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Abstract

The study aimed to reveal the 
developmental deformities of the anticonvulsant 
drug valproic acid (VPA) in zebrafish embryos. 
The zebrafish embryos were exposed to VPA 
(up to 100 µM) after 4 hours post-fertilization 
(hpf) and examined for in-vivo toxicity by 
hatching rate, survival rate, heart rate, oxidative 
stress, and apoptosis. The VPA has dose and 
time-dependently affected embryos’ hatching, 
survival, and heart rate. The VPA delayed 
hatching and noticed unusual hatching at 72 
hpf. Complete death of embryos was noticed at 
doses of 40, 60, 80, and 100 µM VPA at 72 and 96 
hpf. Furthermore, VPA has negatively affected 
the heart rate and was found to be depleted 
with the dose and time of exposure to VPA. 
The VPA has induced various developmental 
defects in embryos, including yolk sac edema, 
pericardial edema, spinal cord curvature, and 
tail deformities. DCFH-DA staining revealed that 
the VPA escalated ROS molecules and induced 
oxidative stress in embryos. Acridine orange 
(AO) staining revealed that VPA causes toxicity 
in embryos by apoptosis. Overall, the study 
concluded that VPA induces developmental 
defects in zebrafish embryos by oxidative-
stress-mediated apoptosis in dose and time-
dependent ways. Thus, our study suggests that 
VPA release into aquatic ecosystems needs to 
be limited.

Keywords: Valproic acid, Zebrafish, 
Developmental toxicity, Reactive Oxygen 
Species, Apoptosis.

Introduction

To preserve human and animal health, 
pharmaceutical consumption is expanding 
internationally. About 4000 compounds are 
mainly used for human and animal medicine. 
Large-scale pharmaceutical use poses potential 
environmental risks (1). Feces and urine excrete 
medicinal substances as unabsorbed forms 
and metabolites/byproducts. Pharmaceutical 
chemicals enter aquatic habitats through sewage 
discharges, landfill leaching, indiscriminate 
hospital and residential waste disposal, and 
stormwater runoff. Drug-resistant infections, 
infertility, cancer, endocrine disruption, and 
plant and animal development retardation 
can result from ng/L levels of hazardous 
residues. Pharmaceutical residues, such as 
non-steroidal anti-inflammatory medications, 
hormones, antibiotics, antiretrovirals, lipid 
regulators, and β-blockers, adversely damage 
aquatic ecosystems and human health. Surface 
water, reclaimed wastewater, and groundwater 
often contain ampicillin, sulphathiazole, 
carbamazepine, penicillin, aspirin, paracetamol, 
amoxicillin, diclofenac, anticonvulsants, 
vancomycin, efavirenz, and ibuprofen (2, 3, 4). 
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For more than thirty years, the 
anticonvulsant drug valproic acid (VPA) and its 
derivatives have been used to treat epilepsy 
because they are non-specific inhibitors of 
histone deacetylase. VPA works by blocking 
the metabolism of γ-aminobutyric acid (GABA) 
and interfering with GABA reuptake at nerve 
terminals. As a result, VPA is used to treat 
several mental illnesses, including epilepsy, 
schizophrenia, bipolar disorder, and migraine. 
Despite being widely regarded as safe, VPA 
can have serious side effects during therapy, 
such as significant bone loss (5). Moreover, 
VPA is cautiously recommended by National 
Institute for Health and Care Excellence (NICE) 
for children, young people, and adults with 
Idiopathic Generalized Epilepsies (IGEs) and 
pregnant women (6). 

The VPA has been detected in 
municipal sewage and surface water samples, 
and potentially poses an environmental and 
health risk.  The majority of VPA drugs are 
taken orally, and 30% to 50% are eliminated 
as metabolites. Uncontrolled disposal and 
poor wastewater treatment release VPA’s 
unchanged/unabsorbed form and metabolites/
byproducts into waterways. Due to its limited 
degradation potential, constant release, and 
widespread use, VPA may bio-accumulate in 
aquatic environments while being removed at 
low concentrations (ng/L or sub-parts-per-billion) 
(7, 8, 9). VPA accumulation, destiny, and chronic 
exposure can alter base-of-food-chain biotic 
populations. Top-of-the-food-chain creatures 
like larger fishes may bioaccumulate these, 
generating somatic mutations and systemic 
toxicity that can cause cancer, biodiversity loss, 
and death. Moreover, VPA entering the human 
food chain may cause baldness, elevated 
alanine aminotransferase and aspartate 
aminotransferase in the liver, tinnitus, myalgia, 
and dyspnea. High doses of VPA can cause 
liver damage, hallucinations, hypothermia, 
murder, hyponatremia, schizophrenia, toxic 
epidermal necrolysis, Stevens-Johnson 
syndrome, allergic reactions, anaphylaxis, 

syndrome of inappropriate antidiuretic hormone 
secretion (SIADH), pancreatic inflammation, 
and allergic reactions. Concentrations can 
cause thrombocytopenia, pancytopenia, 
hyperammonaemia, myelosuppression, aplastic 
anemia, hemorrhage, erythema multiforme, 
polycystic ovarian syndrome, cerebral 
pseudoatrophy, encephalopathy, and coma (5, 
6). These harmful effects of VPA are known 
to be caused by the activation of oxidative 
stress and inflammatory processes. Therefore, 
antioxidants and anti-inflammatory medications 
are being extensively investigated in current 
research as possible therapeutic strategies 
against VPA damage (10, 11, 12, 13, 14).

We need to gain more knowledge of the 
impact of VPA on aquatic animals. Therefore, the 
VPA effect on zebrafish embryonic development 
was studied in the present study. The reason for 
selecting zebrafish as a model fish for this study 
is that they are well suitable for phenotypic 
screening, embryos are transparent to observe 
phenotypic changes, maintenance is easy, 
offspring count is very high, they reproduce all 
over the year, embryonic development is rapid 
(15). Research on vertebrate gene function and 
human genetic illness has been conducted using 
zebrafish. A high-quality sequence assembly of 
the zebrafish genome, spanning 26,000 protein-
coding genes, has been sequenced, providing 
insights into the relationship between zebrafish 
genes and human genes, with 70% of human 
genes having a zebrafish orthologue (16).

Our study includes toxicological 
analyses of VPA, including hatching rate, 
developmental deformities, survival rate, heart 
rate, oxidative stress (ROS generation), and 
apoptosis (acridine orange staining).

Materials and Methods

Chemicals and reagents

2’ ,7 ’ -Dich lorodihydrof luorescein 
diacetate (DCFH-DA), VPA, pure water, and 
acridine orange (AO) were obtained from 
Sigma-Aldrich, Bengaluru, India. The other 
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chemicals used in the study were obtained from 
Merck, Bengaluru, India. 

Zebrafish husbandry 

Wild-type adult male and female 
zebrafish were purchased from the local 
aquarium, Coimbatore, Tamil Nadu, India. 
The fish were thoroughly inspected for illness 
and infection. The fishes were maintained in a 
recirculating system with a 12-hour light and 12-
hour dark photoperiod at 27 ± 1°C. The fish were 
fed with commercially available fish food twice 
a day. The debris and the tank were cleaned 
every day and once a week, respectively. The 
spawning was carried out with 1:2 (male and 
female zebrafish), and fertile eggs were used 
for the study (17).

Experimental design

The exposure of zebrafish embryos to 
VPA was carried out in accordance with FET 
guidelines (17). The VPA was treated to fertile 
embryos after 4 hrs post fertilization (hpf). VPA 
stock solution was prepared in pure water (500 
µM) and stored in darkness at -20°C. Then, 
VPA stock was subjected to dilution to obtain 
test concentrations of up to 100 µM VPA in an 
E3 medium for toxicological evaluation. Each 
experimental group contains 25 embryos. 
The experiment was carried out at 27 ± 1°C 
with aeration. The embryos treated alone with 
the E3 medium were control. The embryos 
were observed for developmental deformities, 
survival rate, heart rate, oxidative stress (ROS 
generation), and apoptosis (acridine orange 
staining). The observations were noticed at 24, 
48, 72, and 96 hpf (18, 19). 

Assessment of survival rate and 
developmental defects

Following the treatment with VPA, 
as explained in the experimental design. The 
survival rate and developmental defects of 
embryos were recorded at specific periods: 
24, 48, 72, and 96 hpf (19). The results were 
expressed as percentages. The observed 

developmental deformities include yolk sac 
edema, pericardial edema, somite formation 
defects, spinal cord curvature, and tail 
deformities. The developmental deformities 
were observed under the inverted microscope 
(EVOS, FLC, Thermo Fisher Scientific, USA).

Assessment of cardiotoxicity

Following the treatment with VPA, 
as explained in the experimental design. 
The zebrafish embryos were observed for 
cardiotoxicity under the inverted microscope. 
The heartbeat rate was measured at 24, 48, 72, 
and 96 hpf after the embryos were exposed to 
the VPA. The heartbeat rate of embryos was 
measured and expressed per minute (20). 

Assessment of oxidative stress by DCFH-
DA staining

Following the treatment with VPA, as 
explained in the experimental design. The effect 
of VPA on ROS generation in zebrafish embryos 
was determined by DCFH-DA staining (21, 
22). Briefly, before DCF-DA staining, embryos 
were washed with embryonic media, and 
staining was carried out at 5 µM of DCFH-DA 
in water for 15 min in the dark. Following, the 
embryos were washed thrice with embryonic 
media, anesthetized, and fixed on glass 
slides for observation.  The green fluorescent 
protein (GFP) images were captured using the 
fluorescent inverted microscope (EVOS FLC, 
Thermo Fisher Scientific, USA). Furthermore, a 
fluorescent intensity, which reflects ROS levels, 
was quantified at excitation and emission of 
485 and 525 nm, respectively. The results were 
expressed as percentages with respect to the 
control group.

Assessment of apoptosis by AO staining

Following the treatment with VPA, as 
explained in the experimental design. The role 
of VPA on apoptosis in zebrafish embryos was 
observed by acridine orange (AO) staining (20). 
Briefly, following the VPA treatment, embryos 
were washed twice with water and stained with 
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5 µM of AO for 15 min in the dark. Following, 
embryos were washed thrice with embryonic 
media, anesthetized, and fixed on glass slides 
for observation.  The images were captured 
using a fluorescent inverted microscope (EVOS 
FLC, Thermo Fisher Scientific, USA). A GFP 
filter captured the AO images. The fluorescence 
intensity of AO was measured at excitation 
and emission of 485 and 520 nm, respectively. 
The results were expressed in percentage with 
respect to the control group.

Statistical analysis

The experiments were carried out 
independently and in triplicates (n = 3). The 
results were expressed in mean ± standard 
deviation. The data was processed by one-
way ANOVA, and statistical significance was 
considered at p ≤ 0.05. The statistical difference 
was calculated using Dunnett’s test. The 
analysis and graphical representation were 
done using GraphPad Prism version 8. 

Results and Discussion

Effect of VPA on the hatching rate, 
survivability, and developmental defects 

 In the present study, the effect of 
VPA on the hatching rate, survivability, and 
developmental defects of zebrafish embryos 
was assessed at 20, 40, 60, 80, and 100 µM 
for 24, 48, 72, and 96 hpf. The VPA has been 
shown to negatively affect the hatching rate 
of zebrafish embryos (Fig. 1). At 20 µM VPA, 
hatching of zebrafish embryos was noticed 
at 48, 72, and 96 hpf. The hatching rate was 
delayed at 20 µM VPA compared to the control 
(p ≤ 0.05). On the contrary, hatching was found 
completely absent at 60, 80, and 100 µM VPA. 
The VPA has shown a toxic effect on zebrafish 
embryos and has affected the survivability of 
zebrafish embryos, which was found to be 
dose-dependent and exposure-dependent (Fig. 
2). Higher zebrafish embryo death was noticed 
at a higher tested dose of 100 µM VPA in 24 
hpf. In 48 hpf, the complete death of zebrafish 
embryos was noticed at 80 and 100 µM VPA, 

and a higher death was at 60 µM VPA. In 
72 and 96 hpf, complete death of zebrafish 
embryos was noticed at a tested concentration 
of 40, 60, 80, and 100 µM VPA, and a higher 
death rate was noticed at 20 µM VPA. Thus, 
the study proved that VPA has affected the 
survivability of zebrafish embryos and induced 
death in dose-dependent and time-dependent 
ways. Moreover, our study observed that VPA 
had induced various developmental defects in 
zebrafish embryos at 24, 48, 72, and 96 hpf 
(Fig. 3). The observed developmental defects 
include yolk sac edema, pericardial edema, 
spinal cord curvature, and tail deformities (23). 
The high concentration of VPA showed a higher 
intensity of malformation and dead embryos 
than the low concentration of VPA.  In support 
of our report, Wang et al. have proved that up 
to 50 µM VPA causes the death of embryos and 
is responsible for neurotoxicity (20). The results 
of our investigation demonstrate the substantial 
toxic effects of VPA on zebrafish embryos, 
including embryonic death, delayed hatching, 
and apparent cellular damage in embryos. The 
study revealed that the toxic effects of VPA rely 
on the dose and exposure time. This information 
explains the VPA drug’s toxic aberrations and 
detrimental effects on zebrafish embryonic 
development.

Figure 1: Effect of different concentrations of 
valproic acid (VPA) on hatching rate (%) of 
zebrafish embryos at 24, 48, 72, and 96 hpf. 
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Figure 2: Effect of different concentrations of valproic acid (VPA) on survivability of zebrafish 
embryos at 24, 48, 72, and 96 hpf. 

Figure 3: Effect of different concentrations of valproic acid (VPA) on developmental defects of 
zebrafish embryos at 24, 48, 72, and 96 hpf. YSE: yolk sac edema. PCE: pericardial edema. SCC: 
spinal cord curvature. TD: tail deformity.
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Effect of VPA on heart rate

The zebrafish heart’s resemblance to 
the human heart renders zebrafish a distinctive 
and essential model for genetics and drug-
induced heart failure. The typical zebrafish 
embryo exhibits a heartbeat ranging from 120 
to 180 beats per minute. An accelerated or 
decelerated heart rate will lead to embryonic 
death (24). Figure 4 depicts the heart rate of 
zebrafish embryos subjected to VPA treatment at 
24, 48, 72, and 96 hpf. VPA exhibits a significant 
(p ≤ 0.05) reduction in heart rate, with values 
below 80 bpm, compared to the control group. 
Embryos were found live at 20 µM of VPA, and 
a heart rate was recorded for 24, 48, 72, and 96 
hpf. However, all embryos were found dead at 
72 and 96 hpf at 40 and 60 µM of VPA, and the 
heart rate was not noted. Similarly, all embryos 
were found dead at 48, 72, and 96 hpf at high 
dosages of 80 and 100 µM VPA. In support of 
our report, Wang et al. proved that VPA induced 
developmental toxicity in zebrafish embryos by 
dysregulating the heart rate (20). 

Figure 4: Effect of different concentrations of 
valproic acid (VPA) on heart rate (per min) of 
zebrafish embryos at 24, 48, 72, and 96 hpf. 
The statistical significance between the VPA-
untreated (control) and VPA-treated groups was 
assessed by Dunnett’s test. The significance 
was determined at p ≤ 0.05 (*).

Effect of VPA on oxidative stress and 
apoptosis

One of the potential results of toxicity by 
pollutants is apoptosis. Apoptosis often occurs 
when a certain intracellular signaling pathway 
is triggered or when the cell is unable to repair 
DNA changes. This is the rationale behind 
the research that simultaneously examines 
apoptosis and ROS-mediated oxidative stress. 
In certain situations, ROS molecules harm the 
nucleus of cells in a way that triggers these 
proapoptotic signals (25, 26).

In the present study, the effect of 
VPA on the generation ROS molecules was 
assessed by DCFH-DA staining and apoptosis 
by AO staining in zebrafish embryos at 48 hpf 
(Fig. 5). The DCFH-DA is a highly selective 
stain for quantifying the ROS molecules and 
its fluorescence directly related to ROS levels 
(27). Figure 5A depicts that VPA has dose-
dependently escalated DCFH fluoresce levels 
up to the tested 60 µM VPA compared to the 
control. The DCFH-DA staining revealed that 
VPA has dose-dependently escalated the ROS 
levels up to the tested dosage of 60 µM VPA and 
was found significant compared to the control (p 
≤ 0.05) (Fig. 5B). Thus, the study concluded that 
VPA is responsible for ROS-mediated oxidative 
stress. In support of our study, Wang et al. 
proved that VPA causes toxicity in zebrafish 
embryos by ROS-mediated oxidative stress 
(20). 

Similarly, in our study, VPA’s effect on 
apoptosis was revealed by AO staining. The 
intensity of AO fluorescence directly reflects 
the apoptosis level. Figure 5A depicts that VPA 
has dose-dependently escalated AO fluoresces 
levels up to the tested 60 µM VPA compared to 
the control. The AO staining revealed that VPA 
has dose-dependently escalated the apoptosis 
levels up to the tested dosage of 60 µM VPA and 
was found significant compared to the control 
(p ≤ 0.05) (Fig. 5B). In support of our study, 
Wang et al. proved that VPA causes toxicity in 
zebrafish embryos by apoptosis through AO 
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staining (20). Overall, our study revealed that 
VPA is responsible for toxic eff ects in zebrafi sh 

embryos caused by oxidative-stress-mediated 
apoptosis.

Figure 5: Eff ect of diff erent concentrations of valproic acid (VPA) on apoptosis by AO staining 
and reactive oxygen species by DCFH-DA staining in zebrafi sh embryos at 48 hpf. The statistical 
signifi cance between the VPA-untreated (control) and VPA-treated groups was assessed by 
Dunnett’s test. The signifi cance was determined at p ≤ 0.05 (*).

Conclusion

` The study evaluated the toxic eff ect of the 
VPA on the aquatic model organism Zebrafi sh. 
VPA signifi cantly aff ected the hatching rate of 
zebrafi sh embryos and induced developmental 
defects of zebrafi sh embryos. The VPA 
has lowered the heartbeat rate and caused 
cardiotoxicity. Moreover, the study showed 
that VPA elevated oxidative stress by causing 
excessive ROS accumulation. The possible 
mechanisms of oxidative stress and apoptosis 
in VPA-induced developmental defects and 
cardiotoxicity are elucidated in this work. Even 
so, substantial molecular investigations must 
be considered to examine the toxicological 
eff ects of VPA. Nevertheless, the relationship 
between VPA and diff erent organ toxicities must 
thus be ascertained by assessing the toxicity 
at various stages of zebrafi sh development. 
Consequently, our research shows that VPA is 
detrimental to aquatic vertebrates during their 
embryonic phases, could enter the food chain, 
and exhibit risks to humans. Consequently, the 

release of VPA into aquatic environments must 
be constrained.
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Abstract

	 Microalgae are one of the less-explored, 
nutritional treasures of the marine biosphere. 
With the emergence of algal technology, research 
has been shifting slowly towards exploring the 
nutraceutical values of these microorganisms, 
and microalgae like Chlorella vulgaris are 
gaining high market value. In addition, with 
the increasing demand for vegan source of 
omega-3 fatty acids, the Chlorella vulgaris 
biomass may be considered as a potential 
alternative. In this study optimization of various 
parameters such as culturing conditions, media 
composition, pH, RPM, inoculum percentage, 
carbon source, concentration of glucose, and 
salt to enhance the yield has been carried out. 
The best results were obtained at pH 7 with an 
inoculum percentage of 5 and the addition of 1.5 
gm of NaCl and glucose enhanced the yield of 
biomass, protein, and lipid in Chlorella vulgaris. 
Optimized conditions gave a maximum yield of 
biomass, lipids, and protein. Among the lipids, 
omega-3 fatty acids have high nutraceutical 
value. In the fatty acid methyl esters, DHA 
and EPA were found to be 2.9% and 0.55 %. 
Estimation of omega-3 fatty acids was done 
using TLC and GC-MS. The Omega-3 fatty 
acids and dietary proteins extracted from 
Chlorella vulgaris can serve as an alternate 
vegan source for nutritional supplements.

Keywords: Chlorella vulgaris, Optimisation, 
Lipids, Omega-3 -Fatty acids, Protein.

Introduction 

	 Omega-3 fatty acids are a category 
of fatty acids that the human body is unable 
to produce on its own. These are necessary 
fats that must be obtained from external 
sources. Docosahexaenoic acid (DHA) and 
Eicosapentaenoic acid (EPA) are the two forms 
of omega-3 that are majorly obtained from fish 
Biomass. Plants contain omega-3 fatty acids in 
the form of alpha-linolenic acid (ALA). Due to 
the abundance of non-vegetarian sources of 
omega-3 fatty acids and the scarcity of vegan 
alternatives, omega-3 fatty acid supplements 
derived from fish oil are not practical for 
vegetarians, who are unable to meet their daily 
needs for omega-3 fattyacids. Since fishes 
spawn in a specific season, the biomass of fish 
is not available year-round for the production of 
omega-3 fatty acids. Fish from contaminated 
waterways may have accumulated mercury, 
which can cause cancer[1]. Fish and fish oil 
allergies exist in certain people. Omega-3 fatty 
acid supplements derived from fish oil are not 
feasible for such individuals[2]. Furthermore, 
some people have been known to develop 
gastritis and indigestion after taking fish oil.

	 Microalgae hold great potential for the 
sustainable production of high-value chemicals, 
feed, and biofuels. Microalgae, such as Spirulina 
and Chlorella, are possible sources of proteins 
and lipids that can be utilized to make functional 
meals that enhance human health [3]. When 
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compared to other microalgae, Chlorella vulgaris 
has a high market value, with a market scope 
analogous to Spirulina (Arthrospira platensis).  
However, the added advantage of Chlorella 
vulgaris over Spirulina is that it does not have 
a cytotoxic effect on healthy cells. The Spirulina 
produce a compound called microcystin which 
is toxic to liver cells [4]. Most of the applications 
of C. vulgaris have been on its metabolism of 
lipids, proteins, and carbohydrates[5]. They are 
commercially important as they can produce 
a variety of essential and non-essential amino 
acids [6]. Apart from its nutritional value Chlorella 
vulgaris has also been known for its medical 
applications like cardioprotective properties 
[7], immunomodulatory effects [8], anticancer 
properties [9] and antidiabetic properties [10]. 
Protein makes up to 45-58% of the dry weight 
of the Chlorella biomass of which 20% of the 
protein is bound to the cell wall supporting the 
structural integrity of the cell and also serves 
as a transporter. The total protein content may 
vary 12-120 kDa of which the majority lies 
in the range of 39-75 kDa. Lipids constitute 
around 5-40% of the Chlorella vulgaris dry 
weight. The lipids are present in the form of 
glycolipids, waxes, hydrocarbons, fatty acids, 
and phospholipids. These are synthesized in 
the chloroplasts and directed towards the cell 
membrane and cell wall [11]. Concerning the 
type of fatty acids in C. vulgaris, it has been 
noted that 70.18% are saturated fatty acids 
(SFA),16.85% are monounsaturated fatty acids 
(MUFA) and 8.72% are polyunsaturated fatty 
acids (PUFA) hence, it can be considered as a 
storehouse of various fatty acids [12]. 

	 Microalgae can be explored as a solution 
for the problems related to the production of 
Omega-3 fatty acids from fish biomass. In 
comparison to higher-level plants, the growth 
of microalgae is quicker, they can grow in 
harsh conditions and give better metabolite 
yield[13]. Omega 3 fatty acids are produced 
in higher amounts in the microalgae Chlorella 
vulgaris[14].  Microalgal biomass is available 

throughout the year and it takes only a few days 
to produce the culture. The micrometer size 
and its unicellular nature contribute to a high 
surface-to-volume ratio giving efficient nutrient 
utilization and metabolite production[15]. It is a 
better alternative for people with allergies to fish 
and fish oil. In addition, there is no wastage in 
this process, as the by-products can be used as 
poultry/cattle feed, as they have high nutritional 
value.

	 In this study, the optimization of physical 
parameters and media for maximal production of 
lipids and proteins has been carried out through 
sustainable and cost-efficient processes using 
Chlorella vulgaris. The lipids and proteins that 
come as a byproduct in culturing processes 
are of high nutraceutical and pharmaceutical 
significance.

Materials and Methods

Revival and culturing of the microalgal strain

	 The pure culture of Chlorella vulgaris 
was obtained from Biopol Biosciences, 
Bangalore. The microalgae was revived in the 
BG11 media for further experiments. To find the 
optimal growth of the microalgae a comparative 
study was made between the growth, using 
an incubator shaker with 200 rpm at room 
temperature and plant tissue culture setup [16]. 
200 ml of BG11 media was autoclaved and 50μl 
of inoculum was added to both the media under 
aseptic conditions and kept for incubation in 
their respective conditions. Once the microalgal 
growth was observed they were added with 
40% glycerol and cryopreserved at -80⁰C and 
used for further experiments.

Optimization studies 

	 To enhance the yield, various 
parameters such as the composition of media, 
pH, RPM, inoculum percentage, carbon source, 
concentration of glucose, and salt have been 
optimized. The optimization experiments were 
done in triplicates. 
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Magnetic stirrer vs static condition  

	 One ml of the culture was added to one 
litre of BG-11 media and kept on a magnetic 
stirrer with 150 rpm, at room temperature under 
light. Similarly, the culture was kept in static con-
dition.  The OD at 680nm was noted for every 
24 hours. Microscopy was carried out at 100x 
to check for contamination. Wet cell weight, Dry 
cell weight, protein, and lipid analysis were car-
ried out on day 9 [17].

Inoculum % optimization 

	 Inoculum percent of 1,5 and 10, was 
added to BG11 media and made up to 250 ml to 
study the effect on yield. OD at 680nm was not-
ed every 24 hours. Microscopy was carried out 
to check for contamination. Wet cell weight was 
measured on day 10. The pellets were dried for 
24 hours at 60⁰C, Dry cell weight was recorded 
and stored at 4⁰C.

pH optimization

	 The initial pH of the BG11 media was set 
to 7,7.5,8,8.5 and 9 under aseptic conditions. 
The OD at 680 nm was noted for every 24 
hours. The wet cell weight, dry cell weight, lipid, 
and protein estimations were made on day 6 
[18].

Carbon source

	 Acetic acid and glucose were selected 
as carbon sources for the analysis. Bottles 
containing 1g/l glucose were added with BG11 
media and 0.06 gm NPK and another set of 
bottles containing 1g/l acetic acid was added 
with BG11 media and 0.06gm NPK.OD at 680 
nm and DCW were noted every 24 hours [19].

Growth kinetics studies for BG11 and NPK 
(Selection of nitrogen source)

	 100 ml of solution was prepared with 95 
ml of BG11 media and 5 ml of inoculum. Each 
day optical density at 680 nm, wet cell weight, 
dry cell weight, protein content, and lipid content 
were analysed. Similar steps were carried out 
for NPK media which has an NPK concentration 
of 0.6gm/l [20].

Glucose concentration 

	 To the BG11 media, various concen-
trations of glucose (1gm/l,1.5gm/l,2gm/l) were 
added. Estimation of OD at 680 nm, WCW, and 
DCW every 24 hours for 7 days was carried out. 
lipid and protein content was estimated for the 
culture on day 7 [21].

RPM optimisation 

	 One litre of the prepared media was 
subjected to a magnetic stirrer at room tempera-
ture at 200 rpm. OD at 680 nm was noted down 
every 24 hours. The WCW, DCW, and Protein 
were estimated on day 7. Similarly, the exper-
iment was repeated for 250 rpm and 300 rpm 
[22].

Salt stress 

	 Various concentration of NaCl 
(0,1,1.5,2gm/l) was added to BG11 media. OD 
at 680 nm, WCW &DCW were recorded every 
24 hours. Lipid and protein content were esti-
mated on day 7 [23].

Scale up production of culture under 
optimized conditions

	 950 ml of media was prepared and 50 
ml of inoculum was added to the media followed 
by the addition of 1.5 gm of glucose. OD at 680 
nm was noted every 24 hours. The WCW, DCW, 
lipids, and protein were estimated only on Day 7 
[24].

Analysis of omega-3 fatty acid 

Confirmation by TLC

	 For standard preparation: Content 
from 1 tablet of omega-3 fatty acid soft gelatine 
capsule (OMEGALARK3) was dissolved in 10 
ml of chloroform.

	 For the sample preparation, the Modified 
Bligh & Dyer method was used for the extraction 
of lipids from dried algal biomass, where 50 mg 
of lipid samples were mixed with a solution of 
water, chloroform, and methanol (0.8:1:1 v/v/v). 
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4 mL of a water: chloroform solution (1:1, v/v) 
was added after the vortex. After being vortexed, 
the sample was centrifuged for ten minutes at 
5,000 rpm. The mobile phase was prepared 
using ether: benzene in the ratio 2:2.

 The TLC procedure was carried out 
by spotting the silica gel TLC plate and the 
movement of the mobile phase was marked. 
The bands formed were observed under a UV 
transilluminator and marked [25].

Estimation by GC MS 

 The extracted lipids were measured 
using Gas Chromatography Mass 
Spectrometry[26]. Using standards (Sigma), 
individual FAMEs were quantifi ed and identifi ed. 
Unidentifi ed FAMEs were estimated using the 
averaged RF factor [27].

Results and Discussion 

Revival and culturing of the strain

  The pure culture of Chlorella vulgaris
was revived in the BG11 media. The OD 
at 680nm and biomass analysis on Day 8 
confi rmed that the plant tissue culture condition 
gave a yield of 0.023g DCW with an absorbance 
of 0.264 in comparison to the Shaker incubator. 
Microscopic studies revealed that there is no 
contamination in the culture with an appreciable 
level of microalgal growth. 

Optimization studies

Magnetic vs static stirrer condition.

 Absorbance at 680 nm showed that a 
stationary phase was attained on day 7 in both 
cultures (Figure 1). In dry biomass estimation, 
the higher yield was derived in the magnetic 
stirrer condition(0.17±0.02g/l) rather than the 
static condition(0.14±0.01g/l). The protein 
content was higher in the static condition 
(357.27±2.72 mg/g) when compared to the 
magnetic stirrer condition (319±2.67mg/g). The 
lipid content was higher in the magnetic stirrer 
condition(9.89±0.32mg/g) in comparison to the 
static condition (7.10±0.28mg/g) (Figure 2).

Optimization of Inoculum 

  From the absorbance studies, it was 
observed that maximum growth was achieved 
by culture with an inoculum percentage of 5% 
on day 10 (Figure 3). However, the culture 
with an inoculum percentage of 10 % showed 
a good increase in OD initially. But started to 
decrease sharply from day 7 to day 10 indicating 
the nutrient depletion in the culture. Inoculum 
concentration of 5 gives the maximum yield 
of biomass and lipid (590.02±4.25 mg/gm) in 
comparison to the 1% and 10% inoculum (Table 
1). From the protein analysis, it was observed 
that an inoculum percentage of 10 gives a 
maximum yield of protein (93.75±1.74 mg/g). 
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Figure 1: Growth curve for absorbance at 680 
nm for static and magnetic stirrer condition.

Figure 2: Protein and Lipid estimation for cul-
tures in static vs magnetic stirrer condition.
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pH optimization

 From the absorbance studies, it was 
found that pH 7.5,8,9 had almost achieved the 
stationary phase on day 5 while pH 7 and pH 
8.5 were still in the exponential phase (Figure 
4). From the biomass estimation, the maximum 
yield of dry biomass (0.022±0.002gm/l) and 
lipid (509.73±3.860mg/g) was obtained from 
culture with an initial pH of 7 in comparison 
to culture with an initial pH of 7.5,8,8.5,9 
(Table 1). However maximum yield of protein 
was obtained in culture with an initial pH of 
7.5(126.57±3.521mg/g.

absorbance was found to be linear (Figure 
6). On biomass estimation, it was noted that 
biomass growth was exponential till day 6 
however the growth declined from day 6 to day 
7. The maximum biomass (4.00 g/l) (Figure 
7) and protein (11.21mg/g) (Figure 5) were 
obtained on day 7. Specifi c growth and doubling 
time were also found to be maximum at Day 
7. The maximum lipid was obtained on Day 4 
(172.171±1.807 mg/g) for the cultures grown in 
the BG 11 media (Figure 5). The absorbance 
was noted at 530 nm and the lipid content was 
calculated based on the lipid standards. 

                      

NPK growth kinetics

 According to biomass estimation, the 
absorbance at 680 nm was noted every 24 
hours till Day 7, and the Growth curve was 
plotted (Figure 6). The graph was found to be 
linear, and a sharp increase in the absorbance 
from Day 6 to 7 indicates the culture was still in 
the exponential phase on day 7. The maximum 
biomass (0.30±0.565 gm/l) was obtained on day 
7 for the NPK (Figure 7). The protein and lipid 
estimation was carried out for dry biomass and 
the growth curve was plotted. The maximum 
protein and lipid were obtained on day 4 and the 
decline of protein and lipid content was observed 
from day 5 to 7 (Figure 8). Absorbance was 
noted at 530 nm, However, the yield of biomass 
and lipid in NPK media was low in comparison 
to the BG11 media, hence BG11 is a better 
media for enhancing biomass growth.

Figure 3: Growth curve for 1%,5%and 10%   in-
oculum concentrations                                      

Figure 4: Growth curve for cultures of diff erent 
initial pH                                  

Figure 5: Protein and Lipid estimation for BG11 
media culture.                                 

Growth kinetics studies (BG11)

 For every 24 hours, the absorbance at 
680 nm was observed till day 7. The maximum 
OD reading was obtained on day 7 and the 
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Figure 6: Absorbance growth curve for BG11 
and NPK media culture.                         

Figure 8:  Protein and Lipid growth curve for 
NPK media.                     

Figure 9: Growth curve for various carbon 
sources Based on absorbance at 680 nm.                      

Figure 10: Dry cell weight estimation for various 
carbon sources.               

Figure 7: Biomass growth curve for BG11 and 
NPK media. 

Selection of carbon source 

	 The growth was observed with different 
carbon sources. The Dry cell weight was also 
noted every 24 hours. From the absorbance 
at 680 nm (Figure 9) and dry cell estimation, it 
was found that glucose along with BG11 gave 
an appreciable amount of biomass (2.85g/l). In 
contrast, NPK along with acetic acid or glucose 
and BG11 along with acetic acid gave no 
biomass yield (Figure 10). Hence, glucose was 
selected for further studies as a carbon source.

Glucose concentration.

	 On day 7 the culture was harvested and 
the biomass estimations were carried out along 
with protein and lipid estimation. The maximum 
biomass and lipid yield was obtained in the 

Figure 7: Biomass growth curve for BG11 and NPK 
media  

Figure 10: Dry cell weight estimation for various 
carbon sources.

Figure 9: Growth curve for various carbon sources 
Based on absorbance at 680 nm.                                   

culture with 1.5 g/l of glucose concentration 
in comparison to the culture with a glucose 
concentration of 1 g/l or 2 g/l. From the protein 
estimation, it was found that culture with 2g/l 
glucose concentration gave a maximum yield of 
protein.
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RPM optimization 

	 The biomass was harvested on day 7. 
The maximum yield of biomass (1.125±0.061g/l) 
and lipid was found in the culture subjected 
to 250 RPM (Table 1). At 300 rpm the yield of 
protein was found to be maximum.

Salt concentration

 	 The cultures were harvested on day 7. 
The maximum yield of biomass was obtained 
for culture with an initial NaCl concentration 
of 0 g/l in comparison to 1.1.5,2g/l (Table 1). 
Maximum yield of protein and lipid was obtained 
in the culture with 1.5 g/l NaCl concentration in 
comparison to the culture with 0,1,2 g/l NaCl.

Table 1: Optimization studies of protein and lipid
Protein
(mg/gm)

Lipid content
(mg/g)

Inoculum %

1% 56.58±1.45 585.15±1.96
5% 50.18±2.37 590.02±4.25

10% 93.75±1.74 169.50±2.12

pH

7 20.68±1.442 509.73±3.860
7.5 126.57±3.521 499.92±2.672
8 55.22±3.336 235.33±3.634

8.5 15.97±2.729 436.84±1.499
9 49.02±3.280 132.66±4.228

RPM

200 17.96±0.537 164.51±4.002
250 25.51±2.319 286.25±3.66
300 31.54±2.969 191.27±4.963

Concentration of glucose (gm/l)

1 21.03±3.73 259.16±2.418
1.5 47.1±4.05 320.84±4.313
2 66.65±3.450 288.94±2.927

Concentration of NaCl (gm/l)

0 26.46±0.791 139.30±3.874
1 23.77±1.852 261.65±4.737

1.5 62.37±1.152 420.80±3.323
2 17.87±0.311 279.06±4.313

pH(7)

Innoculum (5%)

RPM (250)

Con . of NaCl (0 gm/l)

Con. of glucose(1.5 gm/l)
0.0

0.5

1.0

1.5

2.0

2.5

3.0

DC
W

 (g
/l

)

 DCW

	 A high yield of dry cell weight was 
achieved at the Optimal conditions of pH 7,250 
RPM, inoculum concentration of 5, with 0 and 
1.5 g/l concentrations of NaCl and glucose 

(Figure.11). Similarly, the maximum yield of lipid 
was obtained at pH 7, inoculum concentration 
of 5%, RPM of 250, with salt and glucose 
concentration of 1.5mg/l (Figure 12).

Figure 11: DCW at different optimized condi-
tions                  

Figure 12: Concentration of Protein and Lipid 
at different optimized conditions 
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	 For the scale-up, pH 7, inoculum 
concentration of 5%, and salt, and glucose 
concentration of 1.5 g/l, were chosen as optimal 
conditions to maximize the yield of dry biomass 
and lipid with protein as a byproduct.

Scale-up production of culture under 
optimized values

	 In scale-up production, the culture was 
subjected to optimized conditions (pH 7,250 

rpm,1.5gm glucose on the 1st day, and 1.5g/l 
NaCl on the 6th day evening). The cell was 
harvested on day 7, The obtained contents of dry 
biomass, protein, and lipid are 4.25±0.395g/l, 
53.23±4.327mg/g, and 621.85±4.412 mg/g.

	 In comparison to the initial BG11 media 
culture in the optimized scale-up culture the dry 
biomass was found to be increased by 1.08 
times (Figure 13) lipid by 8.11 times and protein 
by 11.18 times (Figure 14).

Figure 13: Biomass estimation comparison be-
tween BG11 media and optimized condition val-
ue.

Figure 14: Protein and lipid estimation compar-
ison between BG11 media and optimized con-
dition value.
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TLC for qualitative determination of omega-3 
fatty acid 

	 The presence of omega-3 fatty acids 
(DHA) was confirmed by TLC. Among the 
Mobile phases, ether: benzene at the ratio 2:2 
gave results for the microalgae sample. The Rf 

value for the standard was 0.204 and 0.194 for 
the test sample. Which were similar to the Rf 
value of DHA.

Quantitative estimation of omega-3 fatty 
acids 

Figure 15: Results of GC-MS for fatty acid methyl esters of Chlorella vulgaris culture under optimized 
conditions.
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Table 2: Identified fatty acids and percentage in fatty methyl esters.
Peak Start RT End Compound Name Area Area Sum 

Percent
1 11.522 11.573 11.659 Myrisitc acid 22446899.55 8.39
2 14.315 14.369 14.472 Palmaitic acid 193693525 72.43
3 16.375 16.419 16.45 Alpha-Linolenic Acid 2271729.18 0.85
4 16.453 16.499 16.546 Linoleic acid 27909906.71 10.44
5 16.546 16.567 16.603 Arachidonic Acid 1334195.15 0.5
6 16.782 16.826 16.902 Stearic Acid 9787733.04 3.66
7 20.031 20.061 20.094 Docosapentanic Acid 735398.01 0.27
8 20.108 20.146 20.177 Eicosapentanic Acid 1481883.42 0.55

9 20.177 20.216 20.287 Docosahexanic Acid 7765264.58 2.9

	 There were around 9 identified fatty 
acids such as Myristic acid, palmitic acid, 
Alpha-linolenic acid, linoleic acid, arachidonic 
acid, stearic acid, docosapentanoic acid, 
eicosapentanoic acid, docosahexanoic acid. 
In the fatty methyl esters, if we consider the 
omega 3 fatty acids the DHA was found to be 
2. 9%, EPA was found to be 0.55 % overall the 
amount of omega 3 fatty acids was found to be 
0.33% and omega 6 fatty acids were found to 
be 0.85% concerning the biomass (Figure 15, 
Table 2).

Discussion 

	 Many studies conducted on microalgae 
are carried out conducted in photo bioreactors 
with CO2 supply. Photo bioreactors being 
an expensive option led to this study, we 
investigated sustainable and effective 
alternatives for microalgae production. The 
options that were explored were the orbital 
shaker and plant tissue culture setup condition. 
From this study, we found that the plant tissue 
culture setup gave a better biomass yield in 
comparison to the shaker incubator. In the 
incubator shaker, the insufficiency of light 
might have led to the hindrance. Microalgae 
development depends on agitation[28], and the 
best RPM for maximal biomass and lipid output 
was discovered using a magnetic stirrer. In our 
studies, 250 RPM on magnetic spinner is the 

optimal RPM for the maximal yield of biomass 
(approximately 1.125g/l) and lipid (28.25% to 
biomass). This is the first attempt to optimize 
RPM for Chlorella vulgaris cultivation in a 
magnetic stirrer. In the previous study, where 
the RPM of the shaker incubator was optimized 
to 150, the biomass yield was 0.499mg/l, and 
the lipid yield was 15.98% of dry biomass was 
less in comparison to the yields of biomass and 
lipid at 250 rpm magnetic stirrer condition in the 
present study[29].

	 The best inoculum to use in Chlorella 
vulgaris cultures to maximize biomass, protein, 
and lipid output is 5%. When the 10% initial 
inoculum culture reached the nutrition depletion 
phase, it grew more slowly than the 5%, as 
reported by others [30]. Optimal temperature 
range for microalgal cultures is 25–35°C[13,18]. 
Previous studies show that 25⁰C was an ideal 
temperature for growing Chlorella vulgaris[31]. 
pH 7 is ideal for microalgae to produce their 
maximum biomass and lipid output, which is in 
line with findings from earlier research[32–34]. 

	 Different types of media have been 
used in culturing of Chlorella vulgaris in algal 
research. BG11 media was found to be the 
optimal media in comparison to the bold basal 
media, Fog’s medium, and M4N media[35]. In 
the present study, NPK and BG11 media are 
compared for cultivating Chlorella vulgaris. The 
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best yields of protein, lipids, and biomass of 
4g/l biomass yield on day 7 which was higher 
compared to the previous study (approximately 
1.64g/l on day 15) are obtained with BG11 
medium[36]. On day 10, the proportion of 
lipids to biomass was 7.66%, highlighting the 
significance of the nutrition depletion phase in 
the formation of lipids. In the NPK media since 
the nitrogen content is high which results in a 
lower amount of lipid in comparison to the BG11 
media. The productivity of lipids and biomass is 
similarly influenced by nitrogen concentration, 
demonstrated high lipid content over time with 
BG11 media. This emphasizes how important 
nitrogen depletion is to the lipid synthesis 
process in Chlorella vulgaris.

	 Glucose is the most effective carbon 
source for increasing biomass and lipids[36]. 
On the other hand, the risk of contamination 
was emphasized[37]. Therefore, experiments 
on glucose optimization were carried out to 
determine the ideal concentration for maximizing 
the yield of fat, protein, and biomass. 5g/l of 
glucose was found to give a maximum yield of 
biomass (1.39g/l) and lipid (19.29%) of biomass 
weight[38]. BG11 and 1.5 gm/l of glucose are 
the ideal concentrations with a maximum yield 
of biomass (approximately 2gm/l) and lipid 
(approximately 32.08%), varying on the specific 
culture conditions [36]. 

	 Under the conditions of salt stress, it 
was discovered that there was a reduction in 
biomass at the first addition of salt; yet, there 
was a notable rise in lipid (66.16%), which 
was higher than the previous report of (24%) 
[39]. Therefore, to reduce the possibility of salt 
impeding biomass growth and to increase the 
amount of lipids in biomass, salt was injected 
on the sixth day of the large-scale production of 
microalgae under optimal conditions. 

	 This investigation revealed that, as 
compared to an orbital shaker incubator, a plant 
tissue culture setup was the best setting for 
cultivating Chlorella vulgaris. The goal of the 
study is to enhance Chlorella vulgaris biomass, 

protein, and lipid output by combining optimum 
conditions. Better biomass, lipid, and protein 
yields than individual optimized parameters 
are shown in the results. According to previous 
studies, 16.15% of lipids were obtained in the 
optimization studies concerning biomass[22]. 
62.1% lipid was produced in this scale-up 
study, with yields akin to those of genetically 
modified strains for maximal lipid output [23]. 
Chlorella vulgaris can be employed as a source 
of production for DHA (2.9%) and EPA (0.55%) 
according to estimates of omega-3 fatty acids. 
This makes the Chlorella vulgaris a suitable 
option for producing omega-3 fatty acids.

Conclusion.

	 This study demonstrated that microalgae 
can be successfully cultivated in a laboratory 
environment with the presence of light. The ideal 
conditions for the growth of C. vulgaris biomass 
are pH 7 and 5% inoculum. BG11 media turned 
out to be the best choice when contrasted with 
NPK media. Maximum yield of biomass and lipid 
was found at 250 rpm with 1.5 g/l of glucose 
and NaCl. We developed a sustainable method 
to increase the production of protein, lipid, 
and omega-3 fatty acids in Chlorella vulgaris 
by combining various approaches (salt stress, 
glucose, and agitation). The large-scale studies 
combining all the optimized parameters into a 
single strategy demonstrated an increase in the 
yield of biomass, lipid, and protein. In addition to 
being fed to the poultry, the protein byproducts 
can be utilized in the production of snack bars 
that serve as nutritional supplements. However, 
maximizing agitation on a large scale and 
raising the yield sustainably and economically 
are the real challenges.
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Abstract 

Sweet Basil (Ocimum basilicum L.) is 
regarded as a significant plant. They include 
a wide variety of bioactive substances, partic-
ularly phenolic substances which contribute to 
the plant’s alleged health advantages. The ob-
jective of this study was to identify and charac-
terize the phytochemical profile of sweet basil 
using GC-MS analysis. By using standard pro-
tocols, Bioactive molecules were extracted and 
qualitative tests of phytochemicals were also re-
leased as well as quantitative analyses of total 
phenols, total flavonoids, and total hydrolysable 
tannins. Using GC-MS, volatile compounds can 
be identified. About 147 volatile compounds in 
this plant were identified by the GC-MS analy-
sis. The chemical constituents higher than 0.5 % 
found in aqueous extract were propanoic acid, 
2-hydroxy-, ethyl ester (3.503%), butanoic acid, 
4-hydroxy- (1.657%), cyclopentasiloxane, deca-
methyl- (1.346%), cyclotetrasiloxane, octameth-
yl- (0.983%), heptadecane, 2,6,10,15-te-
tramethyl- (0.785%), bis(tert-butyldimethylsilyl) 
2,3-bis((tert-butyldimethylsilyl)oxy) fumarate 
(0.703%), cyclononasiloxane, octadecamethyl- 
(0.672%), phthalic acid, 8-bromoctyl isobutyl es-
ter (0.655%), 3-isopropoxy-1,1,1,7,7,7-hexam-
ethyl-3,5,5-tris(trimethylsiloxy)tetrasiloxane 

(0.535%), and cyclononasiloxane, octadeca-
methyl- (0.506%). Moreover, the TPC, TFC, 
and THTC of sweet basil was systematically 
assessed. The results demonstrate the value 
of sweet basil (Ocimum basilicum L.) which 
may be used in the food and health industries 
as promising sources of phenolic and volatile 
chemicals. 

Key word: GC-MS; Ocimum basilicum L.; Phy-
tochemical screening; Phenolic compounds.

Introduction

          Medicinal plants have long played import-
ant roles in the treatment of diseases all over 
the world (1). Their pharmaceutical properties 
are based on the presence and abundance of 
secondary metabolites, such as terpenoids, 
phenolics, alkaloids, and flavonoids (2). Since 
2600 BC, people have utilized plant metabolites 
and during the next 4,000 years, secondary me-
tabolites were mostly used for food, medicine, 
and poison (3). Many of these herbal products 
exhibit medicinal properties as anticancer, an-
ti-inflammatory, antioxidant, antiviral, and anti-
microbial actions (4). Furthermore, medicinal 
plants are used in various food, beverage, and 
pharmaceutical industries (5). Plant-based bio-
actives have drawn a significant interest due to 
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their advantageous effects on health, especial-
ly polyphenolic chemicals (6). Common basil is 
among the most essential aromatic plants (7) 
belonging to the family Lamiaceae and is also a 
yearly herb that is planted in numerous diverse 
parts of the world (8). Since ancient times, Oci-
mum basilicum L. has been growing and used 
(9). This plant named usually as sweet basil 
(10) and was famous as a medicinal plant and 
culinary herb due to its phytochemical contents 
(11). Different basil extracts have been found 
to contain a various of chemical functionalities, 
including phenolic acids and their esters, fla-
vonoids, anthocyanins, tannins, phytosterols, 
phenylpropanoid derivatives, monoterpenes, 
and triterpenes (12). Because of their antioxi-
dant, anti-inflammatory characteristics, plant-
based natural compounds are being investigat-
ed more and more for pharmacological uses, 
either as preventative or therapeutic agents 
(13). Common basil is one of the most signif-
icant species from the genus of Ocimum (14) 
that including more than 60 species compris-
ing basilicum (15). The aim of this study was 
to screen the phytochemicals of an aromatic 
medicinal plant (Ocimum basilicum L.) leaves 
qualitatively and based on the presence of me-
tabolites study further restricted to explore the 
plant extract to quantify the volatile compounds 
by GC-MS studies.

Materials and Methods

Plant and extract preparation 

          The Ocimum basilicum L. plant utilized 
in the present research was collected in August 
2022 from the El-Oued (Guemar) region. The 
leaves were cleaned and then dried away from 
direct sunlight and at room temperature. By us-
ing a mechanical grinder, the dry leaves were 
ground into a fine powder. Until the experiment 
begins, Ocimum basilicum L. powder is kept at 
room temperature in airtight containers. Prof. 
Youcef Hellis identified the plant material (Arid 
Region Scientific and Technical Research Cen-
ter, Station of Touggourt).

          Aqueous extract was prepared by boil-
ing 10 g of dried Ocimum basilicum L. leaves 
powder in 100 ml of distilled water for two hours 
at 50 °C. The extract was first filtered through 
Whatman filter paper, then cooled and macerat-
ed to room temperature for 24 hours. After that, 
it was evaporated using a rotary evaporator and 
dried in an oven (16). A yield percentage of plant 
extract product was calculated according to the 
following equation used by Okoduwa et al. (17):

	 Plant aqueous extract was subjected to 
standard methodology for the qulitative phyto-
chemical analysis.

Quantitative phytochemical contents 

          The Folin-Ciocalteu method was used to 
estimate the total phenolic content (18). Briefly, 
1000 μl of Folin-Ciocalteu (10%) reagent was 
mixed with 200 μl of basil aqueous extract. 800 
μl of saturated sodium carbonate (7.5%) was 
added after 4 minutes. The absorbance at 765 
nm was measured following a 2 hours incuba-
tion period at room temperature. For the stan-
dard calibration curve, gallic acid was used.

 The method of (19) was used to de-
termine the flavonoid content of plant extract. 

Figure 1. Sweet basil leaves.

  % ( ) = (    ( )
)  100 (1)  

    ( )
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Briefly, 500 μl of AlCl3 (2%) reagent was added 
to 500 μl of the basil extract. The absorbance 
was measured at 420 nm after 1 hour at room 
temperature. The calibration curve established 
with quercetin.

 Using the Folin-Ciocalteu colourimetric 
method, the total hydrolysable tannin content 
was calculated. A calibration curve was created 
using tannic acid as the standard. Briefly, 1 ml 
of plant extract was added to a 10 ml test tube 
together with 0.7 ml of Na2CO3 (7%) solution, 
0.5 ml of Folin-Ciocalteu (10%) reagent, and 8.4 
ml of distilled water. After 30 minutes of incuba-
tion, the absorbance was measured at 700 nm 
against a blank (20).

 The results were expressed as milli-
grams of gallic acid, quercetin and tannic acid 
equivalents per gram of dry extract (mg of GAE, 
QE and TAE / g). All the experiments were car-
ried out in triplicate.

GC-MS analysis

          Plant extract of leaves were prepared 
in universal solvent methanol and for which 
1μl plant extract was employed to quantify the 
volatile compounds by GC-MS analysis. For 
extraction of volatiles headspace solid-phase 
micro-extraction (SPME) with DVB/CAR/PDMS 
fibre was used. Firstly, the fibre was conditioned 
in the GC injection port at 270°C for 4 h. Then 
the fibre was putted to the vial with the sample 
using adapter for 15 min at room temperature. 
After that the fibre was putted to the injection 
port of a gas chromatograph for desorption. 
Desorption time was 10 min at 260°C in the 
splitless mode. For analysis was used a 7890A 
GC system (Agilent Technologies, Santa Clara, 
United States) coupled to a 5975C VL Triple-Ax-
is mass detector (Agilent Technologies, Santa 
Clara, United States). Separation was run on 
a DB-5MS capillary column (25 m × 0.2 mm; 
0.33 μm film thickness; J&W, Folsom, Califor-
nia) with helium as a carrier gas at a flow rate 
of 0.6 mL/min. The temperature of injector and 
transfer line were 260°C and 280°C, respective-
ly. The oven program of temperature was: the 

initial temperature at 40°C was held for 3 min, 
then increased at 4°C/min to 160°C and further 
increased at 10°C/min to 280°C, with the final 
temperature held for 3 min. The masses were 
scanned from 33 to 333 Da. The ionization en-
ergy value was set to 70 eV.

          Result interpretation of GC-MS data was 
estimated with the aid of the database of Na-
tional Institute Standard and Technology (NIST). 
The comparative estimation aided to character-
ize unknown volatile compounds when com-
pared with stocked NIST library to explore the 
available data of basil extract.

In-vivo acute toxicity 

 In vivo acute toxicity was performed 
using healthy albino rats of Wistar strain. The 
animals were divided into three groups of two 
rats each and administered orally with a single 
dose of aqueous extract of Ocimum basilicum L 
(control, 2 and 5 g/kg of the rat’s body weight). 
The rats were observed for 24h to monitor their 
behaviour as well as mortality. The results were 
expressed as mean ± standard deviation (SD), 
calculated from duplicate determinations and 
the linear relationship was visually determined.

Results and Discussion

	 The aqueous extraction of basil (Oci-
mum basilicum L.) dried leaves allowed us to 
obtain yield of approximately 19.063 ± 0.321 % 
(Table 1).

Table 1. Percentage yield of crude extract. 

Phenols, flavonoids, catechic tannins, sapo-
nins, reducing sugars, alkaloids, and terpenes 
were present in this Ocimum basilicum L. 
aqueous extract (Table 2).

Plant species
Percentage yield 

(%)
Ocimum 

basilicum L.
19.063 ± 0.321
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Table 2. Phytochemical compounds of Ocimum basilicum L. aqueous extract.
Phytochemical compounds Test Basil extract

Phenols Ferric chloride test +
Flavonoids Magnesium test +

Catechic tannins Ferric chloride test +
Saponins Froth test +

Reducing sugars Fehling test +
Alkaloids Dragendorff’s test +
Terpenes Salkowki’s test +

                    Total phenols, flavonoids and hydrolysable tannins contents of Ocimum basilicum L. 
obtained from water solvent revealed important concentrations; 63.60 ± 1.53 mg of GAE, 13.537 ± 
0.281 mg of QE, and 27 ± 0.830 mg of TAE/g extract respectively (Figure 2,3,4,5).

Figure 2. Gallic acid calibration curve for the 
quantitative determination of phenols.

Figure 4. Tannic acid calibration curve for the 
quantitative determination of hydrolysable tan-
nins.

Figure 3. Quercetin calibration curve for the 
quantitative determination of flavonoids.

Figure 5. Total phenols, total flavonoids and to-
tal hydrolysable tannins concentrations in basil 
extract.
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Gas chromatography-mass spectroscopy 
analysis

Characterization of volatile compounds 
from Ocimum basilicum L. extract was conduct-
ed through GC-MS chromatogram (Figure 6). 
Using GC-MS technique, about 147 components 
were identified (Table 3). GC-MS result showed 
that the chemical constituents higher than 0.5 % 
found in aqueous extract were propanoic acid, 
2-hydroxy-, ethyl ester (3.503%), butanoic acid, 

4-hydroxy- (1.657%), cyclopentasiloxane, deca-
methyl- (1.346%), cyclotetrasiloxane, octameth-
yl- (0.983%), heptadecane, 2,6,10,15-te-
tramethyl- (0.785%), bis(tert-butyldimethylsilyl) 
2,3-bis((tert-butyldimethylsilyl)oxy)fumarate 
(0.703%), cyclononasiloxane, octadecamethyl- 
(0.672%), phthalic acid, 8-bromoctyl isobutyl es-
ter (0.655%), 3-isopropoxy-1,1,1,7,7,7-hexam-
ethyl-3,5,5-tris(trimethylsiloxy)tetrasiloxane 
(0.535%), and cyclononasiloxane, octadeca-
methyl- (0.506%).

Table 3: Quantification	 of volatile compounds	 by GC-MS of	 extract	 leaves	 of Oci-
mum basilicum L. plant and their various characters.

Peak Name Formula RT (s) Area (%)
1 Propanoic acid, 2-hydroxy-, ethyl ester C5H10O3 289.405 3.503
2 Butanoic acid, 4-hydroxy- C4H8O3 427.257 1.657
3 Lycorenan-7-one,9,10-dimethoxy-1-methyl- C18H21NO4 430.676 0.006
4 Cyclotetrasiloxane, octamethyl- C8H24O4Si4 525.997 0.983
5 2-Propanol, 1-(2-methoxypropoxy)- C7H16O3 544.928 0.038
6 Benzene, 1-methyl-3-(1-methylethyl)- C10H14 558.773 0.056
7 1-Hexanol, 2-ethyl- C8H18O 560.792 0.144
8 Cyclohexene, 4-ethenyl-1,4-dimethyl- C10H16 563.79 0.071
9 Benzyl alcohol C7H8O 567.088 0.119
10 Benzeneacetaldehyde C8H8O 578.822 0.237
11 Linalyl acetate C12H20O2 637.621 0.45
12 Nonanal C9H18O 642.028 0.096
13 1,5,7-Octatrien-3-ol, 3,7-dimethyl- C10H16O 642.329 0.074
14 Cyclopentasiloxane, decamethyl- C10H30O5Si5 691.471 1.346
15 Octanoic acid C8H16O2 705.073 0.214
16 1,5,5-Trimethyl-6-methylene-cyclohexene C10H16 734.686 0.075
17 Benzene, 1-methoxy-4-(1-propenyl)-, (Z)- C10H12O 741.029 0.099

18
(3S,4R,5R,6R)-4,5-Bis(hydroxymeth-
yl)-3,6-dimethylcyclohexene

C10H18O2 744.729 0.048

19 Benzothiazole C7H5NS 770.123 0.118
20 1,4-Benzenedicarboxaldehyde C8H6O2 776.346 0.015
21 Carvone C10H14O 786.8 0.019
22 (+)-3-Carene C10H16 792.754 0.055
23 Nonanoic acid C9H18O2 798.399 0.136
24 1H-Indene-4-carboxaldehyde, 2,3-dihydro- C10H10O 813.245 0.045
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25
Tetrasiloxane, 
3,5-diethoxy-1,1,1,7,7,7-hexameth-
yl-3,5-bis(trimethylsiloxy)-

C16H46O7Si6 820.45 0.015

26
1-[p-Chlorophenyl]-3-[4-[[2-(diisopropyl-
amino)ethyl]amino]-6-methyl-2-pyrim-
idinyl]-guanidine

C20H30ClN7 839.416 0.021

27 Pentadecane C15H32 858.385 0.026

28
Pentanoic acid, 2,2,4-trimethyl-3-hydroxy-, 
isobutyl ester

C12H24O3 888.138 0.163

29 Hexadecane C16H34 922.883 0.221
30 Dodecanal C12H24O 931.63 0.096
31 Caryophyllene C15H24 953.638 0.285

32
Phthalic acid, 4-fluoro-2-nitrophenyl methyl 
ester

C15H10FNO6 974.316 0.02

33
2,5-Cyclohexadiene-1,4-dione, 
2,6-bis(1,1-dimethylethyl)-

C14H20O2 988.069 0.124

34
Ethanone, 1-(6,6-dimethylbicyclo[3.1.0]hex-
2-en-2-yl)-

C10H14O 999.114 0.027

35 Decyl octyl ether C18H38O 1013.58 0.036
36 Oxirane, dodecyl- C14H28O 1017.11 0.034
37 Butylated Hydroxytoluene C15H24O 1023.99 0.111
38 1H-Indene, 1-methyl-3-propyl- C13H16 1026.14 0.006
39 Lilial C14H20O 1036.3 0.038
40 Benzene, (1-butylhexyl)- C16H26 1041.35 0.072
41 Undecane, 5-methyl- C12H26 1044.53 0.015

42
3-[(4-Fluoroanilino)carbonyl]-1,2,2-trimethyl-
cyclopentanecarboxylic acid

C16H20FNO3 1045.61 0.007

43 Tetradecane, 3-methyl- C15H32 1057.89 0.023
44 Oxirane, tetramethyl- C6H12O 1085.53 0.003
45 Hexadecane C16H34 1086.64 0.167
46 Diethyl Phthalate C12H14O4 1087.54 0.093

47
Pentanoic acid, 2,2,4-trimethyl-3-carboxyiso-
propyl, isobutyl ester

C16H30O4 1089.69 0.166

48 Hexestrol, O-trifluoroacetyl- C20H21F3O3 1096.71 0.006
49 Benzene, (1-pentylhexyl)- C17H28 1115.07 0.025
50 Benzene, (1-butylheptyl)- C17H28 1117.68 0.05
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51
Phenol, 2,6-bis(1,1-dimethyleth-
yl)-4-(1-methylpropyl)-

C18H30O 1121.14 0.029

52
Cyclopentaneacetic acid, 3-oxo-2-pentyl-, 
methyl ester

C13H22O3 1132.63 0.137

53 Octane, 1,1’-oxybis- C16H34O 1135.59 0.042

54
3-Isopropoxy-1,1,1,7,7,7-hexa-
methyl-3,5,5-tris(trimethylsiloxy)tetrasiloxane

C18H52O7Si7 1138.39 0.535

55 Nonane, 3,7-dimethyl- C11H24 1140.85 0.015
56 Decane, 1-chloro- C10H21Cl 1146.63 0.011

57
Salicylic acid, isopropyl ether, isopropyl 
ester

C13H18O3 1152.88 0.026

58 Decyl acrylate C13H24O2 1157.24 0.019
59 1-(2-Aminopropoxy)-2-methoxyethane C6H15NO2 1163.35 0.001
60 Pentadecane, 2,6,10,14-tetramethyl- C19H40 1166.7 0.06
61 Hydrazinecarboxamide CH5N3O 1167.88 0.005

62
2-(4,5-Dihydroxy-2-methylphenyl)-4-hy-
droxy-6-methoxybenzoic acid, 4TMS

C27H46O6Si4 1172.97 0.142

63 Phenethyl isocyanate C9H9NO 1191.03 0.021
64 Tetradecanoic acid C14H28O2 1203.52 0.036
65 Hexadecane, 2,6,10,14-tetramethyl- C20H42 1240.94 0.045
66 Benzene, (1-methylnonadecyl)- C26H46 1243.15 0.016
67 Salicylic acid, 1-methylpropyl ester C11H14O3 1245.87 0.021
68 Pentadecanal- C15H30O 1246.84 0.063

69
Bis(tert-butyldimethylsilyl) 2,3-bis((tert-bu-
tyldimethylsilyl)oxy)fumarate

C28H60O6Si4 1253.32 0.703

70 Nickel tetracarbonyl C4NiO4 1264.2 0
71 Isoamyl laurate C17H34O2 1265.09 0.188
72 Dodecanoic acid, 1,1-dimethylpropyl ester C17H34O2 1267.65 0.034
73 4-Fluorobenzylamine, N,N-dibutyl- C15H24FN 1275.68 0.009
74 Phthalic acid, 8-bromoctyl isobutyl ester C20H29BrO4 1285.64 0.655
75 Semioxamazide C2H5N3O2 1288.89 0.002
76 Sulfurous acid, 2-ethylhexyl nonyl ester C17H36O3S 1301.97 0.028
77 Hydrazinecarboxamide CH5N3O 1309.44 0.007

78
2-(Diethylamino)ethyl 4-amino-2-hydroxy-
benzoate

C13H20N2O3 1312.77 0.404

79
Pentadecanoic acid, 14-methyl-, methyl 
ester

C17H34O2 1319.53 0.049
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80 Nickel tetracarbonyl C4NiO4 1324.45 0
81 n-Hexadecanoic acid C16H32O2 1340.11 0.057
82 1,4-Dibutyl benzene-1,4-dicarboxylate C16H22O4 1348.04 0.128
83 Cyclononasiloxane, octadecamethyl- C18H54O9Si9 1355.76 0.672
84 Decane, 6-ethyl-2-methyl- C13H28 1367.14 0.019
85 Hydrazinecarboxamide CH5N3O 1391.66 0.001
86 Piceatannol, 4TMS C26H44O4Si4 1395.26 0.324
87 Hydrazinecarboxamide CH5N3O 1406.69 0
88 Hydrazinecarboxamide CH5N3O 1430.48 0.005
89 (1-Methoxy-pentyl)-cyclopropane C9H18O 1436.74 0.009

90
Pentadecanoic acid, 14-methyl-, methyl 
ester

C17H34O2 1446.12 0.035

91 Cyclononasiloxane, octadecamethyl- C18H54O9Si9 1449.57 0.506
92 5-Hexyl-5-methyloxolan-2-one C11H20O2 1457.25 0.004
93 Hydrazinecarboxamide CH5N3O 1482.2 0.001
94 Benzoic acid, tetradecyl ester C21H34O2 1494.32 0.028
95 Semicarbazide CH5N3O 1500.05 0.002
96 Nickel tetracarbonyl C4NiO4 1509.8 0.005
97 Hydrazinecarboxamide CH5N3O 1511.62 0.001
98 Cyclononasiloxane, octadecamethyl- C18H54O9Si9 1534.56 0.364
99 Hydrazinecarboxamide CH5N3O 1540.15 0.001
100 Hydrazinecarboxamide CH5N3O 1553.07 0.001
101 Benzoic acid, tridecyl ester C20H32O2 1553.75 0.036
102 Semicarbazide CH5N3O 1573.77 0.001
103 Semicarbazide CH5N3O 1577.54 0.002
104 2-Hexanamine C6H15N 1580.48 0.005
105 Benzoic acid, hexadecyl ester C23H38O2 1610.8 0.036
106 Cyclononasiloxane, octadecamethyl- C18H54O9Si9 1612.91 0.29
107 Semicarbazide CH5N3O 1621.61 0.002

108
L-Alanine, α-N-methyl-N-benzyl-, methyl 
ester

C12H17NO2 1637.98 0.02

109 Semicarbazide CH5N3O 1645.43 0.007
110 Carbonic acid, bis(2-ethylhexyl) ester C17H34O3 1656.43 0.017
111 Semicarbazide CH5N3O 1664.98 0.001
112 Benzoic acid, pentadecyl ester C22H36O2 1665.58 0.031

113
Benzyldiethyl-(2,6-xylylcarbamoylmeth-
yl)-ammonium benzoate

C28H34N2O3 1680.52 0.086
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114 Phthalic acid, 2-ethylhexyl pentadecyl ester C31H52O4 1682.77 0.031
115 Cyclononasiloxane, octadecamethyl- C18H54O9Si9 1686.3 0.274
116 Sulfurous acid, 2-ethylhexyl hexyl ester C14H30O3S 1712.83 0.04
117 Vinyl 2-ethylhexanoate C10H18O2 1717.17 0.175
118 dl-Alanyl-l-alanine C6H12N2O3 1730.68 0.003
119 Heptadecane, 2,6,10,15-tetramethyl- C21H44 1732.27 0.785
120 Hydrazinecarboxamide CH5N3O 1733.46 0.004
121 Hydrazinecarboxamide CH5N3O 1754.55 0.001
122 Cyclononasiloxane, octadecamethyl- C18H54O9Si9 1757.18 0.304
123 Carbonic acid, bis(2-ethylhexyl) ester C17H34O3 1758.38 0.011
124 Semicarbazide CH5N3O 1760.82 0.001
125 Hydrazinecarboxamide CH5N3O 1768.11 0.001

126
1,3-Benzenedicarboxylic acid, bis(2-ethyl-
hexyl) ester

C24H38O4 1785.34 0.041

127 Semicarbazide CH5N3O 1805.8 0.001
128 Benzenemethanol, α-(1-aminoethyl)- C9H13NO 1833.93 0.013
129 Squalene C30H50 1835.62 0.108
130 Semicarbazide CH5N3O 1836.47 0.001
131 Cyclononasiloxane, octadecamethyl- C18H54O9Si9 1839.37 0.28

132
2-Hydroxybenzene-1,3-dicarboxylic acid, 
trimethylsilyl ether, bis(trimethylsilyl) ester

C17H30O5Si3 1850.8 0.311

133 Semicarbazide CH5N3O 1863.63 0.001
134 Hydrazinecarboxamide CH5N3O 1880.66 0.002
135 Hydrazinecarboxamide CH5N3O 1882.03 0.001
136 Hydrazinecarboxamide CH5N3O 1891.75 0.001
137 Semicarbazide CH5N3O 1893.9 0.005
138 Benzenemethanol, α-(1-aminoethyl)- C9H13NO 1904.71 0.003
139 Hydrazinecarboxamide CH5N3O 1909.88 0.001
140 Benzenemethanol, α-(1-aminoethyl)- C9H13NO 1911.59 0.001
141 Semicarbazide CH5N3O 1917.4 0.001
142 Semicarbazide CH5N3O 1927.25 0.001
143 Semicarbazide CH5N3O 1932.07 0.001
144 Cyclononasiloxane, octadecamethyl- C18H54O9Si9 1941.29 0.485
145 Semicarbazide CH5N3O 1945.74 0.001
146 Semicarbazide CH5N3O 1946.04 0.001
147 Semicarbazide CH5N3O 1958.37 0.001
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In-vivo acute toxicity 

 Wistar albino rats were used in this ex-
periment to test acute toxicity over the course 
of 24 hours. Our plant is administered at doses 
of 2 g and 5 g per kilogram of rats. No mortal-

ity and no alteration in the other physiological 
parameters of the rats, which indicates that the 
aqueous extract of Ocimum basilicum L. had no 
toxic and no adverse effects on the rats during 
the treatment period (Table 4).

Table (4) : Effect of basil extract on physiological parameters of Wistar albino rats.

Parameter Dose Toxicity time
0 h 3 h 7 h 14 h 24 h

Death rats
Control None None None None None
2 g/ kg None None None None None
5 g/ kg None None None None None

Eyes
Control Normal Normal Normal Normal Normal
2 g/ kg Normal Normal Normal Normal Normal
5 g/ kg Normal Normal Normal Normal Normal

Sleep
Control Normal Normal Normal Normal Normal
2 g/ kg Normal Normal Normal Normal Normal
5 g/ kg Normal Normal Normal Normal Normal

Diarrhea
Control Normal Normal Normal Normal Normal
2 g/ kg Normal Normal Normal Normal Normal
5 g/ kg Normal Normal Normal Normal Normal

Discussion

          The bioactive substances in Ocimum ba-
silicum L. leaves aqueous extract were qualified 
and quantified using the qualitative and quan-
titative phytochemical analysis and GC-MS 
methodology. 

 Our study revealed the presence of phe-
nols, flavonoids, catechic tannins, saponins, re-
ducing sugars, alkaloids, and terpenes in basil 
aqueous extract. The results of the current study 
on phytochemical screening are consistent with 
those of Nadeem et al. who found that basil 
leaves water extract consist of phenols, alka-
loids, tannins, flavonoids, steroids, terpenoids, 
and glycosides (21). Moreover; tannins, flavo-
noids, terpenoids, saponins, and reducing sug-
ars were reported as the present phytochemical 
compounds aqueous extract from sweet basil 
leaves (22). According to Pushpalatha et al., 
preliminary secondary metabolites screening of 

aqueous extract of Ocimum basilicum L. showed 
the existence of phytochemicals such as carbo-
hydrates, tannins, saponins, flavonoids, antho-
cyanin, cardiac glycosides, terpenoids, triter-
penoids, phenols, and steroids (23). According 
to reports, the active substances in medicinal 
plants that give them their pharmacological po-
tentials are their phytochemicals (24). Phenolic 
and flavonoids compounds found in plant sec-
ondary metabolites have pharmacological ef-
fects such as anti-allergic, antibacterial, antivi-
ral, anti-inflammatory, antioxidant, anti-diabetic, 
anticancer and neurodegenerative effect (25).   

    Concerning the quantification of phy-
tochemical molecules, the present results are 
supported by the by the results of Nadeem et 
al. who found 70.7 mg GAE/g of total phenolic 
content, 6.49 mg QE/g of total flavonoids and 
13.3 mg GAE/g of total tannins content in O. ba-
silicum aqueous extract (21).
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 In this work, the identification and charac-
terisation of 147 volatile compounds from basil 
water extract were conducted through GC-MS. 
The identification of basil extracts was carried 
out by Kaya and Keskin using GC-MS Which 
showed the presence of various bioactive com-
pounds (26). GC-MS result showed that the 
compounds higher than 4 % found in aqueous 
extract by Ababutain were Propane, 3-chloro-
1,1,14,5-Dichloro-1,3-dioxolan-2-one (49.87 
%), phenol (6.22 %), propane, 3-chloro-1,1,1-tri-
fluoro (4.26 %), and gamma-sitosterol (4.19 %) 
(27). D´ıaz-Maroto et al. in their study could 
identifying various volatile components in basil 
extracts using (GC/MS), linalool being the ma-
jor component (28). Numerous investigations of 
the volatile composition of Ocimum basilicum L. 
have been conducted (29). Volatile organic com-
ponents in plant, the low-molecular-weight mol-
ecules, have elevated chemical reactivities due 
to their functional groups, such as the structure 
with hydroxy, α, β-unsaturated carbonyl, phenyl, 
alkoxyl and sulfhydryl, and ester groups, bring-
ing high polarity or electrophile capacity to these 
molecules (30). The basil volatile components, 
as well as their antifungal, antibacterial, and 
antioxidant properties, have been extensively 
studied (31). A previous study has shown that 
the chemical profiles of leaf volatile compounds 
from a plant genus are highly diverse (32). The 
results of the acute toxicity study revealed that 
the oral administration of basil aqueous extract 
to rats at doses of 2 and 5 g/kg did not result in 
any toxicity symptoms or animal death. Acute 
toxicity is a single-dose test that identifies symp-
toms and the extent to which toxicity affects an-
imals (33). The principal aim of evaluating the 
safety of any medicinal plant is to identify the 
nature and significance of adverse effect and to 
establish the exposure level at which this effect 
is observed (34). Based on their long-term use 
by humans one might expect plants used in tra-
ditional medicine to have low toxicity (35). The 
pharmacological potential of a medicinal plant 
depends on its secondary metabolites (36).

Conclusion

          The volatile components from Ocimum 
basilicum L. were successfully identified using 
the GC-MS analysis; it has a distinctive com-
pounds content, ester, alcohols, ketones, fatty 
acids, aldehydes and hydrocarbons. From this 
plant, about 147 chemicals were provably dis-
covered. Basil was tentatively found to include 
phenols, flavonoids, catechic tannins, saponins, 
reducing sugars, alkaloids and terpenes. This 
research will help the extensive use of basil in 
the food, nutrition, and pharmaceutical indus-
tries and will provide useful information for the 
future utilization of volatile chemicals.
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Abstract

	 Phenothiazine derivative synthesized 
from hydroxy anthraquinone, characterized by 
X-ray crystallography, spectroscopic, Hirshfeld 
surface, DFT studies and molecular docking 
investigation intent to ascertain its anti-cancer 
activity. The title compound 7-hydroxy-8-H-
naptho[2,3-α]phenothiazine-8,13(14H)-dione 
crystallizes in orthorhombic lattice. UV-VIS, 
IR, NMR and mass spectrometric data were 
employed for characterization. Computation-
al chemistry studies are conducted to further 
detail its geometrical and spectroscopic char-
acteristics performed with unrestricted DFT 
method at of B3LYP/ 6-311+G (d, p) level and 
a comparison between the experimental and 
simulation results was performed. Non-covalent 
interactions primarily H-bonding and π-π stack-
ing close contacts were observed at intermolec-
ular levels. Small HOMO-LUMO energy gap of 
2.2902 eV, shows the stability of molecule and 
effectiveness towards charge transfer interac-
tions.  Furthermore, MEP is used for predicting 
reactive sites. Based on Hirshfeld surface anal-
ysis, there is evidence for a wide range of inter-
actions and a significant contribution from sev-
eral non-covalent interactions to crystal packing. 
The bio-viability study was done using pre AD-

MET tool. The study elaborates the antitumor 
activity employing  in silico  molecular docking 
studies using the protein over-expressed in 
lymphoma cell lines namely p53 and BCL2 and 
when compared with standard drug doxorubicin 
revealed promising results. The study’s results 
may inspire to  develop more potent derivatives 
and similar scaffolds for cancer treatment and 
to explore phenothiazine’s role in fields of mate-
rial science, photochemistry, and catalysis, that 
can be analyzed from its structural and electron-
ic properties. Hirshfeld surface analysis sheds 
light on the role of non-covalent interactions in 
crystal packing, influencing the compound’s sol-
id-state properties.

Keywords: hydroxyanthraquinone, phenothi-
azine, quinizarin, ADMET, DFT

Introduction

	 The anthracycline drugs comprise a 
number of chemotherapy medications common-
ly employed for the treatment of cancer and are 
popular for their potent anti-tumor activity and 
have been widely used for several decades. 
It works by inhibiting DNA replication and in-
terfering with the function of topoisomerase 
enzymes, which are essential for DNA repair 
Studies on quinone compounds revealed that 
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anthraquinone ring when fused with oxazine 
moiety resembles that of anthracyclines, and 
exhibits various biological activity, involving a 
reduction in multidrug resistance [1]. Phenothi-
azines are related to oxazine in such a way that 
both came under the class of heterocyclic com-
pounds which exhibits diversified pharmacolog-
ical property in which the oxygen atom in the 
oxazine ring is replaced by sulphur atom which 
is an isostere of oxygen that forms the phenothi-
azine ring. These compounds can show varied 
biological activities like antimicrobial, antitumor, 
anticancer, and anti-inflammatory properties. It 
is believed that the diverse biological activity of 
phenothiazines is due to the presence of a fold-
ed axis along sulphur and nitrogen-containing 
heterocyclic ring. The reports on the bioactivity 
of DAQ are very few and less likely to be bioac-
tive so an attempt was made to modify the struc-
ture of 1,4-dihydroxy anthraquinone by coupling 
reaction. Various amino and acetyl derivatives 
of anthraquinone have been reported [2]. There 
are several reports related to phenothiazine de-
rivative of hydroxy benzoquinones and naphth-
aquinones, but the phenothiazine derivatives 
synthesized from hydroxy anthraquinone with 
C=O group in the 9 and 10 positions are very 
rare.

	 Cancer is caused mainly by the uncon-
trolled growth of cells or through different mu-
tations which block the normal defenses that 
protect against unnatural growth. High levels of 
expression of p53 were found in many cancers 
so p53 was originally believed to be an onco-
gene [3,4]. The p53 protein is a phosphoprotein 
made of 393 amino acids and about 50% of all 
human tumors contain p53 mutants [5]. Though 
p53 is a tumor suppressor gene that shows a 
key role in the protection of our body from can-
cer. Mutated p53 could allow abnormal cells 
to proliferate, resulting in malignancy. Protein 
p53 gets mutated by the error caused due to 
placing an incorrect amino acid at a point in the 
protein chain. Thus, the normal functions of it 
will be blocked thereby, it is unable to repair the 
damaged cell. The work published by Zhen W et 

al., [6] about the p53 protein state that synthetic 
drugs identified was selectively used to kill mu-
tant p53-containing cancer cells and are very 
much helpful for chemoprevention. The certain 
synthetic drug can eliminate mutant p53-con-
taining cancer-prone cells, at their early stage 
of carcinogenesis but one of the main adverse 
effects of drugs against mutated p53 is, normal 
cells containing non-mutated p53 will also be 
get destroyed. If the cell has other mutations, 
then that also causes uncontrolled growth which 
leads to the formation of the tumor. To prevent 
cell proliferation and to reduce genotoxic stress 
thereby maintaining genome integrity, tumor 
suppressor drugs are essential. The family of 
BCL2 protein consists of mainly 3 subgroups; 
BCL-2(anti-apoptotic/pro-survival proteins), 
BAX and Bak (pro-apoptotic proteins), BAD 
and BID (pro-apoptotic BH3-only proteins) [7].  
Over-expression of the BCL2 gene is involved 
in cancer development. A large number of B-cell 
leukemias and lymphomas have the BCL2 
gene transferred to a different chromosome. In 
this way, the BCL2 protein is produced in larg-
er amounts, which may keep cancer cells alive. 
Thus it is found as a protein target within the 
breakpoint region of the t(14;18) translocation 
carried by persons with the follicular variant of 
B-cell lymphoma. The overexpression of BCL-2 
can be found in 80% of B-cell Lymphomas. It is 
one of the key anti-cancer targets, which is cho-
sen in the present study. One of the major roles 
of BCL-2 is it represses apoptosis by blocking 
the release of cytochrome complex from the mi-
tochondria.

	 Owing to its multifunctional properties, 
this investigation focuses on the synthesis of 
an o-amino thiophenol derivative of anthraqui-
none. 1,4-dihydroxy anthraquinone (DAQ), also 
known as quinizarin, is a dye containing an-
thraquinone moiety. The interaction of the phar-
macophoric substituent, via interaction of the 
multicyclic ring system improves the lipophilic 
character and allows the penetration of mole-
cule into the biological membranes. From the 
study it has been revealed that the formation of 
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the phenothiazine core is a very potent phar-
macophoric moiety which can be a rich source 
of desirable biological activities. In the present 
work the in silico biological activity was studied 
using iGEMDOCK software. Predicted poses 
of protein and ligand can be further understood 
from the post-analyzing tag. This can guide the 
biological researchers to explore better binding 
sites and interacting aminoacid. It was reported 
by Hamda M et al., [8] 1996 that p53 mutations 
are associated with lymphoma. The apoptosis 
of cancer cells could be achieved by inhibition 
of this protein. In the present work, the synthetic 
derivative of hydroxyquinone and the standard 
drug doxorubicin was taken as the ligands and 
it is then docked with the targeted proteins. 
Though numerous in vitro methods are avail-
able to predict the absorption, distribution, me-
tabolism and toxicity studies, all are time con-
suming so it is a common trend to predict and 
determine the toxicity and the ADME properties 
using different soft wares like SWISS  ADME, 
preADMET etc. This the method to identify the 
effectiveness of a molecule to reach its target 
site.  In the present work preADMET is used 
for predicting the various ADME parameters 
and Toxicity properties. The present study also 
investigates the electronic structure of the title 
compound, its quantum computational stud-
ies and supramolecular non-covalent contacts 
present in the crystal structure.

Materials and M ethods

Synthesis of 7-hydroxy-14-H-naptho[2,3-α]
phenothiazine-8,13-dione (HNPD)

	 Quinizarin, o-aminothiophenol, and io-
dobenzene diacetate were purchased from Mer-
ck and used as such. All the solvents used for 
synthesis and purification were double distilled 
and dried using anhydrous calcium sulphate. 
A pre-coated aluminum plate of silica gel 60F 
254 plates (0.25mm) was used for TLC. Column 
Chromatography is performed using silica gel of 
mesh size 100-200.

	 The derivative HNPD was synthesized 
as reported [9]. For the synthesis, 0.024 g of 

DAQ was dissolved in 20 ml of dichloromethane 
and a solution of 0.2 ml of o-aminothiophenol 
dissolved in 5 mL dichloromethane is added 
followed by the addition of a catalytic quantity 
of iodobenzenediacetate (IDA) and is shown in 
Scheme 1. The mixture is refluxed under a nitro-
gen atmosphere for 5 hours. The progress of the 
reaction was ascertained by TLC. After distilling 
CH2Cl2, the crude product is then washed with 
dil. HCl and neutralized with NaHCO3 solution, 
extracted with ethyl acetate. The water content 
of the extract was removed by the addition of 
anhydrous sodium sulphate. precipitate was 
subjected to column chromatography by gradi-
ent elution method, using petroleum ether and 
ethyl acetate (60:80). The required product was 
eluted using pet ether: ethyl acetate in the ratio 
8:2. Product was obtained as dark blue precip-
itate (55% yield).  It was recrystallized by vapor 
deposition method using a mixture of CH2Cl2 
and methanol, in which the product was highly 
soluble in CH2Cl2 and partially soluble in meth-
anol. Thus obtained a dark blue colored nee-
dle-like crystals.

Scheme 1. Synthesis of HNDP

Spectroscopic analysis

	 Infrared spectra were recorded on a 
Shimadzu IR Prestige-21 FTIR spectrometer 
using KBr pellets. Proton NMR was taken in 
Bruker advanced spectrometer of 500 MHz with 
CDCl3 as the solvent. The mass spectrum was 
recorded in the Shimadzu GCMS spectrome-
ter. UV-Vis spectrum was recorded in Shimad-
zu-UV-3600. Single crystal X-ray diffraction was 
performed in Bruker AXS Kappa Apex2 CCD 
diffractometer with Mo Kα radiation using ωϕ 
scan mode at ambient temperature. The pro-
gram SAINT/XPREP was used for data reduc-
tion and APEX2/SAINT for cell refinement. The 
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structure was solved using SIR 92 and refine-
ment was carried out by full-matrix least square 
of F2 using SHELXL-97. 

Quantum computational investigations and 
molecular docking

	 Density Functional Theory calculations 
are aimed to study electronic structure of mole-
cules using Gaussian 16W software with B3LY-
P/6-311+G(d,p) level of theory and graphical 
representations are generated using Gauss-
View 6.1. Corresponding Molecular graphics are 
generated by MERCURY and PLATON. Crystal 
explorer 21 sketches and quantitatively express 
interactions in molecular crystal, through Hirsh-
feld surfaces and corresponding 2D- fingerprint 
plots. It can be used to calculate and visualize 
various properties of crystals, such as electron 
density, electrostatic potential and electron lo-
calization function. It also analyzes intermolec-
ular interactions and chemical bonding in crys-
tals. The B3LYP/6-311G (d,p) level of theory 
was used for generating energy framework in 
crystal fabrication.

	 iGEMDOCK is a computational soft-
ware that works on empirical scoring functions 
that integrate; docking, post-analysis, visual-
ization, and screening. iGEMDOCK is used for 
finding the interactions of the compounds with 
the targeted protein molecules BCL2 and p53. 
The predicted pose generated after the docking 
procedure is   visualized and then analyzed by 
post-analysis tool Discovery Studio visualizer 
[10,11]. iGEMDOCK provides the post-analysis 
tools using k-means and hierarchical clustering 
methods based on the docked poses and atom-
ic compositions. The ADMET results were ob-
tained from PreADMET tool [12, 13].

	 To start a docking/screening procedure, 
two files are to be prepared, a protein struc-
ture file and a ligand file. The protein structure 
file can be obtained from a protein data bank. 
Selection and identification of a drug target or 
receptor is the first step involved in the drug-de-
signing process. Different computational tools 
are being used to find out excellent drug tar-

gets. For a drug target to be ideal, it must be 
linked closely to the selected human disease. 
In the present investigation, BCL2 and mutated 
p53 were taken as the drug targets. 

Results and Discussion

Commentary on crystal structure

	 The crystal structure was reported 
by our research group earlier. [9]. The space 
group of phenothiazine derivative HNPD is 
P2(1)2(1)2(1) and crystallizes in orthorom-
bic space lattice. The ORTEP diagram of the 
molecule is given (Fig.1).  C-O bond distance 
C19-O1 1.249 Å and C6-O21.242 Å, indicated 
that the molecule existed in the keto form. From 
SCXRD analysis, bond distance of C8-N1 and 
C9-N1 were 1.365 Å and 1.393 Å respectively 
which was found to be greater than 1.28 Å.and 
this confirmed the presence of C-N bond rather 
than C=N bond. The bond angle of C9-N1-C8 
was found to be 128.94°. The bond angle be-
tween C15-S1-C14 was observed at 103.6 Å 

which revealed that the S atom has taken part 
in the cyclisation leading to the formation of het-
erocyclic phenothiazine ring system [14].

                        

                          

Fig. 1. Crystal structure of HNPD

Prediction of ADMET Properties

	 Different biological parameters like 
blood-brain barrier permeability (BBB), solubil-
ity, various inhibitions, skin permeability, plasma 
protein binding affinity, partitions coefficient, and 
different toxicity study to find the mutagenic ac-
tivity, liver toxicity, etc. were determined using 
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preADMET software. All the parameters were 
then compared with the sample compound 
and the standard drug Doxorubicin. HNPD and 
Doxorubicin got a human intestinal absorption 
ability of 95.91%, 56.84%. There is CYP2C9 
and CYP3A4 enzyme inhibition observed with 
HNPD   while no inhibitory activity on CYP2D6, 
which is essential for metabolism of many drugs 
and toxic chemicals.  Doxorubicin inhibits the 
enzymes CYP2C9, CYP2D6 but a substrate of 
CYP3A4.  

	 The MDCK (Madin Darby Canine Kid-
ney Cell line) evaluation, which is helpful for the 
rapid screening of cell permeability gave a low 
value of 16.10 for HNPD which means its diffu-
sivity through the cell membrane is low. A value 
of 1.02 has been observed for the standard drug 
doxorubicin, means good diffusivity through the 
cell membrane. The HNPD compounds can act 
as an inhibitor of Pgp (glycoprotein) but  doxo-
rubicin has no Pgp(glycoprotein) inhibition. The 
solubility of HNPD in water is 0.001 but the stan-
dard drug doxorubicin has got high water solu-
bility (8.34).  The permeability though the skin is 
the next important parameter. The skin perme-
ability value is -3.624 which means the  HNPD 
compound provides good absorption via skin. 
The doxorubicin has also good value (-4.737). 
The more the negative value of permeability, 
lower will be the solubility. The toxicity predic-
tion of all HNPD compounds were conducted by 
Ames test, and from the results   HNPD is mu-
tagen exhibiting carcinogenic activity in rat and 
mouse model. The doxorubicin is non mutagen-
ic. The negative  values for TA1535_10RLI indi-
cates non mutagenic while TA100_NA is posi-
tive for HNPD compound.  The negative values 
for doxorubicin which means non mutagenic. 
The hERG (The Human Ether-a-go-go-Related 
Gene) analysis when done using the PreAD-
MET software displays high risk for HNPD but 
was ambiguous in the case of standard drug 
doxorubicin. All the data of ADME and toxicity 
are given in Table 1 and Table 2 respectively.

Table 1. ADME-parameters

             ID For ADME
Values

HNPD DOXO
BBB 1.02598 0.0355281
Buffer_solubility_mg_L 0.196846 3963.51
CaCO3 3.41067 17.7263
CYP_2C19_inhibition Non Inhibitor
CYP_2C9_inhibition Non Inhibitor
CYP_2D6_substrate Non Non
CYP_3A4_inhibition Non Weakly
CYP_3A4_substrate Weakly Inhibitor
HIA 95.910386 Weakly
MDCK 16.1011 56.840587
Pgp_inhibition Inhibitor 1.0236
Plasma_Protein_Bind-
ing

97.123298 Non

Pure_water_solubili-
ty_mg_L

0.0014759 31.160238

Skin_Permeability 3.62419 8.34623
SKlogD_value 4.379130 4.73786
SKlogP_value 4.379130 0.314800
SKlogS_buffer -6.244160 -2.137140
SKlogS_pure 8.369230 -4.813730

Table 2. Toxicity parameters

             ID For 
Toxicity

Values
DOXO HNPD

algae_at 0.0118035 0.0202937
Ames_test non-mutagen mutagen
Carcino_Mouse negative negative
Carcino_Rat negative negative
daphnia_at 0.553548 0.0092121
hERG_inhibition ambiguous high_risk
medaka_at 0.704316 0.000247842
minnow_at 0.511881 0.000340659
TA100_10R negative positive
TA100_NA LI negative positive
TA1535_10RLI negative positive
TA1535_NA negative positive
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Computational chemistry studies

Geometry optimization

	 The optimized molecular geometry of 
HNPD  was reported using B3LYP/6-311+G(d,p) 
and is shown in fig.2. The C28-O32 bond length 
is found to be 1.2488 Å close to actual value 
of 1.249 Å. The newly formed bonds between 
C13-N15 & C21-S30 are found to have an 
optimized bond lengths of 1.3901 Å & 1.7701 
Å which coincides with 1.393 Å & 1.767 Å re-
spectively in crystal structure. The bond lengths 
C25-O26 & C10-O33 are found be 1.3336 & 
1.2437 that agrees to values 1.329 Å & 1.242 Å. 
The other optimized bond lengths N15-C12, 
C29-C9, C27-C28, C10-C9, C23-S30, C25-C27, 
C23-C12, C10-C11 and C28-C29 are 1.3698, 
1.4053, 1.4542, 1.485, 1.7707, 1.4055, 1.4313, 
1.4664 Å and 1.476 that concede to speculative 
results of 1.365, 1.402, 1.436, 1.476, 1.747, 
1.435, 1.435, 1.462 &1.438 Å respectively. All 
the optimized bond angles are exploratory to 
crystal structure values. The bond angle rang-
es from 117.80- 122.70 throughout the molecule, 
except C21-S30-C23, C12-N15-C36, C24-
C23-S30, C25-O26-H35 and C12-N15-C13 
bond angles are 103.20, 112.60, 116.40, 106.00 
and 128.40 respectively. The newly formed bond 
angles show maximum deviation of  103.20 and 
128.40. A tremendous amount of agreement ex-
ists between experimental and theoretical val-
ues.

Fig. 2. Optimized geometry of HNPD

	 As shown in the simulated FT-IR spec-
trum, -OH and -NH stretching frequencies are 
detected peak at 3230 cm-1 and 3104 cm-1 
along with aromatic C-H at 3066cm-1. A strong 
peak at 1609 cm-1is due to >C=O group. The 

band at 1262cm-1 and 1350cm-1 are due to the 
C-N and C-S stretching frequencies. The C-S-C 
stretching frequency was seen at 734cm-1. The 
experimental IR spectrum gave peaks at 1350 
cm-1 which corresponds to C-N stretching. The 
C-S stretching frequency was observed at 1262 
cm-1and stretching frequency due to C-S-C gave 
an absorption in the finger print region 744 cm-1. 
Aromatic C-H stretch was observed at 3066 cm-

1. N-H and O-H functional groups gave absorp-
tion bands in the range 3452-3200 cm-1. These 
values are in tune with the simulated values.

	 In the UV-Visible spectrum, the absorp-
tion maxima λmax in CHCl3 were observed at 692 
nm, 641 nm and 597 nm. A bathochromic shift 
which was observed in HNPD indicated the in-
tra molecular charge transfer transition (ICT) 
between electron donor and electron acceptor 
moiety. We computed the UV-Visible spectrum 
using TD-DFT method with maximum absor-
bance at 604 nm and the theoretically calculat-
ed absorption wavelength of the title compound 
shows variation as it is calculated for a single 
molecule in vacuum and not in solid state.

	 The structure was further confirmed 
by NMR and mass spectral analysis. The 1H 
NMR spectrum of HNPD in CDCI3 gave peaks 
at δ 6.717, δ 6.801, δ 6.816, δ 6.833, δ 6.8796, 
δ 8.967, δ 7.052, δ 7.071, δ 7.800 which 
corresponded to the aromatic protons. -NH and 
-OH protons are observed at δ 12.698 and δ 
14.202 respectively. The 13C NMR in CDCl3 re-
vealed the presence of different aromatic carbon 
environment at δ 115.23, δ 115.93, δ 117.26, δ 
118.25, δ 102.83, δ 123.81, δ 125.77, δ 126.35, 
δ 126.84, δ 127.08, δ 128.32, δ 131.60, δ 
133.28, δ 133.88, δ 134.51 and δ 136.83. The 
-C=O groups of anthraquinone moiety were ob-
tained at δ 180.90 and δ 181.25. The presence 
of one hydroxyl group was indicated by the 
presence of a peak in the region δ 160.60. In 
the mass spectrum of HNPD the molecular ion 
peak was observed at 345(100%) which was 
the base peak, M+1 peak at 346 and (M+OH) at 
328.
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 Thermodynamic parameters of HNPD obtained 
through DFT studies are given in Table 3.

Table 3. Thermodynamic properties of HNPD

Thermal energy  175.053845 kcal/mol
Heat Capacity (Cv) 74.263 cal/mol-kelvin
Entropy (S) 137.78 cal/mol-kelvin
Electronic Energy 
(EE)

-908452.43665 kcal/mol

Zero-point Energy 
Correction

163.703452 kcal/mol

Enthalpy 175.64621 kcal/mol
Free Energy 134.567553 kcal/mol
EE + Zero-point En-
ergy

-908288.71939 kcal/mol

EE + Thermal Energy 
Correction

-908277.36147 kcal/mol

EE + Thermal Enthal-
py Correction

-908276.79671 kcal/mol

EE + Thermal Free 
Energy Correction

-908317.83584 kcal/mol

Mulliken population analysis

	 In quantum chemical calculations, Mul-
liken charge calculations have a significant role 
because they affect electronic structures, dipole 
moments, polarization, and other properties of 
molecules. By studying each atom’s electronic 
population, Mulliken charges can be determined. 
The total atomic charges of HNPD obtained by 
Mulliken population analysis with 6-311+G(d,p) 
basis set is given in fig. 3. The Mulliken atomic 
charge of C21 atom of phenyl group attached to 
Sulphur has highest positive value of 1.060576 
and is acidic in nature. An increased electron 
density is seen in carbon atoms C2, C5, C10, 
C12, C13, C14, C16, C17, C20, C25, C26 and C28 that 
has values -0.3647, -0.4353, -0.1321, -0.2387, 
-0.532, -0.2092, -0.3735, -0.0585, -0.3894, 
-0.3017, -0.3106, -0.120. All other carbon at-
oms are positively charged. Here in HNPD all 
eleven hydrogen atoms shows positive charge, 
among which the highest positive charge is on 
hydrogen atom attached to nitrogen atom, H36 
with value 0.3406 and oxygen, H35 having value 

0.3348. The nitrogen atom has a net charge of 
0.0297. All the three oxygen atoms are nega-
tively charged O26, O32, O33 with -0.3106, -0.322 
and -0.2879 values. The Sulphur atom is nega-
tive and has a value of -0.5083 value. The elec-
trophilic substitution can happen on Sulphur 
rather than on nitrogen.

Fig. 3. Mulliken charges of HNPD

Molecular electrostatic potential (MEP)

	 The MEP was evaluated using DFT 
to investigate the reactive sites of HNPD. The 
distribution of electrostatic charge is illustrated 
in three dimensions by molecular electrostatic 
potential energy maps. Fundamentally, electro-
static potential energy computes the strength 
of nearby charges, nuclei, and electrons. The 
MEP can be used to predict chemical reactions 
by giving insight into the active sites of attack by 
electrophile or nucleophile [15]. Hydrogen bond 
interactions and behavior towards charged 
species can be sketched with the help of MEP. 
Interactions towards various receptors like pro-
teins, enzymes can be recognized by MEP plots 
as shown (Fig. 4).

	 Those regions with attractive potential 
are red, while those with repulsive potential are 
blue. So, the red region holding negative po-
tential depicts the minimum electrostatic poten-
tial. In the present system the alcoholic oxygen 
and two carbonyl oxygen atoms act as site for 
electrophilic attack. The blue regions can re-
ceive nucleophile, hydrogen atoms on aromatic 
rings in present case. To generate and display 
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diff erence in electron density, the diff erence in 
electron density between the fi rst excited state 
from total CI density matrix and the ground 
state based on total SCF density is mapped to 
SCF density and is shown in Fig.5.  The blue 
contour maps positive values of diff erence den-
sity where excited state density is larger than 
ground state density and red contour denotes 
the opposite. In present system, the electron 
density fl ows from the left side to anthraquinone 
ring as the transition happens from ground state 
to excited state.

Fig.4. Plot of ESP on electron density surface

Fig. 5. MEP plot of diff erence of SCF and CI into 
ground state

Frontier molecular orbital analysis (FMO)

 Analyzing FMOs can provide insight 
into organic compounds’ optical and electronic 
properties. The properties of molecular orbit-
als, including energy, help us predict the most 
reactive site in two-electron systems and also 
describe many diff erent types of reactions that 

occur in conjugated systems. To evaluate the 
chemical reactivity of molecules, it is useful to 
know how HOMO and LUMO interact, as well 
as their properties, such as their energy. As 
electrons transfer from the LUMO to the HOMO 
during molecular interactions, the LUMO’s en-
ergy correlates with electron affi  nity, and the 
HOMO’s energy corresponds to the ionization 
potential (IP). HOMO-LUMO energy gaps are 
useful for determining molecular electrical trans-
port properties and explaining charge transfer 
interactions within molecules. FMO of HNPD is 
shown in fi g. 6.

 In HNPD the electron density is local-
ized on phenyl ring on C25, C27, C28 Sulphur and 
Nitrogen atom and in HOMO-1 it is seen entirely 
on phenyl ring alone. In HOMO and HOMO+1, 
the third hexagon of anthracene ring lacks elec-
tron density. On moving from HOMO to LUMO 
the electron density shifts towards anthracene 
ring, where phenyl ring has nil electron den-
sity. In LUMO+1 the electron density occurs 
throughout the whole molecule. There is an en-
ergy gap of 2.2902 eV in this system [16]. Struc-
ture’s fi rmness is highlighted by the energy gap. 
In contrast to a high HOMO-LUMO gap, a low 
HOMO-LUMO gap indicates a more stable mol-
ecule with higher charge transfer. Especially in 
conjugated and soft molecules, a small energy 
gap can cause low excitation energies and high 
levels of intramolecular charge transfer. 

Fig.  6. HOMO and LUMO of HNPD

Hirshfeld surface (HS) analysis

 Hirshfeld surface analysis is a valuable 
tool in computational chemistry that allows for 
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Fig. 8. Packing in crystal lattice mapping with 
Hirshfeld surface

 Bright red spots in Fig.7 are due to C-H-
--O- interaction at an internuclear distance of 
2.49±0.01Å. these major interactions held the 
molecules in XY plane as shown in Fig.8. The 
aromatic rings are spatially arranged through 
parallel displaced π-π stacking interactions 
where all the carbon atoms and heteroatoms of 
two layers keeps the exact interacting distance. 
The average distance between two adjacent lay-
ers is 3.806 Å (Fig. 10). Ideal distance between 
two aromatic platform keeps a centroid-centroid 
distance of ~3.5 Å [17] and in present case its 
slightly higher due to higher Van der Waals ra-
dius of sulphur and oxygen atoms of the ring 
system and forms a see-saw motif (Fig.9).

Fig. 9. The ring system forming a see-saw motif

Fig. 10. Crystal packing showing molecular ar-
ray with π-π stacking interactions

the visualization and quantifi cation of intermo-
lecular interactions with a detailed emphasis on 
the spatial distribution and nature of these inter-
actions, aiding in the interpretation of molecular 
behavior and properties in crystal architecture. 
The analysis is based on the concept of the 
Hirshfeld surface, which is constructed by map-
ping the density distribution of one molecule 
onto a surface surrounding another molecule or 
group of molecules. This surface represents the 
region of space where the interacting molecule 
or group of molecules infl uence the electron 
density of the molecule of interest.

 The following expression generates a 
Hirshfeld surface formed by the continuous sca-
lar function on 0.5 isosurface.

Where      
are weight function, promolecule electron den-
sity, procrystal electron density and atomic elec-
tron density respectively. 

The Crystalexplorer 21 program maps the 
normalized contact distance depicted by dnorm
in terms of the closest nucleus externally and 
internally to the Hirshfeld surface which is de
and di. The blue shade denotes atoms in close 
contacts with longer vdW than the red patched 
regions, whereas the red spots denote the op-
posite. In cases where distances are approxi-
mately vdW, white is predominant.

Fig. 7.  dnorm mapped on Hirshfeld surface show-
ing the intermolecular contacts

( )( ) = ρ ( ) ρ ( ) = (
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Fig. 13. Energy frameworks in 3D molecular 
packing (Energies <10 kJ mol−1 have been dis-
carded)

	 For fabricating energy frameworks, sin-
gle point wavefunctions with B3LYP functional 
incorporating 6-31G(d,p) basis set in order to  
compute interaction energies inside a cluster 
of molecules [Fig. 13]. Total energies, bench-
marked for B3LYP/6-31G(d,p) energy model 
and scaled appropriately, are provided as the 
sum of four principal energy components namely 
electrostatic (Eele), polarization (Epol), dispersion 
(Edisp) and exchange-repulsion (Erep) (Table). 
For simplification, close contacts with energies 
below 10 kcal/mol have been discarded.  The 
distinct 3D topology with respect to b-axis., give 
different infrastructure for coulomb energy and 
dispersion energy. Stacked layers are maneu-
vered into a hexagon motif and larger tubes of 
dispersion energy fame work passed between 
NH and CO groups which seems to run along 
with the crystallographic c-axis. The packing of 
crystal lattice of the title complex is majorly driv-
en by the dispersion energy component.

	

Molecular docking studies

	 iGEMDOCK (integrated GEMDOCK) 
is a molecular docking software used for pre-
dicting the binding modes and affinities of small 

It is possible to better understand the interac-
tions occurring within a crystal by using two-di-
mensional fingerprint plots, shown in Fig.11, 
associated with the Hirshfeld surface. A mole-
cule’s immediate surroundings influence 2D fin-
gerprint plots, and filtering is done by the type 
of element and surface area, which enumerates 
close contacts between atoms inside and out-
side the HS surface, shown in fig.12 [18]. H—H 
close contacts are characterized by blunt peak 
which is positioned at di+de ≈ 2.4 Å. Remarkable 
and well-defined O—H/H—O interactions are 
observed as sharp peaks at di+de ≈ 2.8 Å which 
spans around 17.9 % of the total HS area. The 
pale green region falls diagonally in the finger-
print plot of C--C contacts at di ≅de ≅ 1.7 Å rein-
forces the existence of characteristic π-π stack-
ing, comprising 19.8 % of HS area [19]. C--H 
and S--H close contacts are also prominent 
which appears as two sharp wings comprising 
12.3 and 5.2 % respectively of total area. 

Fig. 11. Decomposed 2-D fingerprint plots of 
HNPD

Fig. 12. Relative contributions of major close 
contacts in crystal lattice

Table 4. Interaction energies generated within a 
cluster of radius 3.8 Å

N Symop R E_ele E_pol E_dis E_rep E_tot

2 x, y, z 3.81 -9.2 -2.7 -111.9 54.8 -67.5

2 -x, y+1/2, -z+1/2 7.86 -8.9 -2.3 -22.6 14.5 -19.3

2 x+1/2, -y+1/2, -z 13.13 -3.3 -1.0 -11.8 7.3 -8.7

2 -x+1/2, -y, z+1/2 14.04 -1.5 -0.7 -9.2 4.5 -6.6

2 x+1/2, -y+1/2, -z 12.66 -6.9 -1.6 -10.0 3.7 -14.1

2 -x, y+1/2, -z+1/2 7.77 -6.3 -2.4 -22.2 8.1 -21.5

2 -x+1/2, -y, z+1/2 14.50 2.3 -0.9 -8.0 3.7 -2.5

‘N’ corresponds to the number of molecules with centroid-to centroid 
distance ‘R’. 

 Energy values in kJ mol–1 and R in Å.
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molecules with protein targets. It is specifically 
designed for high-throughput virtual screening 
and drug discovery applications. iGEMDOCK 
employs a combination of a genetic algorithm 
and an empirical scoring function to perform 
molecular docking simulations. The software 
takes a protein structure and a small molecule 
ligand as input and generates a set of possi-
ble binding conformations. These conforma-
tions are then scored using an empirical scor-
ing function that evaluates the intermolecular 
interactions between the protein and the ligand. 
The genetic algorithm is used to optimize the 
conformational search and exploration of the li-
gand binding space. The tool is used to predict 
the affinity of the molecule towards two proteins 
BCL2 and p53 which are the mutated proteins 
responsible for the cancer in lymph nodes. Both 
the proteins were selected from the Protein 
Data bank with PDB id 2X0W (p53 protein) and 
4LVT (BCL2 protein). By preparing two files, the 
protein structure file, and Ligand file docking 
was performed using iGEMDOCK software, and 
the results obtained were expressed in terms of 
free energy. Both the standard drug and sample 
compound HNPD were subjected to computa-
tional studies and the results were compared. 
Discovery Studio Visualizer is used to sketch 
the docked poses and to shine light upon dif-

ferent types of interactions existing between the 
ligand and proteins [20].

	 The most frequently interacting amino 
acids with compounds of anthraquinone moiety 
were PRO, THR and LEU. The interactions of 
major amino acid residues present in p53 pro-
tein with ligands of a particular class having bet-
ter docking affinity along with the docking pose 
of standard drug (Doxorubicin) is given below. 
Interactions of amino acids with ligands in the 
active site of mutated p53(2XOW) protein indi-
cates that Hydrogen bonded interactions, pi-al-
kyl, pi-sigma and van der Waals interactions are 
dominant in the case of derivative while van der 
Waals and hydrogen bonded interactions are 
exist in Doxorubicin. Different types of interac-
tions of p53 with the standard drug and HNPD 
are given. (Table 5) From the in-silico studies 
the interaction of amino acids with ligands in the 
active site of mutated BCl2(4LVT) protein with 
various amino acid residues indicate that the ti-
tle compound is found to be higher than that of 
the standard drug Doxorubicin. The derivative is 
found to possess all types of interactions like 
pi-sigma, pi-alkyl, Pi-Anion, Pi-Donor Hydrogen 
Bond, Pi-sulfur and van der Waals interactions 
while the standard drug Doxorubicin has got 
pi-alkyl interactions alone. (Table 6)

Table 5. Docked files of ligand and standard drug with 2X0W(p53)
Sl.No. Ligand Amino acid residues

van der Waals Hydrogen
 bond

Pi-sigma Pi-alkyl Pi-donar 
hydrogen 
bond

1 HNPD PROB153 GLYB:154
THRB:155
CYSB:220

PROB:151 PROB:222
VALB:147
PROB:223

THR B:150
GLU B:220

2 DOXO

(STD)

T H R B : 2 3 0 , 1 5 5 , 
150
VALB:147
PROB:151, 223, 
219 
GLYB:154
GLUB:221
ARGB:202

CYSB:220

        -       -            -
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Table 6. Docked files of  ligand and standard drug  with 4LVT(BCL2)
Sl.

No.

Ligand Amino acid residues
van der Waals Pi-Anion Pi-Donor 

hydrogen bond

Pi-sulfur Pi-Alkyl

1 HNPD GLUB:133
ALAB:146
VALB:130
PHEB:150
GLUB:149
SERB:113

ASPB:108 TYR B:105 PHEB:109

PHEB:101

LEUB:134

VALB:134

METB:112

2 DOXO

(STD) - -

ASPB:108

-

PHEB:150

ALAB:146

METB:112
Table 7. Docking parameters of proteins with title compound and standard drug

Docking score of p53 (pdb-2X0W)

Sl. No. Name Energy VDW H bond Electrostatic 
force

1 HNPD -112.57 -100.62 -12.15 0

2 DOXO(STD) -117.99 -100.08 -17.91 0

Docking score of BCL2 (pdb-4LVT)
Sl. No. Name Energy VDW H bond Electrostatic

 force

1 HNPD -79.68 -54.65 -25.03 0
3 DOXO(STD) -99.21 -68.43 -30.77 0

Fig. 11. 2D representation of ligands inside 
4LVT receptor pocket

Fig. 12. 2D representation of ligands inside 
2X0W receptor pocket
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Potential as drug candidate of a molecule can 
be inferred from the ligand (drug)- protein inter-
action in terms of binding energy. The docked 
scores of the molecules are given in Table 7. 
Various interactions like van der Waals, Pi-al-
kyl, Pi-sigma and hydrogen bonded interactions 
were found to be exist between ligand and pro-
tein pocket. HNPD and standard drug Doxoru-
bicin has got van der Waals and hydrogen bond 
interactions in common with p53 and all other 
interactions like Pi-sigma, pi-alkyl and pi-donor 
hydrogen bond is present only within HNPD that 
is all the latter interactions are absent. In the 
case of binding affinity towards BCL2 the stan-
dard drug Doxorubicin has got Pi-Donor Hydro-
gen Bond and Pi-alkyl interaction. The van der 
Waals, Pi-sulphur and Pi-alkyl interactions are 
dominant in the case of HNPD. 

Conclusion

	 One of the most feared cancers is lym-
phoma, which spreads easily and is extreme-
ly deadly, but effective drugs are a few. The 
present investigation purports to synthesize 
an o-amino thiophenol derivative of anthraqui-
none with potent biological activity. The SCXRD 
data of 7-hydroxy-8-H-naptho[2,3-α]phenothi-
azine-8,13(14H)-dione suggests an orthorhom-
bic lattice. UV-VIS, IR, NMR and mass spectro-
metric data were collected and analyzed and 
supports the formation of intended compound. 
A potential for drug candidate was assessed for 
its ADMET and toxicological properties to as-
sess drug likeness and therapeutic efficacy. IR, 
UV-Visible, Mulliken charge analysis, geometry 
optimization and thermochemical investigation 
were performed with unrestricted DFT method 
at the level of B3LYP/6-311+G(d,p) and the re-
sults were in consistent with experimental data. 
Small HOMO-LUMO energy gap of 2.2902 eV  
of shows the stability and effectiveness of the 
title molecule to incorporate charge transfer 
interactions. Numerous non-covalent interac-
tions have been revealed in crystal packing, 
according to Hirshfeld surface analysis. Aro-
matic rings are arranged spatially through π-π 
stacking interactions in which carbon atoms 

and heteroatoms of two layers maintain the 
exact same distance between them. Separat-
ing adjacent molecular layers require 3.806 Å 
internuclear distance. The predominant C---C, 
O--H and H--H close contacts comprise 73.8 % 
of the total HS area.  An in silico inhibitory ac-
tivity of HNPD on two over expressed protein in 
lymphoma namely p53and BCL2 were carried 
out using iGEMDOCK tool which gave compa-
rable score with standard drug Doxorubicin. The 
bio-viability study of HNPD using preADMET 
software also gave a promising result. Thus, 
HNPD can be used as a lead molecule against 
Lymphoma. There are remarkable weak inter-
actions involving hydrogen bonds and aromatic 
stacking close contacts that can be tuned with 
high selectivity which in turn are responsible for 
the enhanced pharmacological activity revealed 
through molecular docking studies.
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Abstract

The present research has been carried 
out to formulate the transdermal patch containing 
medicinal oils like eucalyptus, curcumin, and 
ginger with its characterization and in-vitro 
permeability checking by GC-MS analysis. Three 
formulations (F1, F2, and F3) of transdermal 
patches containing different concentrations of 
oils were prepared. The patches were evaluated 
for thickness, weight uniformity, percentage 
moisture content, and percentage moisture 
uptake. The average thickness was found to 
be 0.434, 0.433, and 0.438 mm for F1, F2, and 
F3 respectively. 0.1876, 0.1861, and 0.1866 
gm weight uniformity were observed for F1, F2, 
and F3 respectively. The moisture content for 
F1 was 3.96 %, for F2 was 2.48 % and for F3 
was 3.67 %. The moisture uptake for F1 was 
5.68 %, for F2 was 4.32 % and for F3 was 
4.82 %. The F2 formulation produced optimum 
results, so it is better than F1 and F3. The in-
vitro permeation of oils from the transdermal 
patch was checked by Franz diffusion cell using 
goat skin as a semi-permeable membrane. 
The transferred sample was collected and 
investigated by chemical identification tests at 
time intervals of 1, 2, 3, 4, and 5 hours for the 
presence of active chemical constituents. The 
GC-MS analysis showed the presence of active 
chemical moieties which transferred through the 

goatskin including D-limonene, (+)-4-carene, 
Fenchone, linalool, endo-borne, citronellal, 
2,6-octadienal,3,7-dimethyl-,(Z)-,longifolene, 
caryophyllene, carotol, diethyl phthalate, etc. 
The above research proves our approach to 
formulation and delivery of polyherbal oils in 
a single transdermal patch which may open 
the door for delivery of formulation containing 
herbal oils through the skin.

Keywords: Transdermal patch, In-vitro 
permeability, GC-MS, Franz diffusion cell, 
D-Limonene, Caryophyllene. 

Introduction 

The transdermal drug delivery system 
(TDDS) has an essential component of emerging 
technologies for the release of medications 
(1). A TDDS applies a reasonably prescribed 
amount of the medicine to the inside of a patch; 
that is applied on the local site of the skin for 
an incredibly longer effect. The medication 
reaches the systemic circulation via the skin 
by diffusion mechanism (2). From the patch a 
balanced concentration of drug diffuses into the 
bloodstream for an extended period, ensuring a 
constant concentration of drug in the systemic 
circulation. This not only improves the drug 
effectiveness and safety, but it also improves 
patient fulfilment and overall gives therapeutic 
benefit (3). TDDS has some benefits such as 
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being less invasive or non-invasive, avoiding 
first-pass metabolism, being easy to apply, 
not requiring expert personnel, and having the 
potential to reduce the rate of administration (4). 

Several transdermal therapeutic 
systems have been developed for topical 
administration to regulate therapeutic drug 
delivery. There are several topical ayurvedic 
drugs formulated and reported as an herbal 
patches (5-8). There are different types of 
transdermal patches reported like Drug-in 
adhesive with a single layer type of patch, Drug-
in adhesive with multiple layers, Matrix type of 
patch, etc (9). Eucalyptus oil is obtained from 
Eucalyptus spp. and has a variety of biological 
activities like anti-microbial, anti-fungal, cardinal, 
insecticidal, herbicidal, anti-inflammatory, and 
analgesic, etc (10-11). The chemical moieties 
responsible for all the above biological activities 
present in eucalyptus oil are 1, 8-cineole, 
piperitone, citronellal, citronellol, linalool, p- 
cymene, a -phellandrene, a-pinene, a -terpineol, 
limonene, alloocimene, g -terpinene, geranyl 
acetate, spathulenol, a -thujene, etc (10). 

Curcumin essential oil is obtained from 
Curcuma longa and reported many biological 
activities such as antihyperlipidemic (12), 
antidiabetic and hypoglycaemic (14), antiobesity 
(15), antioxidant (14-16), neuroprotective 
(17-19), antiplatelet and antithrombosis (20-
21), cytotoxic (22-23), anti-inflammatory (19, 
24), antiarthritic and joint-protective (25), 
hepatoprotective and antihepatotoxic (26), 
antiatherosclerotic (27), hypothermic (28), 
anxiolytic (28), anticonvulsant (28), pasmolytic 
(29), antimutagenic (30), sedative and 
anesthetic (28, 31), antivenom (32), antibacterial 
(33), antifungal (34, 35), insecticidal (36, 37), 
mosquitocidal (38), phytotoxic (39), antitumor 
(40), hypoglycemic (41), larvicidal (42) etc. 
The above reported biological activities 
are because of presence of phytochemical 
constituents such as a-turmerone, b-turmerone, 
a-curcumene, zingiberene, curcumenol, 
xanthorrhizol, curcumol, germacrone, curdione, 
curzerenone, curzerene, 8,9-dehydro-9-formyl-

cycloisolongifolene,  b-caryophyllene, (E)-b-
farnesene, b-elemenone, b-elemene, b-pinene, 
camphor, 1,8-cineole, piperitenone, b-myrcene 
(43) etc. 

Ginger oil is obtained from dried 
rhizomes of the Zingiber officinale having a variety 
of reported biological activities like antioxidant 
(44), anti-tumour (45-46), anti-inflammatory and 
analgesic activity (47), anti-microbial activity 
(48), hepato-protective activity (49-50), etc. All 
above reported biological activities are because 
of the active phytoconstituents present and 
reported in ginger oil and which are paradol, 
shogoal, zingerone, zerumbone, 1-dehydro-(10) 
gingerdione, gingerol, gingerenone A, etc (51).    

By considering all the above information 
from the literature, we are reporting here an 
attempt to formulation and characterization 
of a transdermal patch containing eucalyptus, 
curcumin, and ginger oils for treating 
inflammation and pain. The in-vitro permeability 
study by using goat skin and GC-MS analysis 
was carried out for the formulated transdermal 
patch.  

Materials and Methods

Collection of volatile oils (Eucalyptus, 
Curcumin and Ginger), chemicals, polymers 
etc.

	 The oils were procured from a local 
ayurvedic drug supplier from Kolhapur 
(Bawadekar ayurvedic shop). The oil samples 
were then checked for their purity by organoleptic 
tests (physical state, color, odor, etc), density, 
and refractive index. The collected oil samples 
were stored in an airtight amber-colored 
container at room temperature. HPMC K4M, 
EC 7 cps, PVP K30, and propylene glycol (PG) 
were procured from Sigma-Aldrich. Synthetic 
PVA was procured from Loba Chemie Pvt. Ltd., 
Mumbai, India. PEG-4000 was obtained as a 
gift sample from BASF Mumbai, India. All other 
materials and chemicals used were of either 
pharmaceutical or analytical grade.
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Formulation of herbal transdermal patches 

    	 The herbal transdermal patches were 
prepared by different methods. 

Method 1

	 Transdermal patches containing volatile 
oils were prepared using 4 gm of polymer PVA 
as a backing membrane and as a dispersion 
polymer. The patches were formulated by first 
preparing PVA as a backing membrane and 
then dispersing HPMC polymer in different 
concentrations in water and ethanol. The 
backing membrane was prepared and allowed 
to dry for 24 hours at room temperature. 2 ml 
of curcumin oil and HPMC were mixed with the 
appropriate solvent for 1 hour, then 1gm of PEG 
and plasticizer PEG 4000 were added and the 
stirring was continued for another hour. Then 
using a pipette, 5 ml of a dispersion-containing 
mixture was poured over the previously 
prepared backing layer of PVA. By placing an 
inverted funnel over the glass Petri plate, the 
solvent was allowed to evaporate at room temp. 
The film was collected and analyzed 24 hrs after 
drying at room temperature.

Method 2

	 PVP (1000 mg) and EC (1000 mg) was 
used as the skeletal type of polymeric material. 
PG as a penetration enhancer and PEG-4000 

was used as a plasticizer. The polymer PVA and 
EC were weighted in required ratios and mixed 
into a 50 ml solution containing methanol and 
distilled water (1:1) ratio. Stirred the mixture 
over a hot water bath until dissolved, after the 
mixture was cooled down to 25 0C the volatile 
was added. After that, PG (0.5 ml), was added, 
and the mixture was then poured into a glass 
Petri dish and dried at room temperature for 
24 hrs. The Petri dish was left and placed at 
room temperature for one day. The patch was 
obtained intact by slowly lifting from the Petri 
dish and collected, and stored until further use. 

Method 3 

PVA (1000 mg) and PVP (1000 mg) 
and drug were weighted in requisite ratios and 
mixed in 10 ml distilled water. Stirred the mixture 
over a hot water bath until it dissolved. After 
that mixture was cooled down to 25 0C, added 
glycerol (0.5ml), PG (0.5 ml), and pressure-
sensitive adhesive such as Di-n-butyl phthalate 
(2 ml). PEG-4000 was used as a plasticizer. The 
solution was mixed by using a mechanical stirrer 
at 600 to 800 rpm for 20 min. under occluded 
condition, and then the mixture was cast on the 
Petri dish and kept at room temperature for 24 
hrs. In table 1 the different ingredients with their 
quantity used in formulation F1, F2, and F3 are 
given.  

Table 1: Showing different polymers and oils used for preparation of transdermal patches
F1 (Method 1) F2 (Method 2) F3 (Method 3)
Name of 
Ingredient 

Quantity Name of 
Ingredient

Quantity Name of Ingredient Quantity

PVA 1000 mg EC 1000 mg PVP 1000 mg
HPMC 1000 mg PVP 1000 mg PVA 1000 mg
PG 0.5 ml PEG-4000 1000 mg PEG-4000 1500 mg
Glycerol 0.5 ml PG 0.5 ml Glycerol 0.5 ml
Dist. Water : 
Ethanol (1:1)

50 ml Dist. water: 
methanol (1:1)

50 ml PG 0.5 ml

Curcumin oil 1 ml Glycerol 0.5 ml Di-n-butyl phthalate 2 ml
Eucalyptus oil 1 ml Curcumin oil 1 ml Dist. water: 

methanol (1:1)
50 ml

Ginger oil 1 ml Eucalyptus oil 1 ml Curcumin oil 1 ml
Ginger oil 1 ml Eucalyptus oil 1 ml

Ginger oil 1 ml
F1 = formulation 1, F2= formulation 2 and F3 = formulation 3
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Evaluation of patches (53, 56, 57)

The patch thickness

	 The thickness of prepared drug-loaded 
patches was measured at different points by 
using a vernier calliper and determined the 
average thickness (56-57).

Weight uniformity

	 Specified areas of prepared patches 
were cut into different parts and weighed on 
a digital balance, and the average weight was 
calculated (56).

Percentage moisture content

The prepared films were weighed 
individually and kept in desiccators with fused 
calcium chloride at room temp for 24 hrs. After 
24 hrs the film was reweighed and determined 
percentage moisture content (53, 56).

Percentage moisture uptake

	 The weighted films were kept in 
desiccators at room temp for 24 hours in a 
saturated potassium chloride solution. After 24 
hrs the films were reweighed and determined 
the percentage of moisture uptake (53).

In-vitro oil constituents release study 
(Permeation study) by Franz diffusion cell 
method

Preparation of goat skin

	 The goatskin was used as semi-
permeable membrane, collected from local 
slotter house nearby college campus. Freshly 
excised skin was placed for 1 min in distilled 
water maintained at 55°C to remove fats 
and subcutaneous tissues. The skin was 
washed with fresh distilled water and dipped 
in a phosphate buffer at pH 7.4 for 5 min. The 
excised skin was carefully checked visually for 
integrity. Any damaged skin was rejected. The 
prepared skin was wrapped in aluminium foil, 
stored at -20°C, and used within 2 weeks of 
storage (58-59).

Permeation Experiment

The in-vitro oil constituents release 
(permeation) study was carried out by the 
Franz diffusion cell method. Franz diffusion 
cells consist of two compartments i.e. donor 
and acceptor with an outer jacket. The outer 
jacket was placed in a water bath at 37 °C to 
provide a temperature of 32°C±1°C in the 
receptor compartment. The goatskin was used 
as a semi-permeable membrane. The skin was 
allowed to maintain a temperature of 32 °C by 
placing the skin in a phosphate buffer of pH 7.4 
for 1 hour. The receptor compartment was filled 
with a phosphate buffer pH 7.4. 

The goatskin was mounted between 
the donor and the receptor compartments in 
such a way that the stratum corneum was 
facing toward the donor compartment. A circular 
piece of the patch was cut from a larger patch 
with the help of a cutter. A circular patch was 
placed on the skin with the releasing side 
facing toward the mounted skin. The receptor 
fluid was continuously stirred at a speed of 120 
rpm with magnetic bars on a magnetic stirrer 
(REMI equipment Pvt ltd., India) to provide 
sink conditions. At predetermined intervals of 1, 
2, 3, 4, and 6 hrs, 1 mL of receptor fluid was 
withdrawn from the sampling port with the help 
of a long needle syringe. 

The receptor fluid was replaced with 
fresh phosphate buffer. Care was taken during 
sampling to avoid any bubble formation in the 
receptor compartment, because trapped air 
may reduce the permeation area. In case of air 
entrapment, the Franz diffusion cell was tilted 
to remove the trapped air through the sampling 
port. The donor compartment was covered with 
aluminium foil (59).

GC-MS study

	 The GC-MS study was conducted in 
the common facilities center (CFC), Shivaji 
University, Kolhapur. The analysis was carried 
out on a Shimadzu instrument (model TQ8050). 
The sample collected at 6 hrs time interval 
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of formulation F3 was injected into the gas 
chromatography. The method setting and 
programming details are given in table 2.

Table 2: Showing Gas Chromatographic 
programming and method details (60).

Column oven 
Temperature 
programme

50 hold for 2 minutes at 10 
0C, 200 hold for 5 minutes, 
250 hold for 5 minutes, 275 
holds for 5 minutes.

I n j e c t i o n 
temperature 25 0C

I n j e c t i o n 
mode Splitters

Carrier gas Helium (He)
Column flow 1 ml/min.
S a m p l e 
volume 1µl

	 The separated compounds in the 
form of different peaks at different retention 
times (Rt) were transferred into the MS. The 
MS was carried out by setting of programming 
parameters given in table 3.

Table 3: MS programming parameters [60]
In source temperature 24 0C
Interface temp 25 0C
Solvent cut time 5.8 min.
m/z range 45 to 650
Detector voltage 0.76

The ionization, filtration and detection 
were carried out and the fragments of different 
ions were recorded.

Result and Discussion

Physicochemical characterization of 
procured oils

Organoleptic tests

The organoleptic tests for eucalyptus, 
curcumin, and ginger oils resemble the official 
monographs. 

Density

The relative density is a basic physical 

property of an oil/substance that can be used to 
characterise it. The density is the ratio of mass 
of a substance to volume of substance at given 
temperature. The relative densities for all three 
oils i.e. eucalyptus, ginger, and curcumin were 
0.866g/ml, 0.970g/ml, and 0.871/ml respectively. 
The standard values for the same are 0.865g/
ml, 0.960 mg/ml and 0.871 g/ml respectively at 
room temperature. 

Refractive Index

The Refractive indeces of volatile oils 
were determined by using Abbe’s refractometer. 
The refractive index is one of the physicochemical 
properties of the substance. The refractive index 
(n) of a substance with reference to air is the ratio 
of the sine of the angle of incidence to the sine of 
the angle of refraction of a beam of light passing 
from air into the substance. It is mostly applied 
for identify a particular substance, confirm its 
purity, or measure its concentration. Generally 
it is used to measure the concentration of a 
solute in an aqueous solution. It can be used 
also in determination of drug concentration in 
pharmaceutical industry (52). The refractive 
indeces of Eucalyptus, Ginger, and Curcumin oil 
were 1.461, 1.400, and 1.450 respectively, and 
the standard refractive index is 1.450, 1.485, 
and 1.500 respectively.

Formulation and evaluation of herbal 
transdermal patches

The patches were prepared by using 
combinations of polymers such as hydroxyl 
propyl methyl cellulose K4M (HPMC), ethyl 
cellulose 7 cps (EC), synthetic polyvinyl alcohol 
(PVA), polyvinyl pyrrolidone K30 (PVP), and 
polyethylene glycol 4000 (PEG-4000). The 
formulated patches get softened and extend 
because of plasticizers. The formulation was 
subjected to a physical examination; films 
appeared slightly translucent suggesting that 
the transdermal patch containing oils was 
successfully prepared. Further, the patches 
were evaluated for thickness, weight uniformity, 
moisture content, and moisture uptake, and the 
results are tabulated in Table 1. 
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Table 1: Showing result of thickness, weight uniformity, moisture content, moisture uptake of 
prepared transdermal patches

Name of 
formulation

 Average 
thickness (mm)

Weight 
uniformity (gm)

Moisture content
(%)

Moisture uptake 
(%)

F1 0.434 0.1876 3.96 5.68
F2 0.433 0.1861 2.48 4.32
F3 0.438 0.1866 3.67 4.82

at an interval of 1,2,3,4 and 6 hrs. The GC-
MS study was carried out for the presence 
of different chemical moieties in the receptor 
compartment. 

GC-MS analysis

The GC-MS analysis of batch F3, for 6 
hrs receptor sample was carried out. The GC 
spectra are shown in figure 1 showing different 
peaks at different retention times (Rt). The 
detailed chromatographic separation data with 
retention time (Rt), initial time (It), final time 
(Ft), peak area, % area, and name of chemical 
moiety representing it is given in table no. 
2.  The major components were D-limonene 
(14.95), +)-4-carene (2.20), fenchone (1.71), 
linalool (1.67), acetaldehyde (9.27), camphor 
(6.09), endo-borneol (1.39), L-.alpha.-terpineol 
(4.80), citronellal (3.64), 2,6-octadienal,3,7-
dimethyl-, (Z)- (1.59), isobornyl acetate 
(4.44), geranyl acetate (8.55), 2H-2,4a-
Methanonaphthalene,1,3,4,5,6,7-hex (1.91), 
longifolene (2.87), caryophyllene (3.94).              

Each patch’s thickness was measured 
with a vernier calliper at different points on the 
patch, the average thickness for F1, F2 and F3 
was 0.434, 0.433 and 0.438 mm respectively.  
All the patches were found to be having uniform 
thickness. The average weight for F1, F2 and F3 
was 0.1876, 0.1861 and 0.1866 gm respectively. 
It was found that the weights were uniform for all 
prepared formulations and the weight variation 
was within acceptable range. The moisture 
content for F1, F2 and F3 was 3.96, 2.48 and 
3.67% respectively. The moisture uptake for F1, 
F2 and F3 was 5.68, 4.32 and 4.82 respectively. 
The moisture content and moisture uptake 
studies provide information regarding stability 
of the formulations. For maximum stability 
the moisture content and moisture uptake of 
transdermal patch should be minimum (53-55). 
In this case formulation F2 showed optimum 
results so it is better than F1 and F3. The results 
obtained were promising and the prepared 
transdermal patches were stable. 

Permeation study 

The permeation studies of the 
transdermal patches helps to predict the in 
vivo absorption of the drug. The permeation 
studies were performed by Franz diffusion cell 
method using goat skin as a semi-permeable 
membrane. The drug samples were collected Fig 1: Gas chromatographic spectra of F3 batch 

(6 hrs time interval samples)
Table 2: Showing time (Rt), initial time (It), final time (Ft), peak area, % area, and name of chemical 
moiety separated by GC.

Peak 
no. Rt It Ft Area % 

Area
Name of chemical
 moiety separated

1 7.999 7.835 8.135 196633623 14.95 D-Limonene
2 8.985 8.890 9.050 28894459 2.20 (+)-4-Carene
3 9.110 9.080 9.200 22457757 1.71 Fenchone
4 9.316 9.255 9.355 21973067 1.67 Linalool
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5 9.467 9.355 9.515 121845201 9.27 Acetaldehyde
6 10.158 10.070 10.260 80075561 6.09 Camphor

7 10.336 10.280 10.385 12830938 0.98 (1R,2R,5S)-5-Methyl-2-(prop- 1-en-2-yl) 
cyclo

8 10.464 10.410 10.530 18235358 1.39 endo-Borneol
9 10.958 10.875 11.085 63118662 4.80 L-.alpha.-Terpineol
10 11.410 11.295 11.505 47805732 3.64 Citronellal
11 11.550 11.510 11.600 20919610 1.59 2,6-Octadienal,3,7-dimethyl-, (Z)-
12 12.356 12.270 12.480 58390518 4.44 Isobornyl acetate

13 12.837 12.760 12.870 8747719 0.67 (2R,2’S,5S,5’S)-2,5’-Dimethyl-5-
(prop-1-en-2-

14 13.118 13.065 13.155 17261624 1.31 6-Octen-1-ol,3,7-dimethyl-, propanoate
15 13.575 13.470 13.650 112483497 8.55 Geranyl acetate
16 13.823 13.785 13.860 8893979 0.68 Cyclohexane

17 13.980 13.935 14.025 25137325 1.91 2H-2,4a-Methanonaphthalene, 1,3,4,5,6,7-
hex

18 14.221 14.160 14.270 37786059 2.87 Longifolene
19 14.336 14.270 14.270 51780013 3.94 Caryophyllene
20 14.393 14.360 14.430 8294650 0.63 Bicyclo[3.1.1]heptane,6-methyl- 2-methylene-

21 14.814 14.755 14.855 18496067 1.41 1,4,7,-Cycloundecatriene, 1,5,9,9- 
tetramethyl-

22 15.016 14.955 15.055 9930168 0.76 Carotol
23 15.359 15.280 15.415 19665565 1.50 2-Octen-1-ol,7-ethoxy-3,7- dimethyl-, (E)-
24 15.577 15.490 15.625 32777390 1.50 2-Octen-1-ol,7-ethoxy-3,7- dimethyl-, (E)-
25 16.473 16.380 16.505 47432263 3.61 Diethyl Phthalate
26 16.668 16.625 16.705 26235615 1.99 Diethyl Phthalate
27 16.863 16.820 16.895 26199705 1.99 Diethyl Phthalate

The GC-MS study confirmed the 
presence of various chemical moieties in 
transdermal patch which passes the semi 
permeable membrane (goat skin) and appears 
with different retention time as illustrated in 
figure 1. The mass spectrometer analyzes 
the compounds eluted at different retention 
times to identify the nature and structure of the 
compounds. The large compound fragments 
into small compounds giving rise to appearance 
of peaks at different m/z ratios The MS 
fragmentation pattern of different separated 
compound in gas chromatography is given 
in supplementary material which is attached 
separately. 

Conclusion

In conclusion, taken together the 
results showed that all the three formulations 

i.e. F1, F2 and F3 were successfully formulated 
incorporating the combination of oils like 
eucalyptus, ginger and curcumin oil. All the 
formulations produced optimum results but 
formulation F2 showed minimum % of moisture 
content (2.48) and moisture uptake (4.32), so it 
is better than F1 and F3. This may be because 
all the three formulations were prepared by three 
different methods. The in-vitro permeation study 
revealed that the active chemical moieties were 
transferred into the hydro-alcoholic solution 
through semi-permeable membrane (goat skin) 
and which were detected and identified by GC-
MS study. The above results are promising 
for further preparation of transdermal patches 
containing herbal drugs and oils in a combination 
for the treatment of various diseases like 
inflammation, pain, gout, rheumatoid arthritis 
and many more diseases where herbal drugs 
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and oils are applied externally.  
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Abstract

The medical device industry, with tech-
nologies like pacemakers, insulin pumps, and 
imaging systems, is integral to modern health-
care by enabling accurate diagnostics, effective 
treatments, and patient monitoring. Ensuring 
their safety and reliability requires adherence to 
regulatory standards set by authorities like the 
FDA and EMA, as well as ISO guidelines. How-
ever, compliance failures persist, resulting in 
patient harm, regulatory penalties, and financial 
losses. This study, Optimizing Regulatory Com-
pliance in Medical Devices: Analysis of Failures, 
Enforcement Actions, and Industry Dynamics, 
examines cases involving Medtronic, Philips 
Respironics, Baxter, Abbott, and others. Exam-
ples include Medtronic’s off-label promotion of 
the Infuse Bone Graft and Philips Respironics’ 
CPAP device recalls due to material degrada-
tion. It highlights recurring issues like design 
flaws, inadequate quality control, and delayed 
corrective actions, stressing the need for robust 
risk management and a strong regulatory cul-
ture to prevent future incidents and enhance 
patient safety.

Keywords: Medical Devices, Study Design, 
Bone Graft, MiniCap

Introduction

The medical device industry is a corner-
stone of modern healthcare, with technologies 

like pacemakers, insulin pumps, and advanced 
imaging systems transforming disease diagno-
sis, treatment, and management(1). These de-
vices play crucial roles in patient care, often in 
life-critical situations, making their reliability and 
effectiveness a matter of public trust and safety. 
Adhering to strict regulatory standards is essen-
tial to ensure the safety and efficacy of these 
devices. Regulatory compliance, governed by 
agencies like the FDA and EMA, along with in-
ternational standards such as ISO 13485 and 
ISO 14971, is fundamental in ensuring medical 
device safety throughout its lifecycle—from de-
sign to post-market surveillance (2-4). However, 
the global scale of the industry poses challeng-
es in maintaining uniform compliance, and any 
lapses can have severe consequences.

Despite rigorous oversight, compliance 
failures continue, as seen in high-profile cases. 
Medtronic’s Infuse Bone Graft promotion led to 
legal and regulatory actions for off-label use, 
while Philips Respironics faced a large-scale 
recall of CPAP devices due to toxic foam deg-
radation (5-6). Other cases, such as Baxter’s 
recall of the MiniCap Extended Life PD Trans-
fer Set, Abbott’s Amplatzer Steerable Delivery 
Sheath (ASDS) recall, and Medos Internation-
al’s Cerenovus CEREBASE DA issue, further 
highlight the need for stringent quality controls, 
risk management, and design assessments. 
The impact of non-compliance extends beyond 
patient safety, causing financial losses, legal 
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liabilities, and reputational damage for manu-
facturers. These failures also prompt regulatory 
scrutiny and industry-wide adjustments to com-
pliance frameworks. The recurrence of these 
incidents reveals gaps in quality management 
systems, risk mitigation, and a compliance-first 
mindset.This study examines these compliance 
failures, exploring their causes, regulatory re-
sponses, and the subsequent industry actions. 
By analyzing these cases, the research aims to 
identify recurring patterns and offer insights to 
strengthen quality management systems, risk 
assessments, and accountability. Ultimately, the 
study seeks to guide the medical device indus-
try in fostering sustainable innovation while en-
suring safety and reliability, thereby supporting 
global healthcare needs with trust and excel-
lence (7-8).

Materials and Methods

Study design

The procedure involves conducting a 
qualitative analysis of selected case studies to 
examine compliance failures within the med-
ical device industry (9). Relevant cases, such 
as high-profile product recalls or regulatory en-
forcement actions, are identified through a sys-
tematic review of publicly available reports, le-
gal documents, and industry publications. Each 
case is analyzed to uncover patterns in quali-
ty management deficiencies, risk assessment 
lapses, and delayed corrective actions. The in-
sights are synthesized to identify common reg-
ulatory shortcomings and their impacts, with a 
focus on deriving actionable recommendations 
for improving compliance practices and mitigat-
ing future risks.

Data collection

Data collection will involve gathering 
information from diverse sources, including re-
ports from regulatory bodies such as the FDA 
and EMA, peer-reviewed journals, industry 
publications, and publicly available legal and 
financial records(2-3). Cases will be selected 
based on specific criteria, focusing on compli-

ance failures involving high-risk medical devic-
es, large-scale product recalls, and instances of 
significant financial or regulatory penalties. The 
analysis will target incidents occurring within the 
last 15 years to ensure relevance and capture 
evolving regulatory and industry trends.

Data analysis

Data analysis will involve a qualitative 
thematic approach to extract key themes from 
each case, focusing on the root causes of com-
pliance failures, regulatory penalties, and cor-
rective measures taken. A comparative analy-
sis will then be conducted to identify common 
compliance weaknesses and risk factors across 
the cases, allowing for the determination of re-
curring patterns. Additionally, the regulatory 
response to each case will be assessed, with 
a focus on how effectively regulatory agencies 
enforced penalties and whether these actions 
were successful in deterring future non-compli-
ance within the medical device industry.

This study examines case studies on 
various medical devices, including the Philips 
Respironics CPAP Devices, Medtronic Infuse 
Bone Graft, Olympus Endoscopes, Stryker Hip 
Implants, Baxter MiniCap Extended Life PD 
Transfer Set, Abbott Amplatzer Steerable De-
livery Sheath (ASDS), and Medos International 
Sarl Cerenovus CEREBASE DA.

Philips respironics CPAP devices recall

In June 2021, Philips initiated a glob-
al recall of approximately 15 million CPAP and 
ventilator devices due to a serious safety issue 
involving the degradation of polyester-based 
polyurethane (PE-PUR) foam, used in the de-
vices for soundproofing (10-11). The degrada-
tion of this foam led to the release of harmful 
particles and toxic chemicals, including volatile 
organic compounds (VOCs), which posed sig-
nificant respiratory and carcinogenic risks to 
users. As of the recall, over 105,000 adverse 
events had been reported, including 385 fatali-
ties, highlighting the severe health risks associ-
ated with the devices. The recall revealed criti-
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cal regulatory lapses, particularly in post-market 
surveillance, and caused substantial harm to 
patient health, significant financial losses, and 
irreversible reputational damage to Philips. The 
recall was triggered by various device malfunc-
tions, including issues with auto-titration, which 
caused inconsistent pressure adjustments, and 
faulty foam causing discomfort, irritation, and 
reduced therapy adherence (12-13). 

The affected devices were used glob-
ally, putting millions of patients at risk of both 
immediate and long-term health issues, such 
as respiratory irritation, systemic health effects, 
potential cancer risk, and complications from 
untreated sleep apnea, including cardiovas-
cular diseases, diabetes, and neurocognitive 
disorders. The recall also uncovered significant 
regulatory gaps, as the FDA had been criticized 
for its insufficient post-market surveillance and 
for failing to act sooner despite early warnings. 

For years, reports of defects were underreport-
ed, with only 30 medical device reports submit-
ted over the span of a decade, delaying timely 
intervention until 2021(14-16). The scale of the 
incident was immense, with far-reaching conse-
quences for patients, including increased risks 
of therapy discontinuation, cardiovascular dis-
eases, mental health challenges, and drows-
iness-related accidents. Healthcare systems 
also faced strain due to untreated conditions, 
adding further pressure on public health re-
sources. To prevent such incidents in the future, 
it is essential to implement enhanced post-mar-
ket surveillance, robust adverse event reporting 
systems, and proactive regulatory oversight. 
This case serves as a stark reminder of the 
dangers of delayed action in addressing med-
ical device safety and underscores the need for 
a more proactive, transparent, and collaborative 
approach to safeguarding patient health.

Table 1: Medical Devices Reports of Philips Respironics CPAP (2014-2024)
Dates MDRs Received Reports of Deaths in MDRs
April 1, 2021 - April 30, 2022 >21,000 123
May 1, 2022 - July 31, 2022 >48,000 45
August 1, 2022 - October 31, 2022 >21,000 96
November 1, 2022 - December 31, 2022 >8,000 81

January 1, 2023 - March 31, 2023 >6,000 40

Medtronic’s infuse bone graft

Medtronic’s Infuse Bone Graft, a de-
vice designed to aid spinal fusion surgeries, 
has been at the center of significant safety con-
cerns, including severe complications such as 
inflammatory reactions, nerve damage, and an 
increased risk of cancer (17-20). The product 
contains recombinant human bone morpho-
genetic protein-2 (rhBMP-2), a growth factor 
intended to stimulate bone formation. While 
rhBMP-2 has shown promise in promoting bone 
growth, it has been associated with serious ad-
verse effects, particularly when used in off-label 
applications that were not approved by regula-
tory authorities. In 2011, the U.S. FDA issued 

warnings regarding these risks, leading to in-
creased scrutiny and a wave of lawsuits(21-23). 
Despite these concerns, Medtronic has contin-
ued to defend the device’s efficacy and safety 
when used according to its approved indica-
tions. Key issues surrounding the Infuse Bone 
Graft include allegations of off-label promotion 
for non-approved uses, which raised significant 
patient safety concerns. Patients reported per-
sistent pain even after treatment, with some 
experiencing graft migration, extrusion, and 
failure of the graft to integrate properly into the 
bone. These complications contributed to me-
chanical instability, poor containment of graft 
materials, and unsuccessful fusion outcomes. 
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Clinical studies have shown that despite rhB-
MP-2’s osteogenic potential, it often failed to 
achieve robust bone formation or withstand 
the biomechanical stress associated with spi-
nal fusion. The device malfunctioned in many 
cases, resulting in pain and graft displacement, 
which further complicated the surgical recovery 
process(24). These issues highlight the critical 
need for rigorous post-market surveillance and 
monitoring, as well as enhanced imaging tech-
niques for early detection of complications(25). 
Additionally, improved graft containment strate-
gies are necessary to minimize the risks of mi-
gration. Further research is needed to optimize 
the use of rhBMP-2, particularly in complex 
spinal surgeries, emphasizing careful patient 
selection and refined surgical techniques. This 
case underscores the importance of compre-
hensive clinical studies, vigilant regulatory over-
sight, and continuous monitoring to ensure the 
safety and efficacy of medical devices.

Fig.No:1: Medical Devices Reports of Medtronic 
Infuse Bone Graft (2014-2024)

Overview of olympus america’s class 2 de-
vice recall

Olympus endoscopes are advanced 
medical devices used in diagnostic and thera-
peutic procedures across specialties such as 
gastroenterology, pulmonology, and urology. 
Known for their high-quality imaging, including 
4K and narrow-band imaging (NBI), these de-
vices support accurate detection and minimally 
invasive treatments. Olympus offers a range of 
flexible and rigid scopes for specific applica-

tions like gastrointestinal assessments, bron-
choscopy, and endoscopic surgeries(26-28). 
However, concerns about safety, particularly 
infections from improper reprocessing or design 
flaws, have led to recalls and regulatory scruti-
ny. Despite these issues, Olympus endoscopes 
remain crucial in healthcare, underscoring the 
importance of proper maintenance and safety 
protocols. On September 25, 2023, Olympus 
America initiated a Class 2 recall for its Trans-
nasal Esophagovideoscope (model PEF-V), a 
device used for diagnosing and treating condi-
tions affecting the esophagus and stomach. The 
recall, posted by the U.S. FDA on November 
17, 2023, was due to residual moisture in the 
internal channels caused by the air-drying pro-
cess after device repairs, potentially increasing 
contamination risk(29-31). This moisture can 
lead to microbial growth, infections, compro-
mised diagnostics, and cross-contamination. 
The PEF-V, used for diagnosing esophageal 
strictures, GERD, and early-stage cancers, 
offers minimally invasive access via the nasal 
passage with high-resolution imaging. While the 
risk of serious harm is considered low, the recall 
reflects Olympus’s commitment to patient and 
provider safety.

Healthcare providers using the affected 
devices are advised to cease use, inspect for 
moisture or contamination, and remove them 
from service until corrective actions are taken. 
Olympus is working with the FDA to identify 
the root cause and implement corrective mea-
sures; including revising the air-drying protocol, 
inspecting and reprocessing affected devices, 
and enhancing quality assurance protocols(26). 
The company has issued an Urgent Medical 
Device Correction Letter to stakeholders, pro-
viding instructions for maintaining the devices 
and support channels. Olympus’s proactive 
communication highlights its commitment to 
patient safety, regulatory compliance, and re-
storing confidence in its devices. Healthcare 
providers are encouraged to report any adverse 
events related to the affected devices to Olym-
pus or the FDA(32-33).
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Fig.No:2: Medical Devices Reports of Olympus 
Endoscopes (2014-2024)

Stryker hip implants

Stryker Hip Implants are advanced 
medical devices designed for hip replacement 
surgeries, aimed at replacing damaged or ar-
thritic hip joints with prosthetic components to 
improve mobility and reduce pain (34-38). Made 
from durable materials such as cobalt-chromi-
um alloys, titanium, and polyethylene, these 
implants are known for their biocompatibili-
ty and longevity. Stryker offers a range of hip 
implant systems, including cemented, cement 
less, and hybrid models, with designs tailored to 
meet individual patient needs. However, certain 
models, particularly the Rejuvenate and ABG II 
stems, have been subject to recalls due to sig-
nificant complications, such as metal-on-metal 
wear, which led to issues like inflammation, tis-
sue damage, and the need for revision surger-
ies. Additionally, the LFIT V40 femoral heads 
were recalled after being found prone to frac-
turing, causing fractures, dislocations, and soft 
tissue damage(39-40). These implants faced a 
series of recalls starting with the Trident PSL 
and Hemispherical Acetabular Cups in 2008, 
which had high failure rates, prompting an FDA 
warning(39-40). The problems with these de-
vices, such as corrosion, fretting, and metal 
poisoning, resulted in severe health issues for 
many patients, leading to thousands of lawsuits 
seeking compensation for pain, suffering, med-
ical expenses, and further surgeries. Patients 
often endured debilitating symptoms, including 
joint pain, muscle weakness, and tissue dam-

age. These recalls have raised concerns about 
Stryker’s quality control and design practices, as 
inadequate clinical testing and rushed product 
releases contributed to the widespread failures. 
This has prompted calls for more stringent reg-
ulatory oversight and better testing procedures 
in the medical device industry. The Stryker hip 
implant recalls serve as a stark reminder of the 
critical importance of rigorous testing, quality 
control, and post-market surveillance, empha-
sizing the need for reforms in the way medical 
devices are developed, tested, and regulated to 
prevent similar issues from arising in the future.

Fig.No-3: Medical Devices Reports of Stryker 
Hip Implants (2014-2024)

Recall of baxter minicap extended life pd 
transfer set:

Baxter Healthcare Corporation initiated 
a recall of its MiniCap Extended Life Peritoneal 
Dialysis (PD) Transfer Set on October 21, 2024, 
due to safety concerns related to exposure to 
non-dioxin-like polychlorinated biphenyl acids 
(PCBAs) and polychlorinated biphenyls (PCBs) 
in the peroxide-cured silicone tubing of the de-
vice. These chemicals, recognized for their po-
tential toxicity, posed risks to patients using the 
device for peritoneal dialysis, a procedure to re-
move waste products from the bodies of individ-
uals with kidney disease. The recall, involving 
all lots starting from and after H19J21062, fol-
lowed concerns about sterility issues, contam-
ination risks, and design deficiencies, such as 
inadequate protection against microbial contam-
ination(41). Regulatory authorities, including the 
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FDA, classified the recall as Class I, indicating a 
high potential for severe health consequences. 
In response, Baxter took corrective actions, in-
cluding improving the air-drying protocol, revis-
ing the materials used in the transfer sets, and 
enhancing quality assurance protocols(42-44). 
Legal consequences included multiple lawsuits 
and significant financial losses from recalls, 
settlements, and regulatory fines. The recall 
has highlighted broader industry vulnerabilities, 
leading to increased regulatory scrutiny, the 
adoption of proactive quality management prac-
tices, and a shift toward designing safer, more 
user-friendly devices. Baxter issued an “Import-
ant Medical Device Correction” notice to health-
care providers, advising continued use of exist-
ing sets until safer alternatives were available, 
while emphasizing the importance of monitoring 
adverse events and improving post-market sur-
veillance(42-44).

Table No: 2MDR Reports of Baxter MiniCap 
from the year(2014-2024)
MDR Year MDR Reports
2014 7677
2015 6870
2016 7045
2017 4636
2018 3379
2019 2456
2020 2870
2021 3167
2022 2927
2023 2947
2024 2514

Abbott amplatzer steerable delivery sheath 
(asds):

In June 2023, Abbott initiated a Class 
1 recall of its Amplatzer Steerable Delivery 
Sheath (ASDS), a percutaneous cardiac device 
used to facilitate the delivery of the Amplatzer 
Amulet Left Atrial Appendage Occluder for pa-
tients with non-valvular atrial fibrillation(45). 
This recall was prompted by safety concerns 
related to the risk of air embolism and other me-
chanical failures, including device fractures and 
seal integrity issues, which posed life-threaten-

ing risks such as vascular injury, obstruction, 
and microbial contamination. A comprehensive 
analysis was conducted to evaluate the recall, 
focusing on regulatory reviews, technical fail-
ures, stakeholder feedback, and comparative 
industry analysis. Key issues identified includ-
ed inadequate material selection, design flaws, 
and inconsistencies in manufacturing process-
es, which led to the device’s failure under stress 
during clinical procedures. These deficiencies 
were further compounded by gaps in post-mar-
ket surveillance, delaying the identification and 
response to adverse events. In response, Ab-
bott implemented corrective actions, including 
upgraded materials to enhance durability and 
flexibility, redesigned structural components 
for better mechanical integrity, stricter quality 
control protocols, standardized manufacturing 
processes, and improved post-market surveil-
lance systems. Additionally, Abbott engaged in 
proactive communication with healthcare pro-
viders, offering updates, training, and support 
to mitigate risks and facilitate a smooth transi-
tion to safer alternatives. This case underscores 
the critical importance of robust quality control, 
compliance with regulatory standards, and con-
tinuous post-market monitoring to ensure the 
safety and effectiveness of high-risk medical 
devices, particularly in cardiovascular applica-
tions where patient outcomes are highly sen-
sitive to device performance. The ASDS recall 
serves as a cautionary reminder of the complex-
ities of medical device safety and the need for 
a comprehensive, multifaceted approach to risk 
management(46-49).

Fig.No-4: MDR Reports of Abbott Amplatzer 
Steerable Delivery Sheath (2014-2024)
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Medos international sarl cerenovus CERE-
BASE DA:

In February 2024, Medos International 
Sàrl, in collaboration with Johnson & Johnson 
MedTech/DePuy Synthes, initiated a Class 1 
recall of the Cerenovus CEREBASE DA Guide 
Sheath, a neurovascular catheter used in proce-
dures to navigate and access brain blood ves-
sels, due to a significant manufacturing defect in 
the distal catheter shaft that could lead to frac-
tures during use, posing serious life-threatening 
risks to patients(50-52). Following post-market 
surveillance reports of fractures in the catheter 
shaft, Medos International launched an internal 
investigation, confirming a defect related to pro-
duction inconsistencies or material quality. The 
recall, issued for devices distributed between 
June and December 2023, involved identifying 
affected units through lot numbers and distri-
bution records. Affected healthcare providers 
were instructed to immediately halt use, quar-
antine, and return the products, with Medos 
coordinating logistics for safe return and credit 
or replacement. A comprehensive risk assess-
ment was conducted to verify the extent of the 
issue, and corrective actions included a review 
of manufacturing processes, enhanced quali-
ty control protocols, additional product testing, 
and production team training to prevent recur-
rence. The recall process was meticulously 
managed in collaboration with the FDA, health-
care providers, and regulatory authorities, with 
ongoing monitoring and post-recall evaluations 
to ensure the effectiveness of the corrective 
measures and restore the safety and reliability 
of the product(51).
Table No-5: MDR Report of Medos Internation-
al Sarl, CerenovusCerebase da Guide Sheath 
(2020-2024)
MDR Year MDR Reports
2020 16
2021 26
2022 29
2023 72
2024 90

Results and Discussion

The analysis of high-profile medical de-
vice recalls, including Philips Respironics CPAP 
devices, Medtronic Infuse Bone Graft, Olympus 
endoscopes, Stryker hip implants, Baxter Mini-
Cap Peritoneal Dialysis Transfer Set, Abbott 
Amplatzer Steerable Delivery Sheath, and Me-
dos International Cerenovus CEREBASE DA 
Guide Sheath, reveals systemic issues in prod-
uct safety, regulatory compliance, quality as-
surance, and post-market surveillance. These 
recalls highlight technical failures in design and 
manufacturing, regulatory gaps, and the critical 
need for enhanced monitoring systems.

Philips respironics CPAP devices recall

Triggered by PE-PUR foam degrada-
tion, this recall exposed the release of harmful 
VOCs and particulate matter, posing respirato-
ry and carcinogenic risks. The failure also im-
paired therapy delivery due to malfunctioning 
pressure systems. Delayed FDA response and 
inadequate post-market surveillance worsened 
the situation, underscoring the need for proac-
tive monitoring and regulatory oversight.

Medtronic infuse bone graft recall

The Infuse Bone Graft recall highlight-
ed risks from off-label use, leading to severe 
complications like ectopic bone formation and 
inflammatory responses. Insufficient clinical 
testing and ethical lapses in marketing practices 
compounded the issues. This case emphasizes 
the need for stringent off-label use regulations, 
transparent risk communication, and compre-
hensive pre-market trials.

Olympus endoscopes recall

Improper sterilization and air-drying pro-
tocols caused microbial contamination, increas-
ing infection risks from Olympus endoscopes. 
The case underscores the importance of vali-
dated cleaning procedures, quality assurance, 
and regular audits to prevent contamination in 
medical devices used in sterile environments.
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Stryker hip implant recall

Design flaws in Stryker’s hip implants 
caused corrosion at the modular neck junction, 
releasing toxic metal ions and leading to sys-
temic and localized tissue damage. This case 
highlights the need for rigorous pre-market test-
ing, materials validation, and effective post-mar-
ket monitoring for implants.

Baxter MiniCap peritoneal dialysis transfer 
set recall

Contamination risks from PCBAs and 
PCBs in silicone tubing led to the recall of Bax-
ter’s MiniCap Transfer Set. Persistent MDRs 
indicated systemic flaws in manufacturing and 
quality assurance. Enhanced air-drying proto-
cols and material revisions were implemented, 
but the case highlights the need for stringent 
regulatory oversight.

Abbott amplatzer steerable delivery sheath 
recall

Design flaws in the Amplatzer sheath 
caused risks like air embolism and device 
fractures during cardiac procedures. Abbott’s 
response included redesigning components 
and improving quality control. This recall un-
derscores the importance of robust pre-market 
testing under real-world conditions and continu-
ous post-market surveillance.

Medos international Cerenovus CEREBASE 
DA guide sheath recall: 

Manufacturing defects in the CERE-
BASE DA Guide Sheath caused fractures, 
leading to risks of vascular injury. Effective re-
call management by Medos mitigated impacts, 
but this case highlights the critical role of strin-
gent manufacturing quality control and prompt 
post-market corrective actions.These recalls 
collectively emphasize the need for systemic 
reforms in medical device development, manu-
facturing, and regulation to ensure patient safe-
ty and public trust.

Conclusion

The analysis of these high-profile med-
ical device recalls underscores the pervasive 
and systemic issues within the medical device 
industry, particularly in terms of safety, regula-
tory compliance, and post-market surveillance. 
These cases reveal a clear need for more ro-
bust quality management systems, comprehen-
sive pre-market testing, and proactive, real-time 
post-market surveillance. The industry must pri-
oritize patient safety by adopting stricter regula-
tory standards, enhancing transparency in clin-
ical testing, and ensuring that devices are only 
marketed and used for their approved indica-
tions. Furthermore, there must be a concerted 
effort to improve communication between man-
ufacturers, healthcare providers, and regulatory 
authorities to ensure that safety concerns are 
addressed promptly and that the risks associ-
ated with medical devices are fully understood 
and managed throughout the device lifecycle.
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Abstract

In an approach towards developing an-
tifungal compounds active against plant patho-
gens under in vitro conditions, the present study 
was carried out in which enzymatic, and met-
abolic properties of fungal endophytes isolated 
from four Terminalia sp. were evaluated. A qual-
itative phytochemical analysis was performed to 
detect alkaloids, flavonoids, tannins, saponins, 
phenols, steroids, and glycosides. Screening of 
test fungi for bioactive metabolite, and its meth-
anolic extract against three pathogens exhibit-
ed raised metabolic response of test fungi. The 
bioactive potential of fungi has been presented 
in terms of growth reduction (%) of pathogen-
ic fungi, calculated based on morphological 
growth on solid plate culture. The findings re-
veal information on the biological activities of 
fungal endophytes isolated from Terminalia 
spp.. The in vitro analysis of methanolic extracts 
of endophytic fungi leads us to infer its prom-
ising antifungal capabilities against phytopatho-
gens, and it is obvious that the aforementioned 
fungus produce a variety of bioactive chemicals 
with potential enzymatic and antioxidant activ-
ity. Overall, the study reveals that segregated 
fungal endophytes have enormous potential for 
various extracellular enzymatic properties, use 
in the development of new antifungal drugs, 
and as a therapeutic model in the agricultural 
and pharmaceutical industries. However, more 
study is needed to uncover and understand bio-

active components that have a variety of biolog-
ical functions and might be used for human and 
environmental benefits. 

Keywords: Bioactive, Endophytes, Enzymatic 
activity, Fungi, Phytochemical, Terminalia

Introduction

 In the 21st century  global  concern 
focuses on infectious diseases. 25 % of total 
deaths are caused by pathogenic microorgan-
isms  given  by the World Health Organization 
(WHO). Many antibiotics are produced to remove 
fungal and bacterial infections, but the problem 
that remains is antibiotic resistance.  Due to 
the development of multi-drug resistance mi-
croorganisms which show resistance in two or 
more classes of antibiotics, this kind of difficulty 
is displayed nowadays (1). There is a challenge 
for  the development of a better understanding 
of resistance and finding newer drugs against 
microbial disease (WHO). Several antimicrobial 
assays are well-known and commonly used in 
microbial laboratories nowadays  (2). This  pro-
motes research for novel antimicrobial agents to 
prevent resistance and provide relief from dis-
eases (3). 

Historically plants contribute a potential 
source of compounds  and  species like  Com-
bretum, Terminalia, and Pteleopsis have found 
profound antimicrobial effects.  The second 
largest genus, Terminalia has nearly about 200 
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species of the family Combretaceae after 
Combretum. Plants from the Terminalia genus 
(Combretaceae family)  are utilized  as tradi-
tional medicines  all over the world.  Termina-
lia arjuna, Terminalia belerica,  and  Terminalia 
chebula are the most commonly utilized Termi-
nalia species in medicine. Members of Termina-
lia are used for the treatment of Cardiovascular 
problems, wound healing, colds, conjunctivitis, 
ulcers, headaches, hypertension, jaundice, lep-
rosy, pneumonia & skin diseases, and also for 
the treatment of HIV and other microbial dis-
ease (4, 5). Root, stem-bark samples of Termi-
nalia arjuna contain some bioactive compounds 
like tannins, glycoside, alkaloids, steroids, trit-
erpenoids, etc are known to display both phar-
macological and physiological properties (6, 
7). It has been found  that tannin, a secondary 
metabolite from Terminalia sp. is responsible for 
anticancer properties (8, 9). Terminalia contains 
ingredients that help for the stimulation of the 
heart & also help the heart by lowering choles-
terol and blood pressure. T. arjuna  is used for 
bile duct disorder, asthma, scorpion stings, and 
poisonings whereas T.belerica is used for respi-
ratory tract infections, cough, and sore throat 
& T. chebula  is used for treating vaginal  infec-
tions,  and dysentery.  In the field of Ayurvedic 
medicine  Terminalia  belerica  in  combination 
with  Terminalia  chebula  has been used as a 
“Health harmonizer” & both are used for lower-
ing cholesterol  which  prevents  the destruction 
of heart tissue.

Plants and microbes endowed some 
natural products  that have  an established re-
cord of providing new pharmaceutical medicines 
(10). Many medicinal plants are recognized for 
housing endophytic fungi, which are key sourc-
es of many bioactive secondary metabolites 
and enzymes useful in the pharmaceutical busi-
ness (11-13). Therefore, increasing efforts  are 
made to identify and focus on endophytic fungi 
from medicinal plants. Fungal organisms that 
reside in the plant without forming disease or 
damage to their host, this  definition of endo-
phytic fungi includes the symbiotic interaction in 

which plants and endophytic fungi participate: 
Parasitism, Commensalism, and Mutualism 
(14). Endophytes have recently known as a ma-
jor source of a variety of new physiologically ac-
tive secondary metabolites possibly  useful  for 
human treatment, and a recent study found 
that 51% of compounds extracted from endo-
phytes (15, 16). Fungi present  inside the plant 
could be a very promising way to produce vari-
ous metabolites for medicinal, agricultural, and 
industrial uses (17).  Fungal endophytes form 
a mutual relationship with the plant in which 
the plant gives shelter & nutrients to the endo-
phytes whereas endophytes produce bioactive 
substituent  which  increases the resistance & 
benefits the plant growth (18, 19). 

A  great  number of antifungal com-
pounds may be found in endophytic fungi isolat-
ed from plant Terminalia and exploring natural 
compounds synthesized by endophytic fun-
gus is thought to be a strategy to eliminate re-
sistance while also meeting the demand for the 
discovery of extremely cost-effective, less toxic 
antibiotics to treat infectious diseases caused 
by microorganisms (20).

Materials and Methods

Plant sample collection

Samples like leaves and  barks of 
four  Terminalia sp.  were collected  from 
the campus of Regional Plant Resource Centre, 
Nayapalli, Bhubaneswar, Odisha. The samples 
were taken to the laboratory, rinsed to elimi-
nate any dirt, and air-dried.  Leaf and bark sam-
ples  were chopped  into with sterile scalpels. 
Sample fragments were successively surface 
sterilized in 70% ethanol for 1 minute, 2.5% 
sodium hypochlorite for 2 minutes, and sterile 
distilled water 2 times for 1 minute each (21).

Isolation and purification

The inner tissues of the leaves and 
barks were removed, and  approximately 2-3 
segments were put  in SD agar media and in-
cubated.  Daily observations were made  un-
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til endophytic fungi  began to proliferate  (22, 
23). Following incubation, fungal colonies were 
collected, streaked on agar plates, and incubat-
ed at 30°C for three days, so that the microbi-
al cells were well spaced from each other. The 
processes like streak plate and central inocula-
tion were repeated 3-4 times until we got puri-
fied pathogens.

Preliminary plate test of endophytic fungi for 
extracellular enzymes and mineral solubili-
zation potential

To carry out the screening of fungi for 
extracellular enzyme production and mineral 
solubilization potential, a plate test  was per-
formed by inoculating 7days old culture of fun-
gal isolates on media specified for amylase, cel-
lulase, xylanase, L-asparaginase, Lipase, IAA, 
organic acid production and Phosphate solubi-
lization, Zinc solubilization potential (24-26). A 
clear zone enclosing the fungal colony formed 
after 3-5 days of incubation was considered an 
indicator of enzyme production and mineral sol-
ubilizing potential (27).

Preliminary phytochemical screening of iso-
lated fungal extracts 

SD broth was prepared for phytochem-
ical screening of fungal isolates. Inoculation of 
isolated endophytic fungi into the broth and af-
ter  incubation  filtration  occurs to separate the 
mycelial mat. The mat was pulverized in a 
pestle and mortar with ethyl acetate, metha-
nol, and ethanol individually, and the grounded 
mycelia were then put into three distinct flasks 
and stored for 5 days (28). The extract was par-
titioned into ethyl acetate, aqueous ethanol, and 
aqueous methanol soluble fractions, and the fil-
trate of the above fungal isolates was taken for 
biochemical test. Different biochemical tests like 
alkaloids, phenols, flavonoids, saponins, ste-
roids, tannins, and  glycosides were done  with 
the four samples (Ethanol, Methanol, Ethyl ace-
tate, and Culture filtrate) to know the availability 
of metabolites.

Biological screening of methanolic extract 
of fungal endophytes 

Three references of plant pathogens, 
i.e., Fusarium sp. were taken for antifungal as-
say. Endophytic fungi isolated from Terminalia 
sp. were examined for antifungal activity against 
three pathogens of Fusarium sp. by inoculating 
them using the co-inoculation method on agar 
media and incubated for 5- 7 days (29). Two 
pieces of growing mycelial disc of endophytic 
fungi were inoculated into SD broth & incubated 
for 10 days. After the incubation period, filtration 
occurred to separate the culture filtrate and my-
celial mat through Whatmann no. 1 filter paper 
(30).  The culture filtrate was concentrated by 
the Soxhlet apparatus and solvent was added 
to the concentrated filtrate for 72 hours.  The 
upper layer was separated and evaporated by 
Soxhlet. Evaporated samples were dissolved in 
methanol and preparation of methanolic extract 
was completed. Methanolic extract samples 
were screened for qualitative phytochemical 
screening to know the availability of second-
ary metabolites discussed earlier. A qualitative 
free-radical scavenging activity test occurred 
with the methanolic sample and the antimicrobi-
al activity test was done through the pour plate 
method to find the best test organism (31). The 
bioactive potential of fungi has been present-
ed  in terms of  growth reduction (%) of patho-
genic fungi, calculated based on morphological 
growth on solid plate culture.

Results and Discussions

Occurance of fungi on leaf and bark of 
Terminalia sp.

A total of 29 nos. of fungi have been iso-
lated from samples collected from different spe-
cies of Terminalia. All were characterized mor-
phologically and evaluated for their extracellular 
enzyme and mineral solubilization potential.

Profiling of endophytic fungi for extracellu-
lar enzymes and mineral solubilization po-
tential

Profiling of fungi for enzymes and sol-
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ubilization potential  is described  in Table 1. 
Cellulase has been used in biofuel, agricul-
ture, food, detergent, and also in  textile indus-
tries. Cellulase is present in Phoma sp., Penicil-
lium sp., etc. (32). Among all, 6 fungi (24.13%) 
were  found  to be  producers of cellulase and 
11 fungi (37.93%) for xylanase activity. Almost 
all fungi exhibited zinc-solubilization poten-
tial but no IAA, lipase, and L-asparaginase activ-
ity could be observed in these fungi. Phosphate 
solubilization potential has been observed in 4 
fungi (13.79%). Many fungal isolates have been 
observed as organic acid producers in the pres-
ent study  (27.58%).  There is limited informa-
tion about amylase enzymes from endophytic 
fungus (33). In the present study, 51.7% of the 
isolates tested positive  including  Aspergillus 
sp., Penicillium sp., Trichoderma sp., Fusarium 
sp. etc. As shown in Figure 1, amylase-produc-

er fungi  are more in number as well as Zinc 
solubilization potential.  Another fungal extra-
cellular enzyme is lipase  which  is  dominant-
ly used in the food industry. The report says that 
there are  very  less  findings regarding lipolytic 
activity.  In the present study, no lipolytic activ-
ity was found  in the fungi isolated from Termi-
nalia sp. Microbial L-asparaginase is secreted 
extracellularly and considered  to be  intracellu-
lar in nature (34), in the present study, no L-as-
paraginase activity is found positive.  A  report 
from (35) says that if tryptophan  is used  as 
a  substrate  then fungi are capable of synthe-
sizing IAA. In the present study, fungi show no 
activity for producing IAA. Results obtained for 
extracellular enzyme production and  miner-
al solubilization potential  are given  in  Table  1 
and the percentage of incidence is given in Fig-

ure 1.

Table 1: Preliminary plate screening tests of fungi for extracellular enzymes, mineral solubilization 
potential
Sl no Name of fungal isolates Extracellular activity, mineral solubilization potential

  A B C D E F G H I
1 Aspergillus sp. 1 - - - - - - - - +
2 Aspergillus sp. 2 - - - - - - - - -
3 Aspergillus sp. 3 - + - - + - + + -
4 Aspergillus sp. 4 - - - - - - - - -
5 Aspergillus sp. 5 - + - - + - + + +++
6 Aspergillus sp. 6 - + - +++ + - - + -
7 Aspergillus sp. 7 - + - - + - - + -
8 Aspergillus sp. 8 - + - - + - - + -
9 Aspergillus sp. 9 - + - + + - + + -

10 Aspergillus sp. 10 - + - - - - - + -
11 Aspergillus sp. 11 - + - - - - - + ++
12 Aspergillus sp. 12 - - - - - - - + -
13 Aspergillus sp. 13 - + - + + - - + +
14 Aspergillus sp. 14 - - - - + - - - +
15 Aspergillus sp. 15 - - - +++ + - - + -
16 Penicilium sp. 1 - + - - - - - + -
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17 Penicilium sp. 2 - - - - - - - + ++
18 Penicilium sp. 3 - + - +++ - - - + -
19 Penicilium sp. 4 - - - + + - + - +
20 Trichoderma sp. 1 - + - - - - - + -
21 Trichoderma sp. 2 - - - - - - - + -
22 Trichoderma sp. 3 - - - - - - - - -
23 Myceloid sp. 1 - - - - - - - + -
24 Myceloid sp. 2 - + - - - - - + +
25 Fusarium sp. 1 - + - - - - - + ++
26 Fusarium sp. 2 - - - - - - - - -
27 Nectria sp. - + - - - - - - -
28 Acladium sp. - - - +++ + - - + -
29 Colletotrichum sp. - - - - - - - - +

Abbreviations: +, (Present) ; ++, (Present Significantly);  +++, (Present in excess) ; -, (Absent)

A, Indole acetic acid (IAA); B, Amylase; C, Li-
pase ;D, Cellulase ;E, Xylanase; F, L-asparagi-
nase; G, Phosphate solubilisation; H, Zinc-solu-
bilization; I, Organic acid.

sidered a pharmacological system of medicine 
(36). Phytochemical screening of extract of en-
dophytes isolated from leaf, and bark sample of 
four  Terminalia sp.  were completed.  This  was 
done  to know the presence of bioactive me-
tabolite. Ethanolic, Methanolic, and ethyl ace-
tate extract of crude extract of 29 endophytes 
and plant samples contain alkaloids, flavo-
noids, steroids, phenols, saponins, tannins, 
and glycosides. Alkaloid, the secondary  me-
tabolite  resides in plant extract  which  hinders 
the microorganism by inhibiting the enzymes 
involved in energy generation.  Terminalia bel-
lerica  containing tannins in plant extract might 
have hampered the growth of microorganisms 
by precipitating the microbial protein and mak-
ing nutritious proteins inaccessible to them 
(37). There are several reports available on the 
phytochemical screening of fruit & stem extract 
but comparatively fewer reports on leaf and 
bark samples. In one report, ethanolic extract 
contains all biomolecules, methanolic extract 
contains all biomolecules except tannins and 
saponins whereas ethyl acetate extract except 
saponins, steroids & tannins but in our study it 
shows the better result that all extract contains 
all biomolecules (28).

Figure 1: Incidence of fungal endophytes (%) 
isolated from Terminalia sp.

% of incidence= Fungi tested positive/Total iso-
lated fungi × 100

Preliminary phytochemical screening of iso-
lated fungi and plant sample

Phytochemicals, like phenols, tannins, 
flavonoids, saponins, glycosides, and  ste-
roids  present  in plant extracts  which  is  re-
vealed  in the present study (Table 2).  T. arju-
na is a widely used medicinal plant responsible 
for the treatment of degenerative diseases con-
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recorded. DPPH is a stable nitrogen-centered, 
lipophilic free radical that is extensively used to 
evaluate antioxidant activity in a shorter period 
of time than other techniques. The odd elec-
tron in DPPH is coupled with hydrogen from a 
free radical scavenging antioxidant, resulting in 
decreased DPPH.  The ensuing  decolorization 
from purple to yellow revealed a favorable result 
(38). After completion of the biological screening 
test, we selected the best fungal strain. Among 
all fungi, the methanolic extract of  Aspergillus 
sp. 14 indicated the greatest result.

M, Methanol; E, Ethanol; EA, Ethyl acetate; CF, Culture 
filtrate

Biological  Screening  of methanolic extract of fungal 
endophytes

Several studies have described the antioxidant 
properties of different parts of various medicinal plants. An-
tioxidant activity test, and qualitative biochemical esti-
mation to know the best endophytic fungi for fur-
ther experiment (Table 3). Some positive results 
of the test for alkaloids, flavonoids, phenols, tan-
nins, saponins, steroids, and glycosides were 

Table 3: Phytochemical and qualitative antioxidant activity test of solvent extract of 29 fungal iso-
lates
Sl no Fungal isolate  Alkaloids  Phenols  Flavonoids Tannins  Glycosides  Steroids Saponins DPPH

1 Aspergillus sp. 1 + + - + - + + +++
2 Aspergillus sp. 2 + - - + - + - ++
3 Aspergillus sp. 3 - + - +++ + + + ++
4 Aspergillus sp. 4 - - - + + + - -
5 Aspergillus sp. 5 + - - + + + + -
6 Aspergillus sp. 6 - + - + + + - +
7 Aspergillus sp. 7 - - - + + + - -
8 Aspergillus sp. 8 - + - + + - - ++
9 Aspergillus sp. 9 + + ++ + + + + +++

10 Aspergillus sp. 10 - - - - + - - +
11 Aspergillus sp. 11 - + - +++ + ++ - +++
12 Aspergillus sp. 12 - - - + + - - -
13 Aspergillus sp. 13 - - - + - + - +
14 Aspergillus sp. 14 + + - ++ + + + +
15 Aspergillus sp. 15 - - - + + - - +
16 Penicillium sp. 1 + - - + + +++ - +
17 Penicilium sp. 2 - - - + + +++ - +++
18 Penicilium sp. 3 + + + + + + + +
19 Penicilium sp. 4 + - + ++ + ++ + +++
20 Trichoderma sp. 1 + + - + - ++ + -
21 Trichoderma sp. 2 - + - +++ + +++ - ++
22 Trichoderma sp. 3 + + - ++ + ++ - ++
23 Myceloid sp.1 - + + + ++ ++ + +
24 Myceloid sp. 2 - + - + ++ + - ++
25 Fusarium sp. 1 - - - + + ++ - -
26 Fusarium sp. 2 - - - + + + - ++
27 Nectria sp. - - - + + - - ++
28 Acladium sp. + - ++ - + +++ + +++
29 Colletotrichum sp. - - - + - - - -

Abbreviations: +, (Present) ; ++, (Present Significantly) ; +++, (Present in excess) ; -, (Absent) 



Current Trends in Biotechnology and Pharmacy
Vol. 19(1) 2181-2192, January 2025, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2025.1.7

Debajani and Gupta

2188

	 The solvent extract of T. bellerica was 
tested  against  S. aureus  and  K. pneumo-
nia,  which  are two respiratory pathogens that 
indicated  the  greatest  activity (39).   The anti-
microbial activity of different solvent extracts 
of  Terminalia sp.  was conducted  against four 
bacteria and two viruses  and  the various sol-
vent extracts were hexane, benzene, chloro-
form, Ethyl acetate, Acetone, Ethyl alcohol and 
methanolic extracts, among  all the extracts 
studied, methanol and ethyl acetate extracts 
exhibited  good  effects against NDV, PV virus, 
S. aureus, and E. coli (40). In our study, the 

prepared methanolic sample of 29 fungi under-
goes antimicrobial activity test against three Fu-
sarium sp., result denoted in Table 4. This was 
demonstrated in terms of growth reduction (%) 
of pathogenic fungi, calculated based on mor-
phological growth on solid plate culture, indicat-
ing that there was an inhibition of growth of the 
test microbe. So Aspergillus 14 was considered 
a good source of antimicrobial compounds. This 
finding suggested that the antimicrobial com-
pounds generated by active fungal endophytes 
might have specialized applications where dis-
ease control is needed.

Table 4: Antimicrobial activity test of methanolic extract of 29 fungal isolates
                 Pathogens

    D1 D2 D3
Sl no  Fungal isolate % of growth reduction % of growth reduction % of growth reduction

1 Aspergillus sp. 1 1.45±0.77 11.83±2.305 13.3±0
2 Aspergillus sp. 2 10.82±1.666 17.84±0.749 16.51±2.142
3 Aspergillus sp. 3 13.1±4.101 18.76±0.657 17.6±1.088
4 Aspergillus sp. 4 1.1±0.42 12.85±0.855 5.78±1.103
5 Aspergillus sp. 5 12.82±1.661 1.96±0.063 16.52±0.975
6 Aspergillus sp. 6 7.81±2.559 1.74±0.424 19±0.219
7 Aspergillus sp. 7 6.68±0.417 3.38±1.640 16.5±3.344
8 Aspergillus sp. 8 4.35±2.877 7.88±1.725 14.63±1.845
9 Aspergillus sp. 9 11.5±1.195 14.59±1.364 3.66±0.049

10 Aspergillus sp. 10 13.36±0.841 5.63±1.675 7.32±0.919
11 Aspergillus sp. 11 4.35±2.863 8.99±0.141 2.55±1.52
12 Aspergillus sp. 12 12.8±1.93 15.52±1.067 13.53±2.375
13 Aspergillus sp. 13 13.9±0.378 8.07±1.774 8.88±0.41
14 Aspergillus sp. 14 15.4±1.209 20.69±3.549 16.4±2.59
15 Aspergillus sp. 15 11.93±0.806 12.64±0.205 19.43±3.146
16 Penicillium sp. 1 4.99±1.774 17.5±1.64 6.6±0.077
17 Penicilium sp. 2 9.01±3.705 1.68±0.763 1.83±0.48
18 Penicilium sp. 3 6.58±2.729 6.74±0.113 8.07±1.159

19 Penicilium sp. 4 5.49±1.873 8.03±1.491 18.6±0.806

20 Trichoderma sp. 1 2.9±1.272 4.92±1.195 19.2±1.131

21 Trichoderma sp. 2 2.4±2.26 10.83±1.852 5.77+1.294
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22 Trichoderma sp. 3 9.65±4.023 8.63±0.961 6.59±0.106

23 Myceloid sp.1 4.7±4.101 16.8±1.944 2.48±1.195

24 Myceloid sp. 2 8.2±0.84 6.74±0.106 1.09±0.502

25 Fusarium sp. 1 12.5±0.318 21.32±4.426 11.35±0.339

26 Fusarium sp. 2 11.93±0.799 15.5±1.117 4.54±0.53

27 Nectria sp. 2.18±0.141 17.23±1.286 9.37±0.891

28 Acladium sp. 2.23±0.141 10.06±4.617 6.6±1.138

29 Colletotrichum sp. 7.58±1.074 6.9±0.113 5.79±1.23
Abbreviations: D1, Fusarium sp. 1 ; D2, Fusarium sp. 2 ; D3, Fusarium sp.3 ; 
Conclusion

We can conclude that endophytic fun-
gi isolated from four  Terminalia sp.  may be a 
valuable natural resource for producing physi-
ologically active chemicals with significant an-
tifungal activity against  Fusarium sp.  We also 
reported that the endophytic fungi are very 
effective in eliciting the production of secondary 
metabolite that acts against plant pathogens. 
Further research into the compounds' purity and 
structure is underway. It  is thought that finding 
natural compounds formed by endophytes may 
be a viable strategy to overcome the problem 
of resistance and meet the emerging desire for 
highly effective, low-toxicity, and environmentally 
friendly antibiotics to combat infections.
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Abstract

Azithromycin dihydrate is a semi-syn-
thetic macrolide antibiotic of the azalide class 
for the treatment of bacterial infection. Nio-
somes are microscopic lamellar structures of 
non-ionic surfactant bilayer vesicular structures 
that allow the medications to be encapsulated 
within, allowing for regulated delivery of the 
drugs over an extended period. The niosomes 
were designed which serve the combined ad-
vantages of loading the suitable amount of drug 
required for treatment, modulating its release at 
the target site, and controlling the bacterial re-
sistance. It also helps to reduce the dose and 
frequency of the drugs leads to reduction in side 
effects. In the present work, niosomes of Azith-
romycin dihydrate were prepared and evaluated 
for the treatment of bacterial infection. Different 
formulations of niosomes were designed and 
prepared by hand shaking method using differ-
ent ratios of cholesterol, non-ionic surfactant, 
sodium deoxycholate, chloroform, and metha-
nol. The prepared niosomes were evaluated for 
different parameters such as entrapment effi-
ciency, vesicle size and shape, and in vitro re-
lease study. The drug-excipient interaction was 
evaluated with the help of FTIR spectra and all 
the peaks in physical mixtures as well. The ef-
ficiency of entrapment was found to be highest 
for F6 (92.4%). The particle size of the opti-
mized formulation was shown 226.2 nm.  SEM 
analysis indicated that the niosomes are spher-
ical and the size of the niosomes vesicle was in 

range. In vitro drug release studies of the op-
timized formulation F6 showed maximum drug 
release of 88.4% after 24 h. The release profiles 
were subjected to different mathematical mod-
els and the best-suited model was found to be 
the Korsemeyer Peppas model with the highest 
regression value (0.9225) via the fickian diffu-
sion mechanism. 

Keywords  Azithromycin, niosomes, vesicular 
system, drug release kinetics

Introduction

 The vesicular drug delivery system is a 
novel system designed with multiple concentric 
lipid layers of amphiphilic surfactants and water. 
Vesicular delivery systems have proven bene-
ficial over conventional delivery systems due 
to prolonging systemic circulation, improving 
bioavailability, surpassing metabolic pathways, 
and reducing drug-related toxicity (1). This sys-
tem is also highly beneficial as it can hold hy-
drophilic as well as lipophilic drugs in the mul-
tiple-layer concentric vesicular structure. Along 
with the several advantages the vesicular de-
livery system also possesses several disadvan-
tages such as lower drug loading capacity, and 
leakage of drugs from the vesicles during stor-
age and transportation. The efficacy of vesicles 
highly depends on the size of the vesicle, type, 
loading capacity, lamellarity, and construction of 
the vesicle. The vesicular drug delivery system 
plays a promising role in the target specificity 
of the drug, can deliver the drug in a controlled 
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and sustained fashion, and can be administered 
through multiple routes. Drug delivery systems 
including nanovesicles are broadly classified 
as liposomes, niosomes, proniosomes, etho-
somes, polymersomes, phytosomes, aqua-
zomes, and many more (2).

	 Niosomes are microscopic lamellar 
structures of non-ionic surfactant vesicles that 
are formed by combining cholesterol with an al-
kyl or dialkyl polyglycerol ether class non-ionic 
surfactant, then hydrating the combination in 
aqueous medium. These lipid vesicular struc-
tures resemble liposomes and can transport 
both lipophilic and amphiphilic medications (3). 
Figure 1 represents the structure of niosomes. 
Niosomes are lamellar particles that range 
in size from 10 to 1000 nm and belong to the 
nano-size range (4). Niosomes are made of 
cholesterol and surfactant, which is followed 
by lipid film hydration. The main component 
of niosomes, which gives them greater stabil-
ity than liposomes, is a non-ionic surfactant. 
These niosomes are less expensive, less prone 
to oxidation, and less vulnerable to the mate-
rial’s quality affecting their size and shape (5). 
Numerous non-ionic surfactant types, such as 
Brij, Tweens, Spans, polyglycerol alkyl ethers, 
crown ethers, ester-linked surfactants, gluco-
syl dialkyl ethers, and polyoxymethylene alkyl 
ethers, have the potential to generate niosomes 
(6). These carriers show great promise for topi-
cal medication delivery and may enhance ther-
apeutic efficacy while mitigating adverse effects 
(7).

Niosomes are made of bilayer structures that 
allow the medications to be encapsulated with-
in, allowing for regulated delivery of the drugs 
over an extended period. This is a new method 
of medication targeting by surface modification 
by decreasing the amount that must be given 
to produce the intended result (8). By encap-
sulating the medication, lowering its rate of 
clearance, and directing it to a particular loca-
tion, the therapeutic efficacy of the medications 
is increased. Medication targeting aids in drug 
localization and generates therapeutic benefits 
at low dose concentrations with fewer adverse 
effects (9). These could serve as the reservoirs, 
which release the drug in a controlled manner 
targeting the affected organs or cells (10). 

Although niosomes are less stable phys-
ically, they show good chemical stability. The 
stability of niosomes is caused by a variety of 
forces, such as van der Waals forces between 
surfactant molecules, entropic repulsive forces 
of the head groups of surfactants, short-acting 
repulsive forces, etc. These are the forces that 
support the preservation of the noisome’s vesic-
ular structure (11).

Azithromycin is one member of the 
azalide class of semi-synthetic macrolides. By 
attaching itself to the 50S ribosomal subunit 
of the bacterial 70S ribosome, it prevents the 
synthesis of proteins by bacteria. Depending on 
the organism, it may have bacteriostatic or bac-
tericidal effects (12). Azithromycin undergoes 
phagocytotic uptake by phagocytic cells and fi-
broblasts which take the drug and deliver it to 
the site of infection. On arrival at the site of in-
fection, azithromycin is released to the surface 
of the cell membrane of the bacteria cell where 
it binds with ribosomes. The binding of the drug 
with ribosomes leads to cell death or inhibits 
the growth of bacteria (13). The current study 
aims to develop niosomes loaded with the re-
quired amount of Azithromycin for the treatment 
of bacterial infection. The niosomes were de-
signed which serve the combined advantages 
of loading the suitable amount of drug required 
for treatment and modulating its release at the Figure 1: Structure of niosomes
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target site. It also improves the penetrability of 
the drug and helps to deliver the drug to the 
target site. The controlled delivery system also 
presents an additional advantage toward bac-
terial resistance as the dose of the drug in the 
system remains controlled which reduces the 
bacterial resistance.

Material and Method

The drug Azithromycin was a gift sam-
ple from Biomedica International, Ludhiana. 
Sodium deoxycholate was obtained from Moly-
chem., Badlapur, Dist., Thane. Cholesterol was 
obtained from Avarice Laboratories Pvt. Ltd., 
Ghaziabad. Sorbitan ester 20, Sorbitan ester 
40, Sorbitan ester 60, and Sorbitan ester 80 
were obtained from Central Drug House (P) 
Ltd., New Delhi. All the other reagents and sol-
vents were of AR grade. 

Methods

Drug excipient interaction

Drug-excipient interaction was done by 
using FTIR spectrophotometry. KBr pellet tech-
nique was used for FTIR studies. The spectrum 
for the drug Azithromycin in pure form and its 
physical mixture with other excipients were ob-

tained and studied for any interactions between 
the drug and excipients (14). 

Preparation of Azithromycin dehydrate nio-
somes

The niosomes of Azithromycin dihydrate 
with different excipients in different ratios were 
prepared by the handshaking method. 10 mL of 
organic solvent (2:1 ratio of methanol and chlo-
roform) was taken in the round bottom flask. To 
this cholesterol, non-ionic surfactants and drugs 
were dissolved. 

Different ingredients used in the forma-
tion of niosomes such as surfactant, cholester-
ol, and drug are dissolved in 10 ml of organic 
solvents (2:1 ratio of methanol and chloroform) 
in a round bottom flask. The organic solvent 
was allowed to evaporate at room temperature 
by rotating the flask, which led to the deposition 
of the thin film on the wall of the flask. The dried 
film of surfactant was reconstituted with 10 ml of 
Phosphate buffer pH 7.4 for 1 hour at 60 °C with 
gentle agitation. The prepared noisomes were 
kept overnight at 4 °C and then stored in a re-
frigerator for further use (15, 16). Formulations 
were prepared using changing ratios of choles-
terol, surfactant, and drug are listed in Table 1.

Formulation 
code

Ratios Span
60

Span 
80

Span
20

Cholesterol Azithromycin 
dihydrate

 SDC

F1 1:1 1        -       -          1          -     -

F2 1:1:1 1        -       -          1          1     1

F3 2:1:1 2        -       -          1          -     1

F4 2:1 2        -       -          1          1      -

F5 1:1:1 -        1       -          1          1     1

F6 1:1:1 1        -       -          1          1     1

F7 1:1:0.5 1        -       -         0.5          1     1

F8 1:1:1 -        -       1          1          1     1

Table 1: Compositions (W/W) Of Niosomes of Azithromycin Dehydrate
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Evaluation of Azithromycin dehydrate nio-
somes

Particle size analysis and Zeta potential 
analysis

The size of the particle of the prepared 
niosomes was determined by Malvern Zeta siz-
er (Zeta sizer 3, Malvern, UK) at 25 °C using a 
dynamic light scattering technique (17, 18). The 
sample of particle size was prepared in demin-
eralized water. The niosome’s stability depends 
upon the zeta potential of niosomal preparation. 
For nanosized  molecules, the zeta potential 
indicates the strength of repulsion between 
neighboring particles having similar charges. A 
higher value of zeta potential indicates stability, 
or the capacity of the solution or dispersion to 
withstand aggregation. Zeta potential was de-
termined using a Malvern zeta sizer. 

Surface morphology

The surface morphology of the pre-
pared niosomes was studied using a scanning 
electron microscope (SEM) (JSM 6100, Jeol, 
Japan), and the noisome were examined. The 
sample was directly mounted onto the SEM 
sample stub using the stick tape and coated 
with a 200 nm thick gold layer at a lowered pres-
sure of 0.001 mmHg. An appropriate magnifica-
tion was used to take photographs (19, 20).

Entrapment efficiency

The difference between the total 
amount of drug and the unentrapped amounts 
was used to calculate the entrapment efficiency. 
Each formulation was centrifuged using a Remi 
centrifuge (REMI LJ01, Mumbai) for 30 min-
utes at room temperature (25°C) at 5000 rpm 
to separate the drug in supernatant liquid which 
was entrapped in the niosomal structure. The 
sample was analyzed using a UV spectropho-
tometer (Shimadzu, Japan), and the amount of 
drug was determined at 214 nm. % entrapment 
efficiency was calculated (21). The below men-
tion equation was used to study the entrapment 
efficiency: 

Entrapment efficiency = (Amount entrapped / 
total amount) x 100

In-vitro drug release study 

In vitro, the release of Azithromycin di-
hydrate from the niosomal structure was carried 
out using a slightly modified version of Hu’s 
technique. Drug release experiments were con-
ducted on each formulation. The glass cylinder 
used to construct the diffusion cell was hollow 
and made of Borosil glass, measuring 14.5 cm 
in length and 2.50 cm in diameter on inner wall 
of the tube. Himedia dialysis membrane (molec-
ular weight cut-off: 12000–14000), which had 
been soaked in warm water beforehand, was 
placed over one end of the cylinder. The 250 ml 
beaker that was used as the receptor compart-
ment held the manufactured diffusion cell. The 
magnetic bead inside the receptor cell rotated 
at a steady speed. With the use of a thermo-
stat, the temperature inside the manufactured 
diffusion cell and receptor cells was kept at 
37°C. The receiving cell was filled with phos-
phate buffer saline (100 ml) with a pH of 7.4. 
Each formulation’s 1 ml sample was added to 
the dissolution cell. The receiving compartment 
was sampled (5 mL) at predetermined intervals 
of 1, 2, 3, 5, 6, 7, 8, 9, 10, 11, 12, 16, and 24 
hours—every time the sample was replaced 
with phosphate buffer saline (pH 7.4). The Azi-
thromycin dihydrate content of the samples 
was determined using a UV spectrophotometer 
(Shimadzu UV-160, Japan) set to 214 nm as the 
λmax (22, 23). The temperature of the system 
was maintained at 37ºC. 

Drug release kinetics

	 The selected formulations were sub-
jected to kinetics equations for drug release 
such as first-order kinetics, zero-order kinetics, 
Korsymeyer-Peppas model, Higuchi model, and 
Hixon Crowell model. The best-fitted model is 
selected based on regression value, the mod-
el with the highest regression is the governing 
release pattern for the prepared formulations. 
The drug release kinetics indicated the release 
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mechanism pattern from the niosomes. The 
equation of the diff erent models is as follows:

Where Mt stands for the drug amount released 
from the conjugated system at time t, and M0
is the total amount of the drug in the conjugat-
ed system. Mt/M∞ is the fraction of the released 
drug, n is the diff usion exponent and k is the 
rate constant.

 The value of n in the Korsmeyer Pep-
pas model indicated the release mechanism 
from the formulated structures. If the value 
ranges between 0.45 to 0.89, indicating the re-
lease mechanism. Suppose the value is less 
than 0.45 the release was considered to follow 
Fick’s law and termed as fi ckian diff usion from 
a non-swellable matrix type. If the value of n is 
between 0.45 to 0.89, the release is non-fi ckian 
and considered to be released both by diff usion 
and erosion. If the value of n is more than 0.89, 
it is case II transport and if the value is more 
than 1 it is super case II transport (24).

Result and Discussion

 Diff erent formulations were pre-
pared using Azithromycin dehydrate niosomes 
for ocular delivery along with other ingredients. 
Azithromycin is a macrolide antibiotic that is 
semi-synthetic and effi  cient against a broad 
range of bacteria. Its main application is the 
treatment of bacterial illnesses linked to weak-
ened immune systems. It was observed that 
Azithromycin dehydrate has poor solubility and 
low bioavailability which makes it a suitable can-
didate for drug delivery (19). Noisomes are pre-
pared using non-ionic surfactants and choles-

terol. Typically, cholesterol is added to non-ionic 
surfactants to give the niosomal bilayer stiff ness 
and orientational order. It increases stability, 
lessens aggregation, and permits vesicle forma-
tion. It is also known that cholesterol prevents 
the niosomal systems’ gel-to-liquid phase tran-
sition, making the niosomes less prone to leak-
age (25). Span 60 is a non-ionic surfactant. It 
has a higher alkyl chain length and phase tran-
sition temperature. Span 60 has shown higher 
entrapment effi  ciency due to their higher alkyl 
chain length (26). Span 80 has an unsaturated 
alkyl chain and a lower phase transition tem-
perature. Span 80 has shown lower entrapment 
effi  ciency due to the unsaturated alkyl chain in 
their structure. Sodium deoxycholate is a neg-
ative charge inducer (27). It was observed that 
formulations F1, F2, F3, and F4 vesicle were 
not formed due to lower content of cholesterol 
and surfactants in the formulations while from 
F5 to F8 vesicles were formed due to high con-
centration. The results of diff erent formulations 
are tabulated in Table 2.

Drug excipient interaction

 FTIR spectra of pure Azithromycin dihy-
drate and the polymers individually as well as 
the combination of the drug with all the other 
polymers are shown in Figures 2 and 3 and tab-
ulated in Tables 3 and 4. The spectra indicated 
the presence of prominent peaks at 1720 cm-1

corresponding to carboxylic acid; another peat 
of C-O stretching was present at 1378.19 cm-

1. The stretching of the OH group is observed 
at 1188.48 cm-1. The physical mixture exhibits 
similar peaks at 1720.77 for carboxylic acid, 
1378.36 cm-1 for C-O stretching, and 1188.48 
cm-1 for OH stretching.  No signifi cant changes 
in intensity of the FTIR bands of Azithromycin 
dihydrate were observed with polymers indi-
cating the absence of interaction. The peak 
wavelength is shown in Table 2. Figures 2 and 
3 represent the FTIR spectrum of the pure drug 
azithromycin dihydrate and the physical mixture 
of azithromycin dihydrate-excipient
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Table 2: FTIR peak frequency and their corre-
sponding functional groups of physical Mix-
ture of drug and excipients
S . 
No

(KBr disc) 
peaks at

Indications

1. 1720.77 C=O group stretching is present 
(1500 - 2000)

2. 1378.36 C-O stretching is present (1400 
- 1310)

3. 1188.86 O-H group stretching is present 
(1100-1200)

4. 955.73 C-H group bending is present 
(700-950)

Figure 2: FTIR spectrum of pure drug azithro-
mycin dihydrate

Figure 3: FTIR spectra of the physical mixture of 
azithromycin dihydrate-excipient

Entrapment efficiency

The drug content analysis of different 
formulations was done according to the proce-
dure given in the methodology section. The re-
sults were tabulated in Table 3. It was observed 
that the entrapment efficiency of the vesicle of 
span 60 was found to be higher due to higher 
alkyl chain length. Very low cholesterol content 
in formulation also causes low entrapment effi-
ciency which might lead to leakage of the ves-

icle. The entrapment efficiency was enhanced 
by increasing the cholesterol along with span 60 
due to higher phase transition temperature (28). 

The highest entrapment efficiency for 
the formulation F6 was found to be 92.4% and 
F5 was found to be 88.2%. The highest entrap-
ment was due to the optimum concentration of 
span 60 and cholesterol. This leads to higher 
entrapment of the drug Azithromycin dihydrate.

The head groups of Span 60 and Span 
80 are similar, the difference is in the chain 
length and branching of the chain. The Alkyl 
chain of span 80 is unsaturated. The permea-
bility of liposomes is markedly enhanced upon 
the introduction of double bonds into paraffin 
chains, which may account for the Span 80 
systems’ lower entrapment efficiency (29). The 
entrapment efficiency was lower in the formu-
lations F7 (81.8%) and F8 (79.3%) due to the 
unsaturated alkyl chain length of their surfactant 
and lower transition temperature.
Table 3: Entrapment efficiency of F5-F8 formu-
lations
Sr. No. Formula t ion 

Code
Entrapment 
Efficiency (%)

1 F5 88.2±0.56
2 F6 92.4±0.12
3 F7 81.8±0.43

4 F8 79.3±0.14

Particle size and polydispersibility

	 By using the Malvern Zetasizer (Zets 
sizer, 3, Malvern, UK) at 25 °C based on dy-
namic light scattering, the noisome size distri-
bution was determined. Niosome particle size 
is depicted in Figures 4 and 5. When a drug is 
encapsulated in nonionic surfactant vesicles, 
the particle size typically rises. This is likely be-
cause of the interaction of the drug with the sur-
factant head groups. This leads to a rise in the 
charges and results in mutual repulsion of the 
bilayer of surfactant (30).
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Figure 4: Particle Size of Niosomes

Figure 5: Polydispersity index of Niosomes

	 The polydispersity index was calculat-
ed as a polydispersity index of 1 indicating that 
globule size is varying on the larger scale. The 
observed value of 0.3 indicated that size varia-
tion is narrow and acceptable. Figure 5 shows 
the polydispersity index of niosomes.

Scanning electron microscopy

SEM images shown in Figure 6 confirm 
the preparation of niosomes.  By field emission 
SEM image of the best formulation confirms that 
there is no aggregation the photograph reveals 
a smooth surface and the average length of the 
structure was in the nm range (31). Figure 6 rep-
resents the SEM images of prepared niosomes.

Figure 6: SEM image of prepared niosomes

 

The in vitro permeation of Azithromycin dihy-
drate was carried out by cellophane membrane. 
Vesicle suspensions were placed over the mem-
brane. The donor compartment was clamped 
over it with the help of springs. Samples of 3 ml 
were withdrawn at predetermined (1, 2, 3, 4, 5, 
6, 7, 8, 9, 10, 11, 12, 16, 20 and 24 hrs) time in-
tervals from the receptor compartment. Graphs 
plotted between the percent cumulative drug re-
leases versus time are shown in Figure 7. It was 
observed that a 1:1:1 ratio of Span: Cholesterol: 
Azithromycin shows maximum drug release and 
is considered as optimum formulation (32). Fig-
ure 7 represents the in vitro drug release profile 
of different formulations.

Figure 7: In vitro release profile of niosomes of 
Azithromycin dehydrate

Drug release kinetics

The drug release profile of Azithromy-
cin dehydrates was subjected to release kinet-
ics such as first order, zero order, Korsemeyer 
Peppas, Higuchi, and Hixon-Crowell methods. 
The best-fitted model was selected based on 
the R2 value of the different models. The Re-
gression value of different formulations using 
different release kinetic models is tabulated in 
Table 4.
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Table 4: Drug release kinetics of formulation F5-F8

S.No Formulation 
Code Release kinetics

    First-order Zero-order Korsmey-
er-Peppas n value Higuchi Hixon

1 F5 0.9201` 0.8798 0.8841 0.96821 0.9201 0.9154
2 F6 0.9031 0.8356 0.8538 0.9462 0.9225 0.891
3 F7 0.9197 0.7668 0.8247 0.8248 0.9032 0.8075
4 F8 0.9218 0.8088 0.8573 0.8256 0.9183 0.8455

All the formulations are subjected to dif-
ferent release kinetics models and found that all 
the formulation follows the Korsmeyer-Peppas 
model. The best-fitted model was selected as 
the R2 was found to be the highest for Korsmey-
er-Peppas. F6 is the optimized formulation that 
follows the Korsmeyer-Peppas model with the 
highest R2 value (0.9225). Korsmeyer-Peppas 
model governs the drug release through the 
polymeric matrix system. This model helps to 
understand the release mechanism through the 
diffusion of water into the matrix, swelling of the 
matrix, and dissolution of the matrix. n value was 
found to be 0.0462 indicating that the release is 
through fickian diffusion.  Figure 8 represents 
(a) First order kinetics of optimized formulation 
F6 (b) Zero order kinetics of optimized formula-
tion F6 (c) Higuchi release kinetics of optimized 
formulation F6 (d) Korsmeyer-Peppas kinetics 
of optimized formulation F6 (e) Hixon Crowell 
kinetics of optimized formulation

(a)	 First-order release kinetics of optimized 
formulations F6

(b)	 Zero order release kinetics of optimized 
formulations F6 

(c)	 Higuchi release kinetics of optimized formu-
lations F6

(d)	 Korsmeyer-Peppas release kinetics of opti-
mized formulations F6
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(e)	 Hixon-Crowel release kinetics of opti-
mized formulations F6

Figure 8: (a) First order kinetics of optimized for-
mulation F6 (b) Zero order kinetics of optimized 
formulation F6 (c) Higuchi release kinetics of 
optimized formulation F6  (d) Korsmeyer-Pep-
pas kinetics of optimized formulation F6 (e) 
Hixon Crowell kinetics of optimized formulation

Conclusion

The study finding reveals that the pre-
pared niosomes help to prolong the release of 
the drug for 24 hr. The formulation with a 1:1:1 
ratio of span 60:cholesterol: drug showed good 
results with 92.4% entrapment efficiency and 
88.4% drug release. The SEM results show the 
spherical and smooth vesicles without aggrega-
tions. From the study, it can be concluded that 
vesicle delivery can be used to improve the rate 
of release of drugs as well as improve bioavail-
ability. 

Release Kinetics
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Abstract

The heat shock protein 90 (HSP90) 
protein family consists of cytosolic HSP90-al-
pha, HSP90-beta and mitochondrial TRAP1. 
As HSP90 facilitates the activation and stabi-
lization of many oncogenic proteins in cancer 
cells, it emerged as a potential therapeutic tar-
get in cancer treatment. Although many HSP90 
inhibitors are under various phases of clinical 
trials, the efficacy of these inhibitors on each 
isoform is largely unknown. This study aims 
to determine the sensitivity profiles of HSP90 
isoforms towards various natural and synthetic 
HSP90 inhibitors. Molecular docking analysis 
was performed for HSP90 inhibitors along with 
ATP and ADP over three isoforms HSP90-al-
pha, HSP90-beta and TRAP1. Our results 
indicate variable isoform-specific sensitivity 
towards HSP90 inhibitors. The predicted sensi-
tivity profiles are in line with the limited available 
experimental data indicating the utility of mo-
lecular docking approach. In addition, potential 
interactions between the inhibitors and residues 
within the HSP90 isoforms were identified. The 
data generated in the current study may provide 
valuable insights for the design of isoform-spe-
cific HSP90 inhibitors with improved efficacy 
and specificity towards the HSP90 isoforms. 
Further, our study revealed critical residues in 
each of these isoforms for specific targeting by 
novel inhibitors.

Keywords

HSP90 isoforms, HSP90 inhibitors, molec-
ular docking, binding affinity, drug sensitivity, li-
gand interactions.

Introduction

HSP90 is an important molecular chaper-
one that assists in the folding, maturation and 
activation of a large number of client proteins, 
which are critical for cellular homeostasis and 
various biological processes such as signal 
transduction, cell cycle regulation, and stress 
responses (1,2). HSP90 stabilizes several onco-
genic proteins that promote tumor development 
and survival, thus offering an important cellu-
lar target for cancer treatment (3,4,5). HSP90 
has multiple isoforms such as HSP90-alpha, 
HSP90-beta and TRAP1, each located in differ-
ent cellular compartments and performing spe-
cific functions. HSP90-alpha and HSP90-be-
ta are mainly cytoplasmic with HSP90-alpha 
being expressed in response to stress while 
HSP90-beta is constitutively expressed (6,7). 
TRAP1 is localized in the mitochondria and is 
involved in protecting cells from apoptotic stress 
(8). Although these isoforms share function-
al similarities, they have structural differences 
that may affect their interactions with inhibitors. 
This structural diversity offers a possibility for 
designing selective inhibitors that target specif-
ic HSP90 isoforms, potentially reducing off-tar-
get effects and enhancing therapeutic efficacy 
(9,10). Until now, many inhibitors have been 
developed that target the ATP-binding domain 
at the N-terminus of HSP90 to interfere with its 
chaperone activity and induce the degradation 
of its clients. However, the effects of these inhib-
itors on different HSP90 isoforms are not fully 
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understood. Molecular docking methods offer a 
valuable approach to study the binding affinities 
and specificities of HSP90 inhibitors for differ-
ent isoforms, which can help in the development 
of more selective drugs (11,12). The aim of the 
current study is to perform molecular docking 
analysis to determine the sensitivities of HSP90 
isoforms towards various natural and synthetic 
HSP90 inhibitors.

Material and Methods

HSP90-alpha (PDB: 1YES) (13), 
HSP90-beta (5UC4) (14) and TRAP1 (4Z1F) 
(15) isoforms were analysed for their sensitiv-
ities towards HSP90 inhibitors. Using Schro-
dinger Glide XP (extra precision) docking meth-
od (16), these structures were docked with 
adenosine triphosphate (ATP), adenosine di-
phosphate (ADP) and twenty HSP90 inhibitors 
collected from the PubChem (17): alvespimycin 
(17-DMAG), BIIB021, derrubone, gambogic 
acid, ganetespib, gedunin, geldanamycin, her-
bimycin, hypericin, IPI504 (retaspimycin hydro-
chloride), luminespib, macbecin, monocillin, 
onalespib, pochonin A, pochonin D, PU-H71 
(Zelavespib), radicicol, sansalvamide A and 
tanespimycin (17-AAG) (18). The binding affinity 
of each receptor-ligand was measured as an XP 
score and the sensitivity profile of each HSP90 
isoform towards the inhibitors was estimat-
ed. Additionally, multiple sequence alignment 
among HSP90-alpha, HSP90-beta and TRAP1 
was carried out using Clustal Omega (19), and 
the interactions between the ligands and the 
HSP90 isoforms were collected and analysed. 
Interactions of each isoform with inhibitors that 
showed higher binding affinity were compared 
with the available experimentally determined 
co-crystal structures: HSP90-alpha with gan-
etespib (PDBs: 3TUH, 6LSZ and 8W8K) (20), 
TRAP1 with BIIB021 (PDB: 4Z1G) (15), and 
TRAP1 with PU-H71 (PDB: 4Z1F) (15).

Results and  Discussion

A total of 66 molecular dockings were 
carried out using 20 HSP90 inhibitors, ATP and 
ADP against HSP90-alpha, HSP90-beta and 

TRAP1. Both ADP and ATP showed the high-
est binding affinities towards TRAP1 when 
compared to HSP90-alpha and HSP90-beta 
(Figure 1). Importantly, seven inhibitors (alves-
pimycin, derrubone, geldanamycin, hypericin, 
IPI-504, luminespib and monocillin) showed 
higher binding affinity towards HSP90-beta than 
HSP90-alpha and TRAP1 (Figure 1). Interest-
ingly, BIIB021, gedunin and PU-H71 showed 
significantly higher binding affinity towards 
TRAP1 than HSP90-alpha and HSP90-be-
ta; gambogic acid, macbecin and pochonin D 
showed slightly higher binding affinity towards 
TRAP1 when compared to HSP90-alpha and 
HSP90-beta (Figure 1). The greater sensitivity 
of TRAP1 towards PU-H71 further corroborates 
with the available experimental data when PU-
H71 availability in mitochondria was increased 
(15). Ganetespib showed slightly higher binding 
affinity towards HSP90-alpha when compared 
to HSP90-beta and TRAP1 (Figure 1). Herbi-
mycin showed similar binding affinities towards 
all three isoforms while onalespib, pochonin 
A, radicicol, sansalvamide A and tanespimycin 
showed higher binding affinities towards both 
HSP90-beta and TRAP1 when compared to 
HSP90-alpha (Figure 1).

	 All the interactions between HSP90 
isoforms and the inhibitors were summarized in 
Figure 2 and the residues that interact with the 
ligands were highlighted in Figure 3. Analysis 
of the ligand-isoform complexes revealed that 
amino acid stretches ELI (HSP90-alpha: 47-49; 
HSP90-beta: 42-44; TRAP1: 115-117), GIG-
MT (HSP90-alpha: 95-99; HSP90-beta: 90-94; 
TRAP1: 160-164), GVGFY (HSP90-alpha: 135-
139; HSP90-beta: 130-134; TRAP1: 202-206) 
and GTK (HSP90-alpha: 183-185; HSP90-be-
ta: 178-180; TRAP1: 250-252) were interacting 
with at least one ligand in each isoform and are 
conserved among the isoforms (Figure 3). In-
terestingly, residues N51, M98, N106 and F138 
(HSP90-alpha numbering) were shown to inter-
act with all ligands in all three HSP90 isoforms 
(Figure 3). For individual isoforms, all the ligands 
showed interactions with (i) N51, A55, K58, I96, 
G97, M98, N106, L107 and F138 of HSP90-al-
pha; (ii) N46, A50, M93, N101, L102, F133 and 
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T179 of HSP90-beta; (iii) N119, M163, N171, 
G202, V203, F205, T251 and I253 of TRAP1 
(Figures 2 and 3). Among these, A55, I96, M98 
and L107 of HSP90-alpha, A50, M93 and L102 

Figure 1. Predicted drug sensitivity profiles of HSP90 isoforms towards HSP90 inhibitors. Binding 
affinities of ADP, ATP and twenty inhibitors with each HSP90 isoform were measured in terms of XP 
scores and graphs were plotted. α: alpha; β: beta; T: TRAP1.

of HSP90-beta, and M163, V203 and I253 of 
TRAP1 formed Vander Waal interactions with 
all the ligands (Supplementary Figures 1-11).
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Figure 2. Receptor-ligand interactions between HSP90 isoforms, and ADP, ATP and twenty HSP90 
inhibitors. Amino acids in HSP90-alpha (A), HSP90-beta (B) and TRAP1 (C) that are interacting 
with each ligand were shaded.
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Figure 3. Schematic representation of HSP90 residues interacting with inhibitors. Multiple sequence 
alignment was performed for the HSP90 isoforms. All the residues that were interacting with at least 
one ligand in each isoform were highlighted in yellow. Residues in each isoform that were interact-
ing with all the 22 ligands were coloured in red.

	 Comparison of co-crystal structures 
(3TUH, 6LSZ and 8W8K) of HSP90-alpha and 
ganetespib complexes with the molecular dock-
ing analysis revealed many common interac-
tions: hydrogen bonds with K58 and G97, and 
non-bonded interactions with L48, S52, A55, 
D93, I96, M98, L107, F138 and V186 (Supple-
mentary Figure 4). All the interactions observed 
in the experimental co-crystals except G108 
and T109 were present in the HSP90-alpha 
and ganetespib complex (Supplementary Fig-
ure 4). Further, the common interactions be-
tween co-crystal structure (4Z1G) and TRAP1-
BIIB021 complex (Supplementary Figure 2) 
include hydrogen bonds with D158 and T251, 
and non-bonded interactions with N119, A123, 
I161, G162, M163, L168, G202 and F205. Sim-

ilarly, common interactions between co-crystal 
structure (4Z1F) and TRAP1-PU-H71 complex 
(Supplementary Figure 10) include hydrogen 
bonding with D158, non-bonded interactions 
with N119, A123, I161, G162, M163, E167, 
N171, G202, F205, W231 and T251. All the in-
teractions present in the co-crystals of TRAP1 
with BIIB021 (4Z1G) and PU-H71 (4Z1F) were 
observed in the complexes obtained through 
molecular docking indicating the usefulness of 
computational approach in predicting the drug 
sensitivities of HSP90 isoforms. 

Conclusion

	 The current study established the sen-
sitivity profiles of HSP90 isoforms towards var-
ious natural and synthetic inhibitors. Among 
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the HSP90 isoforms, TRAP1 was observed to 
be more sensitive towards PU-H71, which is in 
line with the previously reported experimental 
data. Additionally, the interactions observed in 
the available experimental co-crystal structures 
were largely present in the complexes obtained 
from our molecular docking analyses indicating 
the effectiveness of this approach in predicting 
drug sensitivities of HSP90 isoforms.

Availability of data 

All the data are included in the supplementary 
files.
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Abstract

Parkinson’s disease (PD) is a progressive 
degenerative disorder involving dopaminergic 
neurons in the substantia nigra. Along with mo-
tor activity impairment, PD patients also have a 
range of neuropsychiatric, cognitive, and auto-
nomic problems. Ursodeoxycholic acid (UDCA) 
has been used to treat a wide range of liver-re-
lated ailments, including gallstones, cholestatic 
diseases, and primary biliary cirrhosis (PBC). 
In addition to this, randomised control trials on 
the effects of Parkinson’s disease have been 
conducted on UDCA. In the present study, we 
validate the effect of UDCA on Parkinson dis-
ease using meta-analysis. Various electronic 
databases such as Web of Science, PubMed/
Medline, Cochrane library and Scopus were 
used for search of articles. The randomized 
control trials (RCTs) for the effect of interven-
tions of UDCA on Parkinson disease was eval-
uated using meta-analysis (Review Manager 
5.4) software. A total of 304 articles were identi-
fied, of which 3 met the inclusion criteria. When 
compared to patients receiving the control med-
ication, the UDCA-treated patients had higher 
concentrations of inorganic phosphate (Pi) and 
ATP. The z scores of UDCA on Pi and ATP con-
centration were determined to be 0.08 and 0.71 
with p-values of 0.00001 and 0.0001, respec-
tively. UDCA might increase brain mitochondrial 
activity and cellular ATP availability and could 

possibly have therapeutic disease-modifying 
effects. Ursodeoxycholic acid administrations 
in PD significantly increase the concentration of 
Pi and ATP and maintain ATP homeostasis by 
increasing ATPase activity and ATP production.

Keywords: Parkinson’s disease, ursodeoxy-
cholic acid, meta-analysis, ATP concentration.

Introduction

Parkinson’s disease (PD) is a neurolog-
ical condition characterized by the premature 
death of dopaminergic neurons in substantia 
nigra pars compacta. The depletion of dopa-
mine level in basal ganglia result in the move-
ment disorder with symptoms similar to that 
of Parkinsonism. One third of the elderly pop-
ulation older than 75 is affect with Parkinson 
disease, still the causes of disease is unknow 
(1,2). Searching for novel treatment targets is 
expanding with the vast study being done on 
the molecular pathways underlying the cause 
and progression of Parkinson’s disease (3). Mi-
tochondrial dysfunction, particularly the selec-
tive suppression of complex I is another factor 
responsible for dopaminergic neuron depletion 
(4). Magnetic resonance spectroscopy is a pow-
erful tool for non- invasively studying of meta-
bolic alterations and bioenergetic changes in 
the brain of the patients with neurodegenerative 
condition. These techniques can directly mea-
sure the intracellular pH, free Magnesium and 
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phosphorus metabolites such as ATP, inorganic 
phosphate, phosphocreatine, glycerophospho-
choline and phosphoethanolamine. As a result, 
in vivo 31P MRS provides essential insights into 
relationship between energy failure and neuro-
degenerative process (5-9). 

Mitochondrial dysfunction can induce 
oxidative stress, as decrease ATP and increase 
in the production of ‘reactive oxygen species 
(ROS)’, further damaging dopaminergic neuron 
in the mitochondria (10). Various risk factors, in-
cluding obesity, hypertension and dyslipidemia 
contribute to the rise in non-communicable dis-
ease (11). This causes the accumulation of mis-
folded α-synuclein, which binds to the electron 
transport chain (ETC) there by increase in the 
production of ROS, which promotesmitochon-
drial DNA damage, this decreases the ATP pro-
duction. The damage of the ETC reduces Com-
plex I activity, which includes opening of MPTP 
(Mitochondrial Permeability Transition Pore), 
releasing cytochrome c and Ca2+, increase 
infl ammatory response through Succinate and 
Mitochondrial DAMP release, including apopto-
sis (12-14). Enhanced Drp1-mediated fi ssion of 
mitochondria and its interactions with MFN1/2 
and OPA1 proteins contribute to Parkinson’s 
disease-related mitochondrial fragmentation. 
Moreover, Parkin and PINK1 mitophagy protein 
mutations cause defective mitophagy with au-
tosomal recessive early-onset Parkinson’s dis-
ease (15).

A naturally occurring hydrophilic bile 
acid called ursodeoxycholic acid (UDCA) has 
been demonstrated a neuroprotective agent 
for Parkinson’s disease (16). For more than 
30 years, UDCA has been approved to treat 
PBC (primary biliary cholangitis) at a dosage of 
15mg/kg. Based on the choleretic actions and 
capacity to shield hepatocytes from hydropho-
bic bile acids, UDCA was fi rst given FDA ap-
proval for the treatment of numerous cholestatic 
liver conditions. UDCA and TUDCA can inhibit 
the apoptosis, prevent mitochondrial dysfunc-
tion and reduces oxidative stress (17,18). Pre-
vious studies have demonstrated UDCA’s ability 

to partially counteract the eff ects of the various 
agents on mitochondrial activity and reactive 
oxygen species formation. By controlling the 
PI3K- Akt/PKB pathways, UDCA can prevent 
the programmed cell death process from killing 
SH-SY5Y cells (19). UDCA can aff ect signal-
ing pathway that causes the programmed cell 
death in neuronal cell lines. In order to further 
evaluate its neuroprotective potential in PD, 
the international Linked Clinical Trials (iLCT) 
designated UDCA as its most highly prioritized 
neuroprotective chemical for research in clini-
cal studies in 2015 (20). In this study, we aim 
to validate UDCA eff ect on Parkinson’s disease 
patients and healthy volunteers using statistical 
analysis.

Fig. 1. Flowchart of Mitochondrial dysfunction 
on Parkinson’s disease.

Materials and Methods

Eligibility criteria

We assess the PICO (Population, In-
tervention, Comparison, and Outcomes) frame-
work: Population: Parkinson’s disease-aff ected 
persons older than 60 (diagnosed by Pi concen-
tration and ATP concentration using P-MRS); 
Intervention: Ursodeoxycholic acid (UDCA); 
Comparison: healthy volunteers, gender, se-
verity, UDCA dosage, and Duration: 6 weeks; 
Outcomes: Increase in ATP concentration/ de-
creased dopaminergic neuron death and clini-
cal signs.
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Literature search

Literature search systematically from 
the EMBASE (https://www.elsevier.com/en-in/
products/embase), Medline (https://www.med-
line.com/), Drug Bank (https://go.drugbank.
com/), Clinical Trial Gov (https://clinicaltrials.
gov/), Google Scholar (https://scholar.goo-
gle.com/), and Cochrane Central Register of 
Controlled Trials (CENTRAL) (https://www.co-
chranelibrary.com/central/about-central) was 
performed. Futhermore comprehensive survey 
for references was directed over 2 months, 
using querying and databases (PubChem, 
therapeutic target database, toxin target da-
tabase) reviews, index searches of proceed-
ings, backtracking references, conversations 
with colleagues, and internet searching. We 
screened clinical trials and published reviews 
to find appropriate studies. We searched using 
the keywords Parkinson Disease, UDCA on PD, 
Randomized control trials for Parkinsonism, 
Treatment of PD using UDCA, UDCA for Mental 
illness, ATP concentration in PD, ROS on mi-
tochondria in PD. There was only English lan-
guage studies included.

Screening and collection of data

Certainly, potentially eligible RCTs was 
screened, with disagreements fixed by con-
sensus. For study inclusion, we screened data 
concerning study characteristics, baseline char-
acteristics, people with unstable circumstances, 
people with other neurological illnesses, people 
who were unable to undergo a 7-Tesla P MRS 
scan (21,22), Multiple systems atrophy (MSA) 
(23), drug-induced parkinsonism (24), progres-
sive supranuclear palsy (PSP) (25), dystonic 
or essential tremor (26), intervention and out-
comes of interest. We combined all of the data 
from a trial that was presented in several jour-
nals and discrepancies were resolved over dis-
cussion.

Homogeneity and transitivity assessment

The trail characteristics and study ex-
amination across all qualified studies was 

evaluated through methodological and clinical 
heterogeneity. So then methods utilized for 
classifying disease severity, baseline disease 
severity and duration of interventions are con-
sidered as the chief outcome modifiers across 
the assessments and measured via distribution 
following this that any participant comprised in 
the network could be randomized to any of the 
accessible interventions are adopted through 
NMA rationality.

Data synthesis and analysis

We analyzed observational studies and 
randomized controlled trials individually. For ob-
taining a continuous variable (Population, Age, 
Sex, UDCA dose), modification from baseline 
in UDCA vs. control groups, we measured the 
standard mean differences (SMDs) or efficacy 
mean differences (MDs) and 95% confidence 
intervals (CIs). Inverse variance method was 
adopted for pooling SMDs and MD. We cal-
culated 95% confidence intervals and risk ra-
tios (RR) using the Mantel-Haenszel method. 
Statistical heterogeneity was observed by Chi 
square test and I 2 statistic (27). Using ran-
dom effects model regardless of heterogene-
ity all the meta-analyses were performed. We 
have intended 2 subgroup analysis to evaluate 
the effect of UDCA on PD patient. Subgroup 
1; Effect of UDCA on inorganic phosphate (Pi) 
concentration in P-MRS (UDCA vs Placebo); 
Subgroup 2; Effect of UDCA on ATP concentra-
tion in P-MRS (UDCA vs Placebo). Sensitivity 
analyses was carried out, by using alternative 
effect which subsequently measures (OR vs. 
RR), alternative pooling methods, and statisti-
cal models regarding heterogeneity (random vs. 
fixed effects). Publication bias was noticed by 
visually inspecting symmetry of forest plot and 
funnel plots. The calculations were done using 
RevMan 5.4 software (28).

Risk of bias

Using Cochrane tool the risk of bias was 
evaluated, to calculate the included studies for 
bias. Five areas of bias such as selection bias, 
reporting bias, detection bias, attrition bias, and 
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performance bias were used to evaluate the to-
tal risk of bias for each of the included studies 
(29,30). The risk of the decisions was catego-
rised as high, low, or uncertain. Two reviewers 
completed the assessment independently. A 
third reviewer was consulted in the case that the 
options varied.

Confidence in the evidence

Using the web application and Con-
fidence in Network Meta-Analysis (CINeMA) 
(31,32) framework the confidence was as-
sessed. CINeMA is a version of GRADE ap-
proach (Grading of Recommendations, Assess-
ment, Development and Evaluation) for NMA. 
Each domain was categorized by uniting the 
direct evidence with statistical contributions to 
the network to obtain a confidence. Considering 
the completeness of the study search publica-
tion bias was evaluated. However, assessment 
of funnel plot symmetry was not resolved due to 
small-study effects and add to uncertainty.

Fig. 2. PRISMA flowdiagram of the included ar-
ticles.

Results and Discussion

Overall, we recognized 304 references 
through electronic databases. After rejecting du-
plicates and references that did not satisfied our 
inclusion criteria, 15 references were qualified 
for the qualitative data synthesis; 3 references 

fulfilled inclusion criteria for the meta-analysis 
(Tables 1 and 2). The treatment duration is 6 
weeks and the subjects provided with ~50mg/
kg/day (based on the usage of 250 and 500mg 
capsules) of UDCA to be allocated into 3 equal 
daily doses and titrated up over ~3 weeks to a 
stable dose for 6 weeks. UDCA and the con-
trol group’s ATP and Pi concentrations were 
measured using 31-Phosphorus Magnetic Res-
onance Spectroscopy, clinically which has the 
potential for neurological practice due to its safe 
in-vivo evaluation of energy metabolism in cells 
and the indirect analysis of intracellular pH, Mg 
2+, ATP concentration, and phospholipid com-
position of the cell membrane.

Risk of bias assessment

One study out of the three evaluated 
ones, as shown in Table 1, was determined to 
have a high RoB due to missing exclusion crite-
ria (33). Due to bias resulting from the random-
ization method, deviations from the intended 
volunteers, incomplete outcome data, and bias 
in the selection of the reported result, the re-
maining two studies were identified as having & 
quot;certain concerns & quot; (Tables 1 and 2).

Assessment of clinical transitivity and het-
erogeneity

Certainly, we are not able to analyze 
and assess transitivity and heterogeneity by 
considering only one research per compar-
ison. Variability in clinical parameters was not 
detected from the data provided within any of 
the included trials. It was determined that there 
was substantial heterogeneity for pairwise com-
parisons of any intervention vs control (I 2 = 94 
and 97%); However, this assessment should 
not be taken too seriously because there were 
not enough trials to carry out a more thorough 
heterogeneity estimation and therefore it may 
be erroneous.

Pairwise and network meta-analysis

To examine the variations in interven-
tion (UDCA) for each outcome measure, a me-
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ta-analysis was conducted. The forest plot (Fig 
3 and 4) was created to make the similarities 
between the ATP and Pi concentration in UDCA 
and control more clearly. We examined the im-
pact of UDCA on ATP concentration using two 

trials (Abishek G. Sathe et al. and Xiao-Hong 
Zhu et al) and Pi concentration using two trials 
(Bruno Barbiroli et al. and Xiao-Hong Zhu et al) 
(Table 1 and 2).

Table-1: Characteristics of the Included Studies

Title First Author’s Name
Year of 
Publication

 Country
Type of Study 
Design

References

Phosphorus Magnetic Resonance in 
Multiple System Atrophy and Parkin-
son’s Disease

Bruno Barbiroli 1999 Italy Clinical trail [34]

Pharmacokinetics, Safety, and Tol-
erability of Orally Administered Ur-
sodeoxycholic Acid in Patients With 
Parkinson’s Disease- A Pilot Study

Abhishek G 2020
U n i t e d 
States

Clinical trail [14]

Quantitative Assessment of Occipi-
tal Metabolic and Energetic Chang-
es in Parkinson’s Patients, Using 
In-vivo 31P MRS-Based Metabolic 
Imaging at 7T

Xiao-Hong Zhu 2021

U n i t e d 
States and 
U n i t e d 
Kingdom

Clinical trail [35]

Table-2: Detailed characteristics of the studies
Author Popu-

lation
Sex Eligibility Exclusion Sever-

ity
Primary 

Outcome
Secondary 
Outcome

Intervention

Male Female Case 
(UDCA 
Dose/ 
Dura-
tion)

Control

Abhishek 
G Sathe 
et.al..,

5 4 1 18 years 
and older 

(adult, 
older 
adult) 

with Par-
kinson’s 
disease

Pregnant and 
lactating women, 

people with unsta-
ble circumstances , 
people with other 

neurological illness. 
People who unable 

to undergo a 7- Telsa 
P-MRS scan.

Mild to 
moder-

ate

Change in 
the ATP 
concen-
tration 

UDCA 
pharmaco-

kinetics

50mg/
kg/

day/
Orally 

for 
6weeks

Healthy 
volun-
teers 

Bruno 
Barbiroli 
et.al..,

29 17 12 42-85 
years

Multiple system 
atrophy (MSA), 
olivopontocerebel-
lar atrophy (OPCA) 
and straitonigral 
degeneration variant 
(SND)

Mild to 
moder-
ate

Estimation 
of Pi con-
centration 
using 
P-MRS

Estimation 
of ATP con-
centration

UDCA Healthy 
volun-
teers

Xiao-
Hong Zhu 
et.al..,

38 18 20 60-64 
years

- Mild to 
moder-
ate

Determi-
nation of 
ATP,PCr, 
Pi, PE 
and GPC 
concen-
tration

Cerebral 
Phosphorus 
Metabolite

50mg/
kg/
day/
Orally 
for 
6weeks

Healthy 
volun-
teers
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Inorganic phosphate concentration (Pi)

16 healthy participants and 13 people 
with Parkinson’s disease were recruited by Bru-
no Barbiroli et al. Brain Pi level was consider-
ably (1.63 mM 0.21 vs. 1.29 mM 0.13; p 0.0001) 
greater in PD patients than in controls (34). Pi 
has changed, according to research by Xiao-
Hong Zhu et al. ([Pi]PD = 0.90 0.12 mM, [Pi]
CT = 1.01 0.11 mM, n = 19, p = 0.007) (35). 
The UDCA, as compared to the control, favours 
a rise in the inorganic phosphate concentration 
(Pi), by statistical analysis with the z score = 
0.08 (Fig 3).

Fig. 3. Effect of UDCA on Pi concentration.

The outcome of ATP concentration

Parkinson’s disease patients had lower 
brain adenosine triphosphate (ATP) levels than 
age-matched, healthy controls, according to 
preliminary findings. Totally 5 individuals were 
taken into the study and P- MRS data were col-
lected from the occipital lobes of three research 
subjects. The data from the other 2 individuals 
was either not captured or was useless due to 
the scanner’s technical issue. In subjects 1, 2, 
and 4, the ATP concentrations were tested un-
der pre-UDCA (2.68, 2.76, and 2.72 ) and post- 
UDCA(2.73, 2.79 and 2.75) circumstances. In 
the first two patients, we also saw a decrease 
in the metabolic rate of the ATPase reaction, 
followed by a rise in the metabolic rate of the 
creatine kinase reaction. The corrective effect of 
the UDCA therapy may be responsible for these 
observations. Statistically significant differences 
were detected in concentrations of ATP ([ATP]
PD = 2.62 ± 0.17 mM, [ATP]CT = 2.82 ± 0.14 
mM, n = 19, p = 0.0004) (20). The UDCA, as 
compared to the control it favours a rise in the 
ATP concentration, by statistical analysis with z 
score=0.71 (Fig 4).

Fig. 4. Effect of UDCA on ATP concentration.

Confidence in the evidence

Due to research limitations, heterogeneity, 
uncertain, oblique, and publication bias (Tables 
1 and 2), confidence in estimates for changes 
in mean Pi and ATP concentration is regarded 
as minimal to extremely low (Tables 1 and 2). 
Due to the short sample size and lack of mixed 
data, the prediction interval estimate and incon-
sistency assessment could not be completed, 
and inconsistency was reduced as a result. The 
fundamental idea of transitivity may have been 
weakened by the lowering of inconsistency to 
account for variance in one impact modification 
discovered. Because of bias in the choice of the 
reported outcome, publication bias has been 
lowered. The evaluation of small-study impacts 
was not successful. 

Discussion

As Parkinson’s disease is an entire 
brain disease, extranigral parts of the brain in-
cludes cerebral cortex, show evidence of neu-
ro degeneration as progresses (36, 37). UDCA 
demonstrated to prevent rotenone-induced 
apoptosis by increasing mitochondrial action by 
increasing ATP levels. UDCA altered Bcl-2 and 
Bax mutations, and decreasing the activities 
of caspase-3, 8, 9 and modifying the intrinsic 
and extrinsic pathways. These effects are most 
likely associated with dopamine production and 
mitochondrial control. UDCA not only retained 
its membrane around the mitochondria integrity 
but also retained its energy production, as UD-
CA-treated rats had higher levels of ATP in the 
striatum (38-41). High dosages of UDCA (upto 
50mg/kg/day) have been shown to be safe and 
tolerable in individuals with ALS (amyotrophic 
lateral sclerosis), and established that UDCA 
capable of crossing the BBB, with attainable 
levels in the CSF that correlate with serum lev-
els (42). UDCA is a hydrophilic bile acid and has 
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been given FDA approval to treat primary bili-
ary cholangitis. Several investigations employ-
ing PD cell lines and pre-clinical animal studies 
revealed its mitochondria-protective and an-
ti-apoptotic properties. It is commonly acknowl-
edged that NAD+ not only controls ATP energy 
production via NAD+/NADH reactions, also acts 
as the primary substrate for several NAD+-de-
pendent enzymes responsible for diverse cellu-
lar signaling pathways. These enzymes activity 
is influenced by NAD+, and NAD+ deficiency 
linked to a variety of neurological diseases (43-
45). 

Mortiboys et al demonstrated that 
UDCA restores mitochondrial dysfunction in 
parkin-mutant fibroblasts derived from Parkin-
son’s disease patients (46). According to the 
‘UP Study’ of phase 2, a two-centered, double 
blind, randomized, placebo-controlled trial an 
increase in mean midbrain Pi by +0.02 in the 
UDCA group and a decrease by 0.006 in the 
placebo group is consistent with higher ATP 
hydrolysis in the UDCA treatment group. This 
Study proved that UDCA at 30 mg/kg is safe 
and well tolerated in Parkinson’s disease, with 
no SAEs and only minor, temporary side effects 
recorded in the UDCA treatment group (20). 3 
patients were found to have increased ATP lev-
els in occipital cortical region, who had base-
line and post UDCA P-MRS assessments. As 
a result, outcomes support that UDCA enhance 
the mitochondrial action in Parkinson’s disease, 
and the metabolic rate was decreased in AT-
Pase reaction in the first two participants, while 
the metabolic rate was increased in creatine 
kinase reaction in the similar brains. UDCA 
proved to be quite safe and approved, and this 
is the first report on UDCA pharmacokinetics in 
patients with Parkinson’s disease (14). Xiao-
Hong Zhu et al anticipated that the patients with 
Parkinson’s disease, probably cause DNA dam-
age or cellular abnormalities which change en-
zyme activities and decrease intracellular NAD+ 
content, thereby causing a drop in ATP content. 
As a result, activation of mitochondrial ATP syn-
thase is anticipated to occur in order to increase 

ATP generation and energy requirements of 
brain cells (43). A recent clinical study had pro-
vided an understanding about the dopaminergic 
neurons in the substantial nigra are particularly 
vulnerable to the cellular dysfunctions observed 
in Parkinson’s disease. The findings suggested 
that the greater susceptibility of nigral dopamine 
neurons can be directly related to their unique 
structural and bioenergetic properties leading to 
a greater basal energy necessity and reduced 
energy storing capacity. Consequently, they are 
more vulnerable to cellular stressors that af-
fect energy production in mitochondria (47,48). 
Clinical trials in large population are required 
to confirm these discoveries and in contrast to 
examine the UDCA effect on Parkinson’s dis-
ease (49). Investigating UDCA in combination 
with existing PD treatments, such as levodopa 
or other neuroprotective agents could provide 
synergistic benefits or enhanced therapeutic 
effects. We compared the effect of UDCA with 
the control (healthy volunteers) using P-MRS 
of the ATP and inorganic phosphate (Pi) con-
centrations using the meta-analysis software 
Review Manager 5.4. The ATP and Pi concen-
trations increased in the UDCA group as com-
pared to the control. Considering its efficacy in 
animal models and human safety profile, UDCA 
appears to be a promising treatment for Parkin-
son’s disease (50).

Conclusion

UDCA at the higher doses is safe and 
endorse in early stage of PD patients. It has 
the excellent safety profile at 30 mg/kg, com-
bined with the 31P-MRS-based evidence. The 
meta-analysis highlights promising preliminary 
findings regarding UDCA’s effects on ATP con-
centration and mitochondrial activity in PD, fu-
ture research should focus on expanding these 
findings through rigorous clinical trials, mecha-
nistic investigations, and personalized medicine 
approaches. This comprehensive approach will 
be crucial for advancing UDCA from experimen-
tal evidence to clinically validated therapeutical 
intervention for Parkinson’s disease and poten-
tially on other neurological conditions.
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Abstract  

Urinary tract infections have become 
quite chronic currently. Approximately 150 mil-
lion people are affected with urinary tract infec-
tions (UTIs) annually. The prevalence of urinary 
tract infections is high among the women pop-
ulation in comparison with men. It is coexistent 
with high mortality as well as morbidity. Urinary 
tract infections may exert their influence on any 
part of the tract such as urethra, ureters and kid-
neys. Synthetic drugs are being administered 
unrestrained to control such diseases leading to 
many impediments. Frequent administration of 
antibiotics causes adverse effects and impairs 
healthy bacteria in the body. Under such cir-
cumstances, traditional herbs as an efficacious 
alternative therapy has surfaced and playing a 
central role. This review explores the efficacy 
of some of these traditional herbs and the criti-
cal role that they play in managing urinary tract 
infections among the populace. It is advocated 
that herbal medicines can be a potential, sus-
tainable alternative therapy for managing uri-
nary tract infections.

Keywords: Alternative therapies, Sustainable 
approach, Traditional herbs, Treatment, Urinary 
tract infections    

Introduction

Urinary tract infection (UTI) is a severe public 
health problem and involves any part of the uri-
nary system. UTI is caused by both Gram-pos-

itive and Gram-negative bacteria such as En-
terococcus faecalis, Escherichia coli, Klebsiella 
pneumonia, Proteus mirabilis, and Staphylo-
coccus saprophyticus. The common symptoms 
of UTI include pain during urination and in the 
lower back. Fifty per cent of women are affected 
by such infections (1). Other complications like 
fever, myalgia, frequent urination, blood in the 
urine, protein in the urine may occur if the mi-
crobes reach the gastrointestinal tract, urethra, 
bladder or kidney (2). Spread of UTI occurs due 
to sexual intercourse, unhygienic practices, and 
lack of adequate intake of water. UTIs can also 
occur while using a catheter or during chemo-
therapy (3). Antibiotics are prescribed to prevent 
recurrence of UTIs (4). Antibiotic therapies can 
control these UTI infections but the pathogenic 
strains develop resistance overtime via efflux 
pumps or by other biochemical mechanisms. 
Prevention of recurrence of disease is therefore 
of paramount importance (5). Reoccurrence of 
UTI can be prevented by antibiotic treatment 
and non-antibiotic measures (vitamins, hygien-
ic measures, vaccines, oestrogens) that are of 
poor quality and ineffective (6). Drugs like tri-
methoprim- sulphamethoxazole or fosfomycin 
and nitrofurantoin (7,8) are used to treat Esche-
richia coli, Proteus, Klebsiella and Staphylococ-
cus saprophyticus infection and lead to side ef-
fects. An overview of the utilization of traditional 
herbs to treat the infections is depicted in the 
figure 1. Many antibiotics were used in treating 
UTIs. Adverse effects were noticed depending 
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on the type of specific antibiotics used, and the 
duration of treatment. Some of the common 
antibiotics with their adverse effects are shown 
in the Table 1. Trimethoprim-sulfamethoxazole 
was used to treat common complicated UTI, but 
it caused severe joint pains and fever. Trimetho-
prim-sulfamethoxazole and fluoroquinolones 
showed little effect on vaginal and fecal anaer-
obic flora, but resulted in skin rashes, urticaria, 
angioedema/laryngeal edema, nausea, vomit-
ing, abdominal pain, neuromuscular and gas-
trointestinal problems tendinopathy, respiratory 
problems, and pneumonia (9). 

Fig. 1: An overview of urinary tract infection, 
causal organisms, herbs that can be effectively 
used to treat UTI are shown in the figure.

Complicated and uncomplicated urinary 
tract infections 

UTI is of two types; complicated and uncompli-
cated. Complicated UTI occurs in people hav-
ing abnormalities in any part of genitourinary 
tract and lead to serious issues compared to 
uncomplicated UTI. Uncomplicated UTI infec-
tions occur in the absence of abnormalities (10). 
An uncomplicated urinary tract infection is the 
bacterial infection of bladder and its structure. 
Uncomplicated UTI is known as cystitis or as 
lower UTI. Treatment of UTI helps to control the 
kidney infection or pyelonephritis that may lead 
to the destruction of delicate structures in neph-
rons and cause hypertension. UTI is the most 
common and approximately 800 million are af-
fected with at least one urinary tract infection in 
every year (11,12). The prevalence of the UTI 

in women is five times higher than in men (13). 
According to the Ahmad et al 80% of uro- patho-
gens have shown resistance to two antibiotics 
(14). Whenever the pathogens cause UTI, they 
enter the urinary tract via urethra. Bacteria en-
ter in to urethra from the bowel they colonize 
and attach to the bladder and form a biofilm 
that make the pathogens to escape the host im-
mune response (15). Pathogens can enter in to 
urinary tract due to improper urogenital area via 
sexual intercourse, feminine products and con-
traceptives. In the urinary tract, the pathogens 
develop and cause infections. Pathogens may 
enter blood stream and migrates to kidney or 
bladder that lead to infection (16). In uncompli-
cated infection, the infection of healthy patient 
responds to antibiotic treatment. But, complicat-
ed infections occur in the people having abnor-
mal urinary tract and often obstructed by stones 
or bladder ureter reflux. Isolated infection occurs 
at an interval of six months without the connec-
tion between two episodes and it represents the 
mother infection. Unresolved infection does not 
respond to any antibiotic treatment and reinfec-
tion recurrence is the last stage of urinary tract 
infection. In this type of infection, the patient is 
infected again with the same pathogen after 
treating urinary tract infection. Different stages 
of UTI are shown in the figure 2. Long term us-
age of antibiotics to treat the urinary tract infec-
tion is leading to the development of resistant 
microbial strains which persist in the environ-
ment up to six months. This leaves a window for 
us to develop and use the effective alternative 
therapies like that of herbal medicines. Nearly 
40% of the population, mostly tribal folk and 
people living in rural areas are still dependent 
on such herbs for many treatments. 

Fig. 2: Various stages of urinary tract infections



Current Trends in Biotechnology and Pharmacy
Vol. 19(1) 2212-2222, January 2025, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2025.1.11

Srivani et al

2214

Table 1. Antibiotics and their unpropitious effects on urinary tract
Name of the antibiotics Adverse effects

Trimthoprim-sulfamethoxazole  and Fluro-
quinolones

Little effect on vaginal and faecal anaerobic 
flora

Nitrofurantoin
Fluroquinolone

Trimethoprim-sulfamethoxazole AMP/ AMX 
(Amoxicillin, Ampicillin)

Skin rash

Nitrofurantoin
Fluroquinolone

Trimethoprim-sulfamethoxazole
AMP/AMX (Amoxicillin, Ampicillin)

Urticaria (skin reaction itchy welts)
angioedema/laryngeal edema, nausea, 

vomiting, abdominal pain, neuromuscular and 
gastrointestinal problems, tendinopathy, respi-

ratory problems, pneumonia
Amoxicillin Nausea, diarrhea and rash
Fosfomycin Diarrhoea, head ache and abdominal pain

Trimethoprim-sulfamethoxazole
Applied to treat common complicated UTI

Joint pains, fever

Ciprofloxacin Headache, nausea, dizziness

Symptoms

UTI can be diagnosed by the symptoms 
like urinary frequency, hematuria, dysuria or 
suprapubic pain. Such a condition can be con-
firmed by microscopic observations of urine and 
by culturing the urine sample. For complicated 
UTI in addition to above symptoms other symp-
toms like fever, chills, sepsis can be seen in pa-
tients. Burning sensation associated with urine, 
foul smell from urine, pain in lower abdomen 
back and pelvic area in women (17), change in 
urine color are common. If kidney gets infected 
then it causes fever, nausea, vomiting and back 
pain (18). Continuous use of antibiotics lead to 
vaginal candidiasis and gastrointestinal symp-
toms and it is difficult to prevent the recurrence 
of infections. E. coli causes gastrointestinal dis-
eases and diarrhea (19). If these infections are 
not treated, they lead to pyelonephritis an infec-
tion of kidneys, and sepsis which may leads to 
threaten the life, and damage to the kidneys. 
UTI can be controlled by using antibiotics and 
the choice of antibiotics depends on the type of 
the bacteria involved. UTI infections can be pre-
vented by taking good hygiene especially after 

sexual intercourse. Drinking excess water can 
drain the bacteria out of the urinary tract. How-
ever, use of catheter can complement the use 
of bacteria. 

Significance of traditional herbs

Traditional herbs have been found as 
effective natural remedies in managing many 
UTIs  Traditional herbs can support the body 
against infections, control inflammation, diure-
sis, help in the proper functioning of kidneys, 
build up immunity and reduce clinical symptoms. 
Garlic, ginger and turmeric show anti-microbial 
properties and are generally consumed in one 
form or the other. Peppermint tea can sooth the 
bladder and prevents discomfort. Chamomile 
tea, willow bark and liquorice roots control in-
flammation and reduce symptoms. Dandelion 
and burdock also show diuretic properties by 
flushing out the toxins and fluids from the body 
and thus play a vital role in managing UTI. Cran-
berry shows antioxidant properties and supports 
proper functioning of kidneys. Traditional herbs 
have been used since time immemorial to treat 
UTIs. Herbs such as Arctostaphylos uva-ursi, 
Althaea officinalis, Vaccinium macrocarpon, Ju-
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niperus communis, Echina puerpurea, Urtica di-
oica, Collinsonia canadensis help in alleviating 
the symptoms of urinary tract infections without 
any adverse effects. Further, they are cost-ef-
fective and sustainable.

Role of traditional plants in treating UTI

Herbal traditional medicine is helpful 
to treat UTI infections with minimum adverse 
effects (20). According to the World Health Or-
ganization, multi drug resistant (MDR) bacteria 
can cause many deaths by the year 2050. In 
contrast, plants have been used since ages to 
treat UTI. Approximately, 80 per cent of popula-
tion from developing countries utilizes plant as 
medicine to treat multiple infections (21) which 
are safer than the synthetic drugs (22). Diverse 
plant parts like bark, leaves, flowers, fruits, 
seeds, stems, and roots are used for therapeu-
tic purposes which generally consist of sever-
al bioactive compounds with pharmacological 
properties (23,24). Some of the important taxa 
used in the treatment of UTI include Aptosim-
um procumbens, Cardiospermum halicacabum, 
Cissampelos capensis, Zantedeschia albomac-
ulata, Hydrastis canadensis (golden seal), Ag-
athosma betulina (Buchu), Equisetum arvense 
(horse tail), Arctostaphylos uva-ursi (bear ber-
ry), Vaccinium macrocarpon (crane berry), 
Echinaceae purpures (cone flower) and others 
(24,25,26). Long term administration of these 
medicinal plants has been found safe for thera-
py (27). Punica granatum (pomogranate), Cor-
nus mas (cornelian cherry), Aronia melanocarpa 
(black chock berry) and their extracts are being 
used currently to cure UTI. So, herbal products 
being prepared from plant material are highly 
important and eco-friendly. Research findings 
have demonstrated the therapeutic properties 
of many plants which could be attributed to the 
presence of phytochemical components like ter-
penoids, tannins, sterols, anthraquinones, sa-
ponins, phenols, phytosterols, flavonoids, ses-
quiterpenes and glycosides. Cortex dictamni is 
the Chinese traditional drug that helps to cure 
both skin and urinary tract infections. An alkaloid 
called dictamine extracted from Cortex dictamni 

shows anti-bacterial, anti-cancer and anti-fun-
gal properties (28,29,30). Leaf extract of Arc-
tostaphylos uva-ursi consists of flavonoids, ter-
penoids, tannins, iridoids, arbutin (a glycoside) 
and show anti-bacterial activity. Byproducts of 
the P. granatum fruit consists of anti-microbial 
compounds like punicalagin, penicillins, allagic 
acid and gallic acid and flavonols like myricetin, 
quercetin and anthocyanins exhibited antibac-
terial activity (31,32) and its seed extract has 
the properties of urobactericidal activity against 
E. coli. The fruits of Aronia melanocarpa have 
polyphenols that contain antioxidant and antimi-
crobial properties. Arona berries consist of qui-
nic acid, which helps in treating UTI (33). Whole 
plants of Cinnamomum verum have antioxidant 
and antibacterial properties due to the presence 
of trans-cinnamaldehyde, eugenol and others. 
Trans-cinnamal acetate and proanthocyanidins 
help in treating UTIs. Hybanthus enneaspermus 
showed in vitro anti-bacterial activity against E. 
coli, P. aeruginosa, K. pneumoniae, P. mirabilis, 
E. faecalis and S. aureus. The ethanolic extract 
of these plants consists of bioactive compounds 
such as flavonoids, terpenes, alkaloids that can 
help in mitigating UTIs.

           Arctosta phylosuvaursi (Uva-ursi), Juniperus 
spp., (Juniper), leaves and fruits of Vaccinium 
macrocarpon (crane berry) contain antimicrobial 
compounds that act against microbes and pro-
tect the humans against acute and chronic UTIs 
(34). Berberine is the important drug present in 
the roots of Mahonia aquitolium (dragon grape, 
belongs to the family Berberidaceae) and Hy-
drastis canadensis kill bacteria and fight against 
infections to prevent E. coli and Proteus species 
from adhering to the host cell (35). Aqueous ex-
traction of Zea mays can prevent the symptoms 
of UTI by reducing the number of RBC pus cells 
in urine (36). Gundelia tournefortil, Eruca sati-
va and Organum syriacum increase the activ-
ity of clarithrombycin against resistant strains 
of E. coli. Plant extracts coupled with antibiot-
ics regulate MDR E. coli infection (37). Whole 
plant extracts from Hemidesmus indicus show 
urobactericidal activity against different uro-
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pathogens clinically isolated from patients suf-
fering from UTI such as E. coli, Enterococcus 
faecoli, Staphylococcus aureus and Klebsiella 
pneumoniae (38,39,40). Whole plant extracts of 
Euphorbia thymifolia controlled hematuria (41). 
Leaf extracts of Agathosma capensis also can 
treat urinary ailments. Root extracts of Witha-
nia somnifera effectively control urinary bladder 
infections. Root and leaf extracts of Withania 
somnifera also treats the bugs bacteria (ex-
tended spectrum beta - lactamases) present in 
bowel (42). Bark, leaves and flowers of Urena 
lobata control burning sensation in the urethra 
and other urinary troubles. Decoction prepared 
from Abutilon indicum root, Vitis vinifera fruit 
and water mixture given twice can efficacious-
ly cure dysuria, thirst, and syphilitic fever (43). 
Fruit extracts of Benincasa hispida remediate 
fever, burning sensation during urination. Seed 
extracts of Cucumis sativa cures dysuria, ure-
thritis, urolithiasis, and burning micturition (43). 
Some plant species like  Parietaria officinalis, 
Cucurbita maxima, Hordeum vulgare, Citrus 
limon, Allium cepa, Olea europaea are used 
alone or mixture of these species with olive oil, 
goat milk and honey treats urinary diseases 
(44).  A mixture of Glycyrrhiza glabra + cow milk 
+ ghee + sugar relieves burning micturition in 
urethra and restores health. Similarly, Cyano-
don dactylon roots with white pepper and butter 
milk reduces burning micturition, anal discom-
fort and dysuria. Cyanodon dactylon leaves 
show antibacterial activity and inhibit the growth 
of pathogenic bacteria. Gram negative bacteria 

were more sensitive compared to Gram positive 
bacteria (45). 

Flower bud and flower extract of Hibis-
cus rosa sinensis can control burning micturi-
tion. Tannins present in the flower extract act 
as antimicrobial agents (46). Epicarp extract of 
Cucumis melo prevents stones in kidney, and 
UTIs (47). Leaves and roots of Mimosa pudica 
are being used to treat urinary infection, burning 
urination (48,49). The roots of Asparagus race-
mosus prevent many kinds of urinary troubles 
(50). The extract of Solidago canadensis con-
trols prostrate diseases, urolithiasis and treats 
UTI. Stem extracts of Equisetum ramosissimum 
(horsetail) exhibit antioxidant and antibacterial 
properties (51) and expels stones from kidney, 
help in mitigating skin infections, repairs bone 
fracture, and relieves joint pains (52). The Chi-
nese herb Coptis chinensis (Huandluam) shows 
in vitro inhibitory and anti-inflammatory effects 
against uropathogenic strains. It consists of 
berberine, coptisine and palmatine alkaloids 
that inhibit E. coli (54). Armoracia rusticana pre-
vents recurrence of UTI in pediatric patients. 
This herb consists of isothiocyanates which 
display antibacterial activities against UTI (55). 
Several phytopharmaceuticals like flavonoids, 
isoflavonoids, lycopenes, carotenoids, ter-
penoids, omega 3-fatty acids have been shown 
to exhibit antibacterial and antimicrobial activity 
(56), and display minimal adverse effects (56). 
Many plants that help to treat urinary infections 
are listed in Table 2.

Table 2.   Traditional plants to treat urinary tract infections
Botanical name of the plant Common name Plant parts used Benefits

Agathosmacapensis (L.) Spicy buchu Leaves Controls urinary ailments
Ballota africana Cat herb Leaves Treats bladder and kidney 

ailments (53)
Withania somnifera (L.) Ashwagandha/

winter cherry
Roots Treats urinary bladder infec-

tions (42)
Euphorbia thymifolia Laghu dudhidika /

chotidudhi
Complete plant Controls blood in urine (41)

Mimosa pudica L Sensitive plant Leaves and roots Treats urinary infection and 
burning urination (48, 49)
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Urena lobate L Caesar weed bark, leaves and 
flowers

Relieves from burning sensa-
tion and urine trouble

Abutilon indicum Country mallow Decoction consisting 
of Abutilon indicum 
root, Vitis vinifera 

fruit and water 
mixture 

Cures dysuria, thirst, syphilitic 
fever (43)

Benincasa hispida Winter melon Fruit extract Controls fever, burning sensa-
tion during urination.

Fruit extract inhibits bacterial 
and fungal growth

Cucumis sativas Cucumber Seeds Cures dysuria, urethritis.
Seeds cure urolithiasis, burning 

micturition 

Parietaria officinalis Cu-
curbita maxima Hordeum 

vulgare Citrus limon
 Allium cepa

 Olea europaea 

Pellitory
Cucumber 

Barley
Lemon
Onion
Olive

  Mixture of these 
species with olive oil, 
goat milk and honey 

Treats urinary diseases (44)

Glycyrrhiza glabra Linn Licorice Glycyrrhiza glabra + 
cow milk + ghee + 

sugar

Treats burning micturition

Cyanodon dactylon Bermuda grass Decoction Decoction of Cyanodon dac-
tylon roots with white pepper 

and butter milk reduces burning 
micturition, anal discomfort and 

dysuria. Cyanodon dactylon 
leaves show antibacterial 

activity and inhibit the growth 
of pathogenic bacteria (Gram 

negative and positive) (45)
Hibiscus rosa sinensis Chinese hibiscus Flower bud

Flower extract
Relieves burning micturition.
Flower extracts act as antimi-

crobial agents (46)
Hygrophila aruculata Kokilaksha Seeds Effective against syphilis and 

burning micturition in urethra
Oroxylum indicum Midnight horror Whole plant Effective against uropathogens

Vitis negundo Chinese chaste 
tree

Roots Effective against uropathogens 
(57)

Cucumis  melo L. Melon Epicarp Expels stones from kidney, and 
controls urinary tract infections 

(47)
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Euphorbia thymifolia L. Laghududhika Whole plant Controls blood in urine
Azadirachta indica Neem Leaves Urinary trouble

Argemone mexicana L Mexican poppy Root Urinary trouble (58)
Adiantum lunulatum Burm.F Hamsapadi Roots Controls hematuria (59)
Asparagus racemosus wild Satawar Roots Cures urinary troubles (50)

Nyctanthes arbortristis Tree of sadness Leaf juice Acts as diaphoretic, laxative 
and diuretic (60)

Arctostaphylos uva ursi Uva ursi Leaf extract Urinary anti-septic and diuretic
Solidago canadensis, S. 

virgaurea and S.  gigantea
Canadian golden 

rod
Extract Controls prostrate diseases, 

urolithiasis and treats UTI (61)
Equisetum ramosissimum Horse tail Stem extract Exhibits antioxidant and an-

ti-bacterial properties (51 )
Hybanthus enneaspermus Spade flower Ethanol extract Regulates many UTIs

Punica granatum Pomegranate Seed extract Urobactericidal activity against 
E. coli

Anthocephalus cadamba Burflower tree Bark Antibacterial properties against 
uropathogens (E. coli) (62)

Armoracia rusticana Horse radish Whole herb Prevents recurrence of UTI in 
pediatric patients. Antibacterial 

activities against UTI (55)

Conclusion

             UTI is a serious health concern among 
the mankind. Proper diagnosis and therapeutic 
intervention at the right time is therefore indis-
pensable. Traditional herbs play a pivotal role 
in nursing and managing the UTI by reinforcing 
the life’s innate immunity. Traditional herbs mini-
mize inflammation, support proper functioning of 
kidneys and relieve the symptoms with minimal 
adverse effects. They are potent with proven 
efficacy. The dose, combination of herbs, and 
length of treatment must however be recorded 
properly for their bona fide medicament. On the 
negative side, it is believed that not all the tradi-
tional herbs are efficacious and give relief from 
the clinical symptoms to the people and cannot 
unfasten all the infections compared to modern 
medical treatment or antibiotics. So, further re-
search in the usage of herbs for treating UTIs is 
warranted and many innovative methods need 
to be developed based on the insights generat-
ed thus far and critical analysis. Herbs can cer-
tainly serve as a sustainable resource too.
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