
crystallization. The obtained crystals were ana-
lyzed further for mass spectra, FT-IR spectra, 
and 13C-NMR and 1H-NMR (8).

MTT assay using isolated compound

 The anticancer activity of the isolated 
compound was studied in the A375 cell line. 
5*103 cells were seeded in the 96 well plate 
and incubated at 37 °C for 24 hours. Once the 
cell reaches 80% of confluency, media was 
removed. The cells were treated with different 
concentrations of the isolated compound and 
incubated again for 24 hours. After the incuba-
tion period, the test drug was removed and 100 
µl of the MTT prepared in PBS was added and 
further incubated for 4 hours. After the incuba-
tion period was complete, the formazan crystal 
formed was dissolved using DMSO and the ab-
sorbance was measured at 570 nm (9).

Estimation of melanin content in cell line

The melanin content was estimated by 
a slightly modified method (10). A375 cells were 
cultured at a density of 105 cells per well in 96 
well microtiter plates at 37 °C overnight. The test 
sample (3.125, 6.25, 12.5, 25, 50 and 100 μg/
ml) was added to well, and incubated for 24 hr. 
Then, the supernatant was removed and wells 
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were rinsed with phosphate buffer saline (PBS) 
twice. The detached cells were transferred to 
1.5 ml micro-tubes and centrifuged at 1100 rpm 
for 7 min. 100 μl of 2 M NaOH was added to 
cells, incubated at 100 °C for 30 min and optical 
density was measured using a microtiter plate 
reader at 405 nm.

Estimation of tyrosinase activity

A375 melanoma cells were cultured in 
96 well microtiter plates. The  cells were mixed 
with different concentrations (3.125, 6.25, 12.5, 
25, 50 and 100 μg) of the extract and incubated 
for 24 hr. The supernatant was removed and the 
cells were washed with PBS twice. The detached 
cells were transferred to 1.5 ml micro-tubes and 
centrifuged at 1100 rpm for 7 min. To the pellet, 
100 μl of lysis buffer containing 100 mM Na3PO4 
(pH=6.8) was added to the cells and incubated 
for 30 min in ice cold condition. After centrifuga-
tion at 10000 rpm at 4 °C for 20 min, 100 μl of 5 
mM L-dopa was added to 100 μl of supernatant 
(each containing 100 μg of the protein) at 37 
°C for 2 hr. Tyrosinase inhibition was calculat-
ed by measuring the absorbance of each well 
and comparing it with the control group (without 
plant extract) at 475 nm (10). 

Acridine orange and ethidium bromide stain-
ing:

 To visualize the apoptotic body forma-
tion and nuclear changes after the drug treat-
ment, the cells were stained with AO/EtBr. Brief-
ly 5x104 cells were seeded in the six well plate 
and incubated at 37 °C for 24 hours for reaching 
the confluence. Once the cells reached the 80% 
confluency, the cells were treated with different 
concentrations of the isolated compound for 
48 hours. After the incubation period, the me-
dia was removed and the cells were fixed with 
methanol: glacial acetic acid (3:1). After fixing 
the cells, the plate was washed with PBS and 
stained with a 1:1 ratio of AO/EtBr. Once the 
cells were stained, it was observed under flu-
orescence microscopy with a magnification of 
40X (9) .

DNA fragmentation

The A375 melanoma cell line was seed-
ed in the 6 well plate at the density of 5x103 
cells. After treatment, the cells were harvested 
by pipetting and rinsed with ice-cold buffer. The 
cell pellets were resuspended in 200 μl of lysis 
buffer consisting of 0.2% Triton X-100, 10 mM 
Tris, and 1 mM EDTA (pH 8.0). After incubation 
for 10 minutes, the samples were centrifuged at 
5000g for 5 min. The DNA in the supernatant 
was extracted using a 25:24:1 (v/v/v) equal vol-
ume of phenol: chloroform: isoamyl alcohol. The 
DNA was precipitated with ethanol, air dried and 
dissolved in the TE buffer (pH 8.0). The samples 
were analyzed electrophoretically on 1% aga-
rose gel containing 0.1 µg/ml ethidium bromide.  
The entire procedure was repeated for the con-
trol Vero cell line (11).

Western blotting

The cultured A375 cells were treated 
with different concentrations of drugs for 48 h.  
After 48 hours of treatment, the media was re-
moved and washed with PBS. The cells were 
washed with a lysis buffer (50 mM Tris-HCl, 150 
mM NaCl, 0.1% SDS, 100 𝝁𝝁g/ml PMSF, 1 𝝁𝝁g/
ml Aprorinin, 1% NP-40). After lysis, the cells 
were centrifuged and the supernatant was tak-
en in a separate tube. The proteins were sepa-
rated using 10% SDS-Polyacrylamide Gel and 
the gel was transferred to the PVDF membrane. 
The membrane was incubated with the primary 
antibody for the different proteins including p53, 
Bax, BCl2, Caspase 3 and Caspase 9 (12). 

Cell cycle analysis by fluorescence-activat-
ed cell sorting (FACS) 

To check the inhibitory effect on cell cy-
cle, FACS was performed. After treatment, con-
trol and treated cells were washed with ice-cold 
phosphate-buffer saline (PBS). The cells were 
scraped using rubber policeman and centri-
fuged at 2000 rpm for 10 min. Then, cells were 
mixed with 500 μl of hypotonic solution (1% so-
dium citrate, 0.04% RNAse, 0.05% Propidium 
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Iodide (PI), and 3%Triton X-100) and the distri-
bution of cells in diff erent phase was determined 
by C6 Accuri (BD) fl ow cytometer (9).

Docking

The 3D structure of the 5M8M.pdb 
was downloaded from the protein data bank. 
Molecular docking was performed using the 
Autodock4.2 software. The 3D structure of mol-
ecules was optimized using chemdraw 13.0 
using MMFF 94 (Maximum number of interac-
tion: 5000, minimum RMS gradient: 0.100). All 
avoidable water and ligand were removed from 
the enzyme and the default docking parameters 
were fi xed and docking was performed.

Results and Discussion

Structural elucidation of compound

The molecular weight of the isolated 
compound was determined by high-resolution 
mass spectrometry and the molecular ion peak 
appeared at m/z 317.09 (M-1). The 1H NMR 
spectrum of compound revealed several reso-
nances in the aromatic region 7.67 – 7.69 (1H, 
d, Ar-H); 7.75 (1H, s, Ar-H); and 6.19 (1H, s, Ar-
H);  6.47 (1H, s, Ar-H);  6.94 – 6.93 (1H, d, Ar-
H). The doublet peaks with the magnitude of the 
coupling constants were observed indicating 
meta coupling. Three typical broad hydroxyl sig-
nals were 9.44 (1H, s, -OH); 9.74 (1H, s, -OH); 
10.76 (1H, s, -OH); and a sharp signal appeared 
at 12.46 (1H, s, -OH) indicating an alcoholic pro-
ton chelated by a ketone. Peak at δ 55.73.74, 
indicated the presence of methoxy moiety which 
was correlated with 1H-NMR signal at 3.84. The 
proton signals appeared at δ 6.19 – 7.75 were 
correlating with carbons at δ 175 – 102.99 re-
spectively.

The 13C-NMR spectrum showed signals 
at δC 175, 148.78, and 135.79 ppm typical of 
C-4, C-2 and C-3, respectively, which confi rms 
the fl avanone structure. The chemical shifts at 
δC 175, 163, 160, 135 ppm were corresponding 
to three aromatic carbons connected to hydrox-

yl groups at C-5, C-7 and C-3, C-4’ respective-
ly. The fl avonoid ring junctions appearing at δC 
98.16 and 155 ppm correspond for carbons C-9 
and C-10 respectively. The carbonyl suggested 
by the 1H-NMR spectrum was confi rmed by the 
13C-NMR resonance observed at δC 175.84.

The FTIR spectra showed the peaks at 
3289 cm-1 - 3402.78 (-OH group),  3138 (=CH 
stretch), 3101 (–CH3 asymmetric stretch). The 
carbonyl group C=O stretching band was lo-
cated at 2360 and aromatic double bond 2340 
cm-1. In the fi ngerprint region, the –CH bend-
ing vibration peaks were observed at 1505 and 
1162 cm-1

. 

This pattern of the spectrum was identi-
cal with that of compound Isorhamnetin [1]. The 
structure of compound-1 as shown in Fig-1. 

Fig 1: Flavonoid ring system

Fig 2. Isorhamnetin
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The cytotoxicity analysis of the isolated com-
pound was studied using MTT assay on A375 
melanoma cell line. The dose dependent de-
crease in the cell viability was observed after 
24 hours of incubation. The IC50 value for the 
isolated compound was found to be 8.26 µg. 

Graph 1: Cytotoxic effects of isolated compound 
against A375 melanoma cells. Cell viability was 
calculated and dose dependent decrease in 
cell viability was observed in A375 cells. The 
mechanism of cell death was evaluated through 
apoptosis or necrosis. 

     The cells 
were stained with AO/EtBr and observed under 
fluorescent microscopy. In the control group, 
the intact cells with green fluorescence were 

observed. In the compound treated cells, early 
apoptotic, late apoptotic, necrotic cells were ob-
served (Fig 4). 

DNA fragmentation

 DNA fragmentation reveals DNA dam-
age in the A375 melanoma cells treated with 
Isorhamnetin. In the control Vero cells, intact 
DNA was observed. Cells treated with the com-
pound at concentration of 6.5 µg/ml and 10 µg/
ml showed fragmented DNA which initiates the 
apoptotic mechanism in the cells (Fig 5). 

Fig 3: Morphological changes observed in A375 
cell line. Phase contrast images revealed the 
distorted morphology in the treated cell line. 

Fig 5: Control cells showed intact DNA whereas 
treated cells showed fragmented DNA in treated 
cells.  Lane 1) Marker (1000 kb); 2) Control; 3) 
Cells treated 6.5 µg/ml of Isorhamnetin; 4) Cells 
treated 10 µg/ml of Isorhamnetin.

Fig 4: Control cells showed live cells whereas 
treated cells showed apoptotic and necrotic 
population dose dependently. 
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Cell cycle analysis

 Distribution of cells in various phases of 
cell cycle was examined using flow cytometry. 
Results showed accumulation of cells in sub 
G0/G1 phase in dose dependent manner when 
compared to control (Fig 6). The depletion of 
cells in S and G2-M phase was also observed in 
the treated cells. 

tivity was further confirmed by the cellular tyrosi-
nase activity. Percentage of tyrosinase inhibition 
was calculated and inhibition of the enzyme in-
creased in dose dependent manner.      

Isorhamnetin upregulates the BAX protein

 
Fig 6: Cell cycle analysis by flow cytometry
Estimation of melanin content

 To study the effect of the isolated com-
pound against hyperpigmentation, melanin 
content in the A375 melanoma cell line was es-
timated. At 100 µg/ml concentration of the com-
pound, the inhibition of melanin content was 
found to be 80%. The IC50 value for the melanin 
inhibition assay was found to be 26.63 µg/ml. 

Estimation of tyrosinase activity

The inhibition of hyperpigmentation ac-

Graph 2: Inhibition of Melanin content of the 
isolated compound in A375 cells.

Graph 3: Inhibition of tyrosinase activity of the 
isolated compound in A375 cells.

Fig:7 Western blot image of Bax protein. Bax 
was upregulated in Isorhamnetin treated cells 
while it was downregulated in control cells. 
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Anticancer activity of Isorhamnetin was further 
confirmed by the analysis of expression of var-
ious proapoptotic and apoptotic markers like 
BAX. Results showed increased expression 
of BAX in the compound treated groups when 
compared to control. 

Role of Isorhamnetin in inhibition of BCL-2 
protein

 BCL-2 plays a vital role in apoptotic 
processes therefore the role of Isorhamnetin in 
inhibition of BCL-2 was studied. BCL-2 expres-
sion was upregulated in the control cells where-
as in the treated cells there was marked reduc-
tion (Fig 8). 

Expression of caspase 3 and caspase 9 in 
A375 cell line:

 

Role of Isorhamnetin in the expression of 
caspase 3 and caspase 9 was studied using 
western blot. Both the caspases 3 and 9 and its 
cleaved form was expressed in the Isorhamne-
tin treated cell line when compared with the con-
trol. Caspase 3 and 9 expression was inhibited 
by the Isorhamnetin in the A375 cell line (Fig 9). 

Upregulation of P53 expression in Isor-
hamnetin treated cell line

Western blot analysis of p53 expres-
sion reveals 10 µg Isorhamnetin upregulates 
the expression of p53 when compared with the 
control (Fig 10). 

Fig:9 Western blot image of caspase protein. 
Caspase 3 and 9  was upregulated in the 
control cells with concomitant decrease in the 
Isorhamnetin treated cells. Cleaved caspase 
3 and caspase 9 was down regulated in the 
control cells whereas increased expression was 
observed in Isorhamnetin treated cells.

Fig:8 Western blot image of BCL2 protein. BCL2 
was upregulated in the control cells with con-
comitant decrease in the Isorhamnetin treated 
cells.

Fig 10: Western blot image of p53. p53 was 
downregulated in the control cells and the ex-
pression of p53 in the Isorhamnetin treated cells 
was upregulated.

Fig 11: Interaction of Isorhamnetin with Human 
Tyrosinase (5M8M)

Molecular docking of 5M8M with Isorhamne-
tin
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Com-
pound ID 

Binding 
Energy 
(Kcal/
mol)  

Inhi-
bition 
con-
stant

(µM)

Interact-
ed ami-
noacid

Bonding 
Distance 
Å  

Bonding Types  Binding site of 
protein

(5M8M)

Binding site of 
Ligand

Isor-
hamnetin

-5.64 73.07 SER394

ARG321

ARG374

THR391

CU2+

CU2+

3.0

2.9

3.0

2.9

3.5

3.2

3.1

Convention-
al hydrogen 
bonding 

Convention-
al hydrogen 
bonding

Convention-
al hydrogen 
bonding

Convention-
al hydrogen 
bonding

Convention-
al hydrogen 
bonding

Ionic interac-
tions

Ionic interac-
tions

Oxygen of 
SER394

Nitrogen of 
ARG321

Nitrogen of 
ARG321

Nitrogen of 
ARG374

Oxygen of 
THR391

Oxygen of 4-hy-
droxy of phenyl                      

Oxygen of 
5-hydroxy of 
chromenone

Oxygen of  
chromen-4-one

Oxygen of  
chromen-4-one

Oxygen of 4-hy-
droxy of phenyl                      

Oxygen of 3 
methoxy phenyl 

Table 1: Interaction of ligands  Isorhamnetin (3,5,7-trihydroxy-2-(4-hydroxy-3-methoxyphenyl)
chromen-4-one) with 5M8M.pdb

 Isorhamnetin showed high binding ca-
pacity with the 5M8M protein with the binding 
energy of -5.64 Kcal/mol. The compound effec-
tively binds with the following amino acids viz 
SER394, ARG321, ARG374, THR391 with the 
bonding distance of 3.0 Å, 2.9 Å, 2.9 Å and 3.5 
Å respectively (Table 1).

In the present study, Isorhamnetin; the 
compound isolated from Acalypha indica, was 
examined for anticancer activity in A375 mela-
noma cell lines. A375 is the human malignant 
melanoma cell line that has the characteristic 
feature of cutaneous melanoma with the muta-
tion of B-RAF and CDKN2 (13). 

Cell viability of A375 cells were ex-
amined using MTT assay which showed de-
creased cell viability dose dependently with an 
IC50 value of 58.26 µg/ml for the isolated com-
pound, Isorhamnetin from A.indica ethyl acetate 
fraction. The isolated compound did not show 
any cell death in the Vero cell line up to 100 µg/
ml.  Since the compound did not show any cy-
totoxicity in the normal cell line; further studies 
were carried out to investigate the anticancer 
activity of Isorhamnetin. Once the cytotoxicity 
is observed, the cells will undergo apoptosis or 
necrosis (14).  In order to check the rate of cells 
undergoing apoptosis or necrosis, the cells were 
stained with AO/EtBr. The compound induced 
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both apoptosis and necrosis in a dose depen-
dent manner. To further investigate the role of 
Isorhamnetin exhibiting anticancer properties, 
the mechanism of apoptosis should be studied. 
Apoptosis can be initiated and the result can be 
evaluated by morphological changes, elevation 
of biochemical markers, chromatin condensa-
tion and fragmentation in the nucleus and DNA 
damage (15). DNA damage in the cell line was 
observed using DNA fragmentation assay and 
the result showed dose dependent fragmenta-
tion of DNA in Isorhamnetin treated cells when 
compared to control. 

Cell cycle is the common pathway oc-
curring in the cell; which comprises various 
checkpoints for cell division. Escaping from the 
cell cycle is one of the common strategies for 
the cancer cells to undergo rapid divisions (16). 
Duration of cell cycle in both the normal and tu-
mor cell will be the same but the proportion of 
cell division is high in cancer cells when com-
pared to normal cells (17).   In the present study, 
the cell cycle inhibition was observed at G0/
G1 phase and depletion of cells in the subse-
quent phases. In previous studies, Isorhamne-
tin treated in A549 lung cancer cell line showed 
G2/M phase arrest (16). To further confirm the 
anticancer activity, the level of protein BCLl-2, 
Bax and p53 was estimated using western blot 
technique. BCL2 and BAX are the important 
proteins in apoptosis where the former protein 
is involved in inhibition of apoptosis, while the 
latter is involved in promoting the apoptotic 
mechanism. p53 is a tumor suppressor protein 
that has an important role in cell cycle progres-
sion and induces apoptosis (18). In this study, 
expression of BAX and p53 in the control group 
was reduced but it was increased dose-de-
pendently in the Isorhamnetin treated groups. 
Once the apoptotic signal is received, the ini-
tiator caspase 9 will get activated and caspase 
3 will be involved in the execution of apoptosis 
(19). In this study, the caspase 3 and caspase 
9 were upregulated in the Isorhamnetin treated 
groups when compared to the control. Molecular 
Docking results revealed high binding efficacy 

of Isorhamnetin with 5M8M Human tyrosinase 
protein (Fig 11). The type of interaction and the 
affinity of the compound to bind between the 
target protein and the ligand can be analyzed 
by the hydrogen bond formation and binding en-
ergy.  Stable and stronger bonds are indicated 
by the lower binding energy since the affinity of 
the ligand to bind the target protein is higher.  
In this study, the melanogenesis enzyme tar-
get protein tyrosinase-related protein 1 (TRP 1) 
(PDB ID: 5M8M) was chosen to study the in-
hibitory activity of the compound to melanogen-
esis enzyme.  The lower binding energy value 
between the compound and the TRP1 indicates 
stronger interaction between the compound and 
melanogenesis enzyme, hence isorhamnetin 
has the potential to inhibit melanogenesis en-
zyme and depigmentation.  The binding energy 
of Isorhamnetin was found to be -5.64 Kcal/mol; 
which is lower, therefore, stronger and stable 
bonds with higher affinity are produced between 
the ligand and the target protein.  The bond dis-
tance value of less than or equal to 3 Å indicates 
that the method is valid and the compound can 
be further be taken for docking analysis (20).  
The compound isorhamnetin was found to be 
equal to 3 Å which showed a good and valid 
root mean square distance value.  This showed 
that the compound Isorhamnetin has a potential 
to exhibit anti melanogenic and depigmentation 
activity to  tyrosinase-related protein 1 (TRP 1) 
(PDB ID: 5M8M).

Conclusion

The present study showed the anti-
cancer and anti melanogenesis activity of Isor-
hamnetin isolated from A.indica ethyl acetate 
fraction on A375 cell line. The compound inhib-
ited the melanin content and tyrosinase activi-
ty. Similarly the compound showed anticancer 
activity by downregulating the anti-apoptotic 
genes and upregulating the proapoptotic genes. 
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Abstract

 Legume nodules are a major source 
of accessible nitrogen in the biosphere. A 
symbiotic interaction between soil bacteria 
termed rhizobia and other legume plants results 
in the formation of nitrogen-fixing nodules. The 
goal of this research was to use bio-inoculants in 
conjunction with specific legume plant diversity 
to improve nodulation and plant growth. The 
method entails the organic selection of 36 
rhizobial isolates, of which 6 strains were isolated 
to determine the efficacy of relative host-specific 
inoculation on nodulation and development in 
Arachis hypogaea legumes. The six isolates 
are identified as Bradyrhizobium yumangenesis 
sps. AB5 (NCBI Accession no.: ON724398), 
B. japonicum BD5 (ON724369), B. elkanii KT5 
(ON729445), B. arachidis ET5 (ON729963), 
B. liaongense JN5 (ON734019), and B. elkanii 
NP5 (ON734425). All promising combinations 
of preferred rhizobial strains were examined in 
sterile circumstances for improved nodulation 
and to screen for the best isolate with enhanced 
features by inoculation in diverse soils. The 
nitrogen concentration of Arachis hypogaea 
ranged from 1.2 to 2.9 percent. The strains 
from Amrabad were shown to be highly host 
specific for Arachis hypogaea plants, and when 
inoculated, they boosted nodulation and plant 
growth. Because of the useful traits in AB5, more 
research was done, using this Bradyrhizobium 

yumangenesis sps. AB5 (NCBI: ON724398). 
This rhizobium species AB5 was studied for its 
ability to unravel and improve crop production 
in barren, polluted, and agricultural soils, with 
improved Arachis hypogaea plant features. This 
method may be employed across the globe of 
same climatic conditions for the retrieval of 
plants from soils where agriculture has failed.

Key words: Arachis hypogaea,Host specificity, 
nodulation,Bradyrhizobium sp. strain.

Introduction

 Nitrogen fixation is regarded as a 
significant step in the evolution process because 
vital molecules like proteins and nucleic acids 
cannot be synthesized by photosynthesis 
products or by other means. Lightning and 
combustion are examples of natural processes 
that can fix nitrogen (N2) oxidatively, accounting 
for 10% of total nitrogen fixed. The reductive 
process is known as the Haber-Bosch process; 
it is used in the production of industrial ammonia 
in which H2 gas reacts with N2 gas over an 
iron-based catalyst at high temperature and 
pressure. This method accounts for 30 percent 
of total nitrogen fixation. Biological nitrogen 
fixation (BNF), which is also known to be a 
reductive process that produces ammonium 
(NH4

+), is responsible for the remaining 
significant N2-fixation. It does, however, occur 
at ambient temperature and pressure and 
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does not require the usage of H2. BNF is the 
major support system for life on earth due to 
its substantial delivery of fixed nitrogen to the 
biosphere (1).

 Biological nitrogen fixation (BNF) was 
reported by Beijerinck and is carried out by a 
specialized group of prokaryotes (2). Aquatic 
organisms like cyanobacteria, free-living soil 
bacteria like Azotobacter, bacteria that create 
associative relationships with plants like 
Azospirillum, and bacteria that form symbiotic 
relationships with legumes and other plants 
like Rhizobium and Bradyrhizobium are among 
these prokaryotes (3).

 Between rhizobia, the degree of host 
specificity varies. Some strains have a very 
narrow host range, whereas others have a very 
broad range. The establishment of a symbiotic 
interaction between legume species and rhizobia 
is a difficult task. Biofertilizer technology is a 
new age in biological input technology that has 
resulted in a large increase in annual agricultural 
production in recent decades (4). Rhizobium 
sp. is well recognized for its symbiotic nitrogen 
fixing ability through nodulation in legumes, 
which is critical for soil nitrogen richness and 
cultivated land management. The importance of 
microbial nitrogen fixation, particularly symbiotic 
fixation, to agricultural productivity has 
fascinated scientists for over a century (5). The 
inability of an inoculant strain to nodulate under 
field conditions is caused by a variety of living 
and nonliving factors. Nitrogen-fixing bacteria 
(NFB) in the mycorrhizosphere, as well as the 
exploitation of these bacterial partnerships 
as a technique to boost plant growth, are two 
hot topics in biotechnology right now. One 
of the two major groups of eurosids is the 
Fabidae, which includes the majority of species 
capable of endosymbiotic nitrogen fixation 
(6). For increased nodulation specificity, these 
types of investigations also require molecular 
identification of microorganisms, and molecular 
microbial identification may offer an advantage 
over culture approaches (7,8). Previous 
research has shown that gene discovery and 

characterization can help legumes and non-
legume plants with nodulation and productivity. 
Rhizobia, in addition to nitrogen fixing action 
with legumes, can boost plant phosphorus 
nutrition by mobilizing inorganic and organic 
phosphorus.

 PGPR bacteria are found near the 
rhizosphere (9). Even in the face of a variety 
of stressors, such as drought, the bacteria 
promote plant growth (10). Plant growth 
promoting rhizobacteria (PGPR) are root 
colonization bacteria (rhizobacteria) that have 
a beneficial influence on plant growth via 
direct or indirect methods (11). Plant growth-
promoting rhizobacteria is now well-known 
for its ability to promote growth. Kloepper and 
Schroth (12) described plant growth boosting 
rhizobacteria as soil bacteria that colonize the 
roots of plants following seed inoculation and 
enhance plant growth. The difficulty of PGPR 
to colonize plant roots has been attributed for 
its ineffectiveness (13, 14). The synergistic 
relationships of these pathogens collectively 
caused more yield, loss to this key pulse crop 
than the sum of their individual losses (15, 16). 
Furthermore, increasing bacterial populations 
in a plant’s rhizosphere during its life cycle 
can improve microbial behaviour (17-19). In a 
pair-wise inoculation experiment, the seven 
most efficient nitrogen-fixing strains can be 
tested for their competitiveness against less 
effective strains, and nodule occupancy for 
the most efficient strain can be identified (20). 
Greenhouse and field studies with PGPR strains 
have demonstrated enhanced nodulation and 
nitrogen fixation in soybean, lentil, pea, chickpea 
and common bean (21, 22). Plant growth-
promoting rhizobacteria (PGPR) are helpful 
native soil bacteria that colonize plant roots 
and boost plant development (23), plant growth 
regulator production (24), and plant water and 
nutrient intake (25). Antifungal action of PGPR 
can also inhibit soil-borne plant diseases (26). 
Because it is nodulated by rhizobia capable of 
nodulating a wide set of legumes and a vast 
group of unrelated rhizobia, peanut is regarded 
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as a promising promiscuous species (27). 
Peanut-rhizobia symbiosis has been shown 
to contribute 40.9 kg per hectare of biological 
nitrogen fixation (BNF) (28). The local or 
indigenous strains isolated from a geographical 
location have been proven to be more particular 
to the crop in that same geography (29) which 
is the primary motivation for conducting this 
research.

Materials and Methods

Selection of rhizosphere soils

 Undisturbed rhizosphere soils along 
with relative six legume species [Arachis 
hypogaea (Ground nut), Glycine max (Soya 
bean), Cicer arietinum (Chickpea), Phaseolus 
vulgaris (Common bean),Vigna radiata  (Mung 
bean), Cajanus cajan (pigeon pea)]in triplets 
were collected from six forest soils of Jannaram 
(JN)- Adilabad, Eturunagaram (ET)-Warangal, 
Narsapur (NP)-Medak, Bhadrachalam (BD)-
Khammam, Amrabad (AB)-Mahabubnagar 
and Kataram (KT)-Karimnagar areas. The soil 
samples are brought to the laboratory in sterile 
zip-lock covers/bags.

Physico-chemical analysis of soil

 There was no past history of chemical 
fertilizer use in these rhizosphere soils, therefore 
there was no risk of chemical fertilizer-induced 
growth inhibition of natural bioinoculants. The 
alkaline potassium permanganate approach 
was used to estimate available nitrogen in 
the soil (30), while the Bray and Kurtz (31) 
method was used to evaluate available 
phosphorous. Potassium is determined by 
flame photometrically (32).

Screening of host-specific rhizobial strains 
by cultivable method

Soil sample preparation

 The soil samples collected from various 
locations were brought to the laboratory and 
then followed by the removal of foreign materials 
such as roots, gravels, stones, and pebbles. 

Later, using the quartering technique, the bulk 
amount of soil is reduced to the desired quantity 
(33, 34). These soil samples were used as a 
source sample for the isolation of host-specific 
rhizobium, and for seed germination.

Sowing of arachis hypogaea seed

 The seeds of Arachis hypogaea were 
taken from a single lot. For sowing, undamaged 
and healthy seeds of the proper shape and 
size were chosen. Ethrel was used to break 
seed dormancy of the peanut seeds (35). The 
seeds were first surface sterilized with 0.1 
percent HgCl2 solution (36), and then washed 
5 times with sterile distilled water to remove any 
remaining HgCl2 traces. Then the pots are filled 
with respective soil samples and used to implant 
seeds in each pot. The seeding was done at an 
average 2.5 cm depth, using 10 seeds per pot. 
After germination, the thinning was done, staying 
three plants per pot. The pots were irrigated on 
a regular basis. Hoagland’s solution course was 
given from time to time. Three duplicates were 
maintained.

Root nodule study

 The nodules serve as a home for the 
bacteria, which obtain energy from the host plant 
and fix free N2 before converting it to combined 
nitrogen (37). In exchange, the plant receives 
fixed nitrogen from nodules and produces food 
and forage protein (38). The fascinating thing is 
that nodules that fix higher amounts of N2 are 
also awarded more resources, whereas nodules 
that fix lower amounts are penalized by the 
host in terms of C allocation (39-41). The most 
productive symbioses feature nodules with high 
sink strength that also distribute large amounts 
of organic N to the host, resulting in a strong, 
positive feedback on plant development under 
N-limiting situations (42, 43). This explains why 
nodule biomass is proportional to the rhizobia’s 
N2-fixing capacity in many symbioses (43, 44).

 Because white nodules are undeveloped 
or may have formed as a result of the wrong 
bacterium, they are not included in the study. N2 
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fixation is active and effective in pink or rusty 
nodules. Effective nodules can turn green and 
then revert to black, signaling that they are dead, 
under unfavorable conditions such as nutritional 
deficit, illness, or water stress (45). Peanut 
plants have smaller nodules, but since they are 
densely packed with rhizobium-infected cells, 
they have stronger nitrogen-fixing activity (46), 
implying a unique link between peanut nodule 
size and nitrogen-fixing activity.

 Physical parameters such as number, 
size, fresh and dry weight of the nodules were 
assessed after selecting relatively large, pink, 
and efficient root nodules and detaching them 
from the plants. Leg-hemoglobin estimation is 
performed.

Isolation of rhizobia from nodules

 A healthy plant with intact soil around 
the roots was uprooted. Following that, the roots 
were thoroughly cleansed with a jet of water. 
Rhizobium was isolated from nodules that are 
pink multi-lobed and located on the top of the 
root. The nodule is gently detached from the 
root so that a section of root on the nodule’s 
side remains attached and the nodule is not 
damaged. The nodules were rinsed well under 
running tap water before being placed in a tube 
with a nylon mesh on one end. For roughly five 
minutes, the other end of the tube was linked to 
tap.

 Thoroughly washed nodules were 
transferred to a sterile test tube and treated 
with 0.1% HgCl2 and 70% ethyl alcohol, for 3 
min and one min respectively. The test tube 
is shaken periodically in order to remove the 
adhering air bubbles and the fresh sterilant gets 
in touch with the nodules. After three minutes, 
HgCl2 solution is decanted off and nodule was 
immersed in alcohol for 1 minute.  After the 
nodule surface gets sterilized it was washed 
with sterile water for at least ten times so as 
to remove the sterilants completely. Nodules 
were crushed with a sterile glass rod with flat 
end. Care was taken so that test tube may not 

break during crushing. Suspension obtained 
after crushing of nodule was used for isolation 
of Rhizobium. Serial dilution of the same was 
done and 10-6 dilution was selected for isolation.

 Yeast extract mannitol agar (YEMA) 
was used as a selective medium for isolation 
of Rhizobium sp. 100µl of 10-6 dilution was 
inoculated on sterile YEMA media plates by 
spread plate technique and incubated at 28oC 3 
to 8 days. Based on the color of the colony and 
other characteristics, Rhizobium was isolated 
and various other confirmatory tests were 
performed.

Confirmatory Tests

 Confirmatory tests are designed as 
discussed by Somasegaran and Hoben, 2012 
(47).

Congo red test

 Congo red can aid the identification of 
rhizobia from other kinds of bacteria.  In broad 
the Rhizobia absorb the stain weakly while 
several of the common soil bacteria take it up 
strongly.

Growth on alkaline medium

 A. radiobacter can be isolated by 
streaking on Hoffer’s alkaline medium (pH 11) 
in which Rhizobium growth is inhibited, while 
A. radiobacter grow.  YEMA added with 1 ml/
lit of thymol blue (1.6% sol.) is adjusted to pH 
11.  On slants, the growth of A. radiobacter and 
the change in colour of indicator is observed up 
to 15 days. If no growth (or) change in colour is 
observed, it may be Rhizobium.

Growth in glucose peptone agar

Glucose  peptone agar 

 (Glucose 10 g, Peptone 20.0g, NaCl  
5.0g, Agar - 15.0g, Bromo cresol purple 1.0 
ml (1.6% alcoholic sol.) pH 7.1) was used to 
distinguish rhizobia, which generally show little 
growth on the medium without changing the 
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pH, whereas Agrobacteria grow well shows 
enormous growth. Observations were taken 
after 15 days of incubation for growth and 
change in pH.

Ketolactose test

 Most of the strains of A. tumifaciens 
and A. radiobacter have been found to produce 
3-Ketolactose in lactose containing medium 
but not rhizobia.  The composition of medium 
used for this test is same as that of the yeast 
mannitol agar except mannitol is replaced by 
lactose (10 g/l).  The medium is poured in plates 
and on solidification the inoculum is streaked 
on it.  After incubation when sufficient growth is 
observed, the media plates were flooded with 
Benedict’s reagent.  Development of yellow 
colored ring of cuprous oxide (after 30 min 
to one hr) around the growth of organism is 
indicative of Agrobacterium contamination.

Nodulation tests:

 Nodulation tests were conducted by the 
following methods.

Agar tube method

 This method is good to study the 
nodulation and differentiation of symbiotic 
effectiveness with plants having small seeds.  
In this method the plants are wholly enclosed 
within the glass tube.

Preparation of agar tubes

 Sufficient JSA medium (1.0g CaHPO4, 
0.2g K2HPO4, 0.2g MgSO4.7H2O, 0.2g NaCl,  
0.1g FeCl3, 8-15g Agar, 1litre Distilled water, 
(1ml/litre trace element solution) is added to the 
medium (15 ml for deep and 20 ml for slope) 
was put in the tubes (200 mm x 25 mm).  The 
tubes were closed with cotton plugs with uniform 
depth (20 mm) and modest compactness.  The 
tubes were autoclaved and set as agar deep 
tubes or slopes as required.

•	 Nitrogen supplied control:  Nitrogen-
controls were provided to a final 

concentration of approximately 70 ppm N 
(0.05% KNO3).

•	 N-deficient control:  Agar tubes without 
inoculation are planted with seed or 
pre-germinated seedlings and put as 
uninoculated N-deficient control.

Microbial Identification by molecular study

Isolation of DNA from the bacterial isolates

 The DNA was isolated from the bacterial 
colony. The obtained DNA sample was analyzed 
by colony PCR.

 DNA was isolated from the Bacterial 
culture; the DNA was used in PCR to amplify 
bacterial 16S rDNA PCR Kit (800).  Our PCR 
process uses the rDNA PCR Kit obtained from 
(TAKARA), Catalog number-RR182A. Using 
primers from the kit, we amplified a 1500bp 
amplicon and no amplicon was visible in the 
negative (no DNA) control and the expected 
sized amplicon (1500bp) was seen in the 
positive control. The test amplicon of 1500 bp 
was purified using magnetic beads and the 
product sequenced by Sanger’s method of 
DNA sequencing. The sequencing results were 
assembled and compared with NCBI data base.

PCR analysis

 In polymerase chain reaction 16S rRNA 
Universal primers were used to amplify the 
small subunit rRNA of each sample’s culture 
DNA. The reaction mixture 50 µl contains 4µl 
bacterial DNA (nearly 200ng), 1µl Taq-DNA 
polymerase, 5µl of Taq buffer, 5µl of 2mM dNTP 
mix, 5 µl of forward primer (10 pM/µl) and 5 µl 
of reverse primer (10 pM/µl). PCR Amplification 
was carried out in a Bio-Rad thermo cycler run 
for 30 cycles. Denaturation was done for 94ºC 
for 20s, annealing at 48ºC for 20s and extension 
was done at 72ºC for 40s for each cycle, final 
extension was carried out for 5min at 72ºC at the 
end of all 30 cycles. The amplified PCR product 
of approximately 1542 bp was separated on a 
1% agarose gel and purified by Qiagen spin 
columns (48).
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16S rRNA gene Sequencing

 The purified 1542bp PCR product 
was sequenced using universal primers. The 
complete 16S rRNA gene sequence of the 
isolate was subjected to BLAST sequence 
similarity search and Ez Taxon to identify the 
nearest taxa. The entire related 16S rRNA gene 
sequence was downloaded from the database 
(http://www. nbi .nlm.nih-gov) aligned using the 
celestial – program.

Seed inoculation and plant growth assess-
ment

 Sterile soils in triplicates from six 
forest places were collected and brought to the 
laboratory. They were taken in pots (Triplicates) 
and the seeds inoculated with different rhizobial 
strain of respective species were sown and 
then the growth parameters of each plant were 
assessed.

 Undamaged and clean seeds of uniform 
size, selected to a reasonably uniform size were 
rinsed with 95% ethanol and immersed for 4 
minutes in 0.2% HgCl2. Seeds were then washed 
five times with sterile water. The viable seeds 
are sown after sterilization and washing, either 
using two seeds per tube (seedlings later can 
be thinned to one) or singly, allowing sufficient 
extra tubes. After 8 weeks of growth, the growth 
parameters like nodulation efficiency, number of 
nodules, nodular dry weight, dry weight of the 
plant and the plant height were assessed.

 The presences of nodules, their nature 
at the time of harvesting that are pink because 
of leg-hemoglobin were accounted as effective. 
The rhizobial strains were isolated and tested 
for host specificity. All probable combination of 
the selected rhizobial isolates were checked  
under sterile conditions for improving nodulation 
to isolate the best host specificity plant.

Estimation of nitrogen in arachis hypogaea

Soil preparation and sowing

 Soil is collected, vigorously washed and 

subjected to sterilization - to remove the nutrients 
and microorganisms particularly nitrogen fixing 
microorganisms from the soil to ensure that 
no external agent acts as source of nitrogen. 
The seeds of Arachis hypogaea from a single 
batch of the same size were picked and soaked 
in ethrel solution (5ml in 10 litres of water) for 
almost 12 hours before being shade dried to 
break dormancy before being sowed in the pots 
filled with sterile and nutrient free soil (35). The 
pots were inoculated with specific bioinoculants 
(Nitrogen fixing Rhizobia under study) except 
the controls. Negative control is maintained 
without any nitrogen source except the nitrogen 
contained in the seed initially. Positive control 
is treated with sufficient/unlimited nitrogen 
source. All the pots are irrigated frequently 
with Nitrogen-free Hoagsland solution. After 
60 days of sowing the plants are extricated for 
examination of parameters.

Estimation of nitrogen by Snell and Snell 
(1949) method

 A dried and ground plant sample (0.1 g) 
is digested completely with H2SO4 and heated. 
Then add H2O2 again until it is colorless. The 
intensity of color developed after treatment with 
NaOH, sodium silicate, and Nessler’s reagent 
is then measured in the colorimeter at 440nm 
(blue filter). The obtained OD values are plotted 
on the standard graph. The nitrogen content is 
measured using a standard graph (49).

Estimation of leghemoglobin

 The amount of nitrogen (N) fixed in 
the symbiotic association between the rhizobia 
and the plant is closely correlated with the 
amount of leghemoglobin (LHb) content of 
the root nodules of leguminous plants. A 
rapid, quantitative method for determining 
LHb in plant tissue would greatly facilitate 
research into symbiotic N fixation. Wilson and 
Reisenauer’s cyanmethemoglobin method 
(1962) was used to determine the concentration 
of leghaemoglobin (50). 50 to 100mg nodules 
were collected and crushed in 9 volumes of 
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Drabkin’s solution in a microfuge tube with a 
glass rod before centrifugation at 12,000rpm for 
15 minutes. A 0.2m syringe filter was used to 
filter the supernatant. The filtrate was collected 
in a micro cuvette, and its absorbance at 540 
nm was measured using a spectrophotometer 
(51).

Collection of soil samples from different 
problematical sites

 Soil samples from different sites such 
as polluted soils, barren soils and agriculture 
soils were taken in triplets and inoculated 
with rhizobial strains in order to check the 
improvement in nodulation and development 
of these respective plants during inoculation in 
field trials.

Results and Discussion

 The steps carried out in the present 
study have been represented in Figure 1. 
The steps include selection and collection, 
soil characteristics, isolation, screening and 
confirmatory tests for rhizobial strains, isolation 
of pure cultures, selection of the best isolate, 
Experiments carried out with the best rhizobial 
strain particular to legume speciesis studied 
and later tested in the same relative plants 
grown in various soils. The results of the same 
are presented in the following sequence as in 
Figure 1.

 Six forest rhizosphere soils along 
with respective six legume species (Arachis 
hypogaea, Glycine max, Cicer arietinum, 
Phaseolus vulgaris,Vigna radiata, Cajanus 
“cajan) were collected from Jannaram 
(JN), Eturunagaram (ET), Narsapur (NP), 
Bhadrachalam (BD) Amrabad (AB) and 
Kataram (KT) areas. The physico-chemical 
characteristics of the soil samples were carried 
out.All the soils under investigation varied 
slightly in their soil types, the pH of different 
soils was slightly acidic and varied from pH 6.2 
to 8.3 as shown in Table 1.

 For carrying out the study six legume 

 

Selected six forest rhizosphere soils along with respective six legume crops species collected from 
Jannaram (JN), Eturunagaram (ET), Narsapur (NP), Bhadrachalam(BD) Amrabad (AB) and 
Kataram (KT) areas. 
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Figure 1: Steps involved in host specificity and 
effect of nodulation by indigenous Bradyrhizo-
bium sp. AB5 in Arachis hypogaea

species (Arachis hypogaea, Glycine max, Cicer 
arietinum, Phaseolus vulgaris,Vigna radiata, 
Cajanus cajan) were selected and the specific 
rhizobial strains from the nodules of these six 
particular legume species were isolated. The 
confirmatory tests of these isolates were carried 
out and the pure cultures of these isolates were 
obtained. Thirty six rhizobial strains, six isolates 
specific to the six legume species were tested.  
The strains JN1, ET1, NP1, BD1, AB1, KT1 
were specific to Vigna radiata,the isolates JN2, 
ET2, NP2, BD2, AB2, KT2 showed specificity 
to Glycine maxstrains JN3, ET3, NP3, BD3, 
AB3, KT3 showed  to Cicer arietinum, while 
JN4, ET4, NP4, BD4, AB4, KT4 strain  showed 
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specific features with Phaseolus vulgaris, JN5, 
ET5, NP5, BD5, AB5, KT5 isolates showed with 
Arachis hypogaea and JN6, ET6, NP6, BD6, 
AB6, KT6 strains were specific to Cajanus cajan.
Among all these rhizobial isolates, JN5, ET5, 
NP5, BD5, AB5, KT5 were specific toArachis 
hypogaea plantswere studied in detail.

 The six isolates obtained from the 
nodules of Arachis hypogaeanamely AB5, 
BD5, ET5, JN5, NP5, and KT5 are identified as 
Bradyrhizobium yumangenesis sps. AB5 (NCBI 
Accession no.: ON724398), B. japonicum BD5 
(ON724369), B. arachidis ET5 (ON729963), 
B. liaongense JN5 (ON734019), B. elkanii KT5 
(ON729445), and B. elkanii NP5 (ON734425).

 Field  trial studies exposed  that  the  
bacterial  inoculation by rhizobia  AB5 isolate on  
Arachis hypogaeaplantseffects  the growth  and  
symbiotic characteristics. Bradyrhizobium sps. 
AB5 strains increased the number of nodules, 
nodular dry weight, dry weight of the plant 
and plant height compared with the control. A 
critical perusal of the Table 2 reveals that all the 
isolates under investigation induced nodulation 
with Arachis hypogaeaspecies. However, the 
nodulating efficiency varied with the isolate 
and the plant. A lot of variation is evident with 
regard to the number, size and dry weight of the 
nodules induced by different strains.

 In perusal, it was observed that AB5 
isolate showed highest number of nodules in 
comparison with the other strains. An enhanced 
nodulation size was seen in KT5, AB5 and BD5 

rhizobial strains. Dry weight of the nodules with 
the different isolated strains ranged from 15.2 
to 35mg. efficient nodules were produced by 
AB5 isolate in Arachis hypogaeaplant and also 
showed a maximum dry weight of 35 mg as 
seen in Graph1.

 Plant height of Arachis hypogaeawhen 
inoculated with different rhizobium isolates 
(JN5, ET5, NP5, BD5, AB5, KT5) ranged 
between 24.6 and 37.8 cm. Maximum height 
37.8 cm was induced by the AB5 isolate 
inArachis hypogaea. The least height of the 
plant, 24.6cm was recorded with the inoculants 
ET5 which showed a raise in height with that 
of control. AB5 strain with comparison to the 
control showed about 2 times increase in height 
of Arachis hypogaeaspecies.

 With respect to the depth of the root AB5 
measured 12 cm, which was the highest among 
other rhizobial strains. There was an increase in 

Table 1: Physico-chemical characteristics in 6 forest soils (NPK in kg/hectare)

Sample collect-
ed from

Coordinates
Soil type N P K pH

Latitude Longitude
Jannaram 19.1156 N 78.999 E Red soil 265.06 105.19 160.65 6.9
Eturnagaram 18.338 80.426 Red soil 223.01 110.21 150.05 6.3
Narsapur 17.738 78.284 Deep black soil 272.73 112.32 160.00 6.2
Bhadrachalam 17.668 80.893 Red soil clay 273.03 118.11 157.02 6.7
Kataram 17.544 80.646 Red soil 272.08 104.03 147.00 6.2
Amrabad 16.383 78.833 Sandy loam 244.70 27.20 451.55 8.3

Graph 1: representing the number of nodules 
and total dry weight of nodules developed by 
various strains of rhizobium.
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dry weight on  shoot  and root with rhizobial 
strains on Arachis hypogaea, it was observed 
that the AB5 strain were found to be highly host 
specific and the dry weight of shoot and root 
was maximum 1.61g and 0.72g respectively, as 
recorded in Table 2.

 As previously indicated, the amount of 
nitrogen (N) fixed in the symbiotic relationship 
between the rhizobia and the plant is closely 
connected with the amount of leghemoglobin 
(LHb) content of the root nodules, and there 
is a difference in LHb concentrations between 
strains. LHb concentrations ranged from 0.03 to 
0.08 µg/ml. The outcomes are depicted in the 
Graph 3.

the size of the root by 1.6 times compared to the 
control as tabulated in Table 2.

 
 
 
 
 
 
 

Increase in nitrogen content of the plant Arachis 
hypogaeawas significant with inoculations of 
AB5, BD5 and KT5 isolates. Maximum nitrogen 
content recorded was about 2.9 percent and 
the least recorded was 2 percent in the plants 
inoculated with host specific strains as shown 
in Graph 2. The uninoculated plants showed 
significantly low efficiency among all the plants 
(Table 2) which indicates that the isolates were 
increasing the nitrogen content not only in 
the plant but also increasing the fertility of the 
rhizosphere soils. With respect to the effect of 

Graph 2: Representing the Nitrogen content in 
Arachis hypogaea by various rhizobium strains.

Graph 3: Representing the concentration of 
leghemoglobin in Arachis hypogaea and various 
rhizobium strains.

Table 2:Screening and isolation of different indigenous rhizobial strains from host-specific Arachis 
hypogaea species from forest areas of Telangana.

Name of the 
plant

Rhizobi-
al strain

Nodulation Plant Height(cm) Plant dry 
weight (gm) N 

Content              
(%)No.

Size 
(mm)

Leg.hb. 
Conc. 
(µg/ml)

Dry 
weight
(mg)

Shoot Root Shoot Root

Uninoculat-
ed control - - - -

18.4

±0.3

7.4

±0.02

0.28

±0.02

0.42

±0.03

0.7

±0.03

Arachis 
hypogaea

ET5 23 1.5 0.03 18±0.03 24.6±0.5 8 0.95 0.64 1.2
JN5 19 2 0.03 15.2±0.03 25 ±0.5 8 0.88 0.57 2
NP5 28 2 0.05 25±0.03 29 ±0.5 10 0.98 0.58 2.4
BD5 31 1.5 0.06 26±0.03 35 ±0.5 11 1.02 0.68 2.7
AB5 35 3 0.08 35±0.05 37.8 ±0.5 12 1.61 0.72 2.9
KT5 30 2.5 0.06 29±0.03 35 ±0.5 11 1.01 0.67 2.7
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 Among all these rhizobial isolates,JN5, 
ET5, NP5, BD5, AB5, KT5, specific to Arachis 
hypogaea plantsstudied in detail, it can be 
concluded that AB5 isolate was the best isolate.  
Because of desirable characters of AB5, nucleic 
acid sequencing was performed and identified 
as Bradyhizobium sp. AB5 (ON724398).

 Further studies were carried on with 
this strain on various soils like agricultural soils, 
polluted soils and barren soils with Arachis 
hypogaea plants. All the possible combinations 
of the potential Bradyrhizobium sp. AB5 was 
also tested under field conditions for evaluating 
the improvement of nodulation and growth in 
these plants through inoculation in field trials 
for the categorization and amelioration of crop 
production in barren, polluted and agricultural 
soils. The nodulation ability of this isolate was 
confirmed by inoculation tests. The results 
showed a considerable increase in nodulation, 
size and nodular dry weight. There was an 
enhanced growth rate seen in the plant and also 
an increase in its dry weight. The nitrogen content 
was high in the plants.  It can be concluded that 
the Bradyhizobium sp. AB5 played an essential 
role in the development of plants by showing 
significant increase in nodulation properties 
even in barren and polluted soils as shown in 
Table 3.

 The results indicate that the 
Bradyhizobium sp. AB5 is host-specific to the 

plantArachis hypogaeacollected from different 
rhizosphere soils. This strain also increased the 
fertility of the barren soils that in turn increases 
the yield of the plant which is not possible with 
the wild type plants in such soils.

 In the present study, with 
Bradyrhizobium sps. AB5 strain, there was 
increase in number of nodules in Arachis 
hypogaea which is similar to the work of Ruben 
Dario et al (2011) on other leguminous plants. 
Ruben Dario et al. (2011) observed that the 
commercial strain B. japonicum improved 
nodulation capacity of Argentinean commercial 
soybean and contributed to a higher yield (52). 
A simple increase in the number of nodules is 
not a sufficient indicator for considering peanut 
as an efficient nitrogen fixer, but an increase 
in nodule weight is a good indicator of efficient 
nitrogen fixation in peanut (53). With respect 
to the nodule weight, dry weight of the shoot, 
root and plant height with rhizobial isolate on 
Arachis hypogaea therewas a considerable rise 
observed which is in accordance with Faridul 
Alam et al. (2015) which states, soybean plants 
of all genotypes inoculated with Rhizobium 
sp. BARIRGm901 produced greater nodule 
numbers, nodule weight, shoot and root 
biomass, and plant height than non-inoculated 
plants (54). This study also revealed an increase 
in nitrogen content in Vigna radiatasp. treated 
with the rhizobial strain that usually increased 

Table 3: Effects of Nodulation in Arachis hypogaea by Bradyrhizobium sps. AB5 isolate in agricul-
tural, barren and polluted soils

Name of the 
plant

Soil  types
No. Nodulation Plant 

Height(cm)
Plant dry 

weight (gm)
N 

content              
(%)

Size

(mm)

Leg.hb. 
Conc. 
(µg/ml)

Dry 
weight

(mg)
Shoot Root Shoot Root

Control - - -
18.30

±0.5

13.20

± 0.3

4.97

±0.3

0.463

±0.04

0.90

±0.03

Arachis 
hypo-
gaea

Agricultural soils 45 3 0.08 44.1 47 15 7.5 2.5 3.1

Polluted soils 40 3 0.08 34.3 41.5 12 7.1 2.23 2.8

Barren soils 41 3 0.08 39.77 37.5 12 7.2 2.31 2.5



Current Trends in Biotechnology and Pharmacy
Vol. 16 (4) 456 - 470, Oct 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2022.4.79

Sanjeev  and Pavan

466

the fertility of the soil (55). Jones (1998) showed 
that higher nodulation and biomass yields of 
inoculated plants could be attributed to high 
nitrogen fixation incorporated into nitrogen 
biosynthesis (56). The highest nitrogen contents 
and uptake were recorded in inoculated soybeans 
might be attributed to the greater ability of these 
plants to fix and assimilate nitrogen (57-60). 
The field trials was carried out with this isolate 
Bradyhizobium sp. AB5 (ON724398) on various 
soils like barren, polluted and agricultural soils 
on Arachis hypogaea. When grown in various 
types of soils Arachis hypogaea showed 
enhanced characters of the plant, i.e. number 
of nodules, size of the nodule, dry weight of root 
and shoot, plant height. There was an increase 
in nitrogen content indicating that this strain 
not only increases the fertility in all soil types 
but also increases the crop production without 
the use of chemical fertilizers. Rhizobia often 
spread from their initial habitats (61); however, 
the success of their introduction into new 
environments relies upon their ability to adapt 
to numerous biotic and abiotic factors (62).With 
respect to estimation of nitrogen accumulation 
with rhizobial strain AB5 inoculations, a similar 
study was carried using rhizobia (63). Plank 
(1989), reveals that there was 3.5% to 4.5% 
nitrogen accumulation in groundnut (64); while 
Oscar Yédéou Didagbé et al. (2014) shows 
that the nitrogen accumulation was between 
1.3% and 3.9% in groundnut (65). Variation in 
nitrogen accumulation ranged between 2.3% to 
3.75% with AB5 strain inoculated plants which 
are in accord to the above studies. Sulfab et al. 
2011 (66) states that mineral nitrogen acts as 
a starter dose on the growth and production of 
Vigna radiata, which reveals that AB5 rhizobial 
strain can be used as a bioinoculant, based on 
the results.

These studies were aimed for improvement 
in nodulation and growth of the Arachis 
hypogaea plants through inoculation in field 
trials and thereby increase crop production by 
Bradyrhizobium sp.  AB5 (ON724398) strain 
in barren, polluted and agricultural soils. The 

results indicate that the rhizobial strains AB5 
showed host-specific characteristics to the 
plant Arachis hypogaea collected from different 
rhizosphere soils. The plant growth promoting 
characteristics of Bradyrhizobium sp.  AB5 
strain increased the quantity of seed per pod 
and efficiency in plants.

Conclusion

 Our present perceptive of the premature 
events in nodulation is based on recognition and 
description of symbiotic association of rhizobium 
species with the host legume plant. Further 
characterization showed that this strain helped 
in providing interesting results. Approaches 
targeting downstream of the early nodulation 
events helped to provide a more widespread view 
of the association between nodule growth and a 
complete parameter of nodulation in legumes. 
The above method is an easy and cost effective 
method for the selection of efficient rhizobium 
bioinoculants like Bradyrhizobium sp. AB5 for 
its application to the legume plants in soils of 
same geographical region and it can be applied 
globally. This technique reduces the use of toxic 
fertilizers which the farmers do, to increase the 
fertility of the soil. The use of chemical fertilizers 
can also have a negative impact on human 
health and on our environment. All these can 
be avoided by using natural rhizobial isolates 
like Bradyrhizobium sp. AB5 which are non 
pathogenic but eco-friendly that can increase 
the fertility of various soil types, provide nutrients 
to the plants and in turn augment the yield of the 
plant because of its symbiotic association.
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Abstract

 Microorganisms that degrade oil 
contribute significantly to the bioremediation of 
polluted lakes. Many microorganisms synthesize 
lipases, which are commercially significant. In 
the present study microorganisms producing 
extracellular lipase were isolated from various 
polluted lakes in Bangalore by using tributyrin 
agar. A lipase assay was done to determine the 
most efficient lipase-producing organism, which 
was then named Bacillus mojavensis CUIE1819 
based on 16srRNA sequencing. After UV 
irradiation, the selected immobilized organisms 
were used to treat the lake water samples. 

Keywords: Microbial Lipase, screening, 
production, Lipase assay, oil degradability, 
mutagenesis

Introduction

 Microorganisms, because of their 
great plasticity and physiological flexibility, are 
ubiquitous. They have developed the ability to 
adapt and to survive in different environmental 
conditions, even in the most inhospitable 
conditions making them almost invincible and 
the underlying reason being the efficient enzyme 
system. Their ability to produce extracellular 
enzymes is of great significance for their survival 
adaptability in any niche. Many microorganisms, 
with the help of their diverse extracellular 

enzyme mechanisms, have found ways to 
degrade toxic chemicals and compounds into 
safe, tolerable, and useful products, and thus 
play a major role in bioprospecting.

 A  study, titled ‘Wetlands: Treasures 
of Bangalore (Abused, Polluted, Encroached 
and Vanishing)’, conducted and led by 
Professor Ramachandra T V from the Energy 
and Wetlands Research Group, Centre for 
Ecological Sciences, IISc, Bangalore, surveyed 
105 lakes in the city and found that only four 
lakes seemed to be in a good condition while 
25 lakes were in a very bad state fully covered 
with macrophytes or dumped with solid or liquid 
wastes and with little or no water. Sustainedflow 
of untreated sewage, the release of untreated 
industrial effluents, and the dumping of solid 
waste and building debris were found to be the 
main causes of lake pollution. (1)

 Microorganisms that are living in 
such lakes may have developed the ability to 
sustain themselves in such an environment 
by releasing certain proteins or enzymes that 
help to degrade the substances that inhibit their 
growth. By isolating such organisms, we may 
be able to find ways to obtain such enzymes/
proteins or couture a mixture of organisms to 
degrade the harmful substances and revive the 
lake back to its ecological health. (2)

 The effluents rich in oils released into 
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the lakes can also be degraded by enzymes 
such as lipases that are extracellularly released 
by microorganisms to prevent the decrease in 
the dissolved oxygen content and maintain a 
sustainable environment.

 Isolation of extracellular lipase 
producing organism has always gained a lot of 
importance due to its various biotechnological 
importance and application in production such 
as detergents, textile, and dairy industries; oil 
processing; production of surfactants; synthesis 
of chiral pharmaceuticals. There is an interest 
to find new lipases that could create novel 
applications as each industrial application may 
require specific properties of the enzyme (3).

 Bacterial lipases are mostly inducible 
enzymes, requiring some form of oil, fatty acids, 
fatty acid alcohol, or fatty acid ester for induction. 
Triacyl glycerols, the main substrates of lipases,  
are uncharged lipids. The triacylglycerols with 
long-chain fatty acids are esterified with glycerol 
and are insoluble in water, although those with 
short-chain fatty acids are sparingly soluble in 
water. Biosynthesis of lipase by microorganisms 
was found to be enhanced by the optimization of 
culture condition factors such as temperature, 
pH, aeration, medium composition, etc. (4-11) 

 Mutation of a producer strain and 
selection of a hyper producing phenotype has 
proved successful for strain improvement and 
yield of enzymes and primary and secondary 
metabolites (12). Although product yield may be 
improved by optimizing the culture conditions, 
productivity is ultimately controlled by the 
genome. Thus, to improve productivity, the 
organism’s genome must be modified and this 
may be achieved in two ways viz. mutation or 
recombination. Recent advances in molecular 
biology have increased the number of methods 
by which genetic variation can be generated, 
the mutation is still the most important means 
of quickly and efficiently creating genetic 
variation in a population. Mutation represents 
an invaluable tool for biotechnological 
innovations and plays an important role in 

strain improvement of microorganisms used 
in the industry. Increased yield of fermentative 
lipase through mutagenesis followed by the 
subsequent selection of high yielding strain is 
found to be reported as a significant technique 
in the fermentation process. (13-16).

 Immobilization of enzymes is a process 
of physical localization of enzymes in a defined 
surface to improve the enzymatic properties 
and enhance their operational performance 
without altering their catalytic activity(17). 
Many techniques are available to immobilize 
enzymes using natural and synthetic materials 
like adsorption, ionic bonding, entrapment, 
and covalent bonding. The use of immobilized 
enzymes at the industrial level is extensive 
as they show potential advantages over 
their counterparts like maintaining stability 
(even under harsh environmental conditions 
of temperature, pH, and organic solvents), 
reusability, and easy recovery of enzyme and 
thus lowering production cost. (18-22)

 However, it is also important to look 
into the aspect of the bioremediation process 
of polluted water sources. With the ability of 
the lipase enzyme to break down lipids and 
glycerides, it can be used to treat lake water 
sources that are polluted by various industrial 
effluents that are rich in oil wastes. In this paper, 
we isolate and screen the extracellular lipase 
producing microorganisms from four different 
lake water sources (Bellandur, Varthur, Agara, 
and Madivala lakes) by obtaining water and 
soil samples and characterized by using lipase 
assay to obtain the best lipase-producing 
microorganism and identifying using 16srRNA 
sequencing. The identified organism was made 
to undergo non-recombinant UV- Mutagenesis 
for hyper production of the extracellular 
lipase and the best lipase microorganism is 
immobilized and used for the treatment of the 
polluted lake water.
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Materials and Methods

Experimental chemicals 

 The chemicals and reagents used 
in this research were purchased from sigma 
USA and Hi media. The experiments were 
conducted in triplicates and the mean values 
were considered.

Collection and preparation of sample

 Water and soil samples were collected 
in July from Agara, Bellandur, Madivala, 
and Varthur Lakes, Bangalore urban district, 
Bangalore, Karnataka, India. The pH and 
temperature of both water and soil were noted. 
The lake water samples were centrifuged and 
the obtained supernatant was preserved for 
further analysis. The samples were labeled and 
preserved at 80C.

Primary screening of lipase producing 
organism by plate assay

 The 100µl of the serially diluted samples 
was placed on tributyrin agar media plates 
containing 5g of peptone; 3g of yeast extract; 10 
ml of tributyrin, and 20 g of agar-agar per liter, 
followed by incubation for 48 h at 37 °C. After 
incubation, colonies that had a higher zone of 
clearance were used for further studies. 

Secondary screening of lipase producing 
organism and optimisation of lipase 
production media

 The four selected colonies were 
cultured in autoclaved tributyrin broth and 
incubated at 370C for 48 hours. Four different 
cultivation media were evaluated for the 
production of lipase. The composition of the 
different production media is summarized as 
follows: Medium (A) per 100ml media: 0.3g of 
yeast extract, 0.1g of peptone, 1ml of olive oil, 
0.07g of K2HPO4, 0.03g of KH2PO4, 0.05g of 
MgSO4, 0.01g of MnCl2, 0.025g of (NH4)2SO4 
and 0.01g of CaCl2. Medium (B) per 100ml 
media: 1ml Tween 80 which replaced olive oil 
in media (A). Medium (C) per 100ml media: 2g 

dextrose added to media (A). Medium (D) per 
100ml media: 2g dextrose added to media (B). 
The pH of all the production media was adjusted 
to 6.5 using 0.5 HCl, before autoclaving at 121°C 
for 15 min. The enzyme production was carried 
out in 500 ml Erlenmeyer flasks containing 94 
ml of production media that was inoculated with 
6 ml of the overnight incubated culture. The 
flasks containing the different production media 
were incubated in a shaker incubator at 370C 
with constant agitation at 125rpm for 48 hours. 
The cells were pelleted out by centrifugation at 
10000rpm 4°C for 10 minutes. The supernatant 
was taken and used to determine the lipase 
activity. The highest lipase activity expressing 
organism in the specific media was selected for 
further analysis.

Assay for lipolytic activity

 For the standard, 0.5µg/ml of 
p-nitrophenol working standard was prepared. 
0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 
1.0 ml of working standard was pipetted out 
into a series of labelled test tubes. It was then 
made up to 2ml using phosphate buffer of pH 
6.5. The same set of test tubes was placed in 
the water bath at 600C for 30 minutes. 0.25ml 
of 0.1M Na2CO3 was added to each of the 
samples to stop the reaction. Using a UV-Vis 
spectrophotometer, the optical density of the 
reaction mixture was determined at 410 nm. The 
reaction mixture containing 0.2 ml of the enzyme 
extract, 1.8 ml of 0.05 M phosphate buffer (pH 
6.5), and 0.01M p-NPP dissolved isopropanol 
was kept at 600C for 30 minutes in a water bath. 
To stop the reaction 0.25ml of 0.1M Na2CO3 
was added. Using a UV-Vis spectrophotometer, 
the optical density of the reaction mixture was 
determined at 410 nm. One unit of lipase activity 
was defined as the amount of enzyme which 
liberated 1 μmol of p-nitro phenol per min from 
p-nitro phenyl palmitate. From the lipase assay, 
the organism that produced a higher amount of 
lipase was selected for further studies.
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Molecular characterisation of the 
selected extracellular lipase producing 
microorganism

 By sequencing and analysis of the 
16SrRNA gene, the molecular identification 
of the selected strain was carried out. 
The genomic DNA was extracted with the 
commercial kit Qiagen and the partial 16S 
gene was amplified using the pair of primers 
16S-F:AGAGTTTGATCCTGGCTCAG and 
16S-R:AAGGAGGTGATCCAGCCGCA. The 
reaction mixture consisted of 50 μl 1× buffer of 
Taq DNA polymerase, 0.2 mM of each dNTP, 0.5 
μMof each primer, 2 mM of magnesium chloride, 
1 U of Taq DNA polymerase (Invitrogen), 50 ng 
of genomic DNA, and the final volume adjusted 
with ultrapure water. The program used for PCR 
was 94oC for 240 sec, followed by 35 cycles of 
94oC for 30 sec, 50 oC for 30 sec and 72 oC for 
30 sec, and finally, extension at 72oC for 360 
sec.

 The amplified product was cleaned 
and analyzed on BDT v3.1 cycle sequencer 
on ABI3730XL, Genetic Analyzer. Consensus 
sequence of 16SrDNA gene was generated 
from forward and reverse sequence data using 
aligner software. The 16S rDNA gene sequence 
was used to carry out BLAST with the database 
of NCBI gene bank database. Based on the 
maximum identity score first ten sequences 
were selected and aligned using the multiple 
alignment software program ClustalW. Distance 
matrix was generated and the phylogenetic tree 
was constructed using MEGA 7.

Improvement of strain by uv- mutagenesis

 The selected organism was then 
cultured in the tributyrin broth in a rotary shaker 
incubator at 150rpm 370C for 48 hours. A stock 
culture containing 7×103 cells/ml was prepared 
by centrifuging the cultured media at 10000rpm 
for 10 minutes at 40C and the pellet was 
resuspended in 0.9% saline solution. In a sterile 
80 mm diameter Petri dish, 20 ml of  7×103 

cells/ml was pipetted aseptically. UV mutation 
was carried out in the biosafety cabinet. The 

exposure time was 10, 20, 30, 40, 50, and 60 
minutes. To avoid photo reactivation of the 
mutants, the UV-exposed suspension was 
stored in the dark overnight under refrigerated 
conditions. It was then serially diluted in saline 
in such a way that by the end of 10-5 dilution 
only 1×103 cells were present and were spread-
plated on tributyrin agar medium. (4) The plates 
were incubated for 48 hours at 370C and the 
number of colonies in each plate was counted 
assuming each colony to be formed of a single 
cell. Mutants for hyperproduction of lipase were 
detected visually by the intensity of the zone of 
clearance and were further selected based on 
the enzyme production in the liquid medium.

Production of lipase using selected mutants

 The selected mutants were then cultured 
in 100 ml of optimized media, composed of 6ml 
of the inoculum, and incubated in the shaker at 
150rpm, 370C for 48 hours. Lipase assay was 
carried out using p-NPP (23) for the wild and 
the other two mutant strains. The mutant that 
produced relatively higher lipase was selected 
for further work.

Analysis of the lake water samples

 Prior to the treatment of lake water, the 
total protein, total carbohydrate, and free fatty 
acid content were measured by using standard 
protocols (23-24).

Immobilization of the organism

 The wild and the mutant strains were 
cultured separately in the optimized media for 
48 hours at 370C in a rotary shaker incubator 
at 150rpm. When the culture showed 7×103 
cells, 2ml of the culture each of the wild and 
the selected mutant strains were taken and 
centrifuged at 40C, 10000 rpm for 10 minutes and 
the pellet was resuspended in saline solution to 
halt the growth. 100ml of 4% sodium alginate 
was prepared and heated to melt the sodium 
alginate and then cooled to 370C. Meanwhile, 
250ml of 2% CaCl2 was prepared and stored in 
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ice-cold condition until its use. 20g of dummy 
sodium alginate beads were prepared by adding 
it dropwise to ice-cold 2% CaCl2.2ml of the wild 
strain was added to 100 ml of the 4% freshly 
melted sodium alginate at 370C and mixed 
well. 20g of this bead was prepared by adding 
dropwise to ice-cold 2% CaCl2. Similarly, 2ml of 
the mutant strain was added to 100 ml of the 
4% freshly melted sodium alginate at 370C and 
mixed well. 20g of this bead was prepared by 
adding dropwise to ice-cold 2% CaCl2.

Treatment of lake water using immobilized 
organisms

 To the conical fl ask containing 100ml of 
lake water inoculated with 5g of dummy beads. 
The other conical fl asks were inoculated with 
5g of the immobilized wild strain followed by the 
addition of 5g of the immobilized mutant strain 
and incubated in a rotary shaker incubator at 
370C for 48 hours. To check if the treatment 
procedure was carried out successfully, free 
fatty acid concentration was estimated by the 
titrimetric method.

Results and Discussion

Screening by plate assay

 The serially diluted water, soil sample, 
and direct water samples were placed on 
tributyrin agar media (TBA). After 48 hours 
of incubation period zone of clearance was 
observed (Fig. 1-3). The colonies obtained from 
the Madivala lake and Bellandur lake samples 

were used for the production of lipase.

Optimization of lipase production media and 
lipase assay using p-npp

 Media (C) supplemented with dextrose 
as carbon, and olive oil an inducer of lipase 
showed the maximum concentration of lipase. 
Lipase assay using p-NPP as a substrate was 
conducted by spectrophotometric analysis using 
a UV-Vis spectrophotometer. In this study, the 

organism isolated from Madivala lake produced 
the highest average concentration of lipase of 
0.493µg/mL and thus was selected for further 
work. (Fig. 4)

Fig. 4: Optimisation of lipase fermentation media 
using Madivala and Bellandur microorganism

Molecular characterisation of the selected 
lipolytic organism

 The Madivala organism was cultured 
in tributyrin broth and pelleted and sent for 
sequencing and showed high similarity with 
Bacillus mojavensis based on nucleotide 
homology and phylogenetic analysis. (Fig. 5) 
The evolutionary history was inferred by using 

Fig. 5: Phylogenetic analysis
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the Maximum Likelihood method based on 
the Kimura 2-parameter model. Evolutionary 
analyses were conducted in MEGA7 using 
the bootstrap method and the phylogenetic 
tree was constructed using Neighbor-join and 
BioNJ to a matrix of pairwise distances that 
were estimated using the Maximum Composite 
Likelihood approach (MCL). The sequence was 
then submitted in NCBI as Bacillus mojavensis 
CUIE1819 and the accession number was given 
as MK49204. 

Strain improvement by uv- mutagenesis

Strain Dilution Number of Colonies Average Size of Zone of 
Clearance (mm)

Wild strain trial 1
10-1 360

410-2 172
10-3 3

Wild strain trial 2
10-1 156

610-2 79
10-3 2

50 minutes mutant trial 1
10-1 0

NA10-2 0
10-3 0

50 minutes mutant trial 2
10-1 450

610-2 173
10-3 60

50 minutes mutant trial 3
10-1 0

NA10-2 1
10-3 0

60 minutes mutant trial 1
10-1 0

NA10-2 0
10-3 0

60 minutes mutant trial 2
10-1 136

610-2 25
10-3 6

60 minutes mutant trial 3
10-1 67

710-2 26
10-3 2

Production of lipase by mutant strains

The isolates were inoculated in 100mL of the 
optimized fermentation medium to check for 

 The parental strain of Bacillus 
mojavensis CUIE1819 was subjected to UV 
treatment for different time intervals i.e. 1o to 
60 minutes. Of all the isolated obtained, 50 
minutes and 60 minutes of mutation showed 
active mutant organism with lesser cell mass 
with a higher zone of clearance compared to the 
parent strain. For better analysis of the mutants, 
the mutants were cultured in the optimized 
media and after 48 hours of incubation in the 
rotary shaker incubator at 370C at 150rpm. After 
centrifugation of 2ml of the culture with triplets 
for both mutants and the parent strain (for 

comparison) and the pellet was suspended in saline solution and serially diluted from 10-1 to 10-3 

lipase enzyme production (Fig. 6). The hyper 
enzyme-producing strains were selected for 
lake water treatment.
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Fig. 6: Comparison of lipase production be-
tween wild and mutant strains

Table 3. Amount of carbohydrates present in the 
lake water samples

Lake water analysis for protein, carbohydrate 
and free fatty acid

Protein estimation

 The amount of protein present in each of 
the water samples was estimated using Lowry’s 
Method of Protein estimation using 0.01 mg/ml 
of BSA as the working/standard solution. (Table 
2). The highest amount of protein was found to 
be present in Varthur lake followed by Bellandur 
and Madivala. Agara lake showed less protein.

Carbohydrate estimation

The amount of carbohydrate present in each 
water sample was estimated by the Anthrone 
method of Carbohydrate Estimation using 
100µg/ml of glucose as the working/standard 
solution. (Table 3). Again, the highest amount 
of carbohydrate was found to be present in 
Varthur lake followed by Bellandur, Agara, and 
Madivala.

Free Fatty Estimation

The amount of free fatty acid present in each 

Table 2: Amount of protein present in the lake 
water samples

Lake Sample Concentration of pro-
tein (mg/ml)

Agara 0
Bellandur 0.014
Madivala 0.002
Varthur 0.079

Lake Sample Concentration of carbo-
hydrate (µg/ml)

Agara 4.179
Bellandur 16.886
Madivala 3.612
Varthur 67.385

of the samples before treatment was estimated 
titrimetrically against an alkali like 0.01N KOH. 

Immobilization and treatment of lake water 
samples

5g each of the immobilized dummy, wild, and 
mutant strain beads that were prepared using 
4% sodium alginate in 2% CaCl2, were added 
to each of the 100ml of the four different lake 
water samples (Fig. 7-10) and incubated in a 
rotary shaker incubator at constant agitation of 
150 rpm, at 370C for 48 hours. After 48 hours 
each of the samples was tested for fatty acid 
content by the titrimetric method using 0.01N 
KOH. (Fig. 11). From this we can infer that the 
lipase enzyme that was released by Bacillus 
mojavensis CUIE1819 could degrade the lipids 
that were present in the Agara lake. However, 
in the case of Bellandur, Madivala, and Varthur 
lakes, no increase in fatty acid was observed 
may be due to the inhibitory action of certain 
compounds that may be present in the other 
lakes.
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Fig. 11: Estimation of free fatty acid before and after treatment with the immobilized organism

Conclusion

Lipase producing bacteria were isolated from 
four different lakes: Agara, Bellandur, Madivala, 
and Varthur. Based on the zone of clearance, 
two organisms were selected to determine the 
highest lipase producing organism by using four 
different media, supplemented with dextrose 
as the sole carbon source and olive oil as the 
lipase inducer. The highest lipase producing or-
ganism was determined spectrophotometrically 
by lipase assay using p-NPP as substrate. After 
16srRNA sequencing, the organism was found 
to be Bacillus mojavensis CUIE1819 (MK49204) 
and was mutated by UV irradiation to check for 
hyper lipase production in the optimized media. 
The mutant that was exposed to UV for 50 min-
utes was seen to produce a higher amount of 
lipase compared to the parental/wild strain.

Water analysis of the different lake water sam-
ples was done for protein, carbohydrate, and 
free fatty acid using Lowry, Anthrone, and titri-

metric estimation using KOH respectively. Both 
wild and mutant strains were immobilized in 4% 
sodium alginate and added to 100 mL of the lake 
water sample to treat it. After 48 hours of incu-
bation in the rotary shaker incubator at 150rpm, 
370C, free fatty acid estimation was done to see 
if there was an increase in the free fatty acid 
content. Agara lake water sample showed an 
increase in the free fatty acid level. However, 
the other lake water samples showed negative 
results. This could be due to the presence of 
certain lipase enzyme inhibitors. It is also seen 
that the Agara lake water sample is much clean-
er compared to the other lakes. Therefore, there 
are chances of the absence of the lipase en-
zyme inhibitors and so the treatment was suc-
cessful. 
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Abstract  

 Breast Cancer is one of the most 
commonly diagnosed cancers in women. 
There is a 12.6% chance that a women can 
develop invasive breast cancer in her lifetime. 
All the clinically performed methods have some 
limitations. Automated diagnosis became an 
important area of cancer studies. Development 
of such systems require machine learning 
algorithms. Machine Learning has became a 
popular tool in the field of medical diagnosis. 
This study aims to provide a comparative 
analysis of various algorithms that can be 
used in the classification of Breast Cancer. 
The dataset used was retrieved from UCI 
machine learning repository and was created by 
University of Wisconsin. A total of 9 algorithms 
were employed to classify Benign and Malignant 
Tumors. 9 models were created using these 
algorithms. These models were compared by 
various metrics such as Accuracy, Precision, 
Recall Score and F1 Score. 

Keywords  Breast Cancer, LightGBM, Jupyter 
notebook, Pearson Correlation, ROC curve, 
Accuracy, F1 Score

Introduction

 Breast Cancer is one of the most 
commonly diagnosed cancers in women. There 
is a 12.6% chance that a women can develop 

invasive breast cancer in her lifetime(1). 95% 
of Breast Cancers arise from breast epithelial 
elements and are carcinomas. Two main types 
of Breast Cancer are invasive carcinomas 
and in situ carcinomas. Breast cancer cases 
are high in ages upto 50(2). Genetics might 
play an important factor as 6% of the cases 
are hereditary(3). Also, women diagnosed 
with breast Cancer have higher risk factor of 
developing new cancer in either the second or 
the treated breast. This risk factor will increase 
by 1% every year. Much research had been 
done trying to establish a relationship between 
specific foods and diagnosis of Breast Cancer. 
The only reliable relation identified was with 
alcohol(4). Furthermore, according to Nurses 
Health Society, postmenopausal women who 
exercised at least one hour per week are 20% 
less likely to be diagnosed with Breast Cancer. 
Clinical diagnosis of this disease is generally 
done by physical examination, mammography 
and ultrasound(5). All these methods have some 
limitations. Ultra sound may not detect cancer 
at all times. Also, analysis of mammographic 
image is difficult as it shows little contrast 
between tumors and normal tissue(6). Early 
diagnosis helps in delaying of the disease 
progress and limits treatment expenses. 
Automated diagnosis became an important 
area of cancer studies. Development of such 
systems require machine learning algorithms. 
Several studies were involved in automated 
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cancer detection using various algorithms(7)(8). 
Machine Learning has become a popular tool in 
the field of medical diagnosis. This study aims 
to provide a comparative analysis of various 
algorithms that can be used in the classification 
of Breast Cancer.

Material and Methods

The dataset was retrieved from UCI machine 
learning repository. It has a total of 32 attributes 
and 569 instances. The creators of this dataset 
were Dr. William H. Wolberg, W. Nick Street and 
Olvi L. Mangasarian of University of Wisconsin. 
The attributes were calculated from Digitalised 
image of FNA of a breast mass. Fig1 shows a 
section of the dataset. In the diagnosis attribute, 
B stands for Benign while M stands for malignant. 
Fig2 and Fig3 depict the relation between Texture 
Mean, Radius Mean and Area Mean, Concavity 
Mean. The dataset underwent pre-processing 

initially. Correlation coefficients were calculated 
between every attribute. The correlation matrix 
is shown in Fig4. The correlation Coefficient has 
values ranging from -1 to 1. Highly correlated 
attributes will have values closer to 1, while 
uncorrelated ones will have values closer to 
0. Attributes with coefficients greater than 0.9 
were removed. Out of 31 features (excluding 
diagnosis), 10 were removed and new dataset 
was created. Next, this dataset was split into 
testing and training data. 20% was set aside for 
testing and 80% was used to train the model. 
A total of 9 algorithms were used to create 9 
models. Each of these models were fit(trained) 
with the training data. Various parameters for 
accessing the performance of each of the model 
were also calculated. Random Forest, Decision 
Tree, XGBoost, LightGBM, Naive Bayes, 
Logistic regression, KNN, SVM and AdaBoost 
classifiers were the algorithms used in this study.

 

Fig1 Dataset 
Fig1 Dataset
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Fig 2 
Relationship between Texture and Radius Mean 

Fig 2:-Relationship between Texture and Radi-
us Mean

Fig 3:-Relationship between Area and Concav-
ity Mean Fig 5:- Scatter Plot

Brief descriptions of various algorithms used in 
this study are described below.

Random Forest Classifier

Random Forest contains a large number of 
decision trees, where each tree gives out a 
prediction and the one with highest number of 
votes will be given out as output(9). It works with 
the fundamental   concept that a large number of 
Trees(models) working together will outperform 
any individual constituent models.

XGBoost Classifier

XGBoost works under a gradient boosting 
framework and is also Decision Tree based. It 
was developed at University Of  Washington 
in 2016. Similar to Random Forest, it is an 
ensemble learning algorithm. It’s known for 
its handling of data types , distributions and 
the variety of hyper parameters that can be Fig 4:-Correlation Matrix

 

Fig 3 
Relationship between Area and Concavity Mean 

 

Fig 4 
Correlation Matrix 

In Fig 4 colour grading was set to ‘yellow red’. 
High correlation is shown by more red colour, 
while Low correlation is shown by more yellow 
colour. All diagonal elements have correlation 
value of 1 and are red since each feature is 
mapped to itself. Fig 5 shows the scatter plot of 
the new dataset.

 

Fig 5 
Scatter Plot 
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tuned(10). 

Adaboost Classifier

AdaBoost is one of the first boosting algorithms 
created. It combines multiple weak learners 
into a single strong learner and can be used for 
both regression and classification. It works by 
giving more preference on ones more difficult to 
classify instances rather than on easily handled 
ones(11). 

Decision tree classifier

Decision Tree Classifier comes under 
supervised learning techniques and is mainly 
used for classification. Its structure represents 
a tree where the internal nodes represent the 
features, the branches specify the decision rules 
and the leaf nodes present the outcome(12). Fig 
6 illustrates the decision tree generated on this 
dataset. 

K-nearest neighbours classifier

K-Nearest Neighbours or shortly KNN is also 
a supervised learning technique used for 
classification as well as regression. It can also 
be categorised under Lazy Learner Algorithms 
as doesn’t immediately learn from the training 
data. It tires to calculates the similarity between 
new and trained data and put the new case into 
one of the categories(13).

Support vector machine classifier

Support Vector Machine(SVM) creates a best 
line or boundary that can separate N-dimensional 

Fig 6 
Illustration of Decision Tree 

 

Fig 6 :-Illustration of Decision Tree

space in categories so that new data can easily 
be put in one of the correct class. It chooses 
Extreme Vectors which help in generating a 
Hyperplane. These Extreme Vectors are called 
Support Vectors(14).

LightGBM

LightBGM share many similarities with XGBoost 
in features such as parse optimisation, parallel 
training, multiple loss functions and bagging. 
LightBGM grows trees leaf-wise instead of 
level- wise(15). It uses histogram based trees 
instead of Decision Trees. It was developed by 
Microsoft.

Logistic regression

Logistic Regression is a supervised learning 
algorithm and is used mainly for binary 
classification. It uses sigmoid function to classify 
the data and can easily determine the most 
effective attributes used for classification. It 
provides probable values between 0 and 1 (16).

Naive bayes classifier

Naive Bayes is a classification algorithm 
based on Bayes Theorem. It naively assumes 
independence among the features and the 
continuous values associated with each feature 
are assumed to be distributed according to a 
Gaussian distribution(17). 

All the work was done using Jupyter Notebook, 
an interactive python notebook. All the 
algorithms used were performed using Scikit-
learn machine learning library. Seaborn library 
was used to visualise the data.  

Results and Discussion

Naive Bayes and Decision Tree Classifiers were 
the least performing models with an accuracy 
of 89.47% and 88.59% respectively. LightGBM 
achieved the highest accuracy of 98.24%. 
AdaBoost and XGBoost performed well with an 
accuracy of 96.49% and 97.36%. Fig 7 to Fig 15 
present the confusion matrices of all algorithms 
used. Confusion Matrix gives us the number 
of True positive(TP) ,True negative(TN), False 
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positive(FP) and False negative(FN) instances.

 

Fig 7 Fig 8 

Fig 9 Fig 10 
 

Fig 7 Fig 8 

Fig 9 Fig 10 

Fig 11 Fig 12 

Fig 13 Fig 14 
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Fig 11 Fig 12 

Fig 13 Fig 14 

Fig 15 

 
Random Forest classifier has shown 42 True 
Positive, 64 True Negative, 3 False Positive 
and 5 False Negative instances. A Total of 106 
instances have been correct out of 114, hence 
the accuracy is 92.98%.Precision, Recall and 

Fig 16:-Comparison of Metrics Fig 16 
Comparison of Metrics 

F1 Score were also calculated for each algo-
rithm. Their Formulas are given Above. Each 
of these metrics were calculated for all the nine 
algorithms used and their values are given in 
Table 1. All values were compared graphically 
in Fig 16.
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Table 1:- Values Of Metrics

Algorithm Accuracy Precision Recall Score F1_Score
Random Forest 0.938596 0.934783 0.914894 0.924731
XGBoost 0.973684 0.978261 0.957447 0.967742
AdaBoost 0.964912 0.957447 0.957447 0.957447
Decision Tree 0.894737 0.830189 0.936170 0.880000
KNN 0.903509 0.891304 0.872340 0.881720
SVM 0.956140 0.937500 0.957447 0.947368
LightGBM 0.982456 1.000000 0.957447 0.978261
Logistic Regression 0.940659 0.916667 0.936170 0.926316
Naive Bayes 0.894737 0.872340 0.872340 0.872340

LightGBM scored the highest F1 Score of 
97.82%, followed by XGBoost and AdaBoost 
with 96.77% and 95.74% respectively. 
SVM, AdaBoost, LightGBM and XGBoost 
achieved Recall Score of 95.74%. In all the 
four parameters, LightGBM performed better 
than the remaining algorithms. Also, boosting 
algorithms outperformed tree based algorithms 
in all parameters. ROC (Receiver Operating 
Characteristic) curves along with the AUC (Area 
Under The Curve)  are presented in Fig 17-25.

 

Fig 17 
Random Forest 

Fig 17:- Random Forest

Fig 18:- XGBoost

Fig 19:- AdaBoost

Fig 20:- Decision Tree

Fig 21:- KNNFig 18 
XGBoost 

Fig 19 
AdaBoost 

 

Fig 20 
Decision Tree 

Fig 21 
KNN 

 

Fig 20 
Decision Tree 

Fig 21 
KNN 
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ROC curves are used in binary classification 
and feature True Positive and False Positive 
rates on x and y axes respectively. A larger AUC 
is considered better. LightBGM has the highest 
AUC of 97.87% while Naive Bayes has the 
lowest of 89.13%.

Conclusion

Breast Cancer is one of the most frequently 
occurring cancers in the world. This study 
provides a comparative analysis of different 
machine learning algorithms used in detection 
of the disease. Most of the algorithms achieved 
an accuracy of score higher than 90%, proving 
that machine learning  plays a crucial role in 
early diagnosis and automated detection of 
the disease. Boosting algorithms used in study 
(XGBoost, LightGBM and AdaBoost) performed 
superiorly. 

 

Fig 22 
SVM 

Fig 23 
LightGBM 

Fig 24 
Logistic Regression 

Fig 25 
Naive Bayes 

 

Fig 22 
SVM 

Fig 23 
LightGBM 

Fig 24 
Logistic Regression 

Fig 25 
Naive Bayes 

 

Fig 22 
SVM 

Fig 23 
LightGBM 

Fig 24 
Logistic Regression 

Fig 25 
Naive Bayes 

 

Fig 22 
SVM 

Fig 23 
LightGBM 

Fig 24 
Logistic Regression 

Fig 25 
Naive Bayes 

Fig 22:- SVM Fig 24:- Logistic Regression

Fig 23:- LightGBM Fig 25:- Naive Bayes
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Abstract
 Mouth dissolving films offer an attrac-
tive route for systemic drug delivery. MDFs are 
an alternative to fast dissolving tablets, Chew-
able tablet, due to their faster dissolution rate. 
Some drugs are absorbed from the mouth, 
pharynx and esophagus as the saliva passes 
down into the stomach. Fast mouth dissolving 
films have become popular as a new delivery 
system. They disintegrate or disintegrate in the 
oral cavity without the need to swallow or chew.

The objective of the present study was to de-
velop mouth dissolving films (MDF) of Cisapride 
used to treat heartburn in patients with gastro-
esophageal reflux disease (GERD), with fast 
disintegration, optimum morphological proper-
ties, and mechanical strength. Lycoat RS 720, 
Hydroxypropylmethyl-cellulose 3cps were used 
as polymers and Glycerine as plasticizer. Films 
were prepared by solvent casting technique. Pa-
rameters like in-vitro disintegration time, tensile 
strength, content uniformity, folding endurance, 
swelling index, and in-vitro drug release were 
evaluated. In-vitro dissolution studies showed 
that 99% of Cisapride was released within 5 min 
with an average disintegration time of 60 sec. 
UV and FTIR spectrophotometry were used to 
identify drug-excipient interactions. Accelerat-
ed stability studies were performed as per ICH 
guidelines wherein the MDFs were stable for 2 
months at 40 ± 2 °C and 75 ± 5% relative hu-
midity.

Keywords:Cisapride, mouth-dissolving film, 
HPMC 3cps, Lycoat RS 720, Glycerine

Introduction 

 The oral route of drug administration 
is the very commonly and conveniently use 
for patient. Tablets and capsules represent the 
most widely used solid oral dosage forms. It is 
estimated that 35% of the general population, 
30–40%of elderly nursing home patients and 
25–50% of patients hospitalized for acute neu-
romuscular disorders and head injuries have 
dysphagia. Oral solid dosage forms are not ide-
al for elderly patients or those who have had 
surgery or radiation therapy to the head and 
neck [1,2]. 

 Fast-dissolving oral drug delivery sys-
tem is a novel solid dosage form, which disinte-
grate or dissolve in a few seconds after place-
ment in the mouth. Offers substantial advantage 
over ordinary oral dosage form such as ease of 
administration, lack of requirement for. drinking 
water, and improved compliance [3].

 Sublingual and buccal routes enhance 
the onset of action and improve the efficacy. 
They can be used for local and systemic de-
livery. Mouth dissolving films offer an attractive 
route for systemic drug delivery. There is a ris-
ing interest in the development of Mouth Dis-
solving film (MDFs). MDFs are an alternative to 
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fast dissolving tablets, Chewable tablet, due to 
their faster dissolution rate [4].

 The oral mucosa (MDF) is an attractive 
and feasible site for drug delivery, with good per-
meability, easy ingestion and swallowing, pain 
avoidance and a wide surface area for absorp-
tion. Marketed MDF products have also become 
available, including Listerine, Chloraseptic and 
Triaminic [5].

 Delivery system consist of a very thin 
oral strip, which is simply based on the patient’s 
tongue. The film rapidly hydrates and adheres 
onto site of application. It then disintegrates and 
dissolves to release the medication [6].

 A fast-dissolving drug delivery system is 
in the form of a solid tablet that disintegrates or 
disintegrates in the oral cavity without the need 
to swallow or chew. Some drugs are absorbed 
from the mouth, pharynx and esophagus as 
the saliva passes down into the stomach.Fast 
mouth dissolving films have become popular as 
a new delivery system. Since the sublingual mu-
cosa is relatively permeable due to thin mem-
brane and is highly perfused, rapid drug absorp-
tion and instant bioavailability is possible. This is 
beneficial in patients with dysphagia or difficulty 
in swallowing [7].

 The fast-dissolving drug delivery sys-
tem offers a giant leap forward in drug adminis-
tration by providing a new and easy way of tak-
ing medication. Fast dissolving film is a thin film 
alleviates the fear of swallowing and the risk of 
choking commonly associated with a tablet.

 Fast dissolving film is a thin film, with 
an area of 5-10 cm2, containing an active in-
gredient. The immediate dissolution, in water or 
saliva respectively, is reached through a special 
matrix. Drugs can be incorporated up to a single 
dose of 15 mg [8].

 The faster the drug goes into the solu-
tion, quicker its absorption and onset of clinical 
effect. By altering the condition and formulation 
factors, it is possible to speed up dissolving rate 

in the mouth. Normally these films are soluble in 
water at room temperature and will break up in 
30 sec and dissolve in one minute [9].

 Fast dissolving films should be water 
soluble and disintegrate when in contact with 
saliva. Polymers selected for the study are Ly-
coat and HPMC-3 cps. Fast release film type of 
dosage form for Cisapride was thought worth to 
formulate.

 The MDF is a thin, printable, low-mois-
ture, non-tacky film that is convenient for label-
ling and flexible for easy packing, handling and 
application. The rapid hydration rate facilitates 
an almost immediate softening of the MDF upon 
application in the oral cavity [10]. 

 Oral routes of drug administration have 
wide acceptance up to 50-60% of total dosage 
forms due to ease of ingestion and pain avoid-
ance. Fast-dissolving films which dissolve/disin-
tegrate in the mouth within a few seconds with-
out additional water and the need to swallow are 
gaining interest as an alternative [11, 12].

Figure 1: Structure of Cisapride 

Molecular formula: C23H29ClFN3O4

IUPAC Name: 4-amino-5-chloro-N-[(3S,4R)-1-
[3-(4-fluorophenoxy)propyl]-3-methoxypiperi-
din-4-yl]-2-methoxybenzamide

Material and Method

Cisapride was received as a gift sample from 
Healthy Life Pharma, Mumbai. HPMC was re-
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ceived from Colorcon Asia Pvt. Ltd., Mumbai. 
Lycoat RS 720 was procured from Roquette 
Pharma, Mumbai. PEG 400 was received as a 
gift sample from PEG 400 (Central Drug House, 
Mumbai). All other excipients were purchased 
from local vendor and were of analytical grade.

UV-spectrophotometric calibration curve

 The UV calibration curve of Cisapride 
was constructed in phosphate-buffered saline 
(PBS) at pH 6.8 (2.38 g Na2HPO4, 0.19 g KH-

2PO4, and 8.00 g NaCl/1 L of distilled water)[13].

Figure2: Calibration curve of Cisapride in 6.8 
buffer solution

Drug-excipients compatibility studies

 Drug – Excipients studies were done to 
confirm the compatibility of Cisapride and oth-
er excipients used in the formulation. The drug 

alone and along with different excipients was 
mixed, sealed in clear glass vials, which were 
then charged into stability chambers[14].

Saturated solubility 

 The saturated solubility of Cisapride has 
been determined. A known amount of Cisapride 
(100 mg) was mixed with 10ml of distilled wa-
ter in glass vials. The suspension was filtered 
through 0.45-μm membrane filter before analy-
sis[15].

Formulation of fast dissolving films

  Fast dissolving films of Cisapride were 
prepared by solvent casting technique. A flat 
square shaped, TLC applicator having surface 
area of 25 cm2 was fabricated for casting the 
films. 

HPMC casting solution

  The weighed quantities of polymer were 
preserved in distilled water in the HPMC casting 
solution. With distilled water, the volume was in-
creased to 10 mL. Vacuum was used to release 
trapped air bubbles.

Lycoat as a casting solution

 Lycoat was used as a casting solution, 
and it was made by dissolving weighed amounts 
of polymers in water and heating it on a water 
bath. The medication and flavour were dis-
solved in distilled water before being added to 
the aforementioned polymer solution, along with 

Table 1: Formulation of Cisapride Mouth Dissolving film
Sr. 
No.

Ingredient (mg) FC1 FC2 FC3 FC4 FC5 FC6 FC7 FC8 FC9

1 Cisapride 5 5 5 5 5 5 5 5 5
2 Lycoat RS 720 -- -- 2 4 4 6 6 6 6
3 Glycerine 1 1.5 2.0 2.5 2.0 1.5 2.0 2.5 1
4 HPMC 3 cps 14.24 14.24 12.24 10.24 10.24 10.24 10.24 10.24 14.24
5 Ferric oxide red 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
6 PEG-400 -- 0.03 -- -- 2 2.4 2.4 2.4 2.4
7 Masking Agent (ml) 2 2 2 2 2 2 2 2 2
8 Purified water (ml) 19.23 19.23 17.23 17.23 17.23 19.23 19.23 19.23 19.23
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the plasticizer propylene glycol, and well mixed 
to make a homogeneous mixture.HPMC and 
Lycoat combination casting solution, the cast-
ing solutions were made by dissolving weighed 
amounts of polymers in distilled water [16].

Preparation of fast dissolving films: The 
casting solution (10 ml) was poured into a glass 
mould and dried in a vacuum oven at 50°C for 
24 hours to allow the solvent to evaporate. The 
patches were peeled off and cut into squares 
of 2.5 cm by 2.5 cm (6.25 cm2). These patch-

Table 2: Physical and mechanical properties of Cisapride mouth dissolving films

Formulation 
code

Visual Appear-
ance TackTest

Tensile 
strength (kg/

mm2)
Folding

endurance
Disintegration 

time

FC1 Transparent Non-tacky 0.465±0.95 >100 78sec ±2.12
FC2 Semi-Transparent Non-tacky 0.455±0.78 <100 191sec ±1.89
FC3 Non-Transparent Non-tacky 0.412±0.11 <100 172sec ±1.45
FC4 Transparent Non-tacky 0.423±0.18 <50 245sec ±1.50
FC5 Transparent Non-tacky 0.430±0.48 <100 133sec ±1.30
FC6 Transparent Non-tacky 0.405±0.50 <100 145sec ±3.60
FC7 Transparent Non-tacky 0.490±0.45 <50 115sec ±2.90
FC8 Transparent Non-tacky 0.480±0.40 <100 105sec ±1.50
FC9 Transparent Slightly-tacky 0.376±0.75 <100 135sec ±2.15

es were dried for two days in a desiccator be-
fore being wrapped in aluminium foil and put in 
self-sealing covers. Fast-dissolving films were 
made with various polymer ratios while keeping 
the plasticizer and sweetener concentrations 
constant [17,18]. Table 1 shows the formulation 
components used in preparation of Cisapride 
mouth dissolving film and physical and me-
chanical properties including tack test, tensile 
strength, folding endurance and disintegration 
time is shown in table 2.

Physical and chemical evaluation of film[19, 
20] 

Tack test

  Tack refers to how well the film sticks to 
the attachment that has been pressed against 
the strip. The dryness is also determined by this 
test.

Tensile strength 

 Tensile strength is defined as maximum 
stress applied at which the film breaks. Basi-

cally, this test is performed to measure the me-
chanical strength of films. It can be calculated 
from applied load at rupture divided by the strip 
cross-sectional area given in the equation be-
low:

Tensile strength = Load at breakage/ Strip thick-
ness × Strip Width 

Folding endurance

  A piece of film is cut and repeatedly fold-
ed at the same location until it breaks to mea-
sure folding endurance. The folding endurance 
value is determined by the number of times the 
film could be folded at the same point without 
breaking. A film’s typical folding endurance 
ranges from 100 to 150 folds.

Disintegration time

 The disintegration time of a film is deter-
mined using disintegration apparatus stated in 
official pharmacopoeias. The disintegration time 
is usually a function of the film composition, as 
it changes with the formulation, and it typically 
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spans from 5 to 30 seconds. This test is com-
monly performed using the USP disintegration 
device. For estimating the disintegration period 
of orally rapid disintegrating films, there are no 
established recommendations available. There 
are two ways for determining the time it takes for 
a film to disintegrate.

Characterization of mouth dissolving films

Morphological Properties of Prepared Films 
 MDF homogeneity, colour, transparency, 
and surface were visually assessed. All of the 
formulas were wrapped in butter paper and sub-
sequently aluminium foil, kept at room tempera-
ture (250C) with a relative humidity of 65 ±5% 
RH, and were tested periodically for 3 months.
Drug-Excipient Interaction Studies

  To guarantee that there was no con-
tact between the drug and the polymer or due 
to circumstances in the formulation process, the 
following interactions were investigated. 

Tack Test 

 Tackiness was determined by gently 
pushing the film between fingertips and noting 
whether it was tacky or non-tacky.

Thickness Evaluation 

 The consistency of the film thickness is 
critical since it is directly related to the accuracy 
of dosage distribution in the film. The thickness 
of the film was measured using digital Vernier 
Calliper that were calibrated. At five different lo-
cations, the thickness was measured (four cor-
ners and one at centre).

Weight Variation

  This test was carried out by cutting 6.25 
cm2 of film from the casted film at three separate 
locations. Weight of each film was determined 
using an electronic balance. For the weight vari-
ation research, three values were averaged.

Folding Endurance

  The folding endurance of a film, which 
is related to its flexibility, was measured man-
ually by strongly holding and folding the films 
through the centre multiple times. The value of 
folding endurance was defined as the number of 
folds on the same crease required to develop a 
crack in the film.

pH Evaluation

 An acidic or alkaline pH might irritate the 
oral mucosa, the surface pH of the MDFs was 
evaluated to study possible side effects caused 
by a change in pH in vivo. The pH of the surface 
was measured with a pH metre.

 The film was allowed to swell for 1 h at 
room temperature after being in contact with 
1ml of distilled water. The pH was measured 
by placing the electrode on the film’s surface, 
allowing it to equilibrate for 1 minute, and then 
recording the result.

Tensile Strength

  The tensile strength of the films was de-
termined using Universal Tensile Strength Tes-
ter (Dual Column) GT-C01-1 tiny tensile grips, 
as stated below: On the texture analyser, a 6.25 
cm2 sheet free of air bubbles or physical flaws 
was held longitudinally in the tensile grasp. The 
test was carried out using a crosshead speed 
of 2 mm/sec and a 6 mm initial grip separation 
from both sides until the film broke. For each 
film, all measurements were made in triplicate. 
The setting of texture analyser is done as follow:

Pre- test speed

  1.50 mm/sec., Test speed: 2.00 mm/
sec., Post-test speed: 10.00 mm/sec., Trigger 
force: 5.00 kg, Data acquisition rate: 200 pps. 

In-vitro Disintegration of Films

   In a petri dish containing 25 ml of phos-
phate buffer pH 6.8 at 37±0.5°C, the in-vitro dis-
integration time of 6.25 cm2 films was visually 
evaluated. The time the film began to shatter or 
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disintegrate was recorded, and this is the film’s 
disintegration time.

Percentage Moisture Loss

  To check the integrity of films in the dry 
state, percentage moisture loss was computed. 
Films were cut into 6.25 cm2, weighed precisely, 
and stored in desiccators with fused anhydrous 
calcium chloride. The films were removed and 
weighed again after 72 hours. The amount of 
moisture loss was determined by the decrease 
in the weight of the films. The percentage loss in 
moisture was calculated by using the following 
formula:

percentage moisture loss = (Initial weight - final 
weight) / (Initial weight) × 100

Percentage Moisture Absorption

  By slicing the films into 6.25 cm2 patches, 
the moisture uptake could be evaluated. 
These films were dehydrated for one day at 
room temperature in a desiccator containing a 
saturated potassium sulphate solution (relative 
humidity: 75%). It was discovered that the 
weight of the films had increased due to moisture 
absorption. The percentage gain in the moisture 
by the films was calculated using the following 
formula:

percentage moisture loss = (Initial weight - final 
weight) / (Initial weight) × 100

 Swelling Index: On a 2% agar plate, a 
pre-weighed drug-loaded film was inserted. The 
weight of the film gradually increased until it 
reached a stable weight.
 Drug Content Uniformity:  The film (6.25 
cm2) was transferred into a graduated flaskcon-
taining 100 ml of distilled water. The flask was 
shaken for 4 h in a mechanicalshaker. Then the 
solution was filtered and after suitable dilutions 
with distilled water,the absorbance value was 
measured at 281 nm using the placebo patch 
solution asblank and the drug content was cal-
culated. 

 Accelerated Stability Studies for Op-
timized Formulation: The ICH Q1A (R2) rules 
were followed for the accelerated stability stud-
ies. For the expedited stability research, the for-
mulations FC7 and FC8 were chosen. Each film 
(6.25cm2) was wrapped with butter paper, then 
aluminium foil, before being placed in an alu-
minium pouch and heat-sealed. For two months, 
a stability study was conducted at 40±2oC and 
75±5% RH. After a 15-day period, samples were 
taken out and analysed for physicochemical 
qualities. After two months of storage at 40±2oC 
and 75±5% RH, the similarity factor was used to 
investigate the influence of storage on physical 
appearance, in-vitro disintegration time, tensile 
strength, and drug content[21].

Results and Discussion: 

 Morphological Properties of Prepared 
MDFs: After three months of storage at room 
temperature (25οC) with a relative humidity of 
around 65±5%RH, the formulations showed no 
change in characteristics, including no crystalli-
sation of the medication.

Drug-Excipient Interaction Studies: UV and FTIR 
studies were conducted to examine if there was 
any interaction between the drug and the excip-
ients. A UV and FTIR scan of a physical mixture 
of drug and excipients exhibited peaks that were 
comparable to those of the pure drug, indicating 
that there was no interaction between the drug 
and the excipients, as shown in figure 3 and 4.

Figure 3: UV spectrum of drug and excipients in 
phosphate buffer pH 6.8
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Figure 4: FTIR of drug and excipients

Surface Morphology Study by SEM:Cisap-
ride showed crystalline structure while MDFs 
showed smooth surface without any scratch-
es and transverse striations indicating that the 
drug is uniformly distributed. No crystals of the 
drug were observed in the prepared films Fig. 
5 shows the results of SEM studies which were 
performed to assess the surface morphology of 
a drug and its preparation (MDFs).

Figure 5: SEM image of drug and prepared film

Tack Test

 Films F1 to F8 were non-tacky. The F9 was 
slightly tacky. This may be due to a lesser 
amount of glycerine. The results are shown in 
table 2. 

Folding Endurance: As demonstrated in Table 2, 
the folding endurance of several MDFs ranged 
from 50 to 100. 

Thickness evaluation

  The consistency of the film thickness is 
critical since it is directly related to the accuracy 
of dosage distribution in the film. The thickness 
of the films rose as the amount of polymer in-
creased, and was determined to be in the range 
of 0.06 to 0.09 mm, as shown in table 3.

Weight variation

 The weight of the individual formulations 
was not significantly different from the average 
value in any of the batches. Weight variation as 
shown in table 3 for prepared film was found to 
be in the range of 24 to 32 mg.

pH evaluation

 The pH of the surface was measured 
with a pH metre. The surface pH of prepared 
MDFs was found to be in the range of 6.1 to 
7.5 in Table 3, indicating that they were in the 
neutral pH range and would not cause irritation 
when placed in the oral cavity.

Percentage moisture loss

  To check the integrity of films in the 
dry state, percentage moisture loss was com-
puted. Films were cut into 6.25 cm2, weighed, 
and stored in desiccators with fused anhydrous 
calcium chloride. The films were removed and 

Table 3: Physico-chemical evaluation of Cisapride mouth dissolving film
Formulation 

code
Thickness (mm)

±SD
Weight variation 

(mg) pH % Moisture loss % Moisture 
absorption

FC1 0.06±0.011 24.50±1.11 6.5±0.20 8.50± 0.55 7.75±0.30
FC2 0.07±0.014 26.50±1.60 6.4±0.30 8.73±0.45 8.11±0.35
FC3 0.08±0.013 28.75±1.25 6.5±0.20 8.24±0.31 9.56±0.45
FC4 0.09±0.009 29.25±1.57 6.4±0.25 8.11±0.25 10.90±0.26
FC5 0.08±0.008 31.50±1.80 6.9±0.30 6.55±0.23 11.98±0.40
FC6 0.07±0.013 30.25±1.55 7.1±0.15 5.85±0.19 12.18±0.35
FC7 0.08±0.011 32.75±1.71 7.3±0.25 4.45±0.21 13.11±0.30
FC8 0.09±0.007 31.50±1.55 7.4±0.30 4.15±0.19 14.15±0.25
FC9 0.09±0.013 29.25±1.61 7.4±0.20 5.27±0.20 14.23±0.40
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reweighed after 72 hours, as shown in Table 3.

Percentage Moisture Absorption

  The % moisture absorption test was 
used to determine the film›s physical stability or 
integrity in a humid environment. The moisture 
uptake of the films (n=3) was measured by 
exposing them to a 75%RH environment 
(saturated calcium chloride solution) at room 
temperature for one day, table 3 shows the 
results.

Swelling Index

 The swelling index is used to measure 
the ability of hydrophilic polymers to absorb 
water after being hydrated. Drug release from 
a film is also affected by the rate and extent 
of film hydration and swelling. The amount of 
swelling was found to be directly proportional to 
the concentration of polymer and plasticizer in 
the current investigation, as shown in table 4. 
Drug Content Uniformity: The content unifor-
mity test was carried out to ensure that the med-
icine was distributed evenly. All of the formulas 
were tested for content homogeneity. The re-
sults showed that there was good homogeneity 
in drug content across all formulations, ranging 
from 91.50 to 99.05%. The drug concentration 
of the formulations is shown in Table 4.

Table 4: Swelling index and drug content of Cis-
apride mouth dissolving film

Formulation 
code Swelling index Drug

content
FC1 41.50%±2.08 83.40±1.01

FC2 45.50%±1.50 93.30±1.14
FC3 52.45%±2.11 91.40±1.25
FC4 63.42%±1.45 78.20±1.75
FC5 69.42%±1.75 87.90±1.03
FC6 70.42%±2.10 92.30±1.19
FC7 83.22%±1.50 97.79±1.13
FC8 86.25%±1.25 99.15±1.11
FC9 80.25%±2.14 90.11±1.42

In-vitro Dissolution Study: The data reveals 
that the percentage of drug release at the end 
of 5th minute was between 65.10 to 96.2% 
for formulations F1 to F9. All formulations had 
a nearly identical release pattern, with rapid 
release in the first few minutes, followed by a 
steady release, and finally reaching a plateau 
level in around 5 minutes. Due to the various 
concentrations of polymer in each formulation, 
the rate of release during the early rapid release 
phase varied slightly between formulations. 
The greatest percentage drug release for 
Formulation F8 was 96.2 percent as shown in 
figure 6 and cumulative percent drug release 
from formulations FC1 to FC9 is shown in table 
5. 

Figure 6: In-vitro percent drug release from for-
mulations FC1 to FC9

Table 5: In-vitro percent drug release from formulations FC1 to FC9
Time (min.) % Cumulative drug release

FC1 FC2 FC3 FC4 FC5 FC6 FC7 FC8 FC9
0 0 0 0 0 0 0 0 0 0
1 19.4 25.2 29.6 13.8 20.3 24.4 12.8 16.2 18.3
2 53.6 59.4 65.2 47.2 49.5 58.6 33.4 41.6 50.7
3 62.2 67.6 77.4 58.3 60.4 69.4 50.8 52.9 62.2
4 76.6 85.4 88.3 69.4 78.2 82.2 58.9 70.8 73.8
5 83.4 93.3 91.4 78.2 87.9 92.3 97.79 99.15 90.11
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 This could be due to the bigger propor-
tion of the hydrophilic polymer expanding at a 
faster rate and to a greater extent. The drug re-
lease was minimal in Formulation F9. This could 
be owing to a higher polymer concentration but 
a lower plasticizer content.

 Accelerated Stability Studies for Opti-
mized Formulation:Stability studies of optimised 
formulations FC3 and FC6 were carried out at 
40 ±2 °C and 75 ±5% RH for 2 months to de-
tect the change in dosage form performance 
due to storage. After a 10-day period, samples 
were taken and physicochemical parameters 
were assessed. The batch’s effect on storage 
was investigated using the similarity factor. It 
was inferred from the data in Table 6 that for-
mulations F7 and F8 were stable and preserved 
their original qualities with slight modifications. 
Physically, there was no change in look or flexi-
bility. Furthermore, there were no significant dif-
ferences in disintegration time or drug content. 
As a result, the formulations were discovered to 
be stable.

Conclusion Cisapride is a gastro retentive 
agent; commonly a quick release dosage form 
will be highly suitable for having rapid onset of 
action.  Water soluble polymers were chosen 
and films were formulated by solvent casting 
method. Some of these polymers individual not 
give films of desirable property. From the study, 
combination of two polymers i.e., HPMC 3 cps 

and Lycoat gave best films with required physi-
cal characteristics.

Cisapride MDFs were tested for stability at 400C 
/ 75% RH for one month, did not show any 
change in morphology, content of the drug and 
dissolution. The mean thickness and weight of 
buccal polymeric patches increased with an in-
crease in the amount of polymer weight.
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Abstract

The incorporation of olive oil in the diet 
may have promoting or inhibitory effects on col-
orectal cancer (CRC). Objective: In this study, 
azoxymethane (AOM) was used to mimic CRC 
in rats and the effect of olive oil was correlat-
ed with the cancer progression in the colon of 
the rats.  Design: Six weeks old Sprague-daw-
ley male rats were randomized into 4 groups 
namely, naïve, indomethacin, saline and olive 
oil. Main outcome measures: This study was 
to investigate the effect of olive oil on preneo-
plastic cancer properties on the colonic mucosal 
surface for any tumors and the aberrant crypt 
foci (ACF). The induction AOM for the CRC by 
subcutaneous injection of 20 mg/kg.Rats were 
given 10 mg/kg b.w. of indomethacin dissolved 
in 0.9% saline by oral gavage for 4 weeks (28 
days) as a positive control group.The negative 
control group was given 0.9% sodium chloride 
solution. Results: The experimental treatment 
compound, olive oil, was administered oral-
ly with a dosage of 7% daily food intake for 4 
weeks (28 days).  At week 6 (day 42), all ani-
mals were sacrificed by cervical dislocation and 
the colorectum was excised for histological ex-
amination.Histological sections were achieved 
using a microtome and histological sections 
were observed using a microscope. The mean 
body weights of the rats at 42 days are naïve 
– 238.5 ± 33.2, positive control – 251.5 ± 31.8,

negative control – 231 ± 2.8 and treated group 
262 ± 28.3. A total 3 ACF were found in the 
negative group compared to other groups. The 
crypts appeared regular with circular luminal 
openings and were arranged closely packed 
together in the naïve group. Crypts in the pos-
itive and treated group also had a similar ap-
pearance like naïve group.Conclusions: Olive 
oil inhibits the preneoplastic cancer properties 
ACF and maybe an incorporate into diet during 
CRC treatment or management.

Keywords: Preneoplastic, Olive oil, Aberrant 
crypt foci, Azoxymethane, Colorectal, Cancer.

Introduction

Colorectal cancer (CRC), also known 
as, colon cancer, rectal cancer or bowel can-
cer, is a heterogeneous disease that occurs 
in the inner lining of the colon and rectum.[1]
Cancer remains to be a global cause of mor-
bidity and mortality and the incidence continue 
to rise [2,3]According to many reports, CRC is 
the second most common cause of cancer in 
women and third in men.[1,3,4]The carcinogen-
esis is a multifaceted process that involves an 
abnormal growth of the mucosal surface termed 
as a polyp which develops at a slow rate into 
a premalignant lesion if left untreated.[1] Nor-
mal morphology of the colonic lining consists of 
crypts in which its bases contain regenerative 
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stem cells through a series of mechanisms, it 
will eventually extrude the epithelial cells and 
replace crypt cells every five days.[5] The pres-
ence of aberrant crypt foci (ACF) is remarked 
as a feature of possible CRC malignancy. ACF 
is defined as focal lesions formed specifically in 
the colonic mucosa that are composed of one to 
multiple crypts.[6] The first description of ACF 
was reported by Bird (1987) in which he per-
formed a light microscopic examination of meth-
ylene blue-stained whole-mount preparations of 
AOM-treated mice colonic mucosa.[7]  The car-
cinogens that specifically induce colon tumours 
in rats include aromatic amines, derivatives of 
cyacin such as 1,2-dimethylhydrazine (DMH) 
and its metabolite azoxymethane (AOM), alky-
lureas and heterocyclic amines such as 2-ami-
no-1-methyl-6-phenylimidazo[4,5-b]pyridine 
(PhIP).[6,8–11]

 Non-steroidal anti-inflammatory drugs 
(NSAIDs) such as aspirin, ibuprofen and sulin-
dac are well reported to exhibit anti-neoplastic 
activity for colorectal tumours[12]epidemiolog-
ical studies have demonstrated that continu-
ous therapy with NSAIDs offers real promise of 
chemoprevention and adjunct therapy for colon 
cancer patients. Tumour growth is the result of 
complex regulation that determines the balance 
between cell proliferation and cell death. How 
NSAIDs affect this balance is important for un-
derstanding and improving treatment strategies 
and drug effectiveness. NSAIDs inhibit prolifer-
ation and impair the growth of colon cancer cell 
lines when tested in culture in vitro and many 
NSAIDs also prevent tumorigenesis and reduce 
tumour growth in animal models and in patients, 
but the relationship to inhibition of tumour cell 
proliferation is less convincing, principally due 
to gaps in the available data. High concentra-
tions of NSAIDs are required in vitro to achieve 
cancer cell inhibition and growth retardation at 
varying time-points following treatment. How-
ever, the results from studies with colon cancer 
cell xenografts are promising and, together with 
better comparative data on anti-proliferative 
NSAID concentrations and doses (for in vitro 

and in vivo administration. It has demonstrated 
several actions at different phases of the Wnt 
pathway and effects on total β-catenin protein 
reduction, decreased nuclear localisation and 
decreased β-catenin/TCF binding resulting in 
suppressed cyclin expression.[13] A study per-
formed and explored the significance of indo-
methacin in DMH-induced Sprague Dawley rats 
for a short term treatment of 3 weeks at doses 
2 mg/kg and 1 mg/kg daily.[14] The experiment 
denotes satisfactory inhibition of ACF formation 
for the higher dose treated group while 1 mg/kg 
daily treatment did not produce significant sta-
tistical difference with the control.[13]

The cooking oils may contain numer-
ous substances that can either protect against 
or promote for CRC development.[15] Vegeta-
ble oil is considered to possess more beneficial 
ingredients such as oleic acid than animal fat 
sources such as the trans fatty acid.[16]Olive 
oil is a rich source of biophenols and squalene 
such as oleuropein, flavonoids, phenolic acids, 
lignans, tyrosol and hydroxytyrosol.[17,18]Sev-
eral anti-cancer investigations of O. europeae-
extracts reported that erythrodiol, a triterpenoid 
of olives, exhibits anti-proliferative and apop-
totic actions in HT-29 human adenocarcinoma 
cells. [19]The inhibitory effect olive oil observed 
in cancer cell lines has been linked with the 
blockade of the G2/M phase cell cycle through 
the inhibition of cyclic adenosine monophos-
phate (AMP) response element binding protein 
(CREB) phosphorylation resulting in a down-
stream reduction of COX-2 expression. Anoth-
er study demonstrated the apoptotic activity of 
maslinic acid in HT29 human colon cancer cells 
via mitochondrial apoptotic pathway (Reyes-Zu-
ritaet al., 2009).As mentioned by Chen & Huang 
(2009), CRC is the only cancer that can be pre-
vented by selecting appropriate food and life-
style.[20]

As the dietary intake of olive oil abun-
dant with ω-9 MUFA had significantly inhibit-
ed the formation of ACF as well as decreased 
colonic arachidonate levels in AOM-induced 
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rat CRC model. [21,22] It was observed that 
AOM-induced colonic mucosa had signifi -
cant increase in prostaglandin E2 (PGE2) con-
centration. However, olive oil treated rats had 
suppressed tumour growth mainly due to the 
regulation of COX-2 expression involving pros-
taglandin (PG) and caspase-3 synthesis that 
leads to apoptosis[23].  

There are various studies on olive oil in 
relation to cancer, however in this study, we in-
tend to observe the chemopreventive eff ect in 
the early stage of carcinogenesis and assess 
with an olive oil that is commercially available 
in which they can incorporate into their diet.This 
study involved the introduction of olive oil into 
AOM-induced rats to evaluate the action of olive 
oil on the quantity and size of polyps in colon. 
The outcome of this study is expected to pro-
vide nutritionists with a better comprehension 
on the eff ects of olive oil on colonic tumours, 
so a better and eff ective dietary pattern may be 
devised to eliminate the risk of nutritional deteri-
oration in CRC patients. 

Materials and Methods

Chemicals 

The induction of CRC in rats was per-
formed using carcinogen AOM purchased from 
Sigma Aldrich, St. Louis, MO. The drug indo-
methacin purchased from Promega, U.S.A. Ol-
ive oil which was produced by Borges Agricul-
tural & Industrial Edible Oils in Tàrrega, Spain. 

Animal experiment 

The protocol of animal treatment was 
approved by the Animal Ethics Committee of 
Universiti Brunei Darussalam (UBD) and UBD 
Offi  ce of Safety, Health & Environment (OSHE).  
The research ethics for using animals were re-
viewed and approved by University Research 
Ethics Committee (UREC), Universiti Brunei 
Darussalam (Ref: UBD/OAVCR/UREC/Dec18-
02). An fi ve-weeks-old, male, Sprague Dawley 
rats which weighed between 100 to 150 grams 

(g), were kept under standard conditions of 
27±2oC with 70-80% humidity and 12h light/12h 
darkness cycle. Furthermore, the animals were 
divided into 4 groups namely, naïve, indometha-
cin, saline and olive oil. In addition, each group 
consisted of 6 rats which were housed in one 
cage. The experiment protocol is summarised in 
Figure 1.Saline group was given 0.9% sodium 
chloride (NaCl) solution which represented the 
negative control group. The rodents were oral-
ly administered with 10 mg/kg b.w. of saline for 
4 weeks (28 days). Indomethacin group acted 
as the positive control group and were given 10 
mg/kg b.w. of indomethacin dissolved in 0.9% 
saline by oral gavage for 4 weeks (28 days).The 
experimental treatment olive oil group was ad-
ministered orally with a dosage of 7% daily food 
intake for 4 weeks (28 days). 

Figure 1 Experimental protocol for olive oil eff ect 
on CRC.

All rats were re-weighed before cancer 
induction on day 0 and each rat received 20 mg/
kg body weight (b.w.) of AOM. All rats except 
naïve group received subcutaneous (s.c.) injec-
tion of AOM dissolved in physiological saline. 
The animals were allowed 2 weeks (14 days) 
of incubation period with access to food and 
water. On day 14, the animals began oral treat-
ment which lasted for 4 weeks (28 days). Their 
body weights were measured weekly and mac-
roscopically observed for the presence of rectal 
bleeding and diarrhoea. This group was neither 
given any carcinogen nor treatment compound. 
The naïve rats were only given basic food and 
water until they were sacrifi ced on day 42. Their 
body weights were recorded weekly and macro-
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scopic observations were noted. 

Macroscopic examination of ACF

After 24 hours of fixation, the colons 
were dipped in 0.2% methylene blue (Merck 
KGaA, Germany) in distilled water, then briefly 
washed with distilled water and placed on mi-
croscope slides with the mucosal surface upper-
most. ACF was detected using light microscope 
(Olympus BX41, Japan) under 4x and 10x 
magnification.[6,24]distribution pattern along 
the colon and crypt multiplicity in 0.1% methy-
lene-blue whole-mount preparations. ACF were 
distinguished from normal crypts by their larger 
size and elliptical shape. The incidence, distri-
bution and morphology of colon tumors were 
recorded. The majority of ACF were present in 
the middle and distal colon of DMH-treated rats 
and their number increased with time. By the 
4th week, 91.5% ACF were composed of one or 
two crypts and 8.5% had three or more crypts, 
while by the 30th week 46.9% ACF had three 
or more crypts. Thus, a progression of ACF 
consisting of multiple crypts was observed from 
the 4th to the 30th week. Nine well-differentiat-
ed adenocarcinomas were found in 10 rats by 
the 30th week. Seven tumors were located in 
the distal colon and two in the middle colon. 
No tumor was found in the proximal colon. The 
present data indicate that induction of ACF by 
DMH in the short-term (4 weeks The procedure 
involved counting the number of ACF in each 
colonic segment and evaluating the number of 
ACs in each ACF which was classified as either 
1AC, 2ACs, 3ACs and ≥4ACs.  After that, the 
tumours were prepared for haematoxylin and 
eosin staining for subsequent histopathological 
diagnosis. 

Histological evaluation

Stained histological sections were ob-
served using a microscope (Olympus BX41, Ja-
pan) at x10 and x20 magnifications. The cells 
were viewed on a computer using the software 
Olympus DP2-BSW and best representations 
of cells were photographed using a microscope 

digital camera (Olympus DP25, Japan). The his-
tological classification was done according to a 
criteria described the cells may be categorised 
as normal, non-dysplastic ACF and dysplastic 
ACF.[5,25]The criteria for microscopic assess-
ment was put into tabulated form below in Table 
1.

Table 1. Criteria for microscopic classification.

Score Criteria

0 Normal: straight test tube appearance, no 
serration, no branching.

1
Non-hyperplastic: enlarged crypts, lack 
significant abnormalities in epithelial 
cells, no mucin depletion.

2
Hyperplastic: larger and elongated crypts 
with side and apical branching, serrated 
lumen.

3
Dysplastic: nuclear stratification and en-
largement, pleomorphism, hyperchroma-
sia.

Statistical analysis

The data was statistically analysed 
using the GraphPad Prism software, Version 
7. The numerical values for each group were 
expressed as mean±standard deviation (SD) 
and were subjected to unpaired t-test. The tu-
mour multiplicity (number/rat) was expressed 
as mean±standard error of mean (SEM). For all 
cases, a value of p<0.05 was considered to be 
statistically significant. 

Results and Discussion

General observations

The body weights were recorded each 
week for all groups. It was found that rats in all 
groups gradually gained weight throughout the 
experiment (Figure 2). However, inconsistency 
was found as the body weight was abruptly ad-
justed as seen in day 35 for naïve and positive, 
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and negative groups as well as day 42 for olive 
oil group. Rectal bleeding was not observed, but 
slight diarrhoea was noticed in the fi rst week of 
treatment. Despite that, the rats consumed food 
as normal and were occasionally aggressive. 

Figure 2. Eff ect of naïve and treated groups on 
body weight of Sprague Dawley rats.

Macroscopic evaluation

The mean length colon excised was 1.7 
cm. The colon was divided into three portions 
in order to better manage for fi xation and ob-
serving visible polyps. No visible neoplasm was 
detected in all groups. Figure 3 displays the nor-
mal appearance of rat colon with distinguishable 
features of proximal colon from distal regions. 

Figure 3. Macroscopic features of the colon. 
Whole colon was cut into 3 segments: (A) prox-
imal, (B) middle and (C) distal. (A) Proximal 
colon can be easily distinguished due to visible 

foldings on mucosal surface. (B) Middle seg-
ment exhibits a transition from folded mucosa 
appearance of proximal to smooth mucosal sur-
face in distal portion (C). 

Eff ect of olive oil on ACF formation during 
initiation stages

Upon inspection under the microscope, 
it was found that negative and olive oil had an 
average of 0.5 and 4.5 of ACF respectively (Ta-
ble 2) detected through the whole length of co-
lon in each rat. Table 4 depicted that 0.5 ACFs 
in negative group contain 3ACs whereas olive 
oil had 4.0 of ACFs that contained 1AC and 
0.5 ACFs with 2ACs. As the crypt multiplicity is 
higher in negative, formation and progression of 
ACF is more readily in this group than olive oil. 
As seen in fi gure 5, normal and positive groups 
exhibited normal confi guration of crypts. Crypts 
in negative group displayed abnormal slit-like 
luminal opening, however this feature is not suf-
fi cient to consider as ACF. The best representa-
tion of an ACF is presented in negative (Figure 
4) with obvious foci. Meanwhile, most slightly 
abnormal crypts found in olive oil group was not 
regarded as ACF. 

Table 2. Eff ect of each treatment on AOM-in-
duced colonic aberrant crypt foci (ACF) forma-
tion at week 6. Values are mean±SEM. No ACF 
were detected in naïve and positive groups. 

Group No. of 
ACF/
colon

Crypt multiplicity of ACF

1AC 2ACs 3AC s ≥4ACs

Naïve 0 - - - -

Posi-
tive 0 - - - -

Nega-
tive 0.5±0.5 0 0 0.5±0.5 0

Olive 
Oil 4.5±1.5 4.0±1.0 0.5±0.5 0 0
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Figure4. A microscopic view of the whole mounts of methylene blue stained colonic showing pres-
ence of normal and aberrant crypts. No detection of ACF in naïve group and positive groups. Naïve 
at x4 magnifi cation: exhibits crypts of similar size, round luminal opening and no signifi cant abnor-
malities. Positive at x10 magnifi cation: exhibits slight variation of crypt sizes with round luminal 
opening but no signifi cant abnormalities. Negative at x10 magnifi cation: most crypts had slit-like 
luminal opening (indicated with an arrow). Negative at x10 magnifi cation: ACF detected was seen 
larger than normal and had thickened, darkened stain (indicated with an arrow). Olive oil at x10 
magnifi cation: exhibits increased dimensions with thicker and darker stain than normal (indicated 
with an arrow).

Non-hyperplastic cells were found in 
negative group only. The cells are indicated 
with arrows in Figure 5C and 5D. This fi nding 
supports the ACF that was macroscopically ob-
served in Figure 4. Figures 5A and 5B illustrate 
the normal crypts as well as atypical crypts as 
seen in Figure 6 naïve, positive, negative slit-
like lumen and olive oil. The microscopic scoring 
was based on numbering the categories normal 
(0), non-hyperplastic (1) and hyperplastic (2). 
The scoring values were averaged and present-
ed in Figure 6. The naïve, positive and olive oil 
groups had normal scores in all colon segments 
while three segments in the negative group 
contributed to the mean 0.6 score. The nega-
tive group was found to be signifi cantly diff erent 
from naïve mean score. Whereas the olive oil 
aberrant crypt score is signifi cantly lower than 

in negative control.cells. (D) Slight abnormal 
confi guration of crypts with enlarged lumen (ar-
rows).

Figure5. A microscopic view of H&E staining 
detected for normal and non-hyperplastic histo-
logical category. (A, B) Normal mucosa showing 
characteristic straight test tube appearance, no 
serration and no branching indicated with an 
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arrow. (C) Crypts (arrows) are slightly enlarged 
but lack signifi cant abnormalities in epithelial 

Figure6. Mean microscopic score of naïve and 
treated groups. Scoring is based on the criteria 
described by Alrawi et al. (2006) and Norlida & 
Phang (2010). Signifi cant diff erence from naïve 
is denoted by *p<0.05 and from control is denot-
ed by #p<0.05.

The use of animal models has become 
highly valuable for performing extensive investi-
gative cancer studies due to its ability to demon-
strate similar diseases in humans. The carcino-
gen AOM was used in this study due to its ability 
to promote cancer in the distal colon with high 
incidence in rats.There was no signifi cance be-
tween the weekly weights gained in all groups. 
Several studies have attained similar insignifi -
cant weight gain of AOM-induced rats even in 
long-term experiments, however, there was no 
apparent explanation [26,27]6 weeks old, were 
injected once with one of fi ve doses of azoxy-
methane. There was a dose response to the 
carcinogen as determined by weight gain and 
tumor induction. Rats given the three highest 
doses developed tumors of the gastrointestinal 
tract, auditory sebaceous glands, kidney, liver, 
and preputial gland, whereas rats receiving the 
lowest doses had tumors mainly of the intestine. 
Chronic liver lesions in high-dose rats were cir-
rhosis with megalocytosis, mild fi brosis, nodular 
hepatocellular hyperplasia, and hyperplasia of 
bile ductules.abstract”:”BACKGROUND: Animal 
model studies have shown that the colon tu-
mour promoting eff ect of dietary fat depends not 
only on the amount but on its fatty acid compo-

sition. With respect to this, the eff ect of n9 fatty 
acids, present in olive oil, on colon carcinogen-
esis has been scarcely investigated. AIMS: To 
assess the eff ect of an n9 fat diet on precancer 
events, carcinoma development, and changes 
in mucosal fatty acid composition and prosta-
glandin (PG. It is possible that the carcinogen 
itself did not aff ect the appetite of induced ani-
mals thereby carrying on with their typical food 
consumption. It is realised that weight is not an 
ultimate indicator of cancer symptom in animal 
models. However, the rats were observed to ex-
perience slight diarrhoea in the fi rst week after 
induction which could be attributed to the me-
tabolism of AOM irritating the mucosal lining as 
they are excreted in urine and faeces [20]. Even 
though the weights recorded in this experiment 
correlates with other studies, it was assumed 
that the values were inaccurate an unreliable 
on account of small population and fl uctuating 
readings of the weighing balance. These issues 
can be overcome by increasing the population 
per group and using a weighing equipment with 
sensitive bearings. 

The average length of colorectum doc-
umented is 1.8cm and the present study ex-
tracted an average length of 1.7cm [28]. This 
indicates that we are confi dent that we took into 
account appropriate parts for ACF observation.
[11] Several studies have reported that AOM is 
able to stimulate ACF formation in colons as 
early as 5 weeks.[6,29] Since ACF detection is 
considered as biomarkers in short-term experi-
ments, for that reason, the current study adopt-
ed an AOM-induced rat model that proceeded 
for 6 weeks. Even so, there were no visible neo-
plasms detected in all groups. ACF formation by 
AOM is well defi ned in distal part of colon and 
this corresponded to the locations of lesions we 
observed under the microscope. The indistin-
guishable inspection of polyps along the colonic 
mucosal surface could be argued on the basis 
of inadequate AOM dosage along with induction 
period, and misdetection of mucosal foldings 
with abnormal polyps. The severity of aberrant 
crypt formation may be improved by either in-
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creasing the periodic injection to two injections 
a week for 2 weeks or once a week for the total 
experiment period 6 weeks [27,30]a constituent 
of olive oil, and a key intermediate in cholesterol 
synthesis may be regarded as partially respon-
sible for the beneficial effects of olive oil, which 
include decreased mortality rates among pop-
ulations with high olive oil consumption. Thus, 
in this study we have assessed the chemopre-
ventive efficacy of squalene on azoxymethane 
(AOM. 

The admittance of treatment com-
pounds in day 14 after insufficient cancer induc-
tion could have restricted the growth of tumour. 
Additionally, the present experimental protocol 
could have created an ambiguity between the 
actions of test compounds affecting the carcino-
genic potential of AOM from those that affected 
subsequent appearance and growth of lesions. 
This may be in which AOM was administered 
in two schedules of 15 mg/kg b.w. twice for 2 
weeks and 30 mg/kg dose on day 7 only.[29] 
The test agent was given since the start of ex-
periment at day 0 to 35 (5 weeks). Likewise, the 
study managed to detect few foci indistinguish-
able of the mechanisms mentioned previously. 
In order to confirm that ACF in the colon has 
been established before administrating test 
agent, a faction of rats should be sacrificed and 
inspected for polyp formation. This provides a 
basis for ACF count and multiplicity comparison 
in pre- and post-treatment administration[31]an-
ti-oxidative, and anti-cancer properties but has 
poor bioavailability. Liquid crystals (LC.During 
the evaluation of this short-term investigation, 
it was observed that the positive control group 
did not develop any ACF and appeared normal 
as compared to negative control. Indomethacin 
is a potent NSAID known for its inhibitory ef-
fect on neoplastic growths. The research used 
a dosage of 3 mg/kg daily which was sufficient 
to prevent further growths as compared to the 
present study where 10 mg/kg b.w. daily was 
applied.[14,32]

It has been reported that ACF count 

and crypt multiplicity are predictive of colon tu-
mour incidence. However, it was established 
that higher crypt multiplicity is indicative of 
malignancy and more aggressive tumour pro-
gression as opposed to high ACF counts. The 
negative control group exhibited a low number 
of ACF but with higher crypt multiplicity in com-
parison with olive oil group. The insignificant 
difference of ACF number and crypt multiplicity 
between olive oil and control groups suggests 
that dietary olive oil has a slight inhibitory effect 
on colon carcinogenesis. ACF with low crypt 
multiplicity is characterised as slower and less 
aggressive tumourigenesis. Since ACF was de-
tected in negative control groups, microscopic 
observations displayed non-hyperplastic crypts 
in contrast with olive oil with morphologically 
normal crypts. Despite macroscopic observa-
tion of olive oil groups detected ACF growths, 
it was not reflected in microscopic examination. 
The morphogenesis of a colon tumour has been 
hypothesised to proceed in a top-down fashion 
whereby altered cells in the superficial mucosa 
proliferate laterally and downward to form new 
crypts adjacent to pre-existing normal crypts and 
eventually replace them [33]. It was assumed 
that technical skill errors in isolating abnormal 
tissue contributed to missed abnormal sections 
of tissues. The insufficient grade of abnormality 
in tissues may also cause the dismissal of ab-
errant categorisation. Tissue preparation could 
also contribute to the misdetection of crypts due 
to multi-layered tissue shaving leading to loss 
of aberrant compartment. This commercial 10% 
olive oil in the diet can significantly reduce the 
percentage of fragmented DNA, diminish ACF 
numbers and crypt multiplicity as well as induce 
apoptosis of tumour growths.[21,34]The pres-
ent study utilised olive oil in the proportion of 
7% of daily intake. This may account for the low 
inhibitory actions of olive oil on tumourigenesis 
in the study. 

Low crypt multiplicity detected in the 
olive oil group showed promising significance 
of the compound in correcting DNA fragmenta-
tion that accounts for dysregulation of pathways 
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involved in cell proliferation and apoptosis. Al-
though the present study did not manage to clar-
ify the pathway olive oil predominantly affects, 
that may be due to high ω-9 MUFA as well as 
phenolic contents of olive oil might have a ma-
jor influence in regulating Wnt pathways, sub-
sequent COX-2 expression and arachidonate 
acid metabolism.[21,27,35]the effect of n9 fatty 
acids, present in olive oil, on colon carcinogen-
esis has been scarcely investigated. AIMS: To 
assess the effect of an n9 fat diet on precancer 
events, carcinoma development, and changes 
in mucosal fatty acid composition and prosta-
glandin (PG Furthermore, the present 6-week 
study has indicated that short-term experiments 
are inadequate to fully justify the questions 
of olive oil impact in early stages of cancer or 
even in high-risk individuals with predisposing 
mutations. Modulators of carcinogenesis such 
as COX-2, β-catenin, cyclin D1, Wnt 3, Wnt 
5a and iNOSin the apoptotic activity and DNA 
fragmentation by western blotting should be 
investigated to recognise their roles in carcino-
genesis.With these extensive findings, it would 
produce a highly reliable and credible outcome 
of the study to encourage nutritionists and the 
public to consume olive oil due to its potent ben-
eficial properties during the CRC chemotherapy 
to avoid recurrence of cancer. 

Conclusion

ACF formation is regarded as a precur-
sor in CRC carcinogenesis of humans and ro-
dents. Due to the ability to create a model that 
mirrors the disease in humans, the predictive 
value of ACF evaluation has become crucial in 
the context of anti-cancer drug evaluation. In 
this study illustrated that the dietary administra-
tion of olive oil in initiation stages of tumourigen-
esis has an inhibitive effect to some degree. The 
outcomes of the study emphasised the impor-
tance of conducting further investigations with 
olive oil, especially in long-term cancer models.  
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Abstract

 This paper analyses 6451 research 
publications in the field of Biotechnology by 
Indian researchers in collaboration with other 
countries indexed in the web of Science core 
collections from 1975 to 2021. These 6451 
publications received 228989 citations with 181 
h-index. During the period the total number of 
publications from India are 33236 out of which 
6451(19.40%) are in international collaboration. 
There were only 2 publications in 1973 which 
rose to 825 in the year 2021. Ashok Pandey from 
CSIR-IITR is the most productive author while 
CSIR is the leading organization in collaborating 
with international partners. Microalgae is the 
most frequent keyword, Journal Bioresource 
technology is the most preferred journal for 
publication.  The United States, South Korea, 
and Peoples Republic of China is the most 
preferred country for collaboration by an Indian 
scholar.

Keywords: Biotechnology, Scientometric, Re-
search evaluation, Collaboration

Introduction

Collaboration in research is seen as a proxy for 
quality in academia. Research collaboration is 
done to share the knowledge, resources, and 
tools to the worldwide research community to 
produce new findings and achievements. Due 
to rapid change in new knowledge in every do-
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main of knowledge, it is rare to produce new 
knowledge or findings through individual efforts, 
therefore collaboration becomes necessary. In 
the field of Biotechnology, changes are so rapid 
that some of the developments cannot be imag-
ined without the help of the industrial partners.  
Collaboration also occurs when a group or or-
ganization with the least research facility ap-
proaches the larger groups or well-established 
laboratories with greater research facilities. 
However, the major objective of research col-
laboration is to improve research quality by uti-
lizing the research expertise in the field. In a 
field like Biotechnology, collaboration is required 
to meet the global challenges.  New information 
and emerging technologies have created newer 
subdomains in the field of Biotechnology which 
is not possible for a single organization or re-
search group to work upon.The field of Biotech-
nology is becoming wide and wide every year. 
From tissue culture to gene editing falls under 
the broad category of Biotechnology. In recent 
times PCR has been gain popularity in order to 
test the presence of Coronavirus. The applica-
tion of PCR is an excellent example of research 
and innovation in the field of biotechnology.   
Especially in 21st-century research in life scienc-
es and Biotechnology has made tremendous 
progress and innovations and major break-
through have become continuous and its fre-
quency is rising day by day leading to bioecon-
omy. There are many modes of collaboration 
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but collaboration identified through co-author-
ship has been studied by several researchers in 
detail. Zhao et al (2016)1 studied characteristics 
of research collaboration in Biotechnology in 
China by analysing the publications indexed in 
SCIE. Patra and Chand (2005) 2analysed the 
Biotechnology research profile of India. Payumo 
& Sutton (2015) 3 assessed collaboration among 
ASEAN countries in plant biotechnology. Earlier 
Pathak & Prasanna (2019) 4analysed the inter-
national collaboration in Pharmaceutical Sci-
ences for the period 2014-2018 and concluded 
that further study with a longer time range 
should be studied for wider insight. Garg et al5, 

Basu and Kumar6, Prakasan et al7, Gupta and 
Dhawan8, and Raina et al9 used the Web of sci-
ence to investigate collaboration patterns of In-
dian science. Pathak & Bharti10,11 analysed the 
Indian Journal of Traditional knowledge and Bo-
tanical Survey of India output using the Web of 
Science as source of data.

Materials and Methods

Data for this study was retrieved from 
Web of Science-core Collection Database 
using advance search. Keyword Biotechnology 
was used in Research Area Category for the 
year range1945-2021. From the countries 
section India was selected and document 
types were restricted to Articles and Review. 
Retracted publications were excluded from the 
study. In this way 33226 results were retrieved. 
For further analysis, the publications which have 
India and any other countries in the address 
were selected exclusively. Collaboration was 
determined through co-authorship by the 
address given in the database. 

Results and Discussion

The first publication in international collaboration 
appeared in the year 1973 and there were only 92 
publications in collaboration with foreign countries 
upto the year 1990. In the next decades i.e. during 
1991-2000 there was a significant increase in the 
number of publications in international collabora-
tion. There were 395 publications during this pe-
riod.  There were 1300 publications during 2001-

2010 which is more than 3 times from previous 
decades. The recent most years have witnessed 
the highest number of publications in association 
with foreign collaborators by Indian scholars in the 
field of biotechnology. 73% of total publications in 
international collaboration i.e. 4664 publications 
appeared during 2011-2021 which is evident that 
there is exponential decadal growth in interna-
tional collaboration in the field of biotechnology. 
Figure 1 highlights the yearwise growth of publi-
cations in the field of biotechnology from India in 
international collaboration.

There are 240 source titles or journals in which 
these 6451 research documents were published. 
There is 11 journals that published 100 or more re-
search outputs by Indian authors in collaboration 
with International counterparts and contributes 
2274 of 6451 publications. 50 % of the total pub-
lications were published in 23 journals. Table 1 
enlist the list of productive journals with more 
than 100 publications Bioresource technology 
is the most productive journal which published 
649 publications which are 10% of the total pub-
lications, followed by 3 biotech, with 219 publi-
cations Biomed research international with 212 
publications There are 46 journals which pub-
lished only one article. Thirteen journals pub-

Figure-1: Year-wise growth of publications
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lished 2 articles each. Eight journals published 
3 articles each. Seventeen journals published 4 
articles each. 

Analysis of Productive authors suggests that 
Ashok Pandey from CSIR Indian institute of Tox-
icological research is the most productive author 
followed by Rajesh J Banu from the Central Uni-
versity of Tamil Nadu with 73 publications, Suni-
ta Varjani from Gujarat Pollution Control Board 
with 41 publications, Raveendran Sindhu from 
TKM Institute of Technology Kollam Kerala with 
37 publications and Hosakatte Niranjana Mur-
thy, Karnataka University with 35 publications 
(Table 2). Among the authors from foreign coun-
tries, Rajeev K Varshney with 63 publications 
from Murdoch University is the most preferred 
author for collaboration by Indian Scientist, fol-
lowed by Arivalagan Pugazhendhi from Ton Duc 
Thang University with 58 publications. 

Among the organizations, CSIR India is 
the most productive organization with 844 
publications is the most productive organi-
zations followed by the Indian Institute of 
Technologies with 641 publications, the  In-
dian Council of Agricultural Research with 
372 publications, DBT India with 261 publications, 
the University of Delhi with 143 publications.  
Other productive organizations include Anna 
University, Banaras Hindu University, NIT,  

and Andhra University. Among the foreign or-
ganizations, King Saud University of Saudi 
Arabia is the most preferred organization with 
202 publications followed by CGIAR with 173 
publications, and ICRISAT with 140 publications 
respectively (Table 3, Figure 2).Table 4 enlists 
of the list of most preferred countries for collab-
oration by Indian researchers in the field of bio-
technology. The USA with 1686 publications is the 
most preferred country for collaboration followed 
by South Korea 881publications, the Peoples Re-
public of China 509 publications, Germany 467 
publications, and Saudi Arabia 450 publications. 
There are 130 countries that arein collaboration 
with India. Sixteen 16 countries  have only one 
publication in collaboration with India which in-
cludes Afghanistan, Namibia, Hongkong, Zimba-
bwe, etc. 73 countries/regions have more than 10 
publications each in collaboration with India. 25 
countries have 100 or more publications in collab-
oration with India. The top four countries in col-
laboration with India have published ~55 % of the 
total publication in collaboration worldwideTable 5 
highlights the most highly cited publications. It in-
cludes publications with more than 950 citations. 
There are six publications that  have received 
more than 1000 citations. It is often opined that 
publications in international collaboration receive 
higher citations in comparison to publications 
not in collaboration. Publication entitled 1792 
Nano based drug delivery systems: recent de-
velopments and future prospects by  Patra et 
al published in Journal of Nanobiotechnology 
have received highest number of citations i.e 
1792 followed by 1398 Microbial decolorization 
of textile-dye-containing effluents: A review by 
Banat et al published in  Bioresource Technology 
with 1398 citations, 1379 Organic and inorganic 
contaminants removal from water with biochar, a 
renewable, low cost and sustainable adsorbent 
- A critical review by Mohan et al in Bioresource 
Technology with 1379 citations, 1231 Biomateri-
als based on chitin and chitosan in wound dress-
ing applications by Jayakumar et al published 
in   Biotechnology Advances with 1231 citations, 
1201 Synthesis of metallic nanoparticles using 
plant extracts by Mittal et al in Biotechnology Ad-

Publication Titles Record 
Count

Bioresource Technology 649
3 Biotech 219
Biomed Research International 212
Applied Biochemistry And Biotechnology 194
Process Biochemistry 175
Applied Microbiology And Biotechnology 156
Biosensors Bioelectronics 151
World Journal of Microbiology Biotech-
nology 142

Environmental Technology Innovation 133
Bmc Genomics 126
Human Vaccines Immunotherapeutics 117

Table 1: list of productive journals with more 
than 100 publications
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Total 
Citations

Title Authors Source Title

1792 Nano based drug delivery systems: recent de-
velopments and future prospects

Patra et al Journal of Nanobiotechnology, 
2018,16 -

1398 Microbial decolorization of textile-dye-contain-
ing effluents: A review

Banat et al Bioresource Technology, 
1996,58 217-227

1379 Organic and inorganic contaminants removal 
from water with biochar, a renewable, low cost 
and sustainable adsorbent - A critical review

Mohan et al Bioresource Technology, 
2014,160 191-202

1231 Biomaterials based on chitin and chitosan in 
wound dressing applications

Jayakumar et al Biotechnology Advances, 
2011,29 322-337

1201 Synthesis of metallic nanoparticles using plant 
extracts

Mittal et al Biotechnology Advances, 
2013,31 346-356

1063 Potential commercial applications of microbial 
surfactants

Banat  et al Applied Microbiology And Bio-
technology, 2000, 53 495-508

965 Bacterial alkaline proteases: molecular ap-
proaches and industrial applications

Gupta et al Applied Microbiology And Bio-
technology, 2002,59 15-32

987 Photocatalytic degradation for environmental 
applications - a review

Bhatkhande et al Journal of Chemical Tech-
nology And Biotechnology, 
2002,77 102-116

972 Production, purification, characterization, and 
applications of lipases

Sharma et al Biotechnology Advances, 
2001,19 627-662

965 Mechanism of Salinity Tolerance in Plants: 
Physiological, Biochemical, and Molecular 
Characterization

Gupta& Huang International Journal of 
Genomics, 2014,2014 -

Table 2: Authors from foreign countries

Authors Affiliations Publications
Ashok Pandey Indian Instittue of Toxicological Research 154
Rajesh J Banu Central University of Tamil Nadu 73
Sunita Varjani Gujarat Pollution Control Board 41
Raveendran Sindhu TKM Institute of Technology Kollam Kerala 37
Hosakatte Niranjana Murthy Karnataka University 35

Table 3: Authors from India

Table 4: Collaboration by Indian researchers

Affiliations Publications

Council of Scientific and Industrial research 844

IIT system 641

Indian Council of Agricultural Research 372

DBT India 261

Delhi University 143
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Figure 2: Co-authorship network of Organizations

Figure 3: Keyword network
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vances with 1201 citations and 1063 Potential 
commercial applications of microbial surfactants 
by Banat  et al  published in Applied Microbiolo-
gy And Biotechnology with 1063 citations are the 
most cited publications. 

Analysis of keywords reveal that there are 853 to-
tal keywords provided by authors in these 6451 
publications. Microalgae with 82 occurrences is 
the most frequent keyword provided by biomass 
with  81 occurrence, bioremediation with 74 oc-
currence, nanoparticles with 66 occurrence and 
biodegradation with  65 occurrences are the top 
5 keywords on the basis of frequency. Figure 3 
highlights the Keyword network.

Conclusion

It can be concluded that in recent decade inter-
national collaboration in Biotechnology has grown 
multi- fold and has shown exponential growth in 
terms of publications and citations. However, most 
of the contributing organizations are centrally fund-
ed Institutes. Some central universities have also 
been identified as a major contributor in Biotech-
nology research but state universities are lagging 
in collaboration. This may also happen because in 
state university researchers might not be aware of 
publishing their research in non-indexing journals. 
Publications in collaboration have been communi-
cated in journals of high repute this also played a 
significant role in receiving a higher citation rates. 

This is only a preliminary investigation of interna-
tional collaboration in Biotechnology from Indian 
scholars, more extensive study is required at the 
micro level to know the characteristics of interna-
tional collaboration in Biotechnology. Comparative 
studies of similar countries or groups of countries 
may also be carried out to find greater insights. 
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Abstract
People, for the most part in rustic 

environments and lately, those unsatisfied with 
usual medicine, use medicinal plants for their 
therapeutic effects.This ongoing study deals 
with the in vitro antioxidant and anticancer 
activity of hydroalcoholic extract of L.spinosa 
wight Ex Nees., (L.spinosa) is a herb in the 
equatorial zone of Asia belonging to the family 
Acanthaceae. Total phenolic and flavonoid 
content was dogged. Antioxidant activity was 
valued by total antioxidant capacity, DPPH assay. 
By using MTT assay cell feasibility of total cell 
lines such as Rat skeletal muscle cell line (L6), 
Ehrlich Ascites Carcinoma (EAC), Human Breast 
cancer cells (MCF 7), Human Cervical cells (He 
La) and Human Hepatocellular carcinoma cell 
lines (Hep G2) were dignified against various 
doses of extracts. Isolate the active compound 
by using chromatographic performance. 
Hydroalcoholic extract of L.spinosa exposed 
more powerful activity against EAC & Hep G2 
cell lines but average activity against MCF 7 & 
He La cell lines. The anticancer and antioxidant 
nature of the hydroalcoholic extract is due to the 
occurrence of numerous secondary metabolites 
like phenolic compounds, flavonoids, terpenoids, 
alkaloids, etc. The results obviously exposed the 
hydroalcoholic extract of L.spinosa as a good 
antioxidant with a significant anti-cancer effect. 

Keywords:  L.spinosa, Antioxidant, Anticancer, 
MTT assay, Compound isolation.

Introduction

Cancer is an important worldwide 
health problem commonly due to the absence 
of widespread and comprehensive primary 
detection methods, the related poor prognosis 
of patients diagnosed in later stages of the 
disease, and its increasing occurrence on 
a global scale. Definitely, the struggle to 
combat cancer is one of the greatest tasks of 
mankind(1).Almost 70% of deaths from cancer 
happen in low and middle-income countries. 
Opportunities to diminish the death rate from 
cancer through the finding of new drugs are 
benefiting from the advances in technology and 
knowledge on neoplastic disease (2).Recently, 
innovative methods of treating oncological 
diseases have appeared (nanotherapy, neutron 
capture, and low-intensity electroresonance 
therapy, and also, old methods are used – 
chemotherapy, radiation therapy, and surgery. 
Though, all of the overhead methods go with 
a number of side effects, which also negatively 
affect the patient’s health(3). The present 
research and development personalized 
towards the detection of new antiproliferative 
agents from natural products have been buoyed 
by upgrading the science and technology of 
anticancer drug discovery. Antitumor drugs 
have also been linked with change of secondary 
malignancy(4). 

 According to the World Health 
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Organization (WHO), several countries, as 
well as developing countries, still use plants 
and natural source–associated products for 
therapeutic purposes. About 60% of anticancer 
agents have been initiated from natural sources 
globally. The nature-derived compounds are 
freely available, frequently more tolerated, and 
considered non-toxic to normal human cells (5). 
Various natural compounds such as terpenoids, 
alkaloids, lignans, tannins, quinones, phenolic 
acids, coumarins, and flavonoids have been 
initiated from plant sources that have major 
antioxidant activity and play a main part in the 
therapy of cancer. A number of studies have 
shown that antioxidant compounds demonstrate 
anti-inflammatory and ant carcinogenic activity. 
Natural antioxidant compounds can directly 
avoid the proliferation of cells and enhance 
the immune system (6). The development of 
cancer drugs from plant materials and their use 
in experimental practice is still a vital task. The 
occurrence of the above activities certifies the 
use of the inhibition and treatment of different 
cancer types such as skin, lung, stomach, liver, 
breast, prostate, and cervix cancers. 

At present, more than 3,000 plants 
globally have anticancer properties. From the 
scientific perspective, the search for knowledge 
of the anticancer herbal raw materials is not new, 
on the other hand for the correct user, detailed 
phytochemical and pharmacological studies are 
forever essential (3). The ultimate aim of the 
study is to discover the antioxidant, cytotoxic 
activity of crude extract and the separation of 
the active constituent of hydroalcoholic extract 
of L.spinosa   whole plant.

Materials and Methods

Plant collection and verification: The 
established and healthy whole plant of L.spinosa 
was collected from Tirunelveli district. The 
specimen was verified by 

Dr.V.Chelladurai,M.Sc., Ph.D.,

 Research Officer-Botany, Central Council for 

Research in Ayurveda & Siddha, Govt. of India. 
Tirunelveli, Tamil Nadu. In our college museum, 
the specimen has been placed. 

Preparation of crude extracts: L.spinosa   
whole plant was collected and washed carefully. 
It was dried out in the air and sliced into small 
parts. Around 1 kg of dried entire plant L. 
spinosa was extracted in soxhlet consecutively 
with increasing polarity of solvents [petroleum 
ether (PE), chloroform (CH), ethyl acetate 
(EA), hydroalcohol (HA)]. All the extracts were 
evaporated using rotary vacuum evaporator. 
The whole thing was weighed and deposited 
for further use. All the used solvents were of 
analytical grade.

Preliminary phytochemical analysis of 
L.spinosa: Extracts were checked for the 
presence of phytochemicals with the standard 
procedure as defined in the textbook by 
Harborne A J (7).

Determination of total flavonoid content: 
Entire flavonoid content was analyzed via the 
aluminium chloride colorimetric technique(8).

Determination of total phenolic content: The 
phenolic content was assessed by Gallic acid 
equivalents (GAE/g) of dry plant material on 
the base of a standard curve of Gallic acid (2 - 
64µg/mL) (8,9,10).

Antioxidant activity of crude extracts of 
Lepidagathis spinosa 

Total antioxidant assay: The total antioxidant 
capacity of the test samples (PE,CH, EA, 
HA) was valued spectrophotometrically 
by the phosphomolybdenum method (11). 
Addition of 0.5 mL of extracts with 3 mL of 
reagent solution, incubated at 95°C for 90 min. 
After cooling, absorbance was measured at 695 
nm by using a UV-Visible spectrophotometer 
against blank. The total antioxidant capacity 
is stated as the number of grams equivalent 
to ascorbic acid. Prepare the calibration curve 
by mixing ascorbic acid (10 – 80 µg/mL) with 
ethanol (12).
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DPPH antioxidant assay DPPH antioxidant 
estimation is based on the capacity of 
antioxidants to decolorize 1, 1-diphenyl-2-
picryl-hydrazyl. 0.135 mM DPPH was prepared 
in methanol. Various concentrations of test 
samples were mixed with 2.5 ml of DPPH 
solution. The absorbance of these solutions 
was measured at 517 nm and ascorbic acid as 
standard(13).

The capability of test samples to 
scavenge DPPH radical and control was 
calculated from the following formula:

% DPPH inhibition = [(OD of control - OD of 
test)/(OD of control)]×100

Preparation of test solution For MTT assay, 
serial two fold dilutions (3.125-50µg) were 
prepared from this assay.

Cell lines and culture medium Cell lines 
used for cytotoxicity screening were Rat 
skeletal muscle cell line (L6), Ehrlich’s Ascites 
Carcinoma cell line (EAC), Human cervical 
cell line (He La), Human Breast cancer cells 
(MCF 7), and human hepatocellular carcinoma 
cells (Hep G2), and the cell lines acquired from 
National Centre for Cell Science (NCCS), Pune, 
India. Stock cell lines were cultured in a medium 
added with 10% inactivated New born calf 
serum, penicillin (100 IU/ml), and streptomycin 
(100 μg/ml) in a moistened atmosphere of 5% 
CO2 at 37oC till confluent.

Procedure By using MTT assay measure 
cytotoxicity (loss of viable cells). This assay 
is founded on the metabolic reduction of the 
soluble MTT salt, 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide which 
reflects the normal function of mitochondria 
dehydrogenase activity and cell viability, into 
an insoluble colored formazan product, which 
was measured spectrophotometrically. The 
activity of mitochondrial dehydrogenase of living 
cells rightly and proportionately represents the 
number of viable cells(14).

100μl of cell suspension of density 1 

× 104 cells/well was positioned into each well 
of 96-well plates and incubated for 24h. After 
24h, when a part of monolayer was formed, 
the supernatant was flicked off, with the help 
of a medium the monolayer was washed, add 
100μl of different concentrations of test sample 
onto the partial monolayer in microtiter plates. 
Incubate the plate at 37oC for 24h in a 5% CO2 
atmosphere. After incubation, the test solutions 
in the wells were discarded and 100μl of MTT 
(1mg/ml of MTT in PBS) was added to each 
well. The plate was incubated for 4h at 37oC in 
a 5% CO2 atmosphere.  The supernatant was 
removed instead of that add 100μl of DMSO, the 
plate was gently shaken to solubilize the formed 
formazan. The absorbance was measured by 
means of a microplate reader at a wavelength 
of 570 nm (4,6).

 The percentage of viability was calculated using 
the following formula: 

% of viability = Sample abs/Control abs 
x 100

Where

Abs= Absorbance value 

Isolation of active constituents Methanol 
used to dissolve the plant extract and adsorbed 
in silica gel 60 – 120. Evaporate the solvent, 
which was loaded into a silica gel column (100 
– 200 mesh size), prepared in hexane. Elute 
the column with hexane followed by gradually 
increasing polarity with Hexane, Chloroform, 
Ethyl acetate, and Methanol. Absolutely 106 
fractions were collected and examined under 
TLC. Related fractions were combined and 
the solvent was evaporated under reduced 
pressure. The resultant crude materials were 
refined by using activated charcoal in hot 
ethanol and crystallize the fractions (15). The 
acquired solid was submitted for Melting point, 
Mass spectra, FT-IR spectra, 13C-NMR, and 
1H-NMR analysis.
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Results and Discussion

Preliminary phytochemical studies of 
hydroalcoholic extract proven the presence 
of flavonoids, alkaloids, tannins, saponins, 
triterpenoids, and phenols, etc. Flavonoids, 
tannins, saponins and triterpenes have all 
been stated to possess antitumor activity 
(16,17,18,19). Flavonoids anticancer action has 
been connected with several mechanisms such 
as the variation of cell cycle arrest at the G1/S 
phase, Initiation of cyclin-dependent kinase 
inhibitors, anti-apoptotic gene downregulation, 
cell-survival kinase inhibition and inhibition 
of inflammatory transcription factors, and 
generation of Ca2+dependent apoptotic 

mechanism (20).

 Results of the study presented that the 
phenolic compound of the tested extracts (PE, 
CH , EA, HA)  differ from 5.62 to 33.53  GAE/g 
. Utmost phenolic compounds was identified in 
hydroalcoholic extract of L.spinosa at a 33.53 
GAE/g. The amount of total flavonoid compounds 
was determined as the quercetin equivalent 
using an equation obtained from a standard 
quercetin graph (y = 0.003x + 0.2161, R2 = 
0.9709). The flavonoid content of the extracts 
varied from 0.74 to 19.63mgof quercetin. As 
shown in Table 1, excellent flavonoid content 
was found in the hydroalcoholic extract of 

Table 1: Quantitative estimation of phytoconstituents present in various extracts of Lepidagathis 
spinosa wight ex Nees

Extract Total phenol content (mg of GAE/gm of 
the plant extract)

Total flavonoids content (mg of QE/g 
of the plant extract)

LSPE 5.623188 0.744444
LSCH 14.25673 3.077778
LSEA 15.49896 6.744444
LSHA 33.53209 19.63333

Table:2 Invitro antioxidant activity of various 
extracts ofL.spinosa wight ex Nees, whole plant 

Extract DPPH   IC50 
value

Total antioxidant 
capacity (mg/g)

LSPE >320 4.03

LSCH >320 16.23

LSEA >320 21.73

LSHA 262.02 24.9

S.
N

o C o n c .
(µg/ml)

% cell viability % Cytotoxicity IC50 Val-
ue (µg/

ml)
Control 100 0

>100

3.125 98.772±007 1.228±0.024
6.25 97.299±005 2.711±0.032
12.5 94.879±0.004 5.120±0.048
25 91.898±0.005 8.120±0.039
50 87.969±0.006 12.030±0.059

Table No:4 Assessment of cytotoxicity and cell viability for Hydroalcoholic  extract of Lepidagathis 
spinosa  whole plant on EAC cell line

S.No Conc.(µg/ml) % cell viability % Cytotoxicity IC50 Value (µg/ml)
1 Control 100 0

28.95

2 3.125 95.96±0.017 4.01±0.038
3 6.25 82.92±0.012 17.08±0.025
4 12.5 70.63±0.028 29.37±0.068

5 25 56.54±0.009 43.46±0.083

6 50 34.16±0.042 65.84±0.076

Table No:3. Assessment of cytotoxicity and cell via-
bility for Hydroalcoholic  extract of Lepidagathis spi-
nosa  whole plant on L6 cell line with MTT assay
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L.spinosa. 

In general, the phenolic content of the 
hydroalcoholic extract was extensively high, 
which could be a most important contributing 
factor to the strong antioxidant activity. Phenolic 
components are potential antioxidants and 
free radical terminators. They might decrease 
the risk of cardiovascular disease, and protect 
against urinary tract infections and cancer. 
They are also assumed to have an inhibitory 
effect on carcinogenesis. Flavonoids as one of 
the greatest and well-known groups of natural 
compounds are undoubtedly the most important 
natural phenolics. Phenolic compounds 

and flavonoids have a broad spectrum of 
chemical and biological actions, associated 
with antioxidative action in biological systems, 
acting as scavengers of singlet oxygen and free 
radicals (20,21,22). 

Total antioxidant capacity  The assessment of 
total antioxidant contents between the different 
extracts was revealed. Total antioxidant 
capacity in the test samples (PE, CH, EA, HA) 
by means of the calibration curve, was found 
to be 4.03, 16.23, 21.73, 24.96mg/g ascorbic 
acid. The principle of this assay comprises 
the activity of an antioxidant compound which 
leads to the reduction of the hexavalent form of 

Table No:5. Assessment of cytotoxicity and cell viability for Hydroalcoholic  extract of Lepidagathis 
spinosa  whole plant on MCF7 cell line using MTT assay
S.No Conc.(µg/ml) % cell viability % Cytotoxicity IC50 Value (µg/

ml)
Control 100 0

41.44

3.125 95.28±0.011 4.72±0.058
6.25 86.92±0.012 13.08±0.045
12.5 71.50±0.012 28.50±0.028
25 63.75±0.006 36.25±0.059
50 42.458±0.006 57.54±0.072

Table No:6. Assessment of cytotoxicity and cell viability for Hydroalcoholic  extract of Lepidagathis 
spinosa  whole plant on HEPG2 cell line 
S.No Conc.(µg/ml) % cell viability % Cytotoxicity IC50 Value (µg/

ml)
Control 100 0

39.73

3.125 96.168±0.0226 3.832±0.074
6.25 87.151±0.0226 12.849±0.026
12.5 76.201±0.0411 23.799±0.037
25 61.899±0.0133 38.101±0.014
50 41.173±0.0181 58.827±0.060

Table No:7. Assessment of cytotoxicity and cell viability for Hydroalcoholic  extract of Lepidagathis 
spinosa  whole plant on HeLa cell
S.No Conc.(µg/ml) % cell viability % Cytotoxicity IC50 Value (µg/ml)

Control 100 0

64.63

3.125 98.208±0.00961 1.792±0.064

6.25 94.560±0.0106 5.44±0.088

12.5 80.424±0.009 19.576±0.032

25 65.196±0.008 34.804±0.046
  6. 50 53.266±0.0186 46.734±0.079
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molybdenum [Mo (VI)] to pentavalent form [Mo 
(V)], and the development of a green phosphate/
Mo (V) complex at acidic pH and at a higher 
temperature. This is spectrophotometrically 
measured at 695 nm (13). 

DPPH assay DPPH is a constant nitrogen-
centered free radical, generally intended 
for testing radical scavenging activity of the 
compound or plant extracts. The violet color 
of the DPPH radical was reduced to yellow-
colored diphenylpicrylhydrazine radical when 
they accept an electron from an antioxidant 
compound which was measured colorimetrically. 
Constituents which are able to make this type 
of reaction can be considered antioxidants 
and then radical scavengers. Hydroalcoholic 
extract of L.spinosa exhibited good antioxidant 
activity compared to others (21). The reports 
were presented in table 2. In a concentration-
dependent manner, DPPH scavenging was 
increased and compared to ascorbic acid used 
as the positive antioxidant control. Medium 
inhibitory concentration (IC50) value for standard 
ascorbic acid was 21.06µg/ml, in plant extracts 
hydro alcohol extract of Lepidagathis spinosa 
(LPHA) had the lesser percentage inhibition 
(IC50-262.02 µg/ml).)

MTT assay  Hydroalcoholic extract of the whole 
plant of Lepidagathis spinosa was screened 
for cytotoxic properties on L6, EAC, MCF, 
He La and Hep G2 cells lines by MTT Assay. 
The hydroalcoholic extract did not expose any 
cytotoxicity against the normal L6 cell line. 
Among EAC, Hep G2, MCF 7, and He La cell 
lines exposed significant cytotoxicity with the 
IC50 value of 28.95 µg/ml, 39.73µg/ml, 41.44 
µg/ml, and 64.63 µg/ ml. Hydroalcoholic extract 
shows good activity against EAC (Experimental 
tumor model), among the human cell lines 
the hydroalcoholic extract showed significant 
cytotoxicity against Hep G2 cell line followed 
by moderate activity against MCF 7, He La 
cell lines as shown in Tables and Figures. 
Flavonoids possess good antimutagenic 
and antimalignant result. Furthermore, they 

have a chemopreventive character in cancer 
through their effects on signal transduction 
in cell proliferation in addition to inhibition of 
neovascularization (23,24).   

The hydrpalcoholic extract of 
Lepidagathis spinosa wight ex Nees., has 
more significant anticancer activity, it is mainly 
because of the phytoconstituents present in 
the extract. The phytochemical study revealed 
the presence of various phytoconstituents like 
flavonoids, phenolic compounds, alkaloids, 
triterpenoids, etc.

Compound isolation Since plant extracts 
normally occur as a mixture of different types 
of bioactive compounds or phytochemicals with 
different polarities, their separation remains a 
major challenge for the bioactive compound 
identification and characterization process. 
In isolating these bioactive compounds, it is 
common practice to use a variety of different 
separation methods, such as TLC, column 
chromatography, etc., to obtain pure compounds. 
Figure No:1. Effect of hydroalcoholic extract of 
Lepidagathis spinosa   whole plant on L6 cell
 line.

Control    25µg/ml               50µg/ml

Figure No: 2. Assessment of cytotoxicity 
and cell viability for hydroalcoholic extract of 
Lepidagathis spinosa   whole plant on L6 cell 
line
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Figure No:3. Eff ect of hydroalcoholic extract of 
Lepidagathis spinosa  whole plant on EAC cell 
line 

        Control                          25 µg/ml                            50 µg/ml

Figure No:4. Assessment of cytotoxicity and 
cell viability for Hydroalcoholic extract of 
Lepidagathis spinosa  whole plant on EAC cell 
line

Control                      25 µg/ml                  50 µg/ml

Figure No:5. Eff ect of hydroalcoholic  extract of 
Lepidagathis spinosa  whole plant on MCF7 cell 
line using MTT assay
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Figure No: 6. Assessment of  Hydroalcoholic  
extract of Lepidagathis spinosa  whole plant on  
MCF7 cell line

Figure No: 7. Eff ect of hydroalcoholic  extract of 
Lepidagathis spinosa  whole plant on  HEPG2 
cell line

Control                    25 µg/ml             50 µg/ml

Figure No: 8. Assessment 0f cytotoxicity 
and cell viability of hydroalcoholic  extract of 
Lepidagathis spinosa  whole plant on  HEP G2 
cell line.

 Control                    25 µg/ml             50 µg/ml

Figure No: 9. Eff ect ofhydroalcoholic  extract of 
Lepidagathis spinosa  whole plant on  HeLa cell 
line

Figure No: 10 Assessment  of cytotoxicity and 
cell viability for hydroalcoholic  extract of Lepi-
dagathis spinosa  whole plant on  HeLa cell line
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The pure compounds are then used for 
structure and biological activity determination. 

Fourier-transform infrared spectroscopy (FTIR) 
can also be used to achieve and promote the 
detection of bioactive compounds in addition 
to this phytochemical screening assay. Data 
from a broad range of spectroscopic techniques 
such as Nuclear Magnetic Resonance (NMR), 
Mass spectroscopy andInfrared (IR) are used 
to determine the structure of natural products. 
Spectroscopy’s basic concept is to transfer 
electromagnetic radiation through an organic 
compound that absorbs some, but not all, of 
the radiation. A spectrum can be generated by measuring the amount of absorption of 

electromagnetic radiation. The spectrum in 
a compound is unique to such bonds. The 
composition of the natural compound can be 
defined based on these spectrums.(24).

Pale yellow colour solid, m.p. 163 - 164 °C;  
C27H32O14 ;EI-MS m/z: 579.23 (M-H)-

1H-NMR (DMSO-d6): δ ppm: δ 12.03 (s, 1H, 
-OH), 9.59 (s, 1H, -OH), 7.30 -7.33 (m, 2H, H-2’ 
and H6’), 6.77 – 6.80 (m, 2H, H-3’ & H-5’), 6.07 
– 6.11 (m, 2H, H-8 H-6),  5.45 – 5.52 (m, 1H, 
H-2), 5.28 – 5.29 (d, 1H, H-1’’’), 5.08 – 5.14 (d, 
1H, H-1’’), 4.69 – 4.70  (d, 1H, Ha-6’’), 4.63 – 
4.64 (d, 1H, Hb-6’’), 4.54 – 4.55 (d, 1H, H-5’’’), 
4.44 – 4.46 (d, 1H, H-5’’), 3.62 – 3.71 (m,2H, 
H-3’’’, H-3’’), 3.42 – 3.47 (m,2H, H-2’’, H-2’’’), 
3.15 – 3.21 (m,2H, H-4’’’, H-4’’), 2.67 – 2.75 

Figure No: 13 1H NMR spectrum of  isolated 
compound

Figure No: 14 IR spectrum of  isolated compound

Figure No: 12      13C-NMR spectrum of  isolated 
Compound

Figure No: 11 Mass spectrum of isolated com-
pound 
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(m,2H, Ha-3, Hb-3  ),  1.13 – 1.15 (dd, 3H, CH3-
6’’’).

13C-NMR (DMSO-d6):δ 197.32 (C-4, ), 164.72 
(C-7), 162.91 (C-5), 162.73 (C-9), 157.84 (C-4’), 
128.62 (C-1’), 128.53, 128.42 (C-2’ and C-6’), 
115.19 (C-3’ and C-5’), 103.30 (C-10), 100.41 
(C-1’’), 97.40 (C-1’’’), 96.25 (C-6), 95.09 (C-8), 
78.79 (C-2), 78.60 (C-2’’), 77.12 (C-5’’), 76.18 
(C-3’’), 71.80 (C-4’’’), 70.46 (C-2’’’ and C-3’’’), 
69.57 (C4’’), 68.26 (C-5’’’), 60.41 (C-6’’), 42.07 
(C-3), 18.02 (C-6’’’).

 FT-IR (KBr cm-1):3398 cm-1 (-OH stretching) 
; 1296 cm-1  (-C-O bending);644  cm-1 (-C=O 
stretching);   1519  cm-1 (-C=C stretching);   1447 
cm-1 (-CH bending) ; 1367 cm-1 (-CH bending), 
, 1090 cm-1 (-C-O stretching). 2919  cm-1 (-CH 
stretching).

The 1H-NMR spectrum revealed signals 
at δ 12.03 and 9.59 showing the presence of 
aromatic hydroxyl group. A multiplet of protons at 
δ 6.11 to 7.30 were allotted to aromatic protons 
declaring a flavonoid ring system. Protons 
from 1.13 to 4.63 typical signal observed and 
suggesting the presence of sugar moiety. 

The 13C-NMR spectrum showed 27 
carbons which included carbon at 164.72 
and 162.91 was a characteristic of carbon 
attached with hydroxyl moiety. Carbon from 
18.02to100.41 representing the presence of 
sugar moiety.

FTIR spectrum showed absorption band 
at wave number region 3398 cm−1 for the shifting 
vibration of hydroxyl group (OH), wavelength 
region of 2919 cm−1 was a C-H group of aromatic 
ring, wave length region of 1519 cm−1 shows the 
C=C bond of the aromatic ring,the wavelength  
region of  1447 cm−1  was a C-H bond in the 
CH2 group, then the absorption band number 
in the wave length region 1367 cm−1 was the 
C-H bond of the CH3. The wavelength region 
of  1090 cm−1 is the C-O-C bonds of the ether. 
Based on these data it can be estimated that 
the tested compound contains a hydroxy group 
(−OH), aromatic cyclic groups (C=C), CH2, CH3, 

and ether groups.

The molecular weight of the separated 
compound ascertained by high-resolution 

mass spectrometry and the molecular ion peak 
appearing at m/z 579.23 (M-1).

This pattern of the spectrum was 
identical with that of compound naringin [1]. The 
structure of compound-1 as given below

Conclusion

In the system of folk and clinical 
medicine of different countries, herbal plants 
have always been played a major role in 
prevention and treatment of cancer and other 
diseases. Hydroalcoholic extract of Lepidagathis 
spinosa has more significant anticancer activity, 
it is mainly because of the phytoconstituents 
present in it. Also, it is rich in flavonoid and 
phenolic content, and possess good antioxidant 
activity in the experimental and human cancer 
cell line. Using column chromatography the 
active compound was isolated and elucidated 
it is similar to Naringin. In the future, the 
investigation can be extended using invivo on 
a particular cell line and also need to study the 
mechanism of action of isolated compound.
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Abstract 

Allostery is an effective method 
of controlling the function of biological 
macromolecules and currently gaining more 
attention in the realm of drug development 
due to the unique characteristics of allosteric 
modulators, such as good selectivity and low 
toxicity. These qualities are critical for both 
the creation of the allosteric concept and the 
evaluation of allosteric interactions. Primarily, 
allosteric modulators are responsible for boosting 
efficacy and reducing the drug’s catastrophic 
effects. Since the chemical compounds have 
always proven to cause side effects in the 
body. Hence, the discovery of an alternative 
natural allosteric compound instead of chemical 
allosteric compounds for enhancement of drug 
efficacy and regulating drug dosage is the major 
challenge in modern drug discovery, especially 
for diseases i.e., cancer, Parkinson’s, mental 
disorder, etc. where the long-term treatments 
are recommended. In this research paper in-
silico based comparative interaction/molecular 
docking and dynamics study of FDA-approved 
Antidepressant drugs i.e., isocarboxazid 
Phenelzine, Selegiline, Tranylcypromine, etc 
with potential drug target protein [PDB ID: 2Z5X] 
MAO enzymes for major depressive disorder 
have been conducted. Various drug compounds 
complexed with protein have been analyzed by 
performing molecular docking. The site-directed 
docking /interaction energy for the Isocarboxazid 

drug complexed with protein target was 
performed with a docking score -8.6 kcal/mol 
using Autodockvina. The chemical allosteric 
compound (ID ASD01720151,) was retrieved 
from the Allosteric database (ASD) through 
virtual screening and docked at the predicted 
allosteric site by PASSER computational tool 
where the best docking/ interaction energy was 
found -11.8 kcal/mol.  The final site-directed 
docking was performed on the complex (target 
protein-natural allosteric compound) with 
Isocarboxazid drug and the interaction energy 
was found better i.e., -8.7 kcal/mol. Finally, the 
simulation performed which reveals the stability 
of the final docked structure and supports the 
usage of the natural compound as an alternative 
allosteric compound for enhancement of drug 
binding. The work can be extended with wet lab-
based experimentation for better understanding 
and validation

Keywords: Allosteric compound, Molecular 
docking, Homaline, Major Depressive Disorder, 
Molecular dynamic simulations

Introduction 
 Evolution has endowed organisms 
with intricate molecular mechanism networks 
that enable very effective reactions to 
environmental changes over billions of years. 
The majority of these processes rely on 
structure-switching biomolecules that change 
conformation in response to the stimulus. 
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Allostery is one of the most significant naturally 
occurring ways in which a stimulus causes 
the target biomolecule’s structural alterations 
and functional modulation (1). Noncovalent 
events such as ion, small molecule, ribonucleic 
acid (RNA), deoxyribonucleic acid (DNA), 
or protein binding (2, 3, 4); covalent events 
such as phosphorylation, glycation,Rossetti, 
Marianna, and Alessandro Porchetta. 
“Allosterically regulated DNA-based switches: 
From design to bioanalytical applications.” 
Analyticachimicaacta 1012 (2018): 30-41. 
nitration (5, 6, 7, 8) and light absorption (9) 
cause it. The allosteric disruption (such as the 
binding of an effector) usually happens at a 
position distant from the target biomolecule’s 
active site (10).  Allostery occurs in all dynamic 
proteins, multimolecular assemblies, RNA and 
DNA polymers, and multimolecular assemblies 
(11). Allosteric regulation is a common method 
in nature for controlling cellular activities by 
adjusting biomolecule affinities. To govern their 
activity, several important proteins use allosteric 
regulation. The negative allosteric regulation of 
hemoglobin by 2,3-bisphosphoglycerate (12) is 
one of the best examples. Allosteric modulators 
might be a new kind of medicine that is both 
effective and safe. The capacity of an allosteric 
modulator to modify the substrate/receptor 
affinity in a very predictable manner is one of its 
key advantages. As a result, large dosages of 
allosteric modulators can be given with minimal 
risk of harm dependent on the target (13). 
Furthermore, because the allosteric site is far 
from the receptor/substrate contact, allosteric 
modulation has no effect on the biomolecule’s 
substrate specificity. Several effective 
allosteric modulators have been authorized 
as marketed medications by the US Food and 
Drug Administration (FDA) namely, Nevirapine, 
Maraviroc, Benzodiazepines, Cinacalcet, and 
more. These allosteric medications interact 
with important proteins such as ion channels, 
enzymes, and G protein-coupled receptors, 
among others (GPCRs) (13). Isocarboxazid is 
an antidepressant that is a non-selective and 
irreversible monoamine oxidase inhibitor known 
as MAOI, belonging to the hydrazine family 

(14). It is one of just three traditional MAOIs still 
accessible for therapeutic use in the treatment 
of depressive diseases in the United States, 
along with tranylcypromine and phenelzine, 
despite the fact that it is not as widely used 
as the others (15, 16). Isocarboxazidis mostly 
utilized to treat depression and anxiety. It 
is also being studied for the treatment of 
Parkinson’s disease (17), schizophrenia, and 
other dementia-related conditions (18). The 
monoamine neurotransmitters norepinephrine, 
serotonin, and dopamine are elevated in the 
brain by isocarboxazid and other MAOIs (19). 
Some of the major pathways of MDD that are 
targeted by isocarboxazid are the Estrogen 
signaling pathway, Tryptophan metabolism, 
Folate biosynthesis, Metabolic pathways, and 
Serotonergic synapse (http://www.genome.
ad.jp/kegg/). The (MAO) Monoamine oxidase 
enzymes regulate the catabolism of the biogenic 
trace amines and monoamine neurotransmitters 
as well as human behavior. The processes that 
control MAO, on the other hand, remain unknown. 
Many transcription factor proteins have been 
postulated to influence MAO gene transcription, 
although the evidence for these ideas is unclear 
(20). The (MAO-A, -B) Monoamine oxidases 
mediate and modify intracellular signal pathways 
that determine whether neuronal cells live or 
die. MAO-A has been linked to the formation 
of synaptic activity, neuronal architecture, 
and the emergence of mental diseases such 
as depression and antisocial-aggressive 
behavioral problems [21]. MAO-B is a protein 
that creates hydrogen peroxide and is involved 
in neuronal loss in neurodegenerative illnesses 
including Parkinson’s and Alzheimer’s (22). As 
with growing cases of depression-associated 
disorders, the need for efficient antidepressant 
drugs is increasing, and the number of young 
people diagnosed with depression has 
increased for unknown causes at this time. 
While environmental and genetic variables also 
play a significant part. Although there are some 
FDA-approved drugs in the market being used 
for treating patients with such conditions, these 
drugs come with devastating side effects such as 
hair loss, anemia, skin rashes, nausea, fatigue, 
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weakness, and diarrhea (23). Hence, there is 
an urgent need for a solution to overcome this 
problem and make the drug more efficient with 
fewer side effects.

Materials and Methods
Preparation of protein structure

 The crystal structure of the human 
monoamine oxidase A with Harmine(2Z5X) 
was downloaded from the protein data bank 
www.rcsb.org (25). The total structure weight 
was 59.97 kDa while the total atom present 
was 4397.Complexes that were bound with 
protein molecules were removed and all the 
preprocessing of the protein structure was 
performed using Autodock software (version 
4.2.6). Polar hydrogens were added, with no 
bond order, and gasteiger charges were added. 
After the preprocessing step, the appropriate 
formatting of the protein structure was formed 
for further analysis via autodockvina version 
1.2.0 (26). Autodockvina is a command-line-
based tool for performing molecular docking.

Preparation of ligand and allosteric 
structures

Preparation of ligand

 The structure of different ligands was 
downloaded, after rigorous literature mining 
through Pubmed(https://pubmed.ncbi.nlm.
nih.gov/30165565/). There were 4 ligands 
that were selected for further studies namely 
Isocarboxazid, Phenelzine, Selegiline, and 
Tranylcypromine.

Preparation of allosteric compound

 The allosteric activators of 
oxidoreductase were downloaded from the 
allosteric database (22). ASD is a central 
repository that has offered complete information 
on allosteric control and regulation, which is 
available online at ASD database(24, 27). There 
were a total of 103 oxidoreductases available. 
Conversion of the allosteric compounds into 
suitable format was generated using open babel 
software (28)

Preparation of natural compounds

 The activated natural compounds were 
taken from the Lotus natural database(29) with 
the Tanimoto similarity threshold score of 75. 
While the conversion of suitable format was 
generated using openbabel(28).

Identification of active site on protein 

 The active site prediction on the target 
protein was done by the castp server (30). 
CASTp is an online server-based prediction tool 
that provides resources for locating, delineating, 
and measuring concave surface regions on the 
3d structure of the protein.

Identification of allosteric site on protein 
 The allosteric site was predicted on 
the target protein via passerCLI(31) which 
is a command-line interface-based package 
available on GitHub. It is a package based on 
the ensemble learning technique, consisting 
of a convolutional neural network and extreme 
gradient boosting. the algorithm used in 
identifying the allosteric site is FPocket algorithm

Molecular docking and its analysis 
 Molecular docking of protein-ligand was 
performed using the software autodock with 
center coordinate (X,Y,Z [A0] = 38.8781, 26.2673, 
-19.7061) and center coordinates (31.3540, 
35.3858, 34.5375). While that of the docking 
between protein and allosteric compound 
are also same(X,Y,Z [A0]= 38.8781, 26.2673, 
-19.7061) and center coordinates (31.3540, 
35.3858, 34.5375) with exhaustiveness 8.0 
as both the active site and allosteric site lies 
nearby according to the prediction software. 
For better visualization of the docked structure 
PyMolsoftware(32) was used. Whereas, the 
two-dimensional interactions between both the 
docked compounds were identified using ligplot 
+ software(33).

Admet property

 ADMET stands for absorption, 
distribution, metabolism, excretion, and 
toxicity. These properties are used to identify 
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the likeliness of a drug. These properties are 
based on its pharmacokinetics calculations 
which act as a key feature to identify the activity 
of a drug inside the body. By the identification 
of these properties, one is able to find out the 
undesirable toxicity and features of a compound.
The program ADMETSAR2.0 was used to do 
the ADMET analysis (34)

Pass analysis 

 The program PASS predicts the action 
of several ligands, allowing us to find an antiviral 
activity (35). PASS is a software that uses a 
computational technique to predict different 
sorts of physiological responses for distinct 
phytoconstituent molecules. It provides findings 
based on likely activity and probable inactivity, 
i.e. (Pa) and (Pa) (Pi). Those compounds with a 
higher Pa than Pi are the ones we can address 
for future medicinal uses.

Molecular dynamic simulation

 For the molecular dynamic simulation 
iMODSserver(36) which is available online was 
explored.This server is used for the predictions 
of protein flexibility. The web server is comprised 
of a number of ASP, Java, PHP, JavaScript and 
Perl components. It is a powerful molecular 
dynamics modeling tool that could be 
used to examine the structural dynamics 
of protein complexes quickly and easily. It 
predicts deformability, eigenvalues, and other 
parameters. The ability of a complex or a protein 
to deform at each of its amino acid residues 
determines the deformability. The eigenvalue is 
proportional to the amount of energy required 
to distort (deform) a certain structure, and the 
lower the eigenvalue, the easier the complex 
is to deform. Furthermore, the eigenvalue also 
indicates the protein complex’s motion stiffness.

Results and Discusion 
Identification of the allosteric site

 The allosteric sites was identified using 
Passer packages which show various poses 
and sites which can be an allosteric site of the 
protein. On the basis of the best pocket size and 

score, pocket 1 has been selected with the best 
pocket score of 0.866.

Identification of the active site

 The active site of the protein was 
identified using the online tool CastP. The id of 
the protein structure was provided in the server 
and the server itself provides the best active site 
sites for further analysis.

Molecular docking and analysis of target 
prediction

 The docking of the protein and ligand 
was performed by the software Autodock 
whereas virtual screening of the molecules was 
performed using the software pyrx.

Identification of suitable allosteric 
compound: -

 The compounds that were downloaded 
from the allosteric database were thoroughly 
screened using Pyrx software and out 
of 103 downloaded activators the best 
allosteric activator identified was an isocitrate 
dehydrogenase with an ASD id ASD01720151, 
having the best affinity docking score -11.8.

Identification of suitable Ligand: - After 
performing molecular docking  we were able 
to find that out of Isocarboxazid, Phenelzine, 
Selegiline, and Tranylcypromine, the ligand 
Isocarboxazid has the best docking score (-8.6 
K cal/mol) and was suitable for further analysis 
as shown in table 1.

Table1. The docking score between different 
ligand compounds with Protein structure

S.no. Pro-
tein Ligand 

Pub-
chem 

id

Docking 
score

1 2Z5X Isocarbox-
azid

3759 -8.6

2 2Z5X Phenelzine 3675 -6.7

3 2Z5X Selegiline 26757 -7.6

4 2Z5X Tranylcy-
promine

19493 -6.3
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 Identification of the natural compound 

 The natural compound was taken from 
the lotus database whereas the similarities 
score i.e., the Tanimoto similarity was set at 
75%, there were 12 hits results were identified 
as having Tanimoto similarity of more than 75% 
on those 12 results a virtual screening have 
been performed and out of which the structure 
homaline, having lotus id LTS0214462 shows 
the best Docking score -10.1 and was taken for 
further experimentation.

Process of the experimentation

 The Identification of a natural compound 
as a substitute for an allosteric compound was 
performed using molecular docking. In the initial 
step, the molecular docking was performed 
between chemical allosteric compounds and 
protein molecules, by using the virtual screening 
software Pyrx. The docking score obtained was 
-11.8kcal/mol of the allosteric compound with 
an id ASD01720151. Again molecular docking 
has been performed with the protein structure 
(2z5x) and different ligands in which the ligand 
Isocarboxazid shows the highest affinity with a 
score -8.6kcal/mol. 

 After performing docking between both 
the molecules a complex has been formed 
between protein and allosteric compound. This 

complex structure has been used for further 
experimentation, a molecular docking has 
been performed between complex and ligand 
isocarboxazid with a docking score of -9.0. From 
this score, we can identify that the allosteric 
compound performs its activity, and due to this 
better Docking score was obtained. But as the 
allosteric compound is a chemical compound, 
we have to find another compound that can be a 
good substitute for the chemical compound and 
have less toxicity.

 So, for the identification of the natural 
compound, through literature mining and from 
various databases we were able to find out the 
best Tonimoto structure has the best structural 
similarity with the chemical compound. Again, 
performing molecular Docking with the same 
environment and coordinate file we were able to 
find that the Docking score between the protein 
and natural allosteric compound was -10.1.  as 
we have earlier found out the Docking score 
between the protein and ligand was -8.6. Now 
again we made a complex structure between 
a protein and natural allosteric compound 
and performed docking between the complex 
structure and the ligand, the docking score was  
-8.7 kcal/mol as detailed in and  table no.2,3. 
The pictorial representation of the  docking is 
shown in fig1, fig 2 and interaction was shown 
in fig 3

Table2: Docking between protein and ligands(chemical allosteric) 

Protein Ligand Energy score Method

2z5x Isocarboxazid -8.6 kcal/mol Autodockvina

2z5x ASD01720151 -11.8 kcal/mol Autodockvina

Complex (2z5x+ ASD01720151) Isocarboxazid -9.0 kcal/mol Autodockvina

Table3: Docking between protein and ligand(natural allosteric) 

Protein Ligand Energy score Method

2z5x Isocarboxazid -8.6 kcal/mol Autodockvina

2z5x Homaline -10.1 kcal/mol Autodockvina

Complex (2z5x+Homaline) Isocarboxazid -8.7 kcal/mol Autodockvina
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Fig1. illustrations of these images are as follows- (A) image shows the docking between the drug 
and the target protein, where red-colored molecule depicts the and green depicts the. (B) image 
shows the docking of the allosteric compound on the identified allosteric site of the target protein 
(C) Depicts the docking of the complex having the chemical allosteric compound and the target 
protein with the ligand molecule, where red-colored molecule depicts the and where the red-colored 
molecule depicts the and green depicts the, and the yellow, green depicts the, and the yellow.

1.Below are the images of the docked compounds (chemical allosteric)

1.Below are the images of the docked compounds (chemical allosteric)

A                                                      B                                               C

A                                                      B                                               C
Fig2. illustrations of these images are as follows- (A) image shows the docking between the drug 
( red color) and the target protein ( green color). (B)docking of the natural allosteric compound 
(yellow color) on the allosteric site of the target protein ( green color). (c)Depicts the docking of the 
complex having the natural allosteric compound ( yellow) and the target protein( green) with the 
ligand molecule ( red color).

2D interaction between the docked protein, ligand, and natural allosteric compound

Protein-ligand interac-
tion(allosteric)

Protein-ligand interac-
tion(active compound)

Protein+allosteric+ligand 
interaction
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Fig 3. Two-dimensional representation of H-bonds and hydrophobic interactions between protein 
and allosteric compound, protein and ligand, protein and allosteric complex+ligand.  Ligands are 
colored and represented in Purple color, H bonds are shown in green dotted lines, red stellations 
show hydrophobic interactions, and bonds of proteins are represented in brown color.

ADMET Properties of allosteric compound:-
ADMET properties are required to identify how a compound works as a ligand. After performing 
ADMET analysis the natural compound compounds follow the Lipinski rule and show good admit 
property but natural compounds showed better results and were also non-toxic in nature, also it 
does not penetrate the Blood-Brain Barrier as shown in table 4.

Table 4. Different ADMET properties of allosteric compounds where HIA stands for human intestinal 
absorption, BBB stands for Blood-Brain Barrier.

S.no. Properties Allosteric compound Natural compound

1 Molecular weight, 484.280 450.360
2 Lipinski Rule Accepted Accepted
3 Caco-2 Permeability -5.674 -4.695
4 BBB Penetration Penetrate Not penetrate
5 AMES Toxicity Toxic Non-toxic
6 HIA (Human intestinal ab-

sorption)
Low absorption High absorption

7 Acute Toxicity Rule 0 alert 0 alert

Prediction of the antidepressant activity by 
Pass analysis

PASS is defined as Prediction of 
Activity Spectra for Substances. PASS analysis 
can be helpful In determining biologically active 
spectra of phyto-constituents. Here Pa is the 
probability of a compound to be active and 
shows chances of being an active compound 
whereas Pi represents the probability of a 
compound to be inactive which estimates that 
the compound belongs to the sub-class of the 
inactive compound. Here various activities have 
been shown in which PASS prediction of the 
natural compound shows a good response as 
shown in table 5

Table 5: Table shows the values of Pa, Pi with 
activities of compound

Pa Pi Activity
0,319 0,008 MAO inhibitor
0,106 0,018 MAO B inhibitor
0,071 0,044 MAO A inhibitor
0,591 0,127 Phobic disorders treatment
0,554 0,021 Neurodegenerative diseases 

treatment
0,275 0,179 Dementia treatment

Molecular dynamic simulation

The results of Molecular Dynamics 
Simulation are shown in Figure 4a and 4b. The 
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deformability graph indicates that the peaks in 
the graphs correlate to deformable regions in the 
protein (Figure 4a). In Figure 4b, the eigenvalue 
of the complex is shown. The eigenvalue of the 
docked complex was predicted to be 1.038932e-
05. 

According to the molecular dynamics 
simulation study of the docked complex, the 
complex Figure 4a has a lot of deformability 
potential as well as  has a low eigenvalue of 
1.038932e-05, which illustrates that the lower 
the eigenvalue, the easier the deformation of 
the complex would be Figure 4b, it also depicts 
the protein complex’s motion stiffness.

Figure 4a. Result of molecular dynamics 
simulation shows the graph of deformability

Figure 4b. Result of molecular dynamics 
simulation shows the graph of eigenvalue 

Mental disorders are increasing rapidly and 
everyone in the entire world is suffering from 
one kind of mental disorder. There are many of 

the FDA approved drugs are available having 
good responses against mental disorders but 
are time-consuming and have low response 
rates for increasing the response rate allosteric 
compounds can be a good option, in this study we 
are able to identify the natural compound which 
can be used as an alternative of the chemical 
allosteric compound having an effect on the 
activity of the drug. In this approach, we have 
used different in silico methods like molecular 
docking, molecular simulation, etc., and on the 
basis of which the natural allosteric compounds 
were identified. The FDA-approved drug that 
has been used for this study is isocarboxazid 
while the chemical allosteric compound 
identified after performing virtual screening was 
an isocitrate dehydrogenase. This compound is 
further used to identify the natural compound 
as an alternative to the chemical allosteric 
compounds.  With the growing scenario, the 
urgent need to replace chemical compounds 
with natural ones is increasing at a faster 
pace. Thus, in our study, we investigated an 
alternative of the chemical allosteric compound 
with a natural allosteric modulator.
Our study demonstrates that the natural 
allosteric compound could play a crucial role in 
increasing its efficacy and effectiveness.

Future direction or limitation

Biological screening of the natural allosteric 
compound is a key aspect of identifying 
and increasing the effect of the drug(37). 
The Monoamine oxidase(MAO) enzyme 
is a prevalent target for many depressive 
disorders. As this enzyme somehow plays 
a major role in various depressive disorders 
and neurodegenerative disorders. Potential 
therapeutics are required to suppress this 
enzyme activity. Isocarboxazid is such a 
drug which is an antidepressant(monoamine 
oxidase inhibitor), the activity of this drug can 
be enhanced by using an allosteric compound 
but outcomes and side effects of the allosteric 
could be a problem, To overcome the negative 
effects of the allosteric compound natural 
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compound can be an alternate. As the activity of 
the drug can be enhanced it could also be used 
in treating different diseases like parkinson’s 
(38), and bipolar disorder(39) in which MAO is 
involved . one of the limitations of using the drug 
and allosteric compound is the amount of drug 
provided and its response rate.  Wet lab-based 
experimentation would be required for proper 
validation. 
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Abstract
 The rising prevalence of liver and kid-
ney diseases is worrisome and constitutes a 
major threat to public health. The present study 
investigates the medicinal potentials of Ver-
nonia amygdalina leaves in the management 
of liver and kidney diseases. Albino rats were 
randomly divided into five groups of 5 animals 
each. All experimental animals, except group I, 
were exposed to 3 ml/kg b.w of CCl4 and admin-
istered different treatments. Groups III, IV and V 
each were treated with 50 mg/kg  b.w,  100 mg/
kg b.w. of bitter leaf extract and 100 mg/kg b.w. 
of silymarin respectively. Group II animals were 
left untreated after exposure to toxicant. Activ-
ities of creatine kinase (CK), aspartate amino 
transferase (AST), alanine amino transferase 
(ALT), alkaline phosphatase (ALP), as well as 
level of urea, uric acid and bilirubin were deter-
mined in the serum and tissue homogenates. 
Lipid profile as well as  activities of superoxide 
dismutase (SOD) and catalase (CAT) were also 
determined. Exposure to CCl4 resulted in signif-
icant increase in CK, AST, ALP, ALT as well as 
bilirubin, urea and uric acid relative to the con-
trol. Lipid profile was deranged, activities of SOD 
and CAT were markedly inhibited and level of 
GSH significantly depleted. However, treatment 

with V. amygdalina reversed the toxic trend in a 
dose dependent manner comparable to animals 
treated with silymarin. In conclusion, V. amygd-
alina leaf extract restored deranged lipid profile, 
distorted histoarchitecture as well as liver and 
kidney function markers. Hence, the plant is a 
potential candidate for the management of liver 
and kidney diseases.

Keywords: Vernonia amygdalina, animals, bio-
markers, carbon tetrachloride, diseases.

Introduction
 Since antiquity, nature has provided 
man with basic requirements such as health-
care, food, shelter as well as other necessities 
of human existence. Globally, medicinal plants 
occupy a central space and has dominated 
the healthcare system of developing countries 
where a very large percentage of the popula-
tion depends on plants for therapy. As it stands, 
several developed and well industrialized na-
tions of the world are fast embracing the use 
of herbal extracts as complimentary therapy 
(1). Medicinal plants are not just important for 
healthcare but as an assured hope for the de-
velopment of future medicines. At the moment, 
only about one-third of human diseases has 
readily available and efficacious therapy. There 
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is therefore a dire need for medicinal plants 
with proven potency and safety that can serve 
as panacea to the menace of several diseases 
(2). The World Health organization (WHO) has 
endorsed and promoted the inclusion of herbal 
medicines in National healthcare programs due 
to ease of access, affordability and safety (3).  
Consequently, collaborative research efforts in 
the area of screening of plants extracts has led 
to the identification of pharmacologically active 
agents that can be exploited as drugs for the 
management of diseases (4).

 Chronic liver disease (CLD) constitutes 
a major threat to global public health, causing 
increasing mortality and morbidity worldwide.(5) 
Between 1980 and 2010, mortality as a result 
of liver disease increased by 46 % globally (6) 
with higher prevalence in the developing na-
tions including Africa. (7). Similarly, the global 
disease burden report of 2010 ranked chronic 
kidney disease as 27th on the list of causes of 
global death in 1990. However, in 2010, chronic 
kidney disease rose to 18th position on the list 
(7) This rise in burden was second to HIV/AIDS. 
According to the report, the overall premature 
mortality was estimated at 82% which was third 
largest behind diabetes (93%) and HIV/AIDS 
(396%). Considering this data that threatens 
global health as well as the sustainable devel-
opment goal (8), there is a dire need to leverage 
on potent medicinal plants that could serve as 
complimentary therapy to stem-down the tide of 
these diseases.

 Vernonia amygdalina is a leafy vege-
table widely noted for its bitter taste, hence its 
popularly called ‘bitter leaf’. Its leaves are nor-
mally employed in cooking delicious vegetable 
soup usually recommended for treating several 
ailments.  V. amygdalina has been widely stud-
ied due to its versatile medicinal relevance such 
as in the treatment of diabetes, hypertension, 
and infertility ( 9). Recent scientific evidences 
have given credence to its numerous medicinal 
benefits such as anti-obesity (10), antioxidant 
(11), anticarcinogenic (12), antihyperglycemic 
(13), anti-sickling (14) and in the management 

of cardiovascular disorders (15). Reports have 
indicated that leaf extract of Vernonia amygdali-
na protects against brain degeneration thereby 
enhancing memory (16). Besides, extract of V. 
amygdalina Del leaf exhibits anti-helmintic, anti-
parasitic and antimicrobial properties (17).

I n view of the rising burden of liver and 
kidney diseases, there is a dire need to inves-
tigate the potentials of V. amygdalina extract in 
the management of these diseases. Hence, this 
study.

Materials and Methods
Plant Materials

 Vernonia amygdalinaleaves was obtained 
from a private farm in Ado Ekiti, air dried in the 
laboratory, pulverized and then stored in an air-
tight container.

Reagents and Chemicals

 All biochemical kits were of analytical 
grade obtained from Randox laboratories, UK.

Extraction of the extract 

 Bitter leaves were air-dried at room 
temperature and pulverized to obtain fine pow-
der using a blender. 500 g each of the powdered 
leaves of V. amygdalina was soaked in 5000 ml 
of distilled water for 72 hours to allow for ex-
traction. It was then filtered using a cheese cloth, 
and freeze-dried to obtain the dried extract. The 
extract was kept in a closed container and kept 
inside the fridge at 40C for further studies 

Animals protocol

 Twenty-five (25) male wistar albino rats 
weighing 180 – 200 g were acclimatized for two 
weeks, housed in clean wire meshed cages un-
der standard conditions temperature (24 ± 1oC), 
relative humidity, and 12 / 12-hour light and dark 
cycle. They were allowed to have free access to 
food (commercial palletized diet from Vital Feed 
Mill) and drinking water daily. The rat beddings 
were changed and replaced every day through-
out the experimental period.  

Animal grouping and treatment



Current Trends in Biotechnology and Pharmacy
Vol. 16 (4) 540 - 552, Oct 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2022.4.87

Temidayo et al

542

Experimental animals were administered differ-
ent treatments as shown in Table 1.

Table 1. Animal treatment

Groups Treatment
I Distilled water only for 14 days
II Single intraperitoneal injection of 3 ml 

CCl4/kg body weight  
III 3 ml CCl4 + 50 mg/kg Vernonia amygda-

lina extract for 14 days
IV 3 ml CCl4 + 100 mg/kg Vernonia amygd-

alina extract for 14 days
V 3 ml CCl4 + 100 mg/kg silymarin for 14 

days

Dissection of rats

 The animals were decapitated under 
very light anesthesia to obtain the liver, kidney 
and heart, while whole blood was collected by 
cardiac puncture allowed to stand for 1 hour in 
an EDTA bottle. Serum was prepared by cen-
trifugation at 3000 rpm for 15 min at 25⁰C. The 
clear supernatant was collected and used for 
the estimation of serum biochemical parame-
ters.

Preparation of homogenates

 The liver, heart and kidney were excised 
using scissors and forceps. They were trimmed 
of fatty tissue, washed in distilled water, blotted 
with filter paper and weighed. They were then 
chopped into bits and homogenized in ten vol-
umes of the homogenizing phosphate buffer (pH 
7.4) using a Teflon homogenizer. The resulting 
homogenates were centrifuged at 3000 rpm at 
4°C for 30 mins. The supernatant obtained was 
collected and stored under 40C and then used 
for biochemical analyses.

Determination of serum creatine kinase (Ck-
Mb) activity

 Creatine kinase was measured by 
the method of Mattenheimer (18). One thou-
sand microliters of imidazole buffer (10 mM, 
pH 6.6), containing creatine phosphate (30 

mM), glucose (20 mM), N-acetyl-cysteine (20 
mM), magnesium acetate (10 mM), ethylene 
diaminetetraacetic acid (2 mM), ADP (2 mM), 
NADP (2 mM), AMP (5 mM), DAPP (10 μM), 
G6PDH (≥2.0 ku/L) and HK( ≥2.15 ku/L)) was 
incubated in a thermostatic cuvette at 37 οC af-
ter the addition of 50 µl of serum. Absorbance 
at 340 nm of the resulting mixture was read im-
mediately for 5 min at 30 sec interval. Change 
in absorbance per minute was estimated while 
enzyme activity was determined as:) 

Assay of aspartate aminotransferase (AST) 
activity 

 AST activity was determined following 
the principle described by Reitman and Frankel 
(19). Briefly, 0.1 ml of organs homogenates as 
well as serum was mixed separately with phos-
phate buffer (100 mmol/L, pH 7.4), L-aspartate 
(100 mmol/L), and α-oxoglutarate (2 mmol/L) 
and the mixture incubated for exactly 30 min 
at 37oC. Five hundred microliters of 2,4-dinitr-
phenylhydrazine (2mmol/L) was added to the 
reaction mixture and allowed to stand for exact-
ly 20 min at 25 oC.  Five milliliter of NaOH (0.4 
mol/L) was then added and the absorbance of 
the mixture read after 5 min at 546 nm against 
the reagent blank.

Assay of alanine amino transferase (ALT) ac-
tivity

 The principle described by Reitman and 
Frankel (19) was followed in the assay of ALT 
using commercially available assay kit (Randox 
laboratories, UK) according to the instructions 
of the manufacturer. Five hundred microliter of 
reagent I (R1) containing phosphate buffer (100 
mmol/l, pH 7.4), L-alanine (200 mmol/l) and 
α-oxoglutarate (2.0 mol/l) was added to 0.1 ml 
of serum in a test tube and the mixture was in-
cubated at 37oC for 30 min. Exactly 0.5 ml of 
R2 containing 2, 4-dinitrophenylhydrazine (2.0 
mmol/l) was added and the solution incubated 
again at 20oC for 20 min. Finally, 5 ml of NaOH 
was added and the solution was allowed to 
stand for 5 min at 25oC and the absorbance was 
read at 546 nm. Activity of ALT was obtained 



Current Trends in Biotechnology and Pharmacy
Vol. 16 (4) 540 - 552, Oct 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2022.4.87

Vernonia amygdalina leaf extract protects against carbon tetrachloride-induced hepatotoxicity

543

from the standard curve provided in the kit.

Assay of alkaline phosphatase (ALP) activity

 Assay of serum ALP was based on 
the method of Englehardtet al. (20) using com-
mercial assay kits (Randox laboratories, UK) 
according to the instructions of the manufac-
turer.  Exactly 1.0 ml of the reagent (1 mol/l 
diethanolamine buffer pH 9.8, 0.5 mmol/l MgCl2; 
substrate: 10 mmol/l p-nitrophenol phosphate) 
was added to 0.02 ml of the serum sample and 
mixed. The absorbance was taken at 405 nm for 
3 minutes at intervals of 1 minute. ALP activity 
was determined as shown

Serum Lipid Profile 

Estimation of total cholesterol level

 Total cholesterol level was determined 
based on the method of Trinder (21) using com-
mercially available kits (Randox laboratories, 
UK).  Ten microliters (10 μl) of standard and 10 
μl serum samples were measured into labeled 
test tubes. One milliliter (1 ml) of working re-
agent containing; Pipes buffer (80 mmol/l at pH 
6.8), 4-aminoantipyrine (0.25 mmol/l), phenol (6 
mmol/l), peroxidase (≥ 0.5 U/ml), cholesterol es-
terase ion (≥0.15 U/ml) and cholesterol oxidase 
(0.10 U/ml) was added into all the tubes. The 
test tubes were mixed thoroughly and incubated 
for 10 min at 25 οC. Absorbance of the sample 
(Asample) was read at 500 nm against the re-
agent blank. 

Cholesterol concentration (mg/dl) was calculat-
ed as follows:

Evaluation of concentration of triglyceride 

 Triglycerides level was determined 
based on the method of Tietz (22) using com-
mercially available kits (Randox laboratories, 
UK).  Triglyceride standard (10 μl) and serum 
(10 μl) were measured into labeled test tubes. 
One milliliter of the working reagents; R1a (buf-
fer) containing Pipes buffer (40 mmol/l, pH 7.6), 
4-chloro-phenol (5.5 mmol/l), magnesium-ion 
(17.5 mmol/l); R1b (enzyme reagent contain-
ing 4-amino phenazone (0.5 mmol/l), ATP (1.0 

mmol/l), lipase ((≥150 U/ml), glycerol-kinase 
((≥0.4U/ml), glycerol-3-phosphate oxidase 
((≥1.5 U/ml) and peroxidase (≥0.5 U/ml)was 
added into all the tubes. The test tubes were 
mixed thoroughly and incubated for 10 min at 
room temperature. Absorbance was taken at 
546 nm against the blank (Tietz, 1990).

High Density Lipoprotein (HDL-c)-Cholester-
ol Assay

 High-density lipoprotein cholesterol was 
determined by the method of Grove (23) in two 
stages: 

Precipitation

 Reaction mixture containing 200 µl of 
the serum, 200 µl of the cholesterol standard, 
500 µl of the diluted precipitant R1 (0.55 mM 
phosphotungstic acid, 25 mM magnesium chlo-
ride) was mixed together and allowed to stand 
for 10 min at room temperature. It was then 
centrifuged for 10 min at 4000 rpm to obtain a 
clear supernatant. The clear supernatant was 
separated off within 2 h and the cholesterol con-
tent was determined by the CHOD-PAP reaction 
method.

Cholesterol CHOD-PAP Assay

 One milliliter of cholesterol reagent was 
added to 100 µl of the sample supernatant in a 
test tube. The standard test tube contained 100 
µl of the cholesterol standard supernatant and 1 
ml of cholesterol reagent. The reagent mixture 
was mixed thoroughly and incubated for 10 min 
at 25°C. The absorbance of the sample (A sample) 
and standard (Astandard) was then measured at 
500 nm against the reagent blank within 1 h.

Low Density Lipoprotein (LDL) - Cholesterol 
Determination

 The concentration of low-density lipo-
protein in the serum was calculated using the 
formula of Friedwald et al. (1972) (24) :

Antioxidant assay

Determination of catalase activity
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This experiment was carried out according to 
the method described by Sinha (25). Two hun-
dred microliters of serum and organs homoge-
nates was mixed separately with 0.8 ml of dis-
tilled H2O to give 1 in 5 dilution of the sample. 
The assay mixture contained 2 ml of solution 
(800 µmol) and 2.5 ml of phosphate buffer in a 
10 ml flat bottom flask. Properly diluted enzyme 
preparation (0.5 ml) was rapidly mixed with the 
reaction mixture by a gentle swirling motion. 
The reaction was run at room temperature. A 1 
ml portion of the reaction mixture was withdrawn 
and blown into 1 ml dichromate/acetic acid re-
agent at 60 seconds intervals. The hydrogen 
peroxide content of the withdrawn sample was 
determined by the method described below.

Calculation
 Concentration of H2O2 remaining was 
extrapolated from the standard curve for cata-
lase activity.

Determination of superoxide dismutase 
(SOD) activity

 The level of SOD activity was deter-
mined by the method of  Misra and Fridovich  
(26). Ten-fold dilution of the sample was pre-
pared. An aliquot of the diluted sample was 
added to 2.5 ml of 0.05 M carbonate buffer (pH 
10.2) to equilibrate in a spectrophotometer. Re-
action was initiated by the addition of 0.3 ml of 
freshly prepared 0.3 mM adrenaline to the mix-
ture which was quickly mixed by inversion. The 
reference cuvette contained 2.5 ml buffer, 0.3 
ml of substrate (adrenaline) and 0.2 ml of wa-
ter. The increase in absorbance at 480 nm was 
monitored every 30 seconds for 150 seconds.

Determination of Reduced Glutathione 
(GSH) Level 

 The method of Beutler et al. (27) was 
followed in estimating the level of reduced gluta-
thione (GSH). Exactly 0.2 ml of supernatant was 
added to 1.8 ml of distilled water followed by the 
addition of 3 ml of the precipitating solution and 
then shaken thoroughly. The mixture was then 
allowed to stand for 5 min and then filtered. One 

milliliter of filtrate was added of 4 ml of 0.1 M 
phosphate buffer pH 7.4. Finally, 0.5 ml of the 
Ellman reagent was added. A blank was pre-
pared with 4 ml of the 0.1 M phosphate buffer, 
1 ml of diluted precipitating solution (3parts to 2 
parts of distilled water) and 0.5 ml of the Ellman 
reagent. The absorbance was measured at 412 
nm against reagent blank. Level of GSH in the 
serum was obtained from the standard curve. 

Determination of Total Protein (TP) in Serum

 The Biuret method described by We-
ichselbaum (28) was employed in the determi-
nation of total protein in the serum using com-
mercially available kits (Randox laboratories, 
UK). One milliliter of Reagent R1 containing 
sodium hydroxide (100 mmol/l), Na-K-tartrate 
(18 mmol/l), potassium iodide (15 mmol/l) and 
cupric sulphate (6 mmol/l) was added to 0.02 ml 
of the serum sample. The reaction mixture was 
incubated at 25oC and absorbance measured 
against the reagent blank at 546 nm.

Statistical Analysis 

 All values are expressed as mean ± 
SD. Statistical evaluation was done using One 
Way Analysis of Variance (ANOVA) followed by 
Duncan’s Multiple Range Test (DMRT) by using 
SPSS 11.09 for windows (Anthony and Rich-
ard, 2006). The significance level was set at p < 
0.05.

Result and Discussion
 Table 1. shows the treatment protocol 
adopted for the experimental animals. Animals 
in group II were exposed to 3ml/kg bw of CCl4 
but not treated with the extracted, while groups 
III, IV and V animals were exposed to 3ml/kg bw 
of CCl4 and treated with 50, 100 mg/kg bw of 
V. amygdalina leaf extract and 100mg/kg bw of 
silymarin respectively. Group I animals received 
distilled water only and were not exposed to 
the toxicant at all. Exposure to CCl4 caused a 
marked derangement in lipid profile (cholester-
ol, triglyceride, HDL-c and LDL-c) regardless of 
the organ involved (Table 2a-d). Treatment with 
V. amygdalina resulted in the restoration of the 



Current Trends in Biotechnology and Pharmacy
Vol. 16 (4) 540 - 552, Oct 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2022.4.87

Vernonia amygdalina leaf extract protects against carbon tetrachloride-induced hepatotoxicity

545

lipid profile in a dose dependent fashion compa-
rable to animals treated with silymarin. Serum 
level of alkaline phosphatase (ALP), alanine 
aminotransferase (ALT) and aspartate ami-
notransferase (AST) as well as bilirubin were 
significantly raised relative to control animals 
(Table 3a-d). However, treatment of intoxicated 
animals with graded doses of V. amygdalina led 
to a restoration of the marker enzymes in a man-
ner comparable with animals treated with sily-
marin (Table 3a-d). Urea, and uric acid as well 
as total bilirubin were elevated following expo-
sure to CCl4 (Table 3a-d). Administration of the 
leaf extract of V. amygdalina reversed the trend 

to a level comparable with animals that were not 
exposed to the toxicant (Table 3a-d). Activity of 
superoxide dismutase, catalase and creatine ki-
nase were significantly depleted when animals 
were exposed to CCl4 but activity were restored 
to levels comparable with animals treated with 
silymarin following treatment with leaf extract 
of V. amygdalina (Table 4a-d). Reduced gluta-
thione (GSH) was markedly decreased in the 
serum of animals exposed to CCl4. However, 
GSH level was restored in the exposed ani-
mals following treatment with graded doses of 
V. amygdalina leaves extract. Administration of 
CCl4 caused a marked distortion in hepatic, re-

silymarin (Table 3a-d). Urea, and uric acid as well as total bilirubin were elevated following exposure to 

CCl4 (Table 3a-d). Administration of the leaf extract of V. amygdalina reversed the trend to a level 

comparable with animals that were not exposed to the toxicant (Table 3a-d). Activity of superoxide 

dismutase, catalase and creatine kinase were significantly depleted when animals were exposed to CCl4 

but activity were restored to levels comparable with animals treated with silymarin following treatment 

with leaf extract of V. amygdalina (Table 4a-d). Reduced glutathione (GSH) was markedly decreased in 

the serum of animals exposed to CCl4. However, GSH level was restored in the exposed animals 

following treatment with graded doses of V. amygdalina leaves extract. Administration of CCl4 caused a 

marked distortion in hepatic, renal and cardiac histoarchitecture but the distortion was reversed by 

treatment with V. amygdalina leaves extract (Table 4a-d).Histomicrographof liver tissue of experimental 

animals under different treatment is as shown in Figure 1A-D.  

Table 2. Effect of V. amygdalina leaf extract on lipid profile in the serum, liver, kidney and 
heart of CCl4-exposed rat 

(a) Serum 
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(b) Liver 

 

 

 

 

(c) Kidney 

 

 

 

 

(d) Heart 

 

 

 

Parameter I II III IV V 
T. Chol (mg/dl) 72.96±1.01a 119.75±1.52b 83.67±1.26a 95.48±1.77a 86.63±1.95a 
Trig. (mg/dl) 1.40±0.16a 25.8±0.27b 8.57±1.63a 1.07±1.12a 1.20±0.92a 
HDL (mg/dl) 53.62±0.11a 34.19±0.10b 40.13±0.08a 49.42±0.30a 36.29±0.08a 
LDL(mg/dl) 6.53±1.06a 67.44±3.41b 27.82±1.26a 13.84±1.69a 6.26±1.76a 
 

Parameter I II III IV V 
T. Chol (mg/dl) 73.28±1.84a 140.21±0.00b 79.61±0.25a 69.17±0.31a 77.76±0.96a 
Trig (mg/dl) 23.05±1.30a 46.22±1.18b 27.17±1.39a 26.25±0.11a 25.35±0.81a 
HDL (mg/dl) 15.91±0.68a 10.10±0.04b 10.38±0.20b 11.87±0.05a 13.35±0.28a 
LDL (mg/dl) 54.10±4.53a 120.87±0.46b 13.74±0.31a 12.05±0.38a 59.34±1.22a 

Parameter I II III IV V 
T. Chol (mg/dl) 30.58±0.50a 57.46±0.76b 42.55±1.13a 42.11±1.58a 34.65±0.95a 
Trig. (mg/dl) 17.34±0.09a 36.17±0.20b 32.01±0.38a 33.79±15.00a 34.81±0.44a 
HDL (mg/dl) 11.27±0.19a 8.31±0.01b 9.61±0.24a 10.13±0.09a 10.47±0.23a 
LDL (mg/dl) 16.11±0.57a 41.93±0.74b 28.01±1.03a 25.22±4.18a 19.19±0.75a 

Parameter I II III IV V 
T. Chol (mg/dl) 23.96±1.80a 38.49±0.65b 28.89±0.00a 22.11±0.79a 23.08±2.53a 
Trig (mg/dl) 7.75±0.65a 11.6±0.50b 9.65±0.20a 9.89±0.08a 8.22±0.04a 
HDL (mg/dl) 6.40±0.07a 3.57±0.11b 4.71±0.29a 4.91±0.02a 5.70±0.14a 
LDL (mg/dl) 16.01±1.71a 32.6±0.68b 24.25±0.28a 15.95±0.01a 15.73±2.53a 
 

nal and cardiac histoarchitecture but the distortion was reversed by treatment with V. amygdalina 
leaves extract (Table 4a-d).Histomicrographof liver tissue of experimental animals under different 



Current Trends in Biotechnology and Pharmacy
Vol. 16 (4) 540 - 552, Oct 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2022.4.87

Temidayo et al

546

treatment is as shown in Figure 1A-D. 

Table 2. Effect of V. amygdalina leaf extract on lipid profile in the serum, liver, kidney and 
heart of CCl4-exposed rat

 

Data represent mean ± SEM of experiment performed in triplicate. I – administered water only; II- 
administered CCl4 only; III- treated with V.amygdalina at 50 mg/kg bw after exposure; treated with 
V.amygdalina at 100 mg/kg bw after exposure; V- treated with silymarin at 100 mg/kg bw after exposure.  
‘b’ represents significant difference from the control ’a’ at P=0.05 

Table 3: Effect of V. amygdalina leaf extract on selected biomarkers in organs of CCl4 exposed rat 

(a)  Serum 
 

 

 

 

 

 

  

(b) Liver 
 

 

 

 

(c) Kidney 
 

 

 

 

 

(d) Heart 

 

 

 

 

Data represent mean ± SEM of experiment performed in triplicate. I – administered water only; 
II- administered CCl4 only; III- treated with V.amygdalina at 50 mg/kg bw after exposure; treated 
with V.amygdalina at 100 mg/kg bw after exposure; V- treated with silymarin at 100 mg/kg bw 
after exposure. ‘b’ represents significant difference from the control ’a’ at P=0.05 

 

Parameter I II III IV V 
ALP (U/L) 85.37±0.00a 145.96±0.00b 109.61±0.00a 92.46±1.07a 96.39±0.00a 
ALT (U/L) 66.09±0.88a 106.69±1.72b 79.51±0.65a 69.69±2.25a 66.92±0.46a 
AST (U/L) 75.19±1.06a 113.01±1.08b 78.20±0.87a 69.41±1.44a 73.36±0.49a 
T. BIL (mg/dl) 63.73±0.43a 102.48±0.36b 78.34±0.38a 72.33±0.88a 68.11±0.67a 
UREA (mg/dl) 42.80±0.68a 99.61±0.66b 72.69±0.00a 57.12±0.82a 50.77±0.57a 
CK (U/L) 41.73±1.41a 62.93±2.34b 46.18±1.86a 42.29±1.44a 13.93±2.10a 
URIC (mg/dl) 28.40±0.10a 50.80±0.23b 33.77±0.66a 26.35±0.14a 31.11±0.53a 
      

Parameter I II III IV V 
ALP (U/L) 55.08±0.00a 112.91±0.00b 97.08±1.60a 60.59±34.98a  65.41±1.38a 
ALT (U/L) 44.99±3.23a 116.55±3.18b 89.32±1.10a 83.21±0.39a  66.03±0.96a 
AST (U/L) 69.07±1.55a 104.59±4.32b 77.57±0.83a 75.02±1.01a  68.64±1.74a 
T. BIL (mg/dl) 24.85±1.28a 46.48±0.18b 37.20±0.576a 28.67±0.061a  26.65±1.15a 

Parameter I II III IV V 
ALP (U/L) 85.37±0.00a 145.96±0.00b 14.70±41.31a 93.64±0.00a  96.39±0.00a 
ALT (U/L) 56.14±0.94a 158.71±7.56b  64.20±0.87a  58.43±2.25a  64.06±0.97a 
AST (U/L) 69.58±1.28a  99.74±1.08b  93.03±1.55a  89.12±1.06a  75.27±1.47a 
UREA (mg/dl) 52.69±0.67a 93.08±0.00b 71.83±50.18a 65.77±0.00a 58.85±0.00a 
URIC (mg/dl) 24.36±0.29a 50.48±0.33b 41.63±0.44a 32.50±0.41a 25.55±0.55a 

Parameter I II III IV V 
ALP (U/L) 23.87±1.59a 38.56±0.00b 34.43±1.59 27.54±0.00a  27.54±0.00a 
ALT (U/L) 2.18±0.49a 15.05±0.39b 11.48±0.72a 6.13±0.26a  4.56±0.47a 
AST (U/L) 11.97±0.77a 27.09±1.44b 21.86±1.57a 14.34±0.00a  9.88±1.05a 
CK (U/L) 51.88±1.41a 83.91±1.17a 54±0.01a 50.16±0.01a 41.45±1.11a 

Data represent mean ± SEM of experiment performed in triplicate. I – administered water only; 
II- administered CCl4 only; III- treated with V.amygdalina at 50 mg/kg bw after exposure; treated 

with V.amygdalina at 100 mg/kg bw after exposure; V- treated with silymarin at 100 mg/kg bw after 
exposure.  ‘b’ represents significant difference from the control ’a’ at P=0.05

Table 3: Effect of V. amygdalina leaf extract on selected biomarkers in organs of CCl4 ex-
posed rat
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Data represent mean ± SEM of experiment performed in triplicate. I – administered water only; II- 
administered CCl4 only; III- treated with V.amygdalina at 50 mg/kg bw after exposure; treated with 

 

 

 

Table 4: Effect of V. amygdalina leaf on reduced glutathione, total protein and selected 
antioxidant enzymes activity in CCl4-exposed rats 

(a) Serum 

 

 

 

 

 

 

(b) Liver 

 

 

 

 

 

 
(c) Kidney 

 

 

 

 

 

 

(d) Heart       

 

 

 

 

 

Parameter I II III IV V 
SOD (U/mg 
protein) 

8.47±0.49a 5.02±0.35b 5.17±1.68a 6.20±0.95a 7.80±1.04a 

CAT (U/mg 
protein) 

4.36±0.18a 1.84±0.05b 1.92±0.62a 2.44±0.14a 3.77±0.60a 

GSH (mM/g 
tissue) 

6.81±1.10a 4.53±1.22b 5.27±0.65a 5.88±0.32a 6.04±0.87a 

TP (mg/ml) 3.75±0.20a 1.67±0.60b 2.73±0.27a 3.02±0.81a 2.59±0.18a 
 

Parameter I II III IV V 
SOD (U/mg 
protein) 

2.04±0.10a 1.42±0.42b 1.37±0.17a 1.79±0.29a 2.11±0.32a 

CAT (U/mg 
protein) 

1.14±0.13a 0.26±0.21b 0.28±1.21a 0.61±0.67a 0.97±0.22a 

GSH (mM/g 
tissue) 

1.93±0.03a 0.39±0.01b 0.92±0.18a 1.16±0.01a 1.79±0.03a 

Parameter I II III IV V 
SOD (U/mg 
protein)  

5.26±0.02a 2.28±0.12b 2.95±0.63a 3.46±0.44a 3.62±0.21a 

CAT (U/mg 
protein) 

1.36±0.11a 0.64±0.07b 0.77±0.19a 1.05±0.31a 1.47±0.60a 

GSH (mM/g 
tissue) 

2.52±0.17a 0.93±0.02b 1.56±0.87a 1.93±0.09a 1.95±0.04a 

TP (mg/ml) 2.97±0.02a 2.14±0.01b 2.22±0.13a 2.37±0.17a 2.74±0.11a 
 

Parameter I II III IV V 
SOD (U/mg 
protein) 

4.31±1.47a 2.08±0.75b 2.35±0.49a 3.63±1.27a 4.22±0.43a 

CAT (U/mg 
protein) 

3.16±0.10a 1.90±0.15b 2.27±0.19a 2.89±0.41a 3.02±0.23a 

GSH (mM/g 
tissue) 

3.89±0.03a 1.05±0.05b 2.15±1.40a 3.24±1.84a 2.65±0.02a 

TP (mg/ml) 6.47±1.21a 2.43±0.68b 2.77±1.01a 3.37±1.17a 5.43±1.84a 
 V.amygdalina at 100 mg/kg bw after exposure; V- treated with silymarin at 100 mg/kg bw after 

exposure. ‘b’ represents significant difference from the control ’a’ at P=0.05    Table 4: Effect of 
V. amygdalina leaf on reduced glutathione, total protein and selected antioxidant enzymes 
activity in CCl4-exposed rats
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Data represent mean ± SEM of experiment 
performed in triplicate. I – administered water 
only; II- administered CCl4 only; III- treated with 
V.amygdalina at 50 mg/kg bw after exposure; 
treated with V.amygdalina at 100 mg/kg bw after 
exposure; V- treated with silymarin at 100 mg/
kg bw after exposure. ‘b’ represent significant 
difference from the control ’a’ at P=0.05

 Figures 1A-D: Histoarchitecture of liver tissue 
slices of experimental animals under differ-
ent experimental treatments at a magnification 
(x400). 

1A: Photomicrograph of liver slices of animals 
that were not exposed to carbon tetrachloride 
toxicity at all: It shows no sign of histological 
distortion of the hepatocytes. Tissue histomor-
phology was normal and nuclei rightly located in 
the cytoplasm.

1B:  Photomicrograph of liver slices of animals 
exposed to CCl4 3 ml /kg bw without treatment. 
It showed fatty liver with cholestasis. 

1C: Photomicrograph of liver slices of animals 
treated with V. amygdalina (100 mg/kg bw) after 
exposure to CCl4: It showed no sign of distorted 
hepatic histoarchitecture. 

1D: Photomicrograph of liver slices of animals 
treated with silymarin at 100 mg/kg bw after 
initial exposure to CCl4. It showed unperturbed 
hepatic histomorphology without any sign of his-
topathological distortion

DISCUSSION

The ever-increasing global burden of liver and 
kidney diseases calls for concerted efforts at 
stemming the tide which may threaten public 
health if left unchecked. Attainment of the sus-
tainable development goal (SDG) on health re-
quires not only the conventional drugs but the 
complementary effort of herbal medicines. An-
imal models of liver and kidney diseases has 
been routinely used to assess the therapeu-
tic potentials of medicinal plants in managing 
such diseases. Derangement of lipid profile 
is a potent toxicity mechanism of several tox-
icants. Hyperlipidemia has been identified as 
a major culprit in the onset and progression of 
cardiovascular diseases (29). Routinely, nota-
ble signs of toxicity include: high cholesterol, 
high triglycerides, high LDL and depleted HDL 
in exposed animals (29). In the present study, 
exposure of experimental animals to carbon tet-
rachloride (Table 1) caused a marked derange-
ment in the lipid profile regardless of the organ 
involved (Table 2a-d). Specifically, there was 
a surge in cholesterol level in the liver, kidney 
heart and serum following exposure to CCl4.  
This observation implies that CCl4 triggered a 
derangement in critical membrane lipid leading 
to a compromise in membrane function. How-
ever, treatment with V. amygdalina leaf extract 
restored the cholesterol level back to a level 
comparable with animals treated with silymarin. 
Undoubtedly, such effect could be linked with 
the flavonoid and other polyphenols present 
in the extract. Triglyceride level in the serum 
and organs homogenates was significantly in-
creased following exposure of experimental an-
imals to CCl4 (Table 2a-d). However, treatment 
with V. amygdalina leaf extract reversed the 
trend in a manner that was dose-dependent and 
comparable to animals treated with silymarin. 
This further suggests the potential of the plant 
as an efficacious alternative in the management 
of multiple organ diseases. Level of high-den-
sity lipoprotein has been used to predict the 
antioxidant status and overall well-being of an 
animals.  In the present study, CCl4 exposure 
caused a marked depletion in the level of HDL 
in the serum, liver, kidney and heart homoge-
nates of experimental animals. This observation 
points to the free-radical induced depletion of 
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antioxidants in the animals. Administration of V. 
amygdalinaextract relieved the oxidative stress 
on the organs as the level of HDL was restored 
to normal. Detailed phytochemical contents of 
the leaf extract of V. amygdalina has been re-
ported. The relief obtained by experimental an-
imals following treatment with the plant extract 
can be attributed to the flavonoid and polyphe-
nolic content of the plant. On the other hand, 
low density lipoprotein (LDL) otherwise called 
‘bad cholesterol’ was increased following ex-
posure to CCl4. Administration of V. amygdali-
na extract brought the LDL level back to basal 
comparable to silymarin.  Invariably, the surge 
in LDL was due to increased free radicals trig-
gered by the toxicant. Treatment of intoxicated 
animals with V. amygdalina extract relieved the 
toxicity imposed by CCl4, further buttressing its 
potential in the management of diseases relat-
ed to these organs. Treatment of CCl4- exposed 
animals with V. amygdalina leaves resulted in 
a dose-dependent reversal of total cholesterol, 
triglycerides and LDL-cholesterol in a manner 
comparable to the negative control and animals 
treated with the standard drug (Table 2a-d). This 
is due to the presence of bioactive ingredients 
such as flavonoids in the extract.

 Monitoring the integrity of liver and kid-
ney involves the assessment of specific bio-
markers such as ALP, ALT and AST (30). When-
ever there is an unusual increase in the level 
of these biomarkers in the blood, hepatic injury 
can be inferred (31). In the present study, the 
significant increase in ALP in the serum and or-
gans homogenates following exposure to CCl4 
toxicity (Table 3a-d) could be as a result of ob-
struction in bile flow, heart failure, dehydration 
and decrease in renal blood flow (32). The most 
fundamental explanation is that CCl4 deranged 
the membrane lipid profile, hence, these bio-
markers that are normally compartmentalized 
within membrane bound cell, got leaked into 
the bloodstream, leading to an elevation in their 
level in the serum.  Treatment with V. amygd-
alina leaves extract caused a dose-dependent 
restoration of these biomarkers suggesting a 
curative effect on the organ injury caused by the 
toxicant. This effect can be linked to the pres-

ence of antioxidant phytochemicals present in 
the extract. Bilirubin is a product of heme degra-
dation in the spleen, liver and bone marrow. Un-
der normal circumstance, bilirubin is conjugated 
with glucuronic acid to form a soluble product 
that is excreted. An unusually high bilirubin is 
a typical of an injured liver or too high level of 
heme degradation. Serum and liver bilirubin 
levels of experimental rats exposed to CCl4 tox-
icity were significantly increased relative to the 
control. This perhaps suggests that the toxicant 
upregulates heme degradation causing a de-
rangement in the process. It can also be traced 
to the free radical induced oxidative injury on 
the hepatocytes. Administration of V. amygda-
lina leaves extract relieved the toxicity imposed 
by the toxicant restoring the bilirubin level to that 
comparable with animals that were not exposed 
at all (Table 3a-d). This indicates the potential of 
the plant as therapeutic remedy for liver diseas-
es.

 Urea, one of the products of nitrogen 
metabolism in mammals has been employed 
as a routine marker for chronic kidney diseases 
(33). In the present study, intoxicated animals 
that were treated with graded doses of V. amyg-
dalina showed signs of recovery as indicated 
in the reversal of urea to levels comparable 
with animals treated with silymarin (Table 3a-
d). This suggests the presence of antioxidant 
phytochemicals such as flavonoids and other 
polyphenols in the extract which produced the 
observed effect. It also implies the possible ther-
apeutic relevance of the plant in the manage-
ment of kidney diseases.

 Uric acid, the product of purine degra-
dation in humans has been suggested as central 
to the development of gout (34). Recent reports 
have suggested an intricate link between high 
serum level of uric acid and certain pathological 
conditions such as hypertension, diabetes, obe-
sity and renal insufficiency (34). In the present 
study, exposure of experimental animals to CCl4 
caused a surge in the serum level of uric acid 
relative to the control. V. amygdalina showed 
a potent ameliorative effect when administered 
to animals under the toxic effect of CCl4. Uric 
acid level dropped back to levels comparable to 
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animals that were not exposed to the toxicant, 
following treatment with V. amygdalina leaves 
extract (Table 3a-d). This suggests the potential 
of the plant in the management of chronic kid-
ney disease. 

 Antioxidant enzymes such as superox-
ide dismutase and catalase (CAT) are critical in 
shielding the physiological system from the men-
ace of free radicals (35). In terms of mechanism, 
SOD dismutates superoxide radicals converting 
it to hydrogen peroxide which is scavenged by 
catalase (36). In the present study, exposure 
of experimental animals to CCl4 resulted in de-
pletion in the level of SOD and catalase in the 
serum and organs homogenates (Table 4a-d). 
This is probably due to the surge in the level 
of superoxide anion radicals occasioned by the 
toxicant. However, treatment with V. amygdalina 
extract caused a restoration of SOD and CAT 
levels to that comparable with normal animals 
(Table 4a-d). This implies that certain phyto-
chemicals in the extract exhibited potent antiox-
idant activity in scavenging both superoxide an-
ions and breaking hydrogen peroxide viz-a-viz 
the activation of SOD and catalase respectively. 
This observation can be attributed to the flavo-
noids and polyphenols present in the extract.

 Reduced glutathione GSH is a non-en-
zymic thiol often used to measure the health 
status of organism. Any specie that depletes the 
GSH level of an organism is toxic. In the present 
study, administration of CCl4 depleted the GSH 
level in the serum and organs homogenates 
suggesting the multiorgan toxicity of CCl4 (Ta-
ble 4a-d). However, treatment with V. amygda-
lina leaves extract restored the GSH level in a 
dose dependent manner comparable to animals 
treated with silymarin. This suggests that poten-
tial of V. amygdalina leaves in the management 
of multiorgan disorders.

 Hepatic histoarchitecture distorted by 
exposure to CCl4was restored by treatment with 
V. amygdalina leaf extract (Figure 1A-D). This is 
an indication that the oxidative injury inflicted on 
the liver by CCl4was healed by phytochemical 
present in the extract, suggesting the medicinal 
potential of the plant in the treatment of liver dis-

eases.

Conclusion
 V. amygdalina leaf extract restored de-
ranged lipid profile, reactivates inhibited anti-
oxidant enzymes and reversed oxidative injury 
to liver, kidney and heart. Distorted histoarchi-
tecture of the hepatic, renal and cardiac tissues 
were also restored following treatment with V. 
amygdalina(Figure 1A-D). Hence, the plant is a 
potential therapeutic agent that can be exploited 
in the management of diseases relating to these 
critical organs.
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Abstract

 Indiscriminate application of chemical 
pesticides to the crops is a major threat today to 
the environment. Chemical pesticides degrade 
the environmental quality and drastically affect 
human health. To address this issue, many 
studies have been conducted which recommend 
the use of biopesticides and highlighted the 
importance of entomopathogenic fungi as 
biocontrol agents. Application of Beauveria 
bassiana has been found to protect many crops 
from pests and prevent the dreadful impacts 
on environmental degradation. Biocontrol 
agents also play an important role in preventing 
environmental pollution and therefore used as 
a component of integrated pest management. 
Biocontrol agents help for sustainable 
agroecosystems mostly in tropical regions. 
It is found naturally, it is cost effective, eco-
friendly with antimicrobial properties. The main 
aim of this review is to outline the importance 
of Beauveria bassiana and highlight its role in 
controlling the multiple pests and in minimizing 
the final yield losses.

Keywords: Biopesticide, Beauveria bassiana, 
Mycoinsecticides, Pest control

Introduction

 Introducing chemical pesticides into 

agricultural ecosystems is a serious issue today. 
Synthetic pesticides are certainly detrimental 
to the biodiversity as well as environment. 
They may kill natural enemies of pests, which 
ultimately would result in the outbreak of 
pests. Pesticide residues on crops that are 
being exported are not permissible if they 
exceed the limits (1). Biopesticides are used to 
control pests and approximately 175 registered 
biopesticide ingredients and 700 products are 
present in the market. The biopesticide market 
is valued around $200 million in the United 
States and may increase further. Pesticides 
also affect predators and insect pollinators 
that are beneficial to the ecosystem. Insects 
and pathogens develop resistance to such 
chemical pesticides within no time by changing 
their genetic constitution (2). Pesticides contain 
harmful chemicals that may impact human 
and environmental health. Pesticide residues 
enter the foodchain and results in ecological 
imbalance. This has necessitated the use 
of biopesticides such as entomopathogenic 
fungi (EPF) for controlling the insect pests 
(3). In the tropical and subtropical regions, 
multiscale microbial diversity infects arthropods 
and other insects by acting as parasites (4,5). 
Beauveria bassiana, Metarhizium anisopliae, 
Verticillum hirsutella, Lecanicillium, Isaria are 
the commercially available genera which are 
being used on a wider scale to control insect 
pests (6,7). Many biopesticides were developed 
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during the past few years that can concentrate 
on only target species and eliminate them. They 
are less toxic than conventional pesticides 
and thus help to increase the produce. The 
fungus infects sucking pests like white flies, 
aphids, thrips, weevils, mealy bugs, and leaf 
hopper. Many strains that have originated 
from this genus help in controlling a variety of 
insects. Toxic substances like bassianolide, 
beauverolides, bassianin, beauvericin, tenellin, 
oxalic acid and oosporein produced by these 
fungi kill the pests. Smallholder farmers cannot 
afford to buy chemical pesticides and at the same 
time, they need their food grains with minimum 
levels of toxicity. In this paper, B. bassiana, an 
entomopathogeneic fungus is reviewed.

Advantages of biopesticides

Microbial biopesticides are biologically toxic 
substances that come from microorganisms 
like bacteria and fungi. Global biopesticide 
production has crossed 3000 tonnes per year. 
Global market for biopesticides is valued at 3.0 
billion US$. This accounts for nearly 5% of the 
total pesticide market (8,9). The market share 
of biopesticides may grow further by 2050 
equal to that of chemical pesticides (10,11). 
Biopesticides are cheaper and can avoid 
resistance problems. Biopesticides kill a variety 
of pests like locusts, grass hoppers, white flies 
and termites. They replace the hazardous 
chemical substances and promote sustainable 
agriculture. B. bassiana is environmentally 
friendly mycoinsecticide that produces both 
enzymes and secondary metabolites that play 
an important role in the biological control of 
pests. There are thousands of fungal species 
that can kill insects, spiders and mites (9). Use 
of biopesticides does not lead to resistance 
build-up in target pests. B. bassiana is one of the 
best entomopathogenic fungi to control insect 
pests (12). Different strains of B. bassiana play 
a pivotal role in killing different types of pests. 
Biological metabolic compounds like tennelin, 
bassianin, pyridovericin, pyridomacrolidin non-
peptide pigment oosporein, non-ribosomally 
synthesized cyclodepsipeptides (beauvercins 

and allobeauvercins, bassianolides), and 
BpL lectin) are being used in industrial, 
pharmaceutical and agricultural industries. 
Alkaloids like tennelin (II), bassianin (III) 
pyridovericin (IV) and pyridomacrolidin (V) are 
found in B. bassiana but their exact function is 
unknown till now (Table 1).

Brief history, taxonomy and morphology b. 
bassiana 

B. bassiana belongs to the Kingdom Fungi, 
phylum Ascomycota, class Sordariomycetes, 
order hypocreales and family Clavicipitaceae 
(13,14). It was discovered by Bassi Agostino of 
Lodi, Italy, in 1835 and its role in killing pests 
(15), though others considered that it belongs 
to Cordycipitaceae or Ophiocordicipitaceae 
(16,17). The fungus is a saprophyte, and of 
terrigenous origin. It infects many insect orders 
like Lepidoptera, Hemiptera, Coleoptera, 
Hymenoptera, Homoptera, and Orthoptera 
(18,19). The spores of this fungus are called 
conidia which are white to yellowish in colour 
with septal filaments. Diverse types of conidia 
are produced by B. bassiana with different 
environmental conditions. The diameter of 
hyphae varies from 2.5 µm to 25 µm. Both 
conidiophores and blastophores are infectious 
organs (19,20,21). 

Mode of action of the fungus

Mascarin and Jaronski (22) have studied 
in detail about the mode of infection of B. 
bassiana. Conidia are generally dispersed either 
by wind or rain or even by arthropod vectors 
which helps the asexual spores to colonize 
on the susceptible hosts (23). Infection of the 
fungus on the host is generally by adhesion, 
germination, differentiation, penetration and 
dissemination. Conidia first recognize the host 
cuticle cells by electrostatic and chemical forces 
which then produce mucilage and germinate 
(22,24,25). Under ideal conditions, conidia 
germinate, pegs penetrate into the cuticle. 
The germ tub now forms a structure called 
an enlarged cell or appressorium (24,25). 
Penetration peg secrets hydrolytic enzymes 
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such as proteases, chitinases, lipases which 
then dissolve the cuticle for easy penetration 
into insect hemolymph. The fungus grows into 
a single-celled organism and starts destroying 
the host tissues. The conidia produced from 
the dead host are generally carried away with 
the air and are capable of infecting other hosts 
(26,27). The fungus also produces toxins like 
beauvericin, beauverolides, bassinolides and 
isarolides which can help in the invasion of the 
fungus (28). Once the insect dies, the fungus 

now starts producing a secondary metabolite 
called oosporein. Initially it was believed that it 
functions as an insect toxin. Now it appears that 
this compound functions after the death of the 
host to counter any bacterial competition on the 
host corpse. This permits the fungus to utilize 
the nutrients and also complete the life cycle 
(25). Production of oosporein is modulated by 
a cascade of transcription factors with BbSmr1 
(putative methyltransferase) acting at the 
upstream as a negative regulator, but triggering 

S. No Strain Effects

1

Bba 5653 Virulent to diamond back moth and kills 
cater pillars

19, 1205, 1215 Controls F. oxysporum, f.ps lycopersici 
race 3 in tomato plants

Bb GHA strain Kills variety of insects and weakens 
insects outer coat and kill them

CNPMF 407, CNPMF 218, and 
CNPMF 416

Play an important role in preventing 
pests. CNPMF 218 controls C. sordidus 

(banana weevil)

Bb (202) Kills plant sucking insects (31)

PPRI 5339

Mortality of eggs and motile stages 
(valuation of two entomopathogenic 
fungi, B. bassiana and Metarhizium 
anisopliae, for the control of carmine 
spider mite, Tetranychus cinnabarinus 
(Boisduval) under greenhouse 
conditions.

B. bassian a 146 strain Effects eggs and larvae of Castniid Palm 
borer

Native strain of B.bassian a 
NI8ARSEF8889 Shows effect on on green lace wigs, 

Chrysoperla rufilabris

B. bassiana GHA (ARSEF3620, 
ATCC74250)  GHA

Fungal biocontrol agents
Effects insects and pests

B.b -COO1
Infects T. infetants (32)

2
Bioactive 
metabolic 

compounds

N-decane,1-pentadecene, 
alkylbenzene derivatives and methyl 

-alkyl ketones (33)

B. bassiana extracts of ethyl acetate 
and acetone

Shows antimicrobial,snailicidal and 
antioxidant activities

other genes associated in the oosporein synthesis (29,30).
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3
Biologically 

active 
metabolites

Tennelin, bassianin, pyridovericin, 
pyridomacrolidin

Non-peptide pigment oosporein
Non-ribosomally synthesized 

cyclodepsipeptides (beauvercins and 
allobeauvercins,  bassianolides),  and 

BpL lectin)

Beauvericin A (2) and beauvericin 
A (3) two novel cyclodepsipepdide 

analogues (35)

B. bassiana-22
B. bassiana- 28

Used in industrial, pharmaceutical and 
agriculture industries (34)

Act against Gram positive bacteria and 
mycobacteria

Effects different stages of larvae and 
targets several insects like root weevils, 
plant hoppers, spittle bugs, white grubs.

Effective against CX. Quinquefasciatus 
pupae (36)

4 Volatile organic 
compounds

Diisopropyl naphthalenes
Ethanol sesquiterpenes
benzene acetal dehyde

1-pentadecene and methyl alkyl 
ketones (33)

Used as  tool for detection of 
fungusbased on their characteristic 

capillary gas chromatography and mass 
spectrometry

5 Alkaloids

Alkaloids like  tennelin (II), 
bassianin (III) pyridovericin (IV) and 

pyridomacrolidin (V) have been 
identified

Tennelin (II), bassianin (III) (37), 
pyridovericin (IV) and pyridomacrolidin 

(V) have been found (38,39)

Exact role in fungal interaction with the 
host is unknown till now

6 Pigments
2-pyridone alkaloids tennelin (II) 

and bassianin (III), a red pigment-
dibenzoquinone pigment oosporein 

(VI) (40)

They have antimicrobial and antiviral 
properties. They are yellow in colour.

Table 1. Beauveria bassiana compounds and 
their activities

Applications of beauveria bassiana

Spores of B. bassiana do not develop 
at high temperatures, and optimum is 18 and 
29 0C. It can be used in association with other 
natural enemies, pathogens and pesticides 
(41,42,43). Spores produced by the fungus 
are applied to the affected crops in the form 
of emulsified suspension or wet powder. 
Fungal conidia treated with oosporein has 
been found highly effective against Aphididae, 
Cercopidae, Coleoptera, Delphaacidae, and 
Lepidoptera (44,45). Further, protein extract of 
the B. bassiana as granule can be mixed with 
inorganic material or emulsifiable concentrates. 

Such formulations have been found effective 
against many insect pests (46). 
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Figure 1. Flow chart depicts the mechanism of 
action of Beauveria bassiana in killing the pests.

Genetic tinkering and fungal toxicity 
improvement

It is vital for us to improve the fungus genetically 
so that it can survive under harsh environments 
like heavy rain, photooxidative stress and 
ultraviolet light (47). Glare et al. (48) stressed 
the need for finding out the genes associated 
with virulence. Though genetic diversity among 
B. bassiana isolates is very high (49), finding 
target genes is still a challenge. It appears that 
protease-related genes and their transcription 
factors are crucial for improving the virulence 
of B. bassiana. Screening of the differentilly 
expressed genes has been carried out (50,51), 
which may help to scrutinize mutants and the 
associated virulence genes. It is now possible 
to obtain lines with better virulence by gene 
manipulation techniques such as CRISPR-
Cas9 (52,53). Protein engineering can also be 
thought over for modulating the target proteins 
and to obtain strains with superior virulence to 
insect pests (54). 

Conclusions

One of the most interesting integrated pest 
management practices is the use of B. bassiana 
entomopathogenic fungus which kills diverse 
types of insects in agricultural crops. It is found 
naturally in soil and can be cultured in the 
aboratory on a large scale. The insecticidal 
activity of B. bassiana is rapid compared to other 
fungi and an added advantage of this fungus is, 
conidia can be preserved for a long time. It is 
very simple to culture and strains of B. bassiana 
can be maintained in a laboratory conditions. 
It does not harm mammals, birds and human 
beings and other non-target organisms. So, 
the organism can be used effectively against a 
wide spectrum of insect pests for sustainable 
development. Its extract if sprayed on crop 
plants as an elicitor might help them to protect 
against insect pathogens. Bioactive compounds 
like oosporein, oxalic acid and tenellin must be 
exploited as emulsified wet powder. Further, 

strategies must be evolved to make genetically 
modified B. bassiana that is highly virulent to 
insects, but does not harm the environment. 
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Abstract

 The cardiovascular toxicity of oral 
antidiabetic drugs has become a major concern 
for patient with type-II diabetes, which demands 
investigation of the potential natural products 
to reduce the toxicity of these drugs and 
improve their efficacy. In the present study, we 
investigated the metabolic and oxidative stress 
of oral antidiabetic drugs on cardiovascular 
system; we evaluated the antioxidative and 
cardioprotective efficacy of aged garlic (AGE) 
against drug-induced cardiotoxicity. Metabolic 
stress of selected classes of antidiabetic 
drug classes including; biguanides (BG), 
sulfonylureas (SU), glucagon-like peptide-1 
(GLP-1) agonists, dipeptidyl peptidase-4 
inhibitors (DPP4-I), thiazolidinediones and 
sodium/glucose cotransporter-2 inhibitors 
(SGLT-2) was evaluated by MTT cell viability 
assay on the H9c2 cardiac cell line. Pre-cytotoxic 
dose, transition dose and cytotoxic dose of each 
drug were optimized by MTT assay. The results 
were further validated by morphological analysis 
at cardiotoxic doses by giemsa staining and 
trypan blue dye exclusion assay in a six-well plate 
experiment. Nuclear alterations and oxidative 
stress excreted by each drug was evaluated 
by DAPI and DCFH-DA assay respectively. To 
evaluate the cardioprotective efficacy of AGE, 
cell viability assay was performed for each drug 
co-incubated with 30µM AGE for 48h in MTT 

plates. The study confirms that SU, DPP-IV and 
TZD exert metabolic toxicity on cardiac cells by 
elevating the oxidative stress, morphological, 
nuclear damage. SGL-2 and GLP-1 were found 
to be moderately cardiotoxic, while biguanide 
was found to be cardioprotective. Aged garlic, 
an antioxidative molecule with stable sulfur 
compounds was found to exert cardioprotective 
effect for SU and TZD, it was found to suppress 
cell death and increase the cell viability by 
significantly reducing the oxidative stress of 
antidiabetic drugs. We concluded that aged 
garlic can be supplemented with anti-diabetic 
drugs to suppress the cardiotoxic effect of 
antidiabetic drugs in future drug therapeutics.

Keyword: Diabetes, Antidiabetic drugs, Toxicity, 
Diabetic cardiomyopathy, Phototherapeutics, 
Aged garlic, Organosulfur compounds.                 

Introduction 

 Diabetes is a chronic metabolic disorder 
characterized by unregulated blood glucose, 
which over time promotes cardiac hypertrophy, 
a condition known as diabetic cardiomyopathy 
(1). The global diabetic prevalence in 2020 
is estimated to be 9.3%, rising to 10.2% by 
2030 and 10.9% by 2045 (2). The impact 
of diabetes mellitus on cardiac function is 
chronic and silent with prevalence rate 19% 
to 26% (3-6). With diabetes, Antidiabetic 
drug-induced cardiotoxicity have found to 
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induce asymptomatic cardiac complications 
and worsened the clinical outcome allied with 
heart failure for patients with diabetes than for 
those without diabetes.  Public health guide to 
manage hyperglycemia uses first line, second 
line and third line medication to manage 
glucose concentration; however no permanent 
cure is available till date (7). Several clinically 
approved oral antidiabetic drugs of different 
classes are only available treatment to regulate 
the glucose level and prescribed directly after 
the diagnosis. These drugs are consumed for 
years to prevent the severity of disease but 
their chronic accumulation and toxicity to heart 
tissues is also important to be investigated 

(8). However, limited information is available 
for the effect of these drugs on cardiovascular 
system including cardiac metabolic activity, 
oxidative stress, hypertrophy, ischemic heart 
disease, and diabetic cardiomyopathy (9-10). 
With cardiomyopathy, antidiabetic drug inducing 
cardiotoxicity has become a major problem in 
patients suffering with diabetes and eventually 
increases the risk of cardiac complications and 
becomes an additional threat of heart attack for 
diabetic patient (11).

 The antidiabetic medications prescribed 
to the patients with type II diabetes mellitus 
(TIIDM) has revolutionized in recent years. 
Metformin is considered to be the first-line 
therapy if dietary and lifestyle modifications 
are controlled. Other antidiabetic drugs include 
sulfonylureas (SUs), thiazolidinedione’s (TZDs), 
dipeptidyl peptidase-4 (DPP-4) inhibitors, 
sodium–glucose cotransporter 2 (SGLT-2) 
inhibitors, glucagon-like peptide 1 receptor 
agonists (GLP-1 RAs), and insulin are the 
second and third line of medication (11). These 
six classes of antidiabetic drugs are currently 
approved for the treatment of diabetes and widely 
prescribed (12). All of these drugs exerts different 
molecular mechanism to regulate the blood 
glucose of diabetic patient. Such as; Metformin 
works by reduction of gluconeogenesis in the 
liver and increases the insulin sensitivity (13). 
Sulfonylureas are the second class of drugs 

commonly prescribed with metformin and work 
by blocking potassium ion channels of beta 
cells resulting in depolarization and opining 
of calcium ion channels. The concentration of 
calcium ions increases intracellularly causing 
the release of insulin granules outside the cell 
(14). Thiazolidinediones exert their antidiabetic 
effect through a mechanism involved in 
activation of peroxisome proliferator-activated 
receptor (PPAR-γ), nuclear receptor that reduce 
insulin resistance in adipose tissue, muscle 
and liver (15).  Dipeptidyl Peptidase-4 (Dpp-4) 
Inhibitors increase incretin levels, which inhibits 
glucagon release and increase insulin secretion. 
α-glucosidase inhibitors inhibit α-glucosidase 
and reduce carbohydrate digestion in intestine 

(16). Additional to these drugs, anticonvulsant 
drugs are also prescribed to the patient with 
diabetic nephropathy (17-18). All of these drugs 
have different mechanism to keep blood glucose 
level in moderation but their accumulative 
effect on the cardiovascular system is still not 
evaluated mechanistically. The toxicity of these 
drugs can be hidden when the safety testing 
is only done on healthy hearts but becomes 
toxic when in a diseased state. These drugs 
need to be clinically explored for their toxicity 
on cardiovascular system to prevent other drug 
induced severity. 

 Although the cardioprotective efficacy of 
medicinal plants has been raised over the years. 
The possible herb-drug synergistic interaction 
can proved a potential therapeutic effect with 
lower toxicity to other organs. Garlic (Allium 
sativum L.) has been consumed in india from 
ancient time as a medicinal food for preventing 
disease and promoting heath (19). Though 
consuming garlic to attain its therapeutic efficacy 
also has limitation because of the pungent smell 
and indigestion. Aged Garlic Extract (AGE) is a 
derivative of garlic prepared by aging the garlic 
cloves for twenty months (20-21). Aging of garlic 
converts reactive organosulfur compounds into 
stable compounds such as S-allyl cysteine 
(SAC), Diallyl disulfide (DADS), S-allyl mercapto 
cysteine (SAMC) etc. These newly formed 



Current Trends in Biotechnology and Pharmacy
Vol. 16 (4) 562 - 576, Oct 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2022.4.89

Kumkum and Rani *

564

allyl compound believe to have exceptional 
therapeutic benefit as of the raw garlic. Our 
previous studies suggest the antioxidative and 
cardioprotective efficacy of aged garlic extract 
(AGE) over raw garlic. The stable organosulfur 
compounds present in aged garlic were found 
to have exceptional therapeutic benefits in our 
previous studies (21). The present study was 
designed to evaluate the metabolic toxicity of 
antidiabetic drugs on cardiovascular system and 
to investigate the protective herb-drug synergy 
of AGE with antidiabetic drugs to reduce the 
cardiovascular toxicity and improve antidiabetic 
therapeutics for future treatment of diabetes. 

Materials and Methods

 All chemicals used in the present study 
were obtained from Sigma Aldrich unless or 
otherwise stated specifically.

H9c2 cell line maintenance 

 H9c2 cardiomyocytes derived from rat 
heart were procured from the National Centre 
for Cell Science (NCCS), Pune. The cells were 
grown in Dulbecco’s Modified Eagle’s Medium 
(DMEM) and supplemented with antibiotics 
and 10% Fetal Bovine Serum (FBS). The cells 
were kept in a CO2 humidified incubator (New 
Brunswick Scientific, USA) containing 5% CO2 
and maintained at 37 °C. Cells were subcultured 
routinely and seeded for experiments or 
maintained as a running culture with a split ratio 
of 1:3, up to 10 passages per revived stock.

Sample preparation 

 Stock and working samples of selected 
antidiabetic drugs were prepared by dissolving 
in their respective solvent. Biguanides (50mg/
ml), sodium/glucose cotransporter-2 inhibitors 
(50mg/ml) and dipeptidyl peptidase-4 inhibitors 
(DPP4-I) (50mg/ml) were solubilized in water. 
Sulfonylureas (50mg/ml) and glucagon-like 
peptide-1 (GLP-1) agonists (50mg/ml) were 
solubilized in ethanol. Thiazolidinediones 
(50mg/ml) was solubilized in acetone. All the 
drug samples were sterilized and stored at -20C 

before treatment.

Cell cytotoxicity assay

It is a colorimetric assay that quantitate the 
capacity of reducing 3-(4,5-Dimethylthiazol-
2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) 
dye by living cell mitochondrial reductase 
enzymes to purple formazan crystals within 
the cells (23). DMSO is added to solubilize the 
insoluble formazan crystals into the media and 
the cell viability is calculated based on the color 
formation. To measure the cell viability and 
optimizing doses of the selected antidiabetic 
drugs along with AGE, cardiomyoblasts were 
seeded in a 96-welled culture plates at a 
density of ~ 8000 cells/well. Treatments with 
increasing concentrations of drugs with and 
without AGE were given and incubated for 
48 h. The induced cells were then stained with 
5 mg/ml MTT dye for 3 h after the respective 
treatment period followed by adding DMSO to 
solubilize the formazan crystals produced in 
the cells in the suspension of the culture plate 
wells. Absorbance of the crystals formed was 
measured at 570 nm using a microplate reader 
(BioRad Laboratories, USA). Untreated, control 
and Treated cell viability was calculated at 
each dose as (absorbance of treated sample) 
/ (absorbance of control). The results were 
graphically represented as dose versus percent 
cellular viability.

Cell viability = Absorbance of sample - Blank / 
Absorbance of control – Blank 

Morphological analysis

 H9c2 cardiomyocytes were cultured in 
a six-well plate for morphological, nuclear, and 
oxidative stress analysis. ~70% confluent cells 
was trypsinised and centrifuged at 1500 RPM 
for 10 minutes. Cell pallet was resuspended 
uniformly and added in each of the six well 
and the cells were allowed to adhere for 24 hr. 
After 24 hr, cells were incubated with different 
concentrations of aged garlic methanolic extract 
for 48 hr. 
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A giemsa staining

 Giemsa is a polychromatic stain which 
stains the nucleus pinkish in colour and the 
cytoplasm in greyish blue, and used to study 
the morphology and nuclear integrity of cells. 
Giemsa has high affinity for the phosphate 
groups present in DNA and gets attached to 
the regions of DNA with high adenine–thymine 
bonding. Cells in different experimental sets 
were treated followed by rinsing the cells with 
1× phosphate buffer saline (PBS) and fixing the 
cells with 100% cold methanol at - 20°C. 5% 
giemsa stain (prepared in 1% acetic acid) was 
then added to each experimental set and kept 
with gentle shaking 25°C for 15 min. Cells were 
then observed for morphological alterations 
at the cellular, cytoplasmic and nuclear level. 
Images were captured using an inverted 
microscope at 40× magnification.

B trypan blue dye exclusion assay

 Trypan blue stain a diazo dye that 
specifically stains dead cells blue by binding 
to the negative charge present on the altered 
membrane. The stain cannot penetrate the 
membrane of live cells and hence this technique 
is named as dye exclusion assay. It is a kind 
of cell viability assay and in the present study, 
experimental doses derived from MTT assay 
were validated using trypan blue dye. Treated 
cells were trypsinized and resuspended in 
1X PBS. 0.4% Trypan blue stain was added 
in 1:1 ratio and allowed to stand at room 
temperature for 5 minutes. Total numbers of 
viable cells were counted and calculated using 
the formulas mentioned below. The stain was 
also eluted from the cells using NaOH and 
quantitated at 595 nm using enzyme-linked 
immunoassay (ELISA) microplate reader.

Cell viability = Absorbance of sample - Blank / 
Absorbance of control – Blank 

C 4’,6-diamidino-2-phenylindoleand or DAPI 
staining

 DAPI is 4’,6-diamidino-2-
phenylindoleand is a freely permeable blue 

fluorescent dye. It predominantly stains dsDNA 
by binding to the A-T rich regions of DNA. This 
DNA binding results in enhanced florescence 
in the DAPI filter. Cells grown on coverslips 
were fixed by methanol fixation and 50 ng/ml 
DAPI dye was added to the experimental sets. 
Cells were incubated for 15 minutes at 25°C 
with gentle shaking in dark. Coverslips were 
mounted on glass slides and observed under a 
fluorescent microscope at 100X magnification. 
The fluorescence intensity was also recorded 
by spectrofluorometer for the eluted stain from 
the cells.

Dichloro-dihydro-fluorescein diacetate 
assay

 DCFH stain used to identify and 
quantify the intracellular H2O2 generated upon 
any stress or oxidative imbalance. This assay is 
based on the conversion of the nonfluorescent 
DCFH-DA to 2’, 7’- dichlorfluorescein (DCF), a 
fluorescent compound in presence of excessive 
peroxides and its increased concentration 
represents the presence of excessive ROS 
inside the cells. Cells were fixed with methanol 
and incubated with 3 µg/ml of DCFH-DA 
stained in the dark with gentle rocking at room 
temperature. The stain was eluted and net 
fluorescence from both detached and adherent 
cells was measured using a spectrofluorometer 
at the excitation at 480 nm and an emission 
wavelength of 530 nm.

Statistical analysis 

 All experiment were conducted in 
triplicate and three independent experiments 
were performed for the quantitative analysis 
of the data obtained and expressed as mean ± 
SD. Two-way ANOVA and Student’s t-test were 
done to evaluate the significance of differences 
in the data obtained. P value less than 0.05 
(p < 0.05) was considered as statistically 
significant.

Results  and Discussion

 In the present study we selected twelve 
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different drug compounds of six antidiabetic 
drug classes (Table 1). Cardiotoxic index of 
these drugs were optimized by incubating the 
drugs with H9c2 cardiac cell line for 48h in 
MTT cell viability assay. Morphological and 

nuclear modulation at optimized doses was 
then observed. The cell viability and oxidative 
stress analysis at each doses were observed by 
DCFH-DA assay.

Table 1. Selected Anti-diabetic Drugs
Class of antidiabet-
ic Drugs 

Mechanism of action Selected  Drugs 

Biguanide Inhibition of hepatic glucose production and promotion of skel-
etal muscle glucose uptake. 

  Metformin
  Glucophage

Sulfonylureas (SU) Depolarization of the beta cell membrane to increase insulin 
secretion. 

Glipizide
Glimepiride

Glucagon-like pep-
tide 
(GLP-1) agonist 

Activation of the GLP-1 receptor to augment insulin secretion 
and inhibit glucagon secretion. 

Exenatide
Liraglutide 

Dipeptidyl pepti-
dase 4 (DPP-IV) 
inhibitor 

Inhibition of endogenous GLP-1 inactivation to augment insu-
lin secretion and inhibit glucagon secretion. 

Sitagliptin
Vidagliptin 

Thiazolidinedione 
(TZD) 

Activation of nuclear receptor peroxisome proliferator activat-
ed receptor gamma (PPAR) to increase adiponectin and im-
prove insulin resistance. 

Rosiglitazone 
Pioglitazone 

Sodium-glucose-
co-transporter in-
hibitors  (SGLT-2) 

Inhibition of renal glucose reabsorption. Canagliflozin
Dapagliflozin 

a. Biguanides were found to be the least 
cardiotoxic anti-diabetic drugs. 

Biguanide is recommended as the first-
line drug for type 2 diabetes mellitus (T2DM) by 
most international guidelines. The preference 
for biguanide over other available drugs is 
based on its efficacy on blood glucose control, 
tolerability, and safety. Moreover, being derived 
from the plant Galega officinalis, biguanides 
has a favorable effect on several risk factors 
on cardiovascular system. In this study, it was 
observed that biguanides or metformin exerts 
cardiotoxicity as compared to other classes 
(24). The cardiovascular outcome of biguanides 
was found to be safe and did not cause toxic 
effects on cardiovascular system even at high 
concentration. Two biguanide compositions 
namely; Metformin (Met) and Glucophage (Glu) 
were selected for MTT cell viability assay with 
concentrations ranging from 5 to 150 µM. The 

cell viability of cardiomyoblasts treated with 
increasing concentrations of Met and Glu was 
derived in comparison to control nontreated cells 
with 100% cell viability. The IC-50 doses, where 
cell viability was reduced up to ~50%, were 
derived for Met and Glu as 100 µM (Fig. 1). No 

Figure 1. Dose dependent MTT cell viability 
assay to derive the cardiotoxic doses of 
Biguanide: a concentrations ranging from 5 
µM to 150 µM of metformin and were used and 
80 µM was selected as an IC-50 dose. Percent 
cell viability was compared with respect to Water 
as a control. 
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Figure 2. Dose dependent MTT cell viability 
assay to derive the cardiotoxic doses of 
Sulfonylurea: a concentrations ranging from 5 
µM to 50 µM of glipizide and glimepiride were 
used and 15 µM was selected as an IC50 dose. 
Percent cell viability was compared with respect 
to ethanol as a control. 

Figure 5. MTT cell viability assay to derive the 
cardiotoxic doses of SGLT-2: a concentrations 
ranging from 5 µM to 80 µM of canagliflozin 
and dapagliflozin were used and 55 µM was 
selected as an IC50 dose. Percent cell viability 
was compared with respect to acetone as a 
control. 

Figure 6. MTT cell viability assay to derive the 
cardiotoxic doses of TZD: a concentrations 
ranging from 5 µM to 50 µM of rosiglitazone and 
pioglitazone were used, 25 µM and 30 µM were 
selected as IC50 dose respectively. Percent cell 
viability was compared with respect to acetone 
as a control. 

Figure 7. Dose-dependent morphological 
alteration: Giemsa staining for the cellular 
integrity of the cells treated with pretoxic, 
transition and post toxic cardiotoxic doses 
evaluated by MTT assay. 

Figure 3. Dose dependent cell viability assay 
to derive the cardiotoxic doses of GLP-1:  
concentrations ranging from 5 µM to 80 µM of 
exenatide and liraglutide were used and 50 µM 
was selected as an IC50 dose. Percent cell 
viability was compared with respect to acetone 
as a control. 

Figure 4. MTT cell viability assay to derive the 
cardiotoxic doses of DPP-IV: a concentrations 
ranging from 5 µM to 50 µM of sitagliptin and 
vidagliptin were used and 20 µM was selected 
as an IC50 dose. Percent cell viability was 
compared with respect to water as a control. 
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characteristic stress response was witnessed at 
pre-cardiotoxic dose (40µM) and transition dose 
(100µM). A significantly higher number of cell 
deaths was observed at apoptotic dose (150 
µM) (Fig. 12). Approximately ~ 80% cell viability 
was observed at pre-cardiotoxic dose (40µM), 
50% cellular death was observed at transition 
dose (100µM), and 20% cell viability was found 
on apoptotic dose (140 µM). These MTT results 
were further verified by morphological analysis 
and cell death was observed by trypan blue at 
these three doses with Giemsa stain. Cellular 
and nuclear morphology was found to be intact 
even at the transition dose when compared to 

control cells (Fig. 7). These evidences suggested 
that biguanide exerts cardioprotective effect and 
may improve the cardiovascular safety when 
supplemented with aged garlic as the viability 
was improved when MTT assay was conducted 
with aged garlic at these three doses (Fig.12). 
The oxidative stress analysis after incubation 
with antidiabetic drug for 48h was observed by 
DCFH-DA assay found to be moderately toxic 
at high concentration (Fig. 10). The synergistic 
cardioprotective effect of AGE and Met was 
found to be protective as the cellular viability 
improved in MTT and trypan blue cell cytotoxicity 
assays. With these results, it can be concluded 
that biguanide and aged garlic exert synergistic 
antidiabetic as well as cardioprotective efficacy 
(Fig. 9).

Table 2. Dose Optimization by MTT Assay
Antidiabetic 
Drugs 

Drug 
Class 

IC-50 Pre-cardio-
toxic Dose  (≤ 
80% Viability) 

Transition Dose  (~ 
50% cell viability) 

Apoptotic Dose  (≥ 
80% Viability) 

Metformin
Melmet

Biguanide 50µM 35µM 50µM 80 µM 

Glipizide
Glimepiride

SU  17µM 10 µM  17µM 45µM 

Exenatide
Liraglutide 

GLP-1 53µM 35µM 55µM 70µM 

Sitagliptin
Vidagliptin 

DPP-IV 20µM 10µM 20µM 45µM 

Canagliflozin
Dapagliflozin 

SGL-2 55 µM 30 µM 55 µM 70µM 

Rosiglitazone 
Pioglitazone 

TZD 27 µM 15µM 30µM 40µM

Figure 8. Dose-dependent morphological 
alteration: Giemsa staining for the cellular 
integrity of the cells treated with pretoxic, 
transition and post toxic cardiotoxic doses 
evaluated by MTT assay. 

Figure 9. Nuclear alteration: DAPI staining for 
nuclear integrity of the cells visualized in six well 
plate treated with cardiotoxic doses of selected 
anti-diabetic drugs of each classes. 
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B. Su, dpp-iv and tzd were found to exert 
high cardiotoxicity while aged garlic found 
to have therapeutic potential against su and 
dpp-iv induced toxicity. 

Sulphonylurease (SU) is the second 
line antidiabetic drugs and prescribed mostly 
at pre-diabetic and diabetic stage of the 

patient and therefore its cardiotoxic outcome is 
essential to evaluate. Glipizide and Glimepiride 
of SU composition were selected for their 
cellular cytotoxicity by MTT cell viability assay. 
The IC-50 doses for both drugs were found 
to be approximately at ~15 µM concentration
(Fig.2). Although a significant cell death was 
observed even at 10µM concentration. The 
MTT observations indicated that SU exerted 
a cardiotoxic effects on cell metabolic activity 
and viability. These observations were further 
validated by nuclear and morphological 
stains by six-well plate experiments (Fig.9). 
Morphologically, cellular detoriation were 
observed at 17 µM concentrations, the cell wall 
and morphological integrity of cardiomyocytes 
was observed to be scattered as compared to 
control H9c2 cells, and complete apoptosis was 
observed at 45 µM concentration (Fig.7). These 
results indicated the cytotoxic effect of SU on 
the cardiovascular system. The cardiovascular 
outcome of sulphonylurease was found to be 
toxic to the cardiac system even at very low 
drug concentration. This study suggests that 
SU significantly reduces the cellular metabolic 
activity, but the exact mechanism underlying 
the sulphonylurease toxicity might still not be 
clear and need to be evaluated on molecular 
level. However, when the drugs were incubated 
with aged garlic it significantly improved the 
cell viability at pre-cardiotoxic transition and 
apoptotic doses. The cell viability was found to 
be improved from 70% to 86%, 40% to 72% and 
19% to 40% at pre-cardiotoxic, transition and 
apoptotic dose respectively (Fig.13). Significant 
improve in cell viability was seen when cells 
were incubated with aged garlic (30 µM), which 
provided evidences of the positive effect of stable 
organosulfure compounds present in AGE to 
SU induced cardiotoxicity (Fig. 8). In this study 
we found out the oxidative stress induced by SU 
drugs supporting the fact that these drugs exert 
significant cardiotoxicity at low concentration. 
Supplementing the drug with AGE could 
improve the cardiovascular safety profile of 
these drugs. A clear mechanistic understanding 
of this herb-drug synergy for SU and aged garlic 

Table 3. Cardiotoxicity of Anti-diabetic drugs.
Antidiabet-
ic Drugs 

 Drug 
Class                        

Toxicity 
on Cardiac 
cell 

Metformin
Melmet

Biguanide Least Toxic

Glipizide
Glimepiride

SU Highly 
Toxic

Exenatide
Liraglutide

GLP-1 Moderately 
Toxic

Sitagliptin
Vidagliptin

DPP-IV Highly 
Toxic

Canaglifloz-
in
Dapaglifloz-
in

SGL-2 Moderately 
Toxic

Rosiglita-
zone
Pioglitazone

TZD Highly 
Toxic

Figure 10. Oxidative stress analysis: DCFH-DA 
assay for oxidative stress of the cells visualized 
in six well plate treated with cardiotoxic doses 
of selected anti-diabetic drugs of each classes. 
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garlic significantly improved the cell viability 
at apoptotic dose by approximately three-
fold. Synergistic effect of drug with aged garlic 
extract was found to be protective against 
cardiovascular drug-induced cardiotoxicity at 
higher concentration of drug treatment.

Like biguanides, TZDs improve insulin 
action. Rosiglitazone and pioglitazone were 
selected for MTT Assay. TZDs are agonists of 
PPAR and facilitate increased glucose uptake 
in numerous tissues including adipose, muscle, 
and liver. Thus, TZDs are not preferred as first-
line or even step-up therapy. The IC-50 doses of 
rosiglitazone and pioglitazone (TZD) were found 
to be approximately at 27 µM concentration (Fig. 
6). Pre-cardiotoxic dose (15 µM), transition dose 
(30 µM) and apoptotic dose (40 µM) were further 
selected for the morphological analysis (Fig. 8). 
Hypertrophy and cell death was observed at 30 
µM and 50 µM concentration respectively. Aged 
garlic incubation was found to improve the cell 
viability from 65% to 80%, 40% to 75% and 
16% to 45% at Pre-cardiotoxic dose (15 µM), 

may provide the valuable cardiovascular safety 
outcome in future antidiabetic therapy with 
antidiabetic and cardioprotective properties.  

Dipeptidyl peptidase-4 inhibitors 
(Sitagliptin and Vidagliptin) medications are 
either used as single therapy, or in addition to 
metformin, sulfonylurea, or TZD. These drugs 
impact postprandial lipid levels.  The MTT cell 
viability IC-50 doses of sitagliptin and vidagliptin 
were found to be at 20 µM (Fig.4). Although 
less than 80 % cell death was observed at 10 
µM concentration. When cell morphology was 
observed at Pre cardiotoxic dose (10 µM), 
transition dose (20 µM) and apoptotic dose (45 
µM) (Table 2). Cellular deformities were found 
to be at transition and cardiotoxic dose. Cellular 
deformities were observed at 20 µM and 10 
µM drug concentration (Fig. 8). Incubation with 
AGE (30 µM) for 48h was found to improve 
cellular viability from 95% to 96%, 45% to 63%, 
and 10% to 35% at pre-cardiotoxic, transition 
and apoptotic dose respectively (Fig. 15). Aged 

Figure 11. Cell death analysis of selected drug 
at their precardiotoxic, IC50 and cardiotoxic 
dose by Trypan blue dye exclusion assay. 

Figure 12. Effect of AGE on percent cell viability 
in presence of Metformin:  MTT assay to 
investigate the effect of AGE over met induced 
toxicity was evaluated at different doses.. 
*p<0.05

Figure 13. Effect of AGE on percent cell viability 
in presence of SU:  MTT assay to investigate 
the effect of AGE over SU induced toxicity was 
evaluated at different doses. *p<0.05

Figure 14. Effect of AGE on percent cell viability 
in presence of GLP-1:  MTT assay to investigate 
the effect of AGE over GLP-1 induced toxicity 
was evaluated at different doses.
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transition dose (30 µM) and apoptotic dose (40 
µM) respectively (14) (Fig. 17). AGE improved 
the cell viability by approximately two-fold. We 
concluded that AGE is significantly protective 
against TZD induced cardiotoxicity.

C. Glp-1 and sgl-2 were found to be 
moderately cardiotoxic drugs.

Exenatide and Liraglutide were the 
selected glucagon-like peptide-1 (GLP-1) 
agonist receptor to investigate the effect on 
cardiovascular system. These drugs exhibit 
increased resistance to enzymatic degradation 
by DPP4. In young patients with recent diagnosis 
of T2DM, central obesity, and abnormal 
metabolic profile, treatment with GLP-1 analogs 
that would have a beneficial effect on weight 
loss and improve the metabolic dysfunction. 
The IC-50 doses for both drugs were found 
to be comparatively greater then SU but not 
as much as high as metformin. 50 µM doses 
were found to be the IC-50 dose for both drugs 
(Fig. 3). Although cell death was increased at 
higher concentration as only 15 % cell viability 
was observed at 80 µM concentration. Pre 
cardiotoxic dose (35 µM), transition dose (55 µM) 
and apoptotic dose (70 µM) dose of exenatide 
was selected for morphological analysis in six 
well plate experiments. No considerable cell 
death was observed at 35 µM, but significant 
cell death was observed at 70 µM concentration 
(Fig. 7). Though GLP-1 agonist was found 
to be cardiotoxic at high concentration but 
no significant cell death observed at 50 µM 
concentration compared to SU. However, when 
Per cardiotoxic, transition and apoptotic dose 
of exenatide were incubated with 35 µM AGE
for 48h, a slight improvement in cell viability 
was observed at transition and apoptotic 
doses but it may not be considered as highly 
cardioprotective, some of the other studies also 
indicated the cardiotoxic effect of these drugs 
on heart (Fig. 11). We concluded that GLP-1 
agonist induces moderate cardiotoxicity at low 
concentration but toxic at high concentration 
and AGE may not exert cardioprotective effect 
against GLP-1 induced cardiotoxicity. Further 

molecular studies are needed to understand the 
exact mechanism of cardiotoxicity exerted by 
GLP-1. 

Sodium-glucose cotransporter 
inhibitors are new class of glucosuric agents: 
canagliflozin, dapagliflozin, were selected 
to investigate the cellular viability. SGLT-2 
inhibitors provide insulin-independent glucose 
lowering by blocking glucose reabsorption in 
the proximal renal tubule by inhibiting SGLT2. 
These drugs provide modest weight loss and 
blood pressure reduction. The IC-50 doses of 

Figure 17. Effect of AGE on percent cell viability 
in presence of TBA:  MTT assay to investigate 
the effect of AGE over TBA induced toxicity was 
evaluated at different doses. *p<0.05

Figure 16. Effect of AGE on percent cell viability 
in presence of SGL-2:  MTT assay to investigate 
the effect of AGE over SGL-2 induced toxicity 
was evaluated at different doses. *p<0.05

Figure 15. Effect of AGE on percent cell viability 
in presence of DPP-IV:  MTT assay to investigate 
the effect of AGE over DPP-IV induced toxicity 
was evaluated at different doses. *p<0.05
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canagliflozin and dapagliflozin (SGLT-2) was 
found to be at 55 µM. Though 80 % of cell death 
was observed at 30 µM concentration (Fig. 5). 
Pre-cardiotoxic dose (30 µM), transition dose 
(55 µM) and apoptotic dose (70 µM) were further 
selected for morphological analysis. Cellular 
enlargement or hypertrophy was viewed at 
transition dose (Fig. 8). Though no significant 
improvement in cell viability was observed when 
cells were incubated with aged garlic extract 
(Fig. 16).

D. Aged garlic extract exert cardioprotective 
potential through antioxidative activity 
against drug induced cardiotoxicity.

 Aged garlic has been found to have 
antioxidative and antidiabetic properties. The 
stable organosulfure compound present in aged 
garlic has exceptional cardioprotective potential 
as demonstrated in our previous studies. In this 
study, we investigated the cardioprotective role 
of aged garlic against antidiabetic drug-induced 
cardiotoxicity. In our previous studies, we found 
that 30 µM is the cardioprotective dose of aged 
garlic. We incubated the cells for 48h with the pre-
cardiotoxic dose, transition dose and apoptotic 
dose of each drug with 30 µM aged garlic extract. 
It was found that the cell viability was increased 
for SU, DPP-IV, and SGT-2 when incubated with 
aged garlic. Similar results were observed in the 
morphological and nuclear analysis of H9c2 
cell line with six-well plate experiments. Thus, 
we can conclude that AGE exert a significant 
cardioprotective effect in diabetes and drug 
induced cardiotoxicity. Although the exact 
molecular mechanism is yet to be explored, 
but stable organosulfure compounds present 
in AGE may provide dual therapeutic effect on 
diabetes and cardiovascular system as herb-
drug therapy. 

  Drug-induced toxicity is a major 
concern for many clinically important drugs. 
Several antidiabetic compounds were found to 
cause asymptomatic effects on other organs 
which led to their post-marketing withdrawal 
(23). In diabetes, burdening the stress on 

cardiac tissues (diabetic cardiomyopathy), 
antidiabetic drugs imposes accumulative stress 
on the cardiovascular system which ultimately 
increasing the heart attack ratio among diabetic 
patients. Currently, assessing cardiovascular 
safety is a crucial parameter in antidiabetic 
drug development, and many models have 
been established to facilitate its prediction to 
avoid such toxicity. However, cardiotoxicity 
induced by chronically administered antidiabetic 
drugs, represents a major problem because 
cardiovascular stress of these drugs may become 
evident only after long-term accumulation of the 
drug or its metabolite (24). Although several 
natural products have been consumed to reduce 
hyperglycemia and diabetic complications but 
limited of those compounds implemented to 
target specific herb drug therapeutics to improve 
the bioavailability and efficacy. It has become 
crucial to investigate the natural products 
synergistically supplemented with anti-diabetic 
drugs which do not increase cardiovascular 
risk but might reduce the risk of chronic heart 
failure. Therefore, careful selection of herb 
drug therapy paying particular attention to 
cardiovascular safety is important in optimizing 
diabetic therapy. This efficacy and safety of the 
most commonly prescribed antidiabetic drugs 
in the context of cardiovascular impacts the 
future of drug discovery. Our study investigates 
the cardiotoxicity of conventionally prescribed 
antidiabetic drugs and the role of aged garlic to 
reduce cardiotoxicity.

 We selected twelve drugs from six 
antidiabetic drug classes. Biguanide were 
found to be the least cardiotoxic drug even at 
high concentration. Being derived from the 
plant Galega officinalis, these drugs exert least 
cardiac stress. When Biguanide incubated 
with AGE improved the antidiabetic activity, 
implying that biguanide has a cardioprotective 
effect and may improve cardiovascular safety 
when supplemented with aged garlic (Fig. 12). 
The oxidative stress analysis after 48 hours of 
incubation with an anti-diabetic medication was 
discovered using the DCFH-DA test. In MTT 
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and trypan blue cell cytotoxicity experiments, 
the synergistic cardioprotective action of AGE 
and Met was found to be protective as cellular 
viability improved with reduced oxidative stress. 
These observations are also supported by 
some of the previous data of cardiovascular 
safety profile for metformin (26). On the other 
hand SU, DPP-IV and TZD were found exerted 
a cardiotoxic effects by reducing the cellular 
metabolic activity. However, when aged garlic 
were incubated with, SU and TZD significantly 
improved the cell viability at pre-cardiotoxic 
transition and apoptotic doses and improved the 
cellular and nuclear deformities. 

 SU induced cardiotoxicity was also 
studied in past research and found to exert left 
ventricular remodeling (27).  AGE improved 
the cell viability by approximately two-fold. We 
concluded that AGE is significantly protective 
against SU and TZD induced Cardiotoxicity 
(28-29). Synergistic effect of drug with aged 
garlic extract was found to be protective against 
cardiovascular drug-induced cardiotoxicity at 
higher concentration of drug treatment (30). 
GLP-1 and SGL-2 were found to be cardiotoxic 
in high concentration (31-33). AGE found to 
moderately improve the cardiotoxic profile of 
these drugs.

 Natural product have been 
supplemented with the diet to achieve their 
therapeutic potential in various disease with less 
side effects. Though it is also important to keep 
in mind that diabetes cannot be well-controlled 
without lifestyle modifications, including proper 
diet and exercise. Diabetes is a chronic disease 
that requires a multi-disciplinary approach to 
optimize blood glucose, blood pressure, and 
lipid control. Each anti-diabetic drug must be 
tested for efficacy and therapeutic outcomes 
before incorporating it into the treatment of 
diabetic patients. Thus, the toxicity levels of each 
of the medications were seen and natural plant 
extracts were used to reduce the cardiotoxic 
effects. These results suggest that prioritizing 
drugs on the basis of their cardiovascular 
protective effects when choosing a treatment 

for diabetes. Although many antidiabetic drugs 
have the effect of reducing cardiovascular death 
and adverse cardiovascular events, it is still 
unclear which antidiabetic drugs can improve 
ventricular remodeling and fundamentally 
delay the process of HF. If drugs can be found 
to improve ventricular remodeling, it will be of 
great significance for patients with T2DM with 
cardiovascular disease (CVD). These results 
suggest that aged garlic have cardiovascular 
protective effects should be prioritized when 
choosing a treatment for diabetes. Herb-drugs 
synergy can be found to improve cardiac 
complication, and will be of great significance for 
patients with T2DM with cardiovascular disease 
(CVD). The treatment of diabetes mellitus 
is crucial as the incidence of its occurrence 
increases. As anti-diabetic medications result 
in severe cardio toxicity, various remedies need 
to be formed for better effects. The major anti 
diabetic drug is considered to be metformin, 
however combination therapy can also be 
considered beneficial. Overdoses of these 
medications may produce major morbidity, with 
many cases requiring intensive and prolonged 
medical treatment. 

Conclusion 

 Several antidiabetic drugs have 
been withdrawn by FDA because of their side 
effects on other organs, which demand the 
need of a safer alternative therapeutic. The 
cardio-protective and antidiabetic role of aged 
garlic extract has been widely reported, the 
stable sulfur rich compounds present in AGE 
were found to be preventive of antidiabetic 
drug-induced cardiotoxicity. The present 
study confirms the toxicity of these drugs on 
cardiomyoblasts.  Upon treatment with anti-
diabetic drugs, biguanides were found to be 
safer antidiabetic drugs than sulphonylurease, 
DPP-IV and TZD. The cardiotoxicity effect 
was further conformed by altered cellular 
morphology of H9C2 cardiomyocytes at various 
concentrations of drugs. SU and DPP-IV were 
found to be highly toxic drugs among all. The 
sulfur compounds present in AGE were found 
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to induce cardio protective potential against 
antidiabetic drugs and can be supplement with 
first, second and third line drugs to suppress 
cardiac stress. The results should be further 
validated by quantitative assays. These findings 
suggest the clinical importance of AGE targeting 
the dual stress responses on the cardiac 
system of antidiabetic drugs and will not induce 
any surplus toxicity being a natural and safe 
compound.
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Abstract

 The severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) virus, which first 
appeared in Chinese individuals in December 
2019, is now causing the COVID-19 pandemic, 
with 5,79,319 deaths and 13,338,364 confirmed 
cases as of January 31st, a total of 56.7 lakhs. 
COVID-19 causes dysregulated immunological 
responses, metabolic dysfunctions, and 
negative consequences on a variety of organ 
functions. Significant risk factors are typically 
connected with older people who have medical 
comorbidities including cancer and diabetes. 
Scientists and doctors have battled to understand 
the unique virus and its pathogenesis in order to 
develop suitable treatment drugs and vaccines 
for COVID-19. The spike protein SARS-CoV-2 
has recently been discovered to attach to the 
enzyme that converts human angiotensin I. 
The purpose of this study was to examine 
the involvement of many organs in COVID-19 
patients, particularly in severe cases. We also 
wanted to know what was driving the multiorgan 
failure caused by SARS-CoV-2. Multi-organ 
dysfunction manifests itself in a variety of ways, 

including acute lung failure, acute liver failure, 
acute kidney damage, cardiovascular disease, 
a variety of haematological abnormalities, and 
neurological problems. The most important 
processes are associated to SARS-direct coV-
2’s and indirect pathogenic features. Although 
SARS-CoV2 receptor angiotensin-converting 
enzyme 2 (ACE-2) was found in the lung, 
heart, kidney, testis, liver, lymphocytes, and 
nervous system, the presence of SARS-CoV-2 
RNA in these organs was unknown. These 
epidemics have strained healthcare systems 
and prompted serious concerns about how 
to deal with them using traditional drugs and 
diagnostic tools. In this regard, the application 
of nanotechnology opens up new avenues for 
the creation of ground-breaking preventative, 
diagnostic, and treatment solutions. We 
examine how nanotechnology can be applied to 
control the COVID-19 virus by designing nano-
based materials such as disinfectants, personal 
protective equipment, diagnostic systems, and 
nanocarrier systems for treatments and vaccine 
development, as well as the challenges and 
drawbacks that must be overcome.
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Introduction

 The world is currently experiencing 
a pandemic sickness (COVID-19) caused by 
SARS-CoV-2, a newly discovered coronavirus 
[1]. At the time of writing, SARS-CoV-2 had 
infected almost 12 million people worldwide, 
resulting in 6,362,614 deaths (WHO, 2022). 
The disease causes mild to severe respiratory 
symptoms, with the latter being more common 
in the elderly and individuals with serious 
medical diseases such as heart disease, 
chronic lung disease, cancer, and diabetes 
[2]. Minor gastrointestinal, cardiovascular, and 
even neurological issues have been reported in 
COVID-19 individuals who have been admitted 
to the hospital [3].

 Coronaviruses (CoV) are transmitted 
by bats and infect humans via an intermediate 
animal host before overcoming the species 
barrier. Different bat populations in China have 
coronaviruses with complex genetics,several of 
them are the SARS-direct CoV’s ancestors. [4], 
[5]. SARS-CoV in Chinese Rhinolophus bats 
that seemed to adapt to the wild Himalayan 
palmcivet before spreading to humans [6].
It is most likely that interaction with sick 
camels caused people to contract the Middle 
East Respiratory Syndrome Corona Virus 
(MERS-CoV), which was generated from a 
Pipistrellus bat CoV. [7], [8]. It was confirmed 
shortly after the initial human SARS-CoV-2 
outbreak that this novel virus was connected 
to a bat-borne coronavirus discovered in the 
Rhinolophusaffinis bat species [9]. The search 
for antransitional animal host has centred on the 
pangolin (Manisjavanica), which is thought to be 
the intermediate host for SARS-CoV-2[10]. The 
SARS-CoV-2 receptor ACE2 was discovered to 
be similar to human receptors in bats, pangolins, 
and a variety of other animals [11].

 Over the last two decades, seven 

coronaviruses that cause more or less severe 
respiratory disorders have been discovered in 
humans. SARS-CoV-2, for example, can cause 
lung damage in patients as well as multi-organ 
dysfunction, including unfavourable cardiac 
remodelling, myocardial stress, and congestive 
heart failure [12]. SARS-CoV-2 has been 
identified as a human angiotensin I enzyme 
converting enzyme 2 (ACE2)-tropical virus [13], 
capable of binding alveolar pneumocytes with 
ACE2 on their surface [15].

 COVID-19 aetiology is complicated, 
especially in patients with severe disease, due 
to various organ failures. The angiotensin-
converting enzyme 2 (ACE 2) is thought to 
be a cell entrance receptor for SARS-COV-2 
[16]. However, ACE2 mRNAs were found to be 
expressed in practically all organs in humans, 
including the brain, heart, kidneys, and testes, 
indicating that the virus might infect tissues 
other than the lungs [17,18]. ACE2 is a known 
peptidase that controls blood pressure by 
modulating the renin-angiotensin-aldosterone 
system (RAAS). Pathogenicity of SARS-CoV-2 
may be influenced by the host immune system, 
resulting in tissue damage and, in some cases, 
death. Lympopenia, reduced lymphocytes, 
and cytokine storms have all been observed in 
COVID-19 individuals [19,20-24].

Effects of SARS-CoV-2 on human health

 SARS-CoV-2 is distinguished from 
SARS-CoV by the appearance of an unique 
spike glycoprotein with a distinct binding 
affinity to the angiotensin-converting enzyme 2 
(ACE2) receptors; it should be noted, however, 
that SARS-CoV-2 has a 10–20 fold higher 
binding affinity to ACE2 receptors than SARS-
CoV[25,35]. ACE2 can be found in a variety of 
organs in the human body (figure 1), including 
the lung, colon, small intestine, testis, kidney, 
duodenum, oesophagus, gallbladder, and 
urinary bladder [36,37], making these organs a 
potential SARS-CoV-2 target [36][37].
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Fig. 1 The impact of SARS-CoV-2 on the human body’s various organs.
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Lung damage

 Coronaviruses like SARS-CoV-2, 
MERS-CoV, and SARS-CoV can cause 
serious morbidity and mortality in those who 
are infected. Lung infection appears to be the 
most common location of infection for all three 
viruses, resulting in acute respiratory distress 
syndrome and death. SARS-CoV pathogenesis 
is often initiated by the virus attaching its 
envelope protein (spikes) to the appropriate 
receptor, angiotensin-converting enzyme 2 
(ACE2). Because ACE2 is widely expressed 
on the surface of lung and intestinal epithelial 
cells, these cells are vulnerable to SARSCoV 
[38]. According to several case studies, the 
chest imaging and histological observations 
of the lung caused by SARSCOV2 are similar 
to those seen in patients with SARSCoV 
and MERSCoV. A report from Italy [39] and 
another from China [40] both found significant 
pathological abnormalities in the lungs caused 
by new coronavirus pneumonia. Involvement 
of the lungs is also caused by a strong viral 
transmission. In respiratory viral infections, 
interstitial inflammation, disseminated alveolar 
destruction, and necrotizing bronchitis/
bronchiolitis are common histological findings in 
the lungs. In both the acute and late (organising) 
stages of respiratory virus infections, diffuse 
alveolar damage is the most common. Acute 
diffuse alveolar injury is characterised by 
intra-alveolar edoema. The creation of hyaline 
membranes that line the alveolar walls is 
followed by the deposition of fibrin. Type II 
pneumocytes, granulation tissue formation, 
and collagen deposition characterise the late 
phases of widespread alveolar injury [40].

 Based on the examination of released 
patients for lung injury, there are widespread 
concerns. Huang et al. discovered that about three-
quarters of COVID-19 patients had pulmonary 
dysfunction during early convalescence, with 
the most common symptoms being decreased 
diffusing ability and a decrease in the FEV1/
FVC ratio (forced expiratory volume in the first, 
second, and third/forced vital capacity). More 

than half of COVID-19 cases had abnormal 
carbon monoxide diffusion capability (DLCO), 
indicating that intra-alveolar diffusion channels 
were disrupted [41]. MEO et al. discovered that 
acute severe respiratory syndrome (SARS) 
and COVID-19 have the same biochemical 
and clinical aspects [42]. Previous studies on 
SARS survivors indicated that impaired DLCO 
was the most common anomaly, ranging from 
15.5 percent to 43.6 percent [3, [43], [44]. The 
autopsy of COVID-19 patients revealed varying 
degrees of alveolar structural destruction 
as well as lung interstitial fibrosis [45]. Few 
extreme COVID-19 patients had mucous plugs 
in restricted airways, according to pathological 
findings [45], which may help to explain the 
decreasing breathing function. Neuromuscular 
dysfunction, in addition to acute lung injury, is 
a common cause of diminished lung capacity. 
In a few patients with a decreased FEV1 or 
FEV1 / FVC ratio, it could be due to long-term 
smoking or significant hyperresponsiveness of 
the airways [41].

Neurological dysfunctions

 It has been proposed that SARS-
CoV-2 virus enters the central nervous system 
via the synapse-connected route found in 
other coronaviruses like SARS-CoV, which 
may contribute to a variety of neurological 
abnormalities such as ataxia, epilepsy, neuralgia, 
unconsciousness, severe cerebrovascular 
disorder, and encephalopathy [46]. Mao et al. 
found neurological symptoms in 36.4 percent 
of the population, with the severe group being 
more likely to have significant cerebrovascular 
dysfunction, reduced cognition, and skeletal 
muscle injuries [47]. As previously stated, 
viruses that bind to ACE2 receptors can result 
in excessively high blood pressure and raise the 
risk of a brain haemorrhage. However, the virus 
may be able to cross the blood-brain barrier and 
enter the central nervous system (CNS) via the 
vascular system if SARS-spike CoV-2’s protein 
interferes with ACE2 generated in capillary 
endothelium [48].
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Indeed, some people first develop COVID-19 
symptoms after experiencing neurological 
symptoms [47]. Beijing Ditan Hospital has 
reported a case of viral encephalitis caused 
by a new CoV that first attacked the CNS. 
The presence of SARS-CoV-2 in cerebral fluid 
was confirmed through genome sequencing, 
strengthening the idea that this modern 
pneumonia virus can also affect the nervous 
system [47]. Furthermore, pathogenic germs, 
such as influenza, are more likely to disrupt the 
blood-brain barrier in individuals with severe 
COVID-19 symptoms, resulting in headaches, 
profuse vomiting, visual loss, and limb 
convulsions.

 SARS-CoV-2 infection causes 
a variety of neurological symptoms, 
including cerebrovascular problems, 
leukoencephalopathy, and other CNS illnesses. 
While certain types of diffuse white matter injuries 
(such as post-hypoxic leukoencephalopathy or 
leukoencephalopathy associated with sepsis) 
are mimicked by COVID-19-related white matter 
anomalies, all of these are significant differences 
that are distributed by neuroanatomic means of 
the white matter lesions. The pathophysiology 
of COVID-19 white matter abnormalities is 
unknown, but it is thought that “silent hypoxia” 
may play a role in their development. According 
to Otto Repalino’s cohort study, decreased 
NAA/Cr ratios were associated with neuronal 
dysfunction and axonal damage [49].

 A significant number of COVID-19 
patients have reported a loss of smell or taste. 
As a result, anosmia and dysgeusia are likely to 
be observed in COVID-19 patients [50]. Streeck, 
a German virologist, presented the first report of 
scent and taste deficiency on March 16th, 2020, 
identifying this ailment as a significantly more 
frequent disease (66.7 percent of COVID-19 
patients). In February and March of 2020, the 
first reports of smell and taste abnormalities 
in COVID-19 patients surfaced. These studies 
were first anecdotal, but articles soon began 
to reliably show an increased prevalence of 
chemosensory impairments [51].

According to numerous case investigations of 
MERS coronavirus, neurological symptoms 
such as meningoencephalitis, hyporeflexia, and 
ataxia have also been reported [52]. Neuronal 
infection in SARS-CoV-infected hACE2 
transgenic mice has been demonstrated to 
cause mortality [53]. According to accumulating 
evidence, the virus has been discovered in the 
cerebrum [54] as well as in the CSF as a result 
of SARS-CoV infection [55]. Coronaviruses 
were found in the cerebrum and cerebrospinal 
fluid of patients with epilepsy, encephalitis, and 
encephalomyelitis [56]. The average age of 
meningoencephalitis-related COVID-19 patients 
was 50.8 (19.09) years, with males being 
more frequently infected, according to clinical 
characteristics (70 percent). Chronic seizures, 
slurred speech, and cognitive impairments, 
including hearing and motor perseverance, 
are among the less well-known neurological 
symptoms [57].

Coagulation disorder

 SARS-CoV was found to have similar 
thrombotic and haematological symptoms 
to COVID-19 [58]–[60]. Four patients with 
pulmonary embolism, three patients with 
deep vein thrombosis, and two patients with 
significant multi-organ infarctions due to thrombi 
were detected in a Singapore report involving 
postmortem investigations of eight known 
cases of SARS-CoV [61]. In a retrospective 
study of 157 SARS-CoV-infected patients, 
thrombocytopenia (55%) was discovered with 
the lowest platelet count one week after the 
onset of symptoms, reactive thrombocytosis 
(49%) was discovered at its peak during the 
third week (median = 17 days), and extended 
partial activated thromboplastin time (63%) was 
discovered throughout the first two weeks [62]. 
Thrombotic consequences and comparable 
haematological symptoms of COVID-19 and 
SARS-CoV illness have also been linked to 
MERS-CoV. In comparison to COVID-19 and 
SARS-CoV, there is a scarcity of data. Moderate 
thrombocytopenia was identified by Kim et al. 
as a common observation during the first week, 
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with no distinction made between individuals 
with mild or severe sickness [63]. MERS-CoV 
caused disseminated intravascular coagulation 
(DIC), intracerebral haemorrhage, and multi-
organ failure in an apparently healthy patient two 
weeks after admission, according to Algahtani 
et al. [64].

 Thrombotic issues appear to be a 
common occurrence in COVID-19 patients. 
Early research on the COVID-19 pandemic 
indicated that infected patients typically have 
thrombocytopenia (36.2 percent) and may have 
low D-dimer (46.4 percent) [2]. However, these 
rates are substantially greater in patients with 
COVID-19 severe illness (57.7% and 59.6%, 
respectively) [2]. Emerging evidence suggests 
that patients infected with this new coronavirus 
may develop DIC [65]. Both thrombocytopenia 
and increased D-dimer could be explained by 
an overactive coagulation cascade and platelet 
activation. Infectious disorders generate a 
mismatch between the procoagulant and 
anticoagulant homeostatic mechanisms, 
resulting in a systemic inflammatory response 
[66]. In patients infected with the new coronavirus, 
increased rates of D-dimer and fibrin breakdown, 
as well as prolonged prothrombin length, were 
linked to a poor prognosis [65]. In accordance 
with the diagnostic guidelines of the International 
Society on Thrombosis and Haemostasis, 15 
of the 21 non-survivors (8 percent of the entire 
cohort) manifested evident DIC (>5 points) [67]. 
Lippi and colleagues found slightly lower platelet 
counts in patients with acute disease in a meta-
analysis, and thrombocytopenia was connected 
to a five-fold increased risk of severe disease 
[65].

Hypokalemia

 In the general population, diuretics 
are primarily employed as pharmacological 
medicines to treat hypertension and prevent 
fluid overload. Hypokalemic patients have a 
considerably higher prevalence of hypertension, 
cardiovascular illness, and renal impairment 
than normovolemic patients, which could 

explain why they require more diuretics. Long-
term use of diuretics has been shown to cause 
hypokalemia and other electrolyte abnormalities 
[68]. This side effect in the patients could have 
been the primary cause of several electrolyte 
imbalances. In comparison to patients with 
normokalie, hypokalemia was associated with 
hypocalcemia and a lower plasma magnesium 
level. While female gender is associated with 
hypokalemia, early experimental investigations 
conducted in the 1950s [69] and later confirmed 
in the 1990s [70] found that women, particularly 
the elderly, have less exchangeable body 
potassium than other popular subsets. As a 
result, women are more likely than males to 
develop hypokalemia because their potassium 
deposits have been drained due to differences 
in body composition, with women having less 
extracellular water than men.

 Hypokalemia was found to be a common 
electrolyte imbalance among COVID-19 
patients, according to Riccardo etalfindings. .’s 
During hospitalisation, 41 percent of patients 
with severe symptoms of SARS-CoV-2 infection 
had hypokalemia. Hypokalemia’s incidence and 
causes are unknown at this time, as it has only 
been documented as a probable COVID-19 
symptom. Hypokalemia, on the other hand, has 
the potential to cause life-threatening arrhythmia 
in people infected with SARS-CoV-2 [71]. In 
this study, for the first time, the clinical features 
of hypokalemic SARS-CoV-2 patients are 
presented [71]. They tracked the various causes 
of hyperkalemia in a sample of hospitalised 
patients, including diuretic treatment, acid-base 
dysfunction, and corticosteroid therapy, despite 
the fact that urine analysis was only available 
in a small number of patients. Their findings 
indicate the necessity to frequently measure 
blood potassium levels in COVID-19 patients, 
as well as the urine K-to-creatinine ratio or 24-
hour potassium excretion, in order to improve 
patient care. Depending on the severity of the 
urine loss, potassium should be supplemented, 
and the electrocardiogram (ECG) should be 
carefully evaluated, especially if you’re using 
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any potentially arrhythmogenic medications.

 In a small percentage of patients, 
the cause of tubular potassium shortage was 
unknown (22.2 percent). Hypokalemia was 
usually minor, unrelated to bad outcomes, and 
easily treated with potassium supplements. 
Although hypokalemia was not linked to death 
in their patient group, it is a potentially fatal 
illness if left untreated [71].

Kidney damage

 SARS-CoV-2 may infiltrate the lungs 
and cause cytopathic consequences in a 
variety of organs, including renal tissue [70]. It 
has been discovered that the kidneys express 
the SARS-CoV-2 cell-entry receptor ACE2 
around 100 times more than the lungs do 
[33,71]. The pathophysiology of kidney illness 
in COVID-19 patients is likely multifaceted, 
involving direct cytotoxic effects on renal tissue, 
immune complex deposition, and virus-induced 
cytokines or mediators [72,73]. COVID-19 
patients’ postmortem data were analysed by 
Su et al., who discovered proof of COVID-19’s 
severe cytopathic influence on kidney tissue 
[74]. Hirsch et al. investigated 5449 patients 
with acute kidney injury (AKI) and proposed 
COVID-19 ischemic acute tubular necrosis as a 
significant cause of AKI [75].

 They found a significant risk of AKI 
(29.1%) and a high death rate in patients with 
AKI (34.6 percent). According to earlier clinical 
trials, the detection of AKI in COVID-19 patients 
ranged from 0.5 percent to 36.6 percent [75] 
[70]. COVID-19 was thought to be unrelated 
to AKI by Wang et al. [76]. AKI was not 
documented in that study, even in patients who 
died in the intensive care unit. AKI was found in 
5.1 percent of 701 patients by Cheng et al. [74]. 
In that study, the among-hospital death rate was 
16.1%, but it was estimated that in patients with 
elevated baseline blood creatinine levels, the 
rate may reach 33.7 percent. Another Chinese 
study looked at 1,099 patients and discovered 
that patients with high creatinine levels (9.6%, 
n=52) had a greater death or ICU admission 

rate than patients with normal creatinine levels 
(1%, n=700) [77].

 Acute renal failure appears to be a 
common complication of COVID-19, since it 
occurs in one-fifth of SARS-COV-2 pneumonia 
hospitalised cases. AKI is often recognised in 
symptomatic elderly people as a severe systemic 
inflammatory response to the ongoing illness. 
Size, male sex, and Chronic Kidney Disease 
(CKD) were all characteristics in our patient 
sample that contributed to AKI. Because AKI 
is a standalone risk factor in COVID-19 for all-
cause mortality [78], it is critical to determine the 
etiological mechanism, as well as a technique to 
prioritise AKI prevention and early detection.

Liver injury

 According to recent epidemiological 
studies, 16–53 percent of COVID-19 patients 
experienced varying degrees of hepatic injury [78] 
[79], with some patients developing serious liver 
injury. The coagulant system anomaly caused 
by hepatic damage can result in substantial 
bleeding, especially in patients receiving 
continuous renal replacement or extracorporeal 
membrane oxygenation. The deterioration of 
liver function can lead to hepatic failure and 
death. In COVID-19 patients, liver damage 
need immediate care [81]. Existing studies have 
linked SARS-CoV-2 transmission, hepatotoxic 
medication treatment, virally mediated cytotoxic 
T cells, and a dysregulated innate immune 
response to liver damage in COVID-19 [82]. 
COVID-19 [83] patients’ liver tissue showed 
moderate microvesicularsteatosis and minor 
lobular activity. According to preliminary studies, 
SARS-CoV-2 can bind directly to ACE2-
positive cholangiocytes, causing liver function 
dysregulation.

 According to the data, liver damage 
occurred more frequently and more quickly 
in very ill COVID-19 patients, advanced more 
quickly, and healed later than in non-critical 
patients. In non-critically ill COVID-19 patients, 
drug characteristics such as lopinavir/ritonavir 
and arbidol therapy, as well as the number of 
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concomitant drugs, were predictive predictors 
of liver damage, which could be attributable to 
metabolic interactions with the drug. Liver injury 
was linked to a longer hospital stay and delayed 
virus eradication in all of the enrolled patients.

 SARS-CoV-2 may directly 
dysregulateliver function by binding to ACE2-
positive cholangiocytes [84]. ALT (Alanine 
aminotransferase) and AST (Aspartate 
aminotransferase) were found to be the primary 
markers in COVID-19 patients with serious 
illness, rather than TBL (Total bilirubin). Immune 
interactions involving virally mediated cytotoxic 
T cells and Kupffer cells can cause hepatocyte 
injury [82]. Researchers speculated that, in 
addition to the obvious damage caused by 
SARS-CoV-2, a virus-induced cytokine storm 
might also play a significant role in critically ill 
patients with liver damage. Specifically, unlike 
other studies, Jiang et al. discovered that drug 
factors, rather than the severity of the disease, 
may play a larger role in the liver injury of non-
critically ill COVID-19 patients [81].

Cardiovascular dysfunction

 Patients with chronic cardiovascular 
disease (CVD) are more likely to develop severe 
COVID-19 and have a poor prognosis. The 
most common comorbidities among COVID-19 
patients were hypertension (17%), diabetes 
(8%), and CVD (5%), according to a meta-
analysis of 46,248 individuals [85]. CVD and 
hypertension have grown more prevalent in the 
extreme patient group than in the non-serious 
cases [85]. There is also a link between existing 
CVDs and increased mortality. COVID-19, 
on the other hand, is well acknowledged to 
have negative effects on circulatory function, 
potentially harming or exacerbating the heart. 
There have been reports of cardiogenic 
connection in patients who have no history 
of CVD[86], as well as cases with exclusively 
cardiac manifestations [86] [87].

 Although the exact function of 
cardiovascular activity in COVID-19 remains 
unknown, increased cardiac biomarker rates are 

common. According to Wang et al., 7.2 percent 
of patients exhibit high troponin levels, as well 
as electrocardiographic or echocardiographic 
abnormalities that indicate heart damage 
[89]. Because ACE2 is highly concentrated 
in the heart, it raises the risk of a myocardial 
infection. Both a cytokine storm caused by 
systemic inflammation and a hypoxic situation 
caused by ARDS (Acute Respiratory Distress 
Syndrome) that causes high extracellular 
calcium rates and contributes to myocyte 
death are probable harm mechanisms [90]. 
Increased myocardial demand, as a result of 
hyperinflammatory reactions or secondary 
hemophagocyticlymphohistiocytosis, may 
contribute to atherosclerotic plaque instability 
and myocardial damage, increasing the risk of 
acute myocardial infarction [91]. Blood pressure 
abnormalities are frequently observed as a result 
of the condition. Arrhythmia-related palpitations 
were also seen [90] [91]. Arrhythmias can take 
many different forms, and their causes might 
range from hypoxic circumstances to ARDS-
induced myocarditis. Patients with reduced 
ejection fraction and cardiac enlargement have 
been documented by Hu et al. and Zeng et al. 
[87][92]. As a result, the long-term effects of 
COVID-19 on cardiovascular function, such as 
the risk of heart disease, should be observed 
and investigated further.

Male reproductive system

 SARS-CoV-2 is a betacoronavirus with 
symptoms that are similar to SARS-CoV and 
MERS-CoV. COVID-19 can cause symptoms 
that are similar to pneumonia in some persons. 
Male reproductive systems are similarly 
susceptible to infection; COVID-19 patients 
have substantial fluctuations in sex hormones, 
indicating a gonadal dysfunction [94]. Viruses 
like HIV, hepatitis B and C, mumps, Epstein-Barr, 
and papilloma can induce viral orchitis, which 
can lead to infertility and tumours in the testicles 
[95]. SARS-CoV can cause orchitis, according 
to an examination of testis postmortem materials 
from six patients who died from the virus [95]. In 
all six specimens, pathological findings included 
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spermatogenic cell death, germ cell destruction, 
few or no spermatozoa in the seminiferous 
epithelium, thicker basement membrane, and 
leukocyte infiltration. As a result, SARS-CoV-2 
may have an effect on the testes. New research 
on SARS-CoV-2 infection sheds light on 
impaired male gonadal function [96]. The ratio 
of testosterone to luteinizing hormone (T to LH) 
in 81 COVID-19 patients fell considerably when 
compared to 100 healthy men of the same age 
(COVID-19 patients: 0.74; healthy men: 1.31, P 
0.0001). The serum T/LH ratio (as a measure of 
male gonadal function) has been suggested as 
a possible marker of SARS-CoV-2 reproductive 
dysfunction [97].

 SARS-CoV particles have been found 
in the epithelial cells of testicular seminiferous 
tubules and Leydig cells, indicating that 
testicular injury has occurred [97]. ACE2 is 
highly expressed in the epithelial cells of 
seminiferous testis ducts, adult Leydig cells, 
and the prostate gland. The testis cannot be 
detached from the immune system, despite its 
special immunological status. Interferons are 
produced when leukocytes, CD3+ T cells, and 
CD68+ macrophages infiltrate the interstitial 
tissue of the testes, inhibiting steroidogenesis 
and testosterone production [98]. These cells 
produce inflammatory cytokines that stimulate 
an autoimmune response and damage 
the seminiferous epithelium, resulting in 
autoimmune orchitis [99]. High cytokine levels 
associated with viral or bacterial infection cause 
sickness or injury, which can lead to sperm 
loss and steroidogenesis, both of which have 
negative impacts on fertility [98]. COVID-19 is 
not protected by the blood-testis barrier, and 
inconsistent sex hormone production may be 
linked to reduced gonadal function. Young adults 
who want to start a family after recovering from 
COVID-19 should seek a fertility consultation.

Female reproductive system

 To date, no harm to the female 
reproductive system has been recorded in 
COVID-19 patients. The involvement of renin–

angiotensin (Ang)–aldosterone (RAS) in female 
reproductive processes like folliculogenesis, 
steroidogenesis, oocyte maturation, and 
ovulation has been researched. Reis and 
colleagues [100] confirmed the presence of an 
Ang-(1–7)–Mas receptor–ACE2 axis and ACE2 
markers at all stages of follicle maturation in the 
human ovary [101]. However, earlier studies 
have shown that ACE2 is expressed in granulosa 
bovine and rat ovarian cells, regulated by 
gonadotropins, nd involved in folliculogenesis 
[101] [102].

 SARS-CoV-2 could kill endometrial 
epithelial cells and affect early embryo implant 
by targeting ovarian tissue and granulosa cells 
and reducing ovarian function and oocyte 
production, causing to female infertility or 
miscarriage. The effect of SARS-CoV-2 on the 
fallopian tube is currently unknown, however 
it is something that should be investigated 
more in the future [104]. During this time, 
further research is needed to assess the long-
term consequences of SARS-CoV-2 infection 
in men and women on human reproduction, 
pregnancy outcomes, and offspring growth and 
development in order to obtain more evidence 
on the reproductive impacts of associated 
disorders.

Dermatological manifestations

 An old study by Hamming et al. [105] 
showed the existence of ACE2 in the epidermis 
basal cell layer extending to the hair follicle basal 
cell layer, the smooth muscle cells comprising 
sebaceous glands and eccrine glands.

 In the same context, Goren et al. [106] 
postulated a theory that androgen receptors 
could play a role in COVID-19 patient’s severity. 
This finding was focused on the increased 
frequency of extreme COVID-19 in children 
and adult females relative to adult males. 
Furthermore, with the reduction of the androgen 
hormones, the ACE2 activity has shown a 
decrease. However, this theory is not yet proven.

 Patients have been observed to have 
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cutaneous signs such as Urticaria [107] in 
addition to the traditional respiratory symptoms, 
acralischaemia [108], morbilliform [109], 
livedoreticularis [110], vasiculitis petechial 
exanthems[111], erythematous rash [112], 
chilblains-like lesions [113], Pernio-like lesions 
[114], maculo-papularexanthems [115], 
croischaemia, retiformpurpura [116], erythema 
multiforme [117], pityriasisrosea [118], etc. The 
figure 2 and 3 demonstrates distinct skin signs 
seen in COVID-19 confirmed patients in a study 
conducted by Galvan casas et al. [119].

 One of the most recent articles released 
by Recalcati et al., addressing largely to skin 
reactions connected to COVID-19, finds the 
existence of various cutaneous illnesses in 18 
out of 88 individuals. Of them, 14 (15.9% of the 
total) patients had an erythematous infection, 
three (3.4%) had urticarial infection, and one 
(1.13%) had chickenpox-like symptoms. Young 
asymptomatic patients with this illness were also 
observed to have purpuraraynaud’s syndrome, 
chilblain-like, and erythema multiforme-
like lesions [116]. According to Henry et al., 
COVID-19 patients may experience urticarial 
eruption without any respiratory symptoms. 
[120]. 

 Because the predominant symptoms 
were petechiae skin rash and low platelet 
count, a COVID-19 patient in Thailand was 
misdiagnosed with dengue [121]. The first 
retrospective investigation by Galva Casas et al. 
[119] classified COVID-19 cutaneous symptoms 
into five separate clinical forms: pseudo-chilblain 
(19%), vesicular eruptions (9%), urticarial 
lesions (19%), maculopapular (47%) and livedo 
or necrosis (19%). (19 percent ). 6% of the 
population. Our goal is to promote awareness 
of COVID-19 viral infection’s cutaneous 
manifestations and to help dermatologists better 
understand the skin rash caused by this unique 
virus. Furthermore, dermatologists should pay 
extra attention to patients with infectious skin 
rash in these settings to ensure that COVID-19 
cases are not missed.

Fig. 2All of the patients shown had confirmed 
COVID ‐19. (a, b) Acral areas of erythema–
oedema with vesicles or pustules (pseudo‐
chilblain). (c) Monomorphic (i.e. at same stages) 
disseminated vesicles. (d) Urticarial lesions.

Source: Reproduced from Galvan casas et al. 
[119]

Fig. 3 All of the patients shown had confirmed 
COVID ‐19. (a) Maculopapular eruption. 
Some of the lesions are perifollicular. (b) Acral 
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infiltrated papules (pseudovesicular). (c) Acral 
papules (erythema multiforme like). (d) Livedoid 
areas.

Source: Reproduced from Galvan casas et al. 
[119]

Skin damage in healthcare workers 
managing COVID-19

 Many skin problems arise as a result 
of repeated usage of personal protection 
equipment [122] due to hyperhydration, rubbing, 
and allergic contact reactions. Protective 
equipment caused 97.0 percent of skin injuries 
among health-care professionals, with lesions 
on the nasal bridge (83.1 percent), hands, 
cheeks, and forehead [123]. Hand washing or 
glove decontamination should be confined to 
the following times: before handling the patient 
or performing any aseptic therapy, and after 
contact with body fluids, touching the patient 
or some of the patient’s objects.They also 
recommended using ethanol for hand hygiene 
and, if possible, applying hand cream after each 
hand hygiene session. Furthermore, a cotton 
glove should be worn beneath the latex gloves, 
and topical moisturisers including glucocorticoid 
cream should be used. A properly fitted mask, 
goggles, and the application of moisturisers or 
cream to contact areas are also recommended 
[122] [124]. When utilising N95 masks.

Role of nanotechnology in detection, 
treatment and prevention of Covid-19

 Nanotechnology has sparked a lot of 
interest in recent years, and it’s now widely 
employed in fields including health [125], 
agriculture [126], and bio-labelling [127]. 
Nanotechnology has been employed in 
numerous fields of medical research, including 
gene transfer [128], selective drug delivery 
[129], artificial implants [130], and public health 
sensing systems and other biosensors [131]. It 
can also be utilised for cancer treatment and 
detection [132] as well as the development of 
active antiviral, antibacterial, and antifungal 
medicines. The nanoscale scale of the material, 

which allows entrance into the cells of living 
systems, particularly the human body, is the basis 
for this interest in employing nanotechnology in 
medicine. Due to the shielding capabilities of 
some nano-sized materials, nanomaterials may 
serve a defensive role, preventing degradation 
of the enclosed product or anti-infection agent 
[133].

Detection

 Diagnostics may play a key role in 
COVID-19 containment, enabling for the rapid 
implementation of control measures that limit 
the spread of the virus by identifying and 
isolating cases as well as tracking links (i.e. 
recognising individuals who might have come 
into touch with an infected patient). COVID-19 is 
typically diagnosed using reverse transcription 
polymerase chain reaction (RT-PCR) and 
screened using CT scans, although each method 
has drawbacks. Because they can monitor 
and identify different infections, molecular 
techniques are more reliable than syndromic 
testing or CT scans in detecting illnesses [134]. 
Nanotechnology opens up new possibilities for 
making low-cost, high-efficiency identification 
systems, secure personal protection gadgets, 
and cutting-edge, effective medications. 
Nanosensors are already a reality, capable of 
detecting low levels of bacteria and viruses 
and alerting clinicians when symptoms appear 
in patients with low viral loads. To diagnose 
COVID-19, many nano-based methodologies 
have been developed, which have advantages 
over molecular procedures. The methods that 
are currently being tested are listed below.

Reverse transcription loop-mediated 
isothermal amplification (RT-LAMP) coupled 
with a nanoparticle-based biosensor (NBS) 
assay

 Covid 19 is now diagnosed by RT-PCR 
in real-time detection of SARS-CoV-2 nucleic 
acid [135]. Many types of gene amplification 
have been employed in comparison to this 
method, but their main disadvantages are 
that they are complex, require experienced 
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personnel, and take a long time. Yang et al. 
devised an RT-LAMP test for the identification 
of three genes to diagnose SARS-CoV-2 
fast in order to overcome these limitations. In 
2003, this method was employed to test for 
the coronavirus SARS, and it was shown to 
be quick and simple [136]. Since then, an RT-
LAMP NBS assay has been developed to swiftly 
and accurately detect COVID-19 [137]. This RT-
LAMP-NBS test combines LAMP amplification, 
reverse transcription, and multiplex inspection 
with nanoparticle-targeted biosensors to 
diagnose COVID-19 in a single-tube, one-step 
response. A one-step, one-tube RT-LAMP-NBS 
assay was designed to identify COVID-19. This 
technique takes 30 minutes to amplify nucleic 
acid at a temperature of 60–650 degrees 
Celsius. The impacts of identification can be 
seen macroscopically in the form of a colour 
transformation.

Point-of-care testing

 Point-of-care People are diagnosed 
without having to send samples to national 
labs, and conclusions are produced without the 
need for a testing network to classify infected 
patients. SARS-CoV-2 lateral flow antigen 
testing is being investigated as a point of care 
for COVID-19 diagnosis [138]. In commercial 
lateral flow tests, a paper-like membrane strip is 
coated with two lines: one that carries antibody 
conjugates to gold nanoparticles, and the other 
that collects the antibodies. The membrane 
collects patient samples (such as blood and 
urine), and the protein is pushed over the line 
by capillary action. The antigens bind to the gold 
nanoparticle-antibody conjugate as the first line 
goes across the membrane, and the complex 
flows across the membrane. When the trapped 
antibodies reach the second side, where 
the red or blue side is visible, the complex is 
immobilised. Due to connected plasmon bands, 
individual gold nanoparticles are red, while the 
fluid containing clustered gold nanoparticles 
is blue [139]. The lateral flow test’s clinical 
sensitivity, specificity, and accuracy for IgM 
were 57 percent, 100 percent, and 69 percent, 

respectively, and 81 percent, 100 percent, and 
86 percent for IgG. A test that detects both IgM 
and IgG has an 82 percent clinical sensitivity 
[139].

Optical biosensor nanotechnology 

 A new device based on optical 
biosensor nanotechnology could identify the 
coronavirus directly from patient samples in 
roughly 30 minutes, removing the need for 
centralised laboratory testing. The most recent 
studies will swiftly determine whether a person is 
afflicted with the coronavirus or influenza virus. 
The project could be used for purposes other 
than the present pandemic and human care. 
The most recent biosensor technology could 
also be used to investigate various varieties of 
coronavirus found in reservoir animals like bats, 
in order to identify and track the virus’s potential 
evolution and avoid future human pandemics. 
[140].

Nano-based treatment

 Experts have been studying the 
possibility of using nanoparticles to treat bacterial 
and viral diseases for some years. For example, 
gold nanoparticles are designed to bind to 
viruses like Ebola or influenza, and then heat the 
particles using infrared wavelengths to disrupt 
the virus’s structure. COVID-19 infections have 
recently been linked to a hyperinflammatory 
state characterised by a fulminant cytokine 
storm (hypercytokinemia) prior to the onset of 
ARDS and death [32]. A better understanding 
of the biology of acute inflammation can aid in 
the development of new inflammatory disease 
treatments [19]. Death may be linked to virally 
mediated hyperinflammation, according to 
research on confirmed cases of COVID-19. 
These unregulated pro-inflammatory systems 
are typically guided by constant positive 
feedback loops between pro-inflammatory 
signalling and oxidative stress, according to 
evidence and observations. According to the 
researchers, there is currently no effective way 
to target counteract this activity.
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According to the research of Dormont et al., 
multidrug nanoparticles could be utilised to 
monitor and alleviate the effects of uncontrolled 
inflammation. The nanoparticles of adenosine, 
an endogenous immunomodulator, were created 
by conjugating squalene, an endogenous 
lipid, and encapsulating -tocopherol, a natural 
antioxidant. This resulted in high drug loading, 
biocompatible, multidrug nanoparticles, 
according to the researchers. The researchers 
discovered that the nanoparticles might deliver 
therapeutic medicines in a tailored manner by 
targeting vascular endothelial barrier failure 
at high-inflammatory sites. In animal models, 
endotoxemia testing revealed a “significant 
survival” benefit. As a result, scientists believe 
that administering adenosine and antioxidants 
in a targeted manner could be a novel way to 
treat acute COVID-19 inflammation with few side 
effects and reliable therapeutic applications. 
[141].

 Vaccination is one of the most 
important therapy methods for improving the 
immune response to infectious disorders [142]. 
Meanwhile, because nanoparticles have been 
proven to exhibit immunostimulatory properties 
[143], substantial attention has been focused 
on developing nano-based medicinal medicines 
or vaccines against various coronaviruses. 
In inoculated mice and rabbits, Staroverov 
et al. evaluated the defensive immunological 
response elicited by gold nanoparticles (AuNPs) 
mixed with a type of coronavirus discovered in 
2011 as swine transmissible gastroenteritis 
virus (TGEV) [144]. In vaccinated specimens, 
TGEV-conjugated colloidal gold was observed 
to elicit greater IFN- concentrations and 
neutralising antibody titers. In comparison to 
the free antigen reaction, vaccination with the 
antigen-colloidal gold complex increased T-cell 
proliferation tenfold, and the authors of the study 
also found that complex administration resulted 
in reciprocal enhancement of respiratory 
macrophage function and enhanced protective 
immunity against TGEV. Gold nanoparticles 
coupled to a virus could also be considered an 

antiviral option for vaccine development.

In mice, Sekimukai [145] evaluated the efficacy 
of two types of adjuvants (AuNPs and Toll-
like receptor agonists) in combination with 
recombinant S protein against SARS-CoV 
infection. In contrast to a Toll-like receptor 
agonist-adjuvanted vaccine, vaccination 
with AuNP-adjuvanted protein elicited a high 
IgG response but did not develop protective 
antibodies or reduce eosinophilic infiltration. 
Gold nanoparticles, spike protein nanoparticles, 
and hollow polymeric nanoparticles have all 
been shown in animal models to have great 
potential to trigger an immune response against 
coronavirus [146]–[148]. For SARS-COV-2, 
a messenger RNA (mRNA) lipid nanoparticle 
vaccination is being explored. It is based on 
previous SARS-CoV and MERS reports [149].

Prevention

 SARS-CoV-2 is disseminated mostly 
through minute droplets of virus particles that 
enter the body through the eyes, mouth, or nose 
as a result of breathing, speaking, sneezing, or 
coughing. Preliminary research also suggests 
that these germs can survive for days when 
stuck to countertops, handrails, and other hard 
surfaces. Nanoparticles will destroy certain 
diseases long before they enter the body, 
according to Webster, because they cling to 
numerous things and structures. His lab has 
developed nanoparticle-forming materials that 
may be sprayed on goods to combat viruses. 
He claimed that the virus was inactive even if 
it was on a table, a countertop, or an iPhone 
[150].

 Many modern masks fail to maintain 
their air filtration function, and their electrostatic 
activity vanishes when exposed to water. As a 
result, their filtering capability is greatly reduced, 
making re-use almost impossible. Professor 
Kim’s nanofilter mask, on the other hand, is 
made by crossing and aligning thin nanofibers 
to generate small air holes that keep viruses 
out while allowing people to breathe easily. That 
is, unlike traditional masks, the filter produces 
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a physical barrier rather than relying on static 
electricity. The material has been demonstrated 
to retain more than 94 percent of its filtration 
ability after 20 regular washings with soap and 
is safe to use for up to a month. In fact, it showed 
no deformations in its nano-fibre framework after 
three hours of soaking in ethanol and resisted 
4,000 mechanical crumples and strains [151].

Antiviral nature of nanoparticles

 Nanoparticles could be an interesting 
treatment option. Against the alphacoronavirus 
porcine epidemic diarrhoea virus (PEDV), Du 
et al. first revealed a new treatment method 
based on silver nanoparticles in 2018 [152]. 
They discovered that Ag2S nanoclusters (NCs) 
can stop PEDV from multiplying in treated Vero 
cells. Treatment with Ag2S NCs decreased 
viral budding and viral negative-strand RNA 
synthesis, which could explain why. Furthermore, 
the Ag2S NCs have been demonstrated to 
favourably control the proliferation of IFN-
activating genes and the generation of pro-
inflammatory cytokines, resulting in resistance 
to PEDV infection, making them a viable 
therapeutic candidate for further research.

 To combat human coronavirus NL63, 
Ciejka et al. created a biopolymeric material for 
the creation of nano/microspheres (NS/MS) with 
a high potential for adsorbing coronaviruses 
[153]. When N-(2-hydroxypropyl)-3-trimethyl 
chitosan (H-HTCC)-NS/MS was added to viral 
suspensions, the number of copies of viral 
RNA dropped, and this was found to have a 
strong link with the amount of H-HTCC-NS/
MS employed. According to their findings, 2.5 
mg/500 l H-HTCC-NS/ MS could reduce the 
amount of H-HTCC-NS/ MS by 99.60 percent. 
The decrease was 99.92 percent when 10 
mg/500 l of HHTCC-NS/MS was introduced.

 In a patent discovered in 2014 by Cho 
et al., a mixture of silver colloid, titanium dioxide 
(TiO2) nanoparticles, a dispersion stabiliser, 
binder, and water displayed antibacterial, 
antifungal, and antiviral properties (US 
8,673,331 B2) [154]. At a 100-fold dilution of 

the formulation concentration, antiviral efficacy 
against PEDV and TGEV was demonstrated 
at a rate of 99.99 percent or greater, according 
to antiviral research findings. When the 
formulation concentration was diluted 1000 
times, the viruses’ development was reduced at 
a rate of 99.9% for PEDV and 93.0% for TGEV, 
respectively. As a result, Cho et alproposed 
.’snanomaterials’ antiviral activity was dependent 
on the composition’s concentration, implying 
that dose should be changed to achieve optimal 
inhibition [133].

Antiviral activity of zinc

 Antiviral activity of zinc against 
rhinoviruses, common cold virus infections, 
and influenza viruses is excellent. Zinc can also 
be utilised to treat COVID-19 infections and 
reduce the risk and severity of infection [140]. 
In vitro, zinc nanoparticles inhibit influenza virus 
multiplication, and zinc oxide nanoparticles 
appear to be effective against H1N1 influenza 
virus infections. SARS coronavirus replication 
is also inhibited by zinc [155]. The virus’s 
respiratory syncytial replication is inhibited by 
zinc salts, and viral replication of hepatitis C is 
reduced. Zinc supplementation has significantly 
reduced the prevalence of pneumonia in 
children in underdeveloped nations. Although 
the antiviral activity of zinc is unknown, it may 
hinder the virus from adhering to the mucosa 
and multiplying later. Zinc has been shown 
to have antiviral activity in vitro by promoting 
the production of antiviral interferon-alpha or 
gamma and reducing inflammatory reactions 
[156]. Zinc also affects immune cell function and 
aids in the activation of enzymes involved in a 
variety of cellular processes [157].

 Zinc deficiency has been linked to an 
increased vulnerability to bacterial and viral 
illnesses, according to new research. Zinc 
deficiency has been demonstrated to impact 
B-cell development in vivo, resulting in insufficient 
antibody production and macrophages with low 
phagocytic activity against parasites [158]. Zinc 
may have antiviral effects by either limiting virus 
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replication or increasing the immune response, 
according to research. Consuming roughly 50 
mg of zinc per day strengthens the host immune 
system, reduces the host’s sensitivity to viral 
infection, and provides additional defence 
against infection with COVID-19 to lower 
disease risk [159], [160]. The usage of ionic 
zinc oxide nanoparticles in a mask covering 
has antiviral and antibacterial properties. 
Zinc oxide nanoparticles can be included 
into these materials to stabilise them and kill 
microorganisms on contact [140].

 As a result, the nanomaterials may 
have antiviral properties against a wide range of 
coronaviruses. Antiviral nanomedicines against 
SARS-CoV, MERS-CoV, and SARS-CoV-2 
should be studied even more urgently.

Conclusion

 There is a global health concern that is 
affecting people all over the world. COVID-19 
has surpassed the infection-to-mortality ratio’s 
upper limit, separating it from other viral 
illnesses. To build a firm foundation for averting 
prospective pandemics, doctors and scientists 
must collaborate to eliminate the SAR-CoV-2 
menace. Science and technology development 
and implementation are our primary weapons in 
the fight against COVID-19. The involvement of 
comorbidities and impairment of extrapulmonary 
organs have the greatest impact on disease 
progression. ARDS, cardiac arrest, renal failure, 
trauma, and multi-organ failure are all causes 
of death. When enforcing prevention and 
protective measures, thorough awareness of 
the comorbidities and potential organ damage 
is crucial. Recognizing this may make it easier 
to prioritise individual patient care and reduce 
the danger of decompensation. Apart from 
the rapid publication of study findings, this 
report seeks to provide medical information 
about COVID-19. Clinical symptoms induced 
by SARS-CoV-2 infection should be closely 
monitored to determine whether the virus 
has impacted internal organs and, if so, how 
effective treatment can be administered. For the 

formulation of an effective treatment approach, 
an individual’s demographic records and 
previous medical history are required. In this 
review, we focused on the impact of COVID-
19-induced human body impairments in order 
to provide researchers with a more detailed 
explanation of COVID-19’s clinical implications. 
The role of nanotechnology approaches in 
managing, detecting, and preventing COVID-19 
spread was also discussed. Nanotechnology 
offers a unique combination of capabilities that 
will dramatically advance our understanding of 
viral illnesses and the development of critical 
diagnostic and therapeutic technologies. It 
has been suggested that nanoparticle-based 
vaccines have a higher potential for eliciting 
a stronger defensive immune response than 
standard antigen-based immunizations. 
Furthermore, results demonstrated that nano-
assays have the potential to give improved 
sensitivity and specificity when used for early 
phase quick detection of viral infection when 
compared to current approaches.
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