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 This investigation aims to determine the dermal safety dose range for the entire 
Hydnocarpus wightiana plant. The acute and subacute skin toxicity investigations were 
evaluated using the OECD criteria 402 and 410. In the acute dermal toxicity study, the extract 
dosages (2000 and 5000 mg/kg) were topically given in single doses. The overall behaviour, 
adverse effects, and death were noted for up to 72 hours. Subsequently, in sub-acute dermal 
research, the various concentrations of the extract were topically given at doses of 500, 1000, 
and 2000 mg/kg for 28 days, and any changes were recorded. In the two groups (i.e., 2000 and 
5000 mg/kg extract treatment groups), no significant behavioural alterations, sleepiness, or 
drowsiness were seen, and only mild sedation and lethargy were noted. Overall, there were 
no discernible poisoning signs or symptoms. Giving extracts (2000 mg/kg) improved the liver 
function parameters considerably. It was discovered that no signs were observed on the dermal 
application of the extract.

Keywords: Acute toxicity study; Dermal Toxicity; Ethanolic extract of Hydnocarpus wightiana 
(EEHW); Hydnocarpus wightiana; Sub-acute toxicity study.

 Plants are widely accepted, effective, 
affordable, safe, and low-cost, making them useful 
as alternative medicines for treating a variety of 
ailments. The belief that herbal formulations are 
safe and natural, enabling them to effectively cure 
a variety of ailments, has led to an increase in the 
public’s use of these products1. Other researchers 
have reported that the production process of certain 
herbal treatments may entail the addition of metals 
(like cadmium) from the soil, or they may include 
heavy metals, aflatoxins, and hazardous bacteria 2. 

 Herbal medicines do not have any of 
the negative or hazardous side effects linked 
to synthetic drugs used in traditional treatment 
because they are sourced from nature 3. As with 
conventional orthodox therapies that are well 
researched and manufactured, the toxicity of 
traditional herbal medicines should be examined, 
although this is not frequently the case4. Rather, 
it should be done for legal and registered herbal 
medicinal items. As a result, those who use herbal 
medicine usually focus on the items’ medical 
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benefits rather than their harmful effects on various 
organs; nevertheless, toxicity research should also 
be highlighted.
 The plant species known as Chaulmoogara 
(Hydnocarpus wightiana) belongs to the daisy 
family. Although it is sometimes referred to as a 
Chaulmurga, it is distinct from the popular blooming 
plant of the same name. Because of its calming 
and antibacterial qualities, calendula is applied 
topically to heal wounds and provides nourishing 
benefits for the skin. Additionally, it could help 
with radiation dermatitis, leg ulcers (venous and 
neuropathic), gingivitis, mucositis from radiation, 
vaginal candidiasis, episiotomy healing, and nappy 
dermatitis. It possesses cytotoxic, anticancer, and 
anti-inflammatory properties 5. The result is the 
likelihood of toxicity having an impact on a whole 
organism, such as a plant, bacterium, or animal. It 
encompasses impacts on the substructure of the 
body, including hepatotoxicity (effects on the liver) 
and dermatotoxicity (effects on the skin, cells, and 
organs). These interactions can differ based on the 
cell membrane and the molecular characteristics 
of the toxicants, 6 since they might take place in 
the extracellular matrix, underneath tissues, on the 
cell surface, and inside the cell body. Furthermore, 
toxic effects must be seen before toxicants attach 
to vital organs such as the liver, spleen, or kidneys. 
Determining a drug’s level of toxicity is important 
for public health since chemical exposure can be 
harmful to the body. The issue of medicinal plants is 
attracting the attention of several medical institutes 
around the globe.  Furthermore, there is currently a 
dearth of studies on the relevant dosage toxicity of 
therapeutic plants. It should be stressed, therefore, 
that customary usage of any plant for biological 
reasons does not, under any circumstances, ensure 
the safety of the plants 7.
 Traditional medicine was used by the 
ancient Indians long before modern medicine 
was developed, and it is today an essential aspect 
of Indian culture. In-depth information about 
traditional Indian medicinal plants may be found 
in the books “Charaka Samhita” and “The Way 
of Ayurvedic Herbs”. The daisy family of plants 
is well-known in India for having a multitude of 
bioactive substances that may be used to cure a 
wide range of ailments, and this book served as 
a useful starting point for phytochemicals and 
ethnobotanists who wanted to research and analyse 

therapeutic plants. All of this study adds to our 
understanding of Indian medicinal herbs 8. We 
concluded that the safe dose range of an ethanolic 
extract made from Hydnocarpus wightiana seeds 
is not well-established based on acute and subacute 
dermal toxicity tests conducted on laboratory 
animals. This was the result of an appropriate 
evaluation of the literature. 

Materials and Methods

Plant Materials: Collection and authentication
 In March 2024, the seeds of Hydnocarpus 
wightiana were harvested in the Garhwal 
region, specifically in the Chamoli, District of 
Uttarakhand. The seeds were washed and air-
dried. Authentication was done by the Scientist 
in Charge, Forest Research Institute, Dehradun, 
India. A voucher specimen was submitted to the 
department (Authentication No: NIScPR/RHMD/
Consult/2024/430-31).
Preparation of seed extract
 Hydnocarpus wightiana seeds were 
dried at room temperature, ground into a rough 
powder, and then sieved through sieve number 
18. The powdered seeds were defatted using 
petroleum ether (40–60%) to get rid of fat and 
other pigments. The defatted dry seeds powder 
(Marc) was extracted using different solvents 
according to polarity like ethyl acetate, ethanol 
and water in that order using a Soxhlet system. 
In a rotatory evaporator, the extracted materials 
were concentrated until they were completely dry, 
eliminating any remaining solvent. The extracts 
were kept between 2 and 8 degrees Celsius in a 
refrigerator 9.
animals
 We obtained 180–250 g of healthy 
Wistar rats (Both Sexes) from the Moradabad 
animal house of IFTM University. The animals 
were housed in polypropylene cages with a 12:12 
light/dark cycle, a temperature of 28°C, and a 
relative humidity of 60–70%. The animals were 
given unrestricted access to regular pellet meals 
during the trial. The animal may be given mineral 
water in exchange for a fee. The acute toxicity 
and pharmacology methods were approved by the 
Institutional Animal Ethics Committee of IFTM 
University in Moradabad (IAEC/2022/01).
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table 1. Groups have been classified as follows

Sr. No. Sample  Dose Regimen 
 Treatment (mg/kg)

Group (I) Blank None
Group (II) Simple Paraffin  5000
Group (III) EEHW 2000
Group (IV) EEHW 5000

EEHW: Ethanolic extract of Hydnocarpus wightiana

table 2. Groups have been classified as follows

Sr. No. Sample  Dose Regimen 
 Treatment (mg/kg)

Group (I) Blank None
Group (II) Simple paraffin 2000
Group (III) EEHW 500
Group (IV) EEHW 1000
Group (V) EEHW 2000

EEHW: Ethanolic extract of Hydnocarpus wightiana

Fig. 1. After application of ointment

Fig. 2. After application of ointment

skin preparation for dermal toxicity study
 After applying hair removal cream and 
shaving with a hand razor, at least 10% of the rat’s 
skin around the dorsal thoracic area was exposed, 
under OCED recommendations nos. 402 and 
410. The entire procedure was carried out under 
anaesthesia using xylene (5 mg/kg) and ketamine 
(50 mg/kg). The rats’ dorsal areas were treated 
topically with seed extract. (Figure no. 7.1) 10.
acute dermal toxicity study
 The OECD guideline 402 was used to 
evaluate the acute dermal toxicity research. All of 
the study’s rats were given unrestricted access to 
water and fasted for the entire night before the trial. 
Every animal was divided into four groups, with 
six non-pregnant or nulliparous rats in each group. 

The acute dermal toxicity research employed a 
limited dosage, or 2000 mg/kg b.w., by OCED 
recommendations; this dose can be regarded as a 
lower dose.
 An additional dose, 5000 mg/kg, is 
included for a better understanding of the toxicity; 
this dose is to be regarded as a larger dose. 
Conversely, the positive control group was given 
10%w/w white soft paraffin at a dose of 5000 mg/
kg. On the initial day of the investigation, each 
dosage was administered topically once, to the 
rats’ dorsal side. For the first 24 hours, all of the 
rats were observed, and the first 6 hours received 
extra care.  Following 14 days, all rats underwent 
rigorous weight assessment and were assessed 
for other criteria, including biochemical and 
haematological, by OCED recommendations 11.
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table 3. Observation of general behaviours

Observation  Control Group Simple Paraffin 2000mg/kg EEHW 5000mg/kg EEHW
 Group-I Group-II Group-III Group-IV

Body Weight N N N N
Temperature  N N N N
Food intake N N N N
Urination N N N N
Respiration rate N N N N
Abnormal effect on the skin  No No No No
Drowsiness No No No slight drowsiness
Sedation  No No No No
Eye colour No No No No
Stool  N N N N
General physique N N N N
Any lethal effect No No No No

N: No Change or Normally; No: None

table 4. Rate of Mortality (%)

Groups Drug Dose Mortality rate (%)

Group (I) Blank None 0
Group (II) Simple Paraffin 2000mg/kg 0
Group (III) EEHW 2000mg/kg 0
Group (IV) EEHW 5000mg/kg 0

table 5. Average organ weight (g) of rats

Organ   Average organ weight (gram)
 Control Paraffin EEHW  EEHW  EEHW 
   (500mg/kg) (1000mg/kg) (2000mg/kg)

Liver 5.145±0.122 5.535±0.451 5.456±0.202 5.134±0.531 5.125±0.333
Kidney 2.121±0.101 2.123±0.128 2.241±0.128 2.533±0.010 2.839±0.128
Heart 2.232±0.004 2.43±0.002 2.432±0.017 2.661±0.034 2.343±0.116
Lungs 6.112±0.211 6.421±0.652 6.454±0.345 6.435±0.129 6.903±0.017
Spleen 0.402±0.016 0.419±0.014 0.401±0.015 0.403±0.011 0.307±0.10

divisions of animals in different groups for acute 
toxicity study
sub-acute dermal toxicity study
 Sub-acute dermal toxicity studies were 
evaluated in accordance with OCED standard 
410. For this investigation, the rats were divided 
into five groups, each consisting of five male and 
five female rats. In this investigation, the EEHW 
was administered topically once daily for 28 days, 
during which all animals were observed and under 
the guidance of a camera (Figure no. 2). Every 

operation and observation was carried out under 
OECD guideline 410 12.
divisions of animals in different groups for sub-
acute toxicity study
termination of the experiment
 Upon completion of the sub-acute 
dermal toxicity testing, each animal underwent an 
overnight fast. For euthanasia, a large dosage of 
ketamine HCl (80 mg/kg i.p.) was administered. 
The blood sample was taken via heart puncture and 
was thereafter put into bottles, both heparinized and 



1033ShrivaStav et al., Biosci., Biotech. Res. Asia,  vol. 21(3), 1029-1036 (2024)

table 6. Effect of dermal application of EEHW on Hematological parameters of rats

Parameters   Effect of dermal Hydnocarpus wightiana extracts on haematological parameters.
 Control Paraffin  EEHW  EEHW  EEHW 
  treated (500mg/kg) (1000mg/kg) (2000mg/kg)

Hb 11.13±0.23 11.12±0.27 11.40±0.54 11.24±0.25 11.03±0.04
Lymphocyte  51.96±2.005 44.42±0.23* 51.77±0.69 51.23±2.22 51.23±0.32
MCH 21.43±0.23 21.42±0.27 21.50±0.04 21.34±0.85 21.13±0.14
MCHC 41.22±0.93 41.42±0.81 40.50±0.29 40.34±0.42 40.13±0.31
MCV 81.42±0.23 88.72±0.27 79.40±0.04 78.34±0.21 75.13±0.24
Monocyte 6.16±0.30 6.03±0.24 6.80±0.18 6.27±0.32 6.27±0.14
Neutrophils  27.43±0.24 30.42±0.71 28.77±0.24 25.34±0.45 26.12±0.72
PCV 31.33±1.316 37.23±0.11 30.21±0.08 30.11±0.27 30.12±0.92
RBC 6.58±0.01 7.50±0.51 6.47±0.38 6.33±0.38 6.13±0.15 
WBC 10.18±0.24 12.25±0.13 10.18±0.28 09.93±0.88 09.11±0.51

Data are expressed as mean ± S.E.M from six rats and analyzed by one-way ANOVA followed by Tukey tests.
*P<0.05 as compared to control group animals

table. 7. Effect of dermal application of EEHW on Biochemical parameters of rats

Parameters   Effect of dermal Hydnocarpus wightiana extracts on biochemical parameters
 Control Paraffin  EEHW  EECHW  EEHW 
  treated (500mg/kg) (1000mg/kg) (2000mg/kg)

A/G Ratio 0.80±0.10 1.11±0.08 0.617±0.90 0.93±0.07 0.83±0.21
Albumin  4.22±0.23 5.12±0.23 4.50±0.34 4.34±0.34 4.43±0.41
ALP 144.66±3.15 167.23±4.56 140.33±5.11 141.10±6.03 139.22±5.16
Bilirubin (TB) 0.53±0.23 0.12±0.27 0.71±0.01 0.54±0.04 0.56±0.04
Creatinine  0.312±0.04 0.182±0.32* 0.411±0.02 0.470±0.09 0.655±0.02
SGOT 31.12±1.36 38.23±0.11* 31.21±0.23 37.11±0.47* 38.12±0.22*
SGPT 55.70±0.98 59.35±0.28 59.03±0.623 64.18±0.84* 67.37±0.45*
Total Cholesterol (TC) 128.500±2.247 120.420±2.317 118.320±4.432 122.430±3.136 125.927±4.203
Total Protein (TB) 5.32±0.03 6.01±0.24 6.42±0.14 6.04±0.84 6.23±0.91
Urea  36.88±0.415 30.57±0.35 32.20±0.20 30.16±0.60 31.37±0.21
Uric acid 0.64±0.07 0.15±0.06* 0.50±0.09 0.45±0.06 0.54±0.03

Data are expressed as mean ± S.E.M from six rats and analyzed by one-way ANOVA followed by Tukey tests. 
*P<0.05 as compared to control group animals

non-heparinized, for the measurement of various 
biochemical and haematological parameters. In 
addition, a sample of the kidney, liver, and skin was 
taken for analysis by pathologists. To determine the 
average organ weight in the final experiment, all 
of the rats’ organs were removed 13.

results and disCussion

acute dermal toxicity study
 In the investigation on acute dermal 
toxicity, the seeds of Hydnocarpus wightiana were 

applied topically at a dosage of 2000 mg/kg and 
5000 mg/kg b.w. without causing any indications of 
dermal toxicity. Table No. 3 illustrates the overall 
conduct that was noticed throughout the first four 
hours. As a result, it was estimated that the LD50 
would be more than 5000 mg/kg, and the EEHW 
appeared safe at 5000 mg/kg. After EEHW at a dose 
of 5 g/kg was administered, there were indications 
of less drowsiness compared to the control group. 
The characteristics recorded in the study on acute 
dermal toxicity after the injection of the seed 
extract were compared with those observed in the 
paraffin-treated groups and the control group.
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Fig. 3. Dissected vital organ after weighing 

Fig. 4. Photomicrographs of Histopathological slides of vital organs at 100X

Fig. 4a. Skin

Fig. 4B. Kidney Fig. 4C. Liver

sub-acute toxicity study
 The sub-acute dermal toxic impact of 
EEHW was evaluated by applying the OECD 
guideline 410 at a limit test dosage of 1000 mg/
kg. Even after 28 days, topical application of 

the EEHW at doses of 500, 1000, and 2000 mg/
kg b.w. did not cause any treatment-related side 
effects or death. In contrast to the control group, 
the groups treated with extract did not experience 
any clinical impacts or adverse effects, according 
to the research. 
effect of extract on relative organ body weight
 The average organ weight of the animals 
in the extract-treated groups did not change 
significantly over that experiment. The impact of 
EEHW on the weight of vital organs relative to 
body weight is seen in Figure 3 and Table No. 5. 
The findings also demonstrated that, among other 
vital organs, there are no discernible variations in 
the kidney, liver, heart, or lungs.
effect of extract on haematological parameters 
 Table No. 6 presents the haematological 
test parameters findings. When compared to 
the control group, all of the haematological 
measurements were found to be within normal 
limits. There were no appreciable toxicity 
symptoms or alterations in the haematological 
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parameters between the EEHW group data and the 
control groups. 
effect of extract on biochemical parameters 
 Table No. 7 presents the key biochemical 
test parameter results. Comparing the experimental 
group to the control group revealed that several 
biochemical measures, including TP, TB, Albumin, 
Globulin, Urea, Creatinine, and Uric Acid, were 
all within normal ranges. When compared to the 
control group, other biochemical markers such 
as SGOT and SGPT demonstrated a marginally 
significant difference at dosages of 1000 and 2000 
mg/kg. There was no discernible toxicity in the 
results.
effect of seeds extract on histopathological 
parameters
 The results of the histological analysis 
of skin slices from rats given extracts containing 
both normal and ethanolic bases are displayed 
in Figure 4 (Figure 4A). Every instance in the 
treatment and control groups had their histology 
evaluations completed for the current severe and 
sub-intense skin toxicity ponders. Overall, there 
was little impairment associated with the treatment 
in the rats fed ethanolic meals made from ground 
removal. The most amazing finding was that 
histological examinations showed no evidence of 
skin tissue damage, and the therapy had no effect 
on any metrics.
 The histological analysis of a kidney slice 
treated with EEHW and a normal base is presented 
in Figure 4B. The rat kidneys’ tubules and glameli 
remained intact. Rats administered 500 mg/kg body 
weight of EEHW did not show signs of tubular 
necrosis; however, rats administered 1000 and 
2000 mg/kg body weight of an ethanolic extract 
derived from Hydnocarpus wightiana showed 
minimal signs of tubular necrosis and lymphocytic 
infiltration. Rats administered 2000 mg/kg b.w. 
of EEHW did not show signs of brain necrosis or 
tubular oedema.
 Rat liver sections from rats receiving 
normal base and EEHW treatments are histologically 
examined (Figure 4C). Rats receiving 500 and 
1000 mg/kg b.w. EEHW did not show signs of 
hepatic necrosis; rats receiving 2000 mg/kg b.w. 
EEHW showed normal hepatic plates and portal 
veins. EEHW did not show significant hepatocyte 
degeneration.

ConClusion

 Plant-based medicines are more widely 
used in healthcare due to their low occurrence 
of adverse effects and widespread usage in 
pharmaceuticals. Bioactive chemicals obtained 
from herbal plants are frequently utilised since 
they are thought to be safe and not negatively 
affect health 14. Since plant-based medicines are 
recognised to be essential in the treatment of a 
variety of chronic ailments, researchers have 
favoured them over allopathic pharmaceutical 
therapies in the modern period 15. Nevertheless, 
no scientific study has examined the toxicity 
or adverse consequences of these treatments. 
Therefore, the objectives of this study were to 
evaluate the Hydnocarpus wightiana seeds extract 
for acute and sub-acute toxicity assessments as well 
as to identify the dosage range that could be used 
as a suitable reference for future research.
 Laboratory animals were given single 
doses of 2000 and 5000 mg/kg b.w. during the first 
four hours of treatment as part of the dermal acute 
toxicity evaluation of the seed extract. A 72-hour 
observation period was then observed to search 
for any adverse effects. There were no discernible 
changes in behaviour or mortality in either group. 
The LD50 is thought to be greater than 5000 mg/
kg. Any pharmacological drug with an oral LD50 
of more than 1000 mg/kg has the potential to be 
both safe and low harmful 16. This suggests that 
the ethanolic extract of Hydnocarpus wightiana at 
a single dosage of 5000 mg/kg body weight is safe. 
 A sub-acute toxicity study utilising 
doses of 500, 1000, and 2000 mg/kg of extract 
was conducted according to OECD guidelines. 
Important organs like the liver, kidney, heart, 
pancreas, and spleen were found to have normal 
relative weights in both the treatment and control 
groups, showing no side effects and being 
statistically non-significant (P>0.05). There was no 
statistically significant difference (P>0.05) in the 
haematological parameters between the treatment 
group and the control group following a 28-day 
course of seed extract therapy. 
 The estimated blood biochemical 
parameters of the treated animals did not differ 
significantly (P>0.05) from those of the control 
group. The transaminase enzymes SGOT (AST) 
and SGPT (ALT), however, demonstrated positive 
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results for 500, 1000, and 2000 mg/kg extract, with 
a significant increase (P>0.001) in animals treated 
with extract in comparison to the corresponding 
control group. Liver damage has been associated 
with increased blood levels of hepatic enzymes 
and transaminases (SGPT and SGOT) in several 
investigations. Thus, the elevation in liver hepatic 
enzyme levels (SGPT and SGOT) after the 
administration of the ethanolic extract may have 
been caused by a phytochemical compound that, in 
larger quantities, may be dangerous in the liver and 
produce liver damage. However, it’s conceivable 
that these changes have no discernible toxicological 
effects 17. Important information about the acute and 
subacute dermal toxicity profiles of Hydnocarpus 
wightiana seeds’ ethanolic extract is presented 
in this paper; this information will be helpful for 
future in vivo and clinical studies on this plant’s 
potential medicinal uses. Examining the ethanolic 
extract of Hydnocarpus wightiana seed for dermal 
toxicity in laboratory animals revealed that it was 
nontoxic.
 

aCknowledgeMents

 The authors  are thankful  to  the 
Management of IFTM University, Moradabad for 
the motivation and facilities provided to conduct 
this work.
Conflicts of Interest
 The authors do not have any conflict of 
interest.
Funding sources
 The author(s) received no financial 
support for the research, authorship, and/or 
publication of this article.

reFerenCes

1. Arya A, Abdullah MA, Haerian BS, Mohd MA. 
Screening for hypoglycemic activity on the 
leaf extracts of nine medicinal plants: in-vivo 
evaluation. J Chem. 2012;9(3):1196-1205.

2. Asante-Duah DK. Public health risk assessment 
for human exposure to chemicals. 6th ed. 
London: Kluwer Academic; 2002.

3. Burkill IH. A dictionary of the economic products 
of the Malay Peninsula. 2nd ed. 1935.

4. Chavda  R,  Vada l ia  KR,  Gokani  RL. 
Hepatoprotective and antioxidant activity of root 
bark of Calotropis procera R. Br (Asclepediaceae). 
Int J Pharmacol. 2010;6(6):937-943.

5. DeLorme MP, Ladics GS, Donner EM, Wagner 

III VO, Finlay C, Frame SR, Everds NE, Loveless 
SE. Acute, subchronic, and mutagenicity studies 
with norbornene fluoroalcohol. Drug Chem 
Toxicol. 2005;28(4):379-395.

6. Eswani N, Abd Kudus K, Nazre M, Noor AA, 
Ali M. Medicinal plant diversity and vegetation 
analysis of logged over hill forest of Tekai 
Tembeling Forest Reserve, Jerantut, Pahang. J 
Agric Sci. 2010;2(3):189.

7. Timbrell JA. Principles of biochemical 
toxicology. 3rd ed. CRC Press; 2008.

8. Kneifel W, Czech E, Kopp B. Microbial 
contamination of medicinal plants: a review. 
Planta Med. 2002;68(01):5-15.

9. Patra CR, Moneim SS, Wang E, Dutta S, Patra S, 
Eshed M, Mukherjee P, Gedanken A, Shah VH, 
Mukhopadhyay D. In vivo toxicity studies of 
europium hydroxide nanorods in mice. Toxicol 
Appl Pharmacol. 2009;240(1):88-98.

10. Prado-Ochoa MG, Gutiérrez-Amezquita RA, 
Abrego-Reyes VH, Velázquez-Sánchez AM, 
Muñoz-Guzmán MA, Ramírez-Noguera P, 
Angeles E, Alba-Hurtado F. Assessment of acute 
oral and dermal toxicity of 2 ethyl carbamates 
with activity against Rhipicephalus microplus 
in rats. Biomed Res Int. 2014;2014:956456. 
doi:10.1155/2014/956456.

11. Latha BP, Reddy RM, Ismail SM, Vijaya T. 
Medicinal plants and their derivatives as potential 
source in treatment of obesity. Asian J Exp Biol 
Sci. 2010;1(4):719-727.

12. Said O, Khalil K, Fulder S, Azaizeh H. 
Ethnopharmacological survey of medicinal herbs 
in Israel, the Golan Heights, and the West Bank 
region. J Ethnopharmacol. 2002;83(3):251-265.

13. Smart DJ, Ahmedi KP, Harvey JS, Lynch AM. 
Genotoxicity screening via the ãH2AX by flow 
assay. Mutat Res Fundam Mol Mech Mutagen. 
2011;715(1-2):25-31.

14. Yamthe LR, David K, Ngadena YM. Acute 
and chronic toxicity studies of the aqueous and 
ethanol leaf extracts of Carica papaya Linn in 
Wistar rats. J Nat Prod Plant Resour. 2012;2:617-
627.

15. Thanaboripat D, Suvathi Y, Srilohasin P, Sripakdee 
S, Patthanawanitchai O, Charoensettasilp S. 
Inhibitory effect of essential oils on the growth 
of Aspergillus flavus. KMITL Sci Tech J. 
2007;7(1):1-7.

16. Van Herck H, Baumans V, Brandt CJ, Boere HA, 
Hesp AP, Van Lith HA, Schurink M, Beynen AC. 
Blood sampling from the retro-orbital plexus, 
the saphenous vein, and the tail vein in rats: 
comparative effects on selected behavioral and 
blood variables. Lab Anim. 2001;35(2):131-139.

17. Wi l h e l m  K P,  Z h a i  H ,  M a i b a c h  H I . 
Dermatotoxicology. CRC Press; 2007.


