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ABSTRACT

In Ethiopian traditional medicine, the aerial part of Lymus schimperi is commonly used to cure ailments like
fungal skin infections, gonorrhoea, cough, liver and kidney diseases, hypertension, and stomachaches. Since
there hasn't been much research on the toxic effects of 1ymus schimperi essential oil, the goal of this study
was to evaluate its acute and subacute toxicity in Wistar albino rats. Approach. After hydrodistillation, GC-
MS analysis and toxicity tests were performed on the essential oil of T. schimperi's aerial section. For the
dermal toxicity study, rats were divided into seven groups (n = 5) at random. The control group received only
distilled water with 2% Tween 80, whereas the experimental groups received single doses of 300, 600, 900,
1200, 1500, and 2,000 mg/kg of the oil. Following the experiment, blood samples were obtained for
haematological and clinical chemistry examination. Additionally, the gross pathology and histology of the
liver and kidneys were evaluated. The in-silico toxicity study revealed that most of the oil's components were
safe; some of the compounds showed hepatotoxicity and mitochondrial membrane potential toxicity.

Key Words: Thymus schimperi, Essential oil, Dermal toxicity, Acute toxicity, Wistar albino rats, GC-MS,
Histopathology, Hepatotoxicity, Toxicological evaluation, Ethiopian medicinal plant.

1. INTRODUCTION

The genus 1ymus contains more than 350 species that are found in many tropical areas of the world. In many
parts of the world, oral T. schimperi (thyme) extracts are used to treat bronchitis, pertussis, tonsillitis,
laryngitis, coughs related to colds, dyspepsia, and other gastrointestinal conditions. Topically applied thyme
extracts have been used as antimicrobial agents for oral hygiene, small wounds, colds, and oral cavity problems
[1]. New products and compounds, particularly those used on a daily basis, should go through the proper
toxicological screening before being used in humans or animals. Due to its significant role in the absorption
of harmful chemicals and physical substances, the skin is a target organ system that is vulnerable.

Dermal toxicity studies are usually carried out utilising a variety of laboratory animals to describe the
cutaneous/systemic toxicity and irritation potential associated with topical administration of new goods or
chemicals. Human response is then predicted using the findings from these investigations [2]. The human skin
is the principal organ exposed to transdermal therapeutic systems because adherence of such materials to the
superficial organs may be a major route of exposure during the administration, utilisation, and disposal of such
therapeutic systems [3]. Members of the genus are among Ethiopia's most widely used medicinal plants, mostly
because of their antibacterial qualities. Locally known as "Tosign," the leaves of T. schimperi and T. serrulatus
are utilised as spices in a range of dishes and drugs. In Ethiopia, T. schimperi is used in a variety of ways, such
as tea and condiments to make "shirro" (bean/pea powder) and "berbere" (pepper powder), as well as metata
ayb (fermented cottage cheese). Skin fungus, stomach ache, kidney problems, liver disease, renal diseases,
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cough, gonorrhoea, and hypertension are just a few of the illnesses that T. schimperi is used to treat in
traditional medicine [1]. Before using plant compounds to treat human ailments, their toxicity must be tested.
When using a herbal product to protect the public's health, toxic property screening is crucial. According to
Jain 15, the review processes often address effects that are carcinogenic, reproductive, chronic, subchronic,
acute, and subacute [15]. In this study, the cutaneous safety of the plant medication T. schimperi was evaluated
using Wister Albino rats and other small animals. The need to assess the dermal safety of plant medicines has
been discussed below [4]. When several growth factors, cytokines, and low molecular weight compounds are
released from the damaged site, the healing process starts right away. The release of EGF, TGF-a, and FGF
can promote the migration and proliferation of epithelial cells and the re-epithelialization of the skin [22].

2. MATERIALS AND METHODS

Research Animals

Wistar albino rats from the Ethiopian Public Health Institute (EPHI) breeding unit that were 8—10 weeks old
were used in this study. The female rats were nulliparous, meaning they were not pregnant. Each set of five
same-sex rats (n = 5) was housed in a standard cage, divided into experimental and control groups, and
maintained under standard conditions (at 20°C, with a regular 12-hour light/12-hour dark cycle). Every
experiment was conducted in accordance with internationally accepted guidelines for the handling and care of
experimental animals. Additionally, the Institutional Review Board (IRB) at the College of Health Sciences
approved the protocol. The animals received food and water during the one-week acclimatisation period before
the trial's commencement [1].

Distilling essential oils

One kilogram of fresh T. schimperi leaves was hydrodistilled using a Clevenger-type apparatus. Until it was
required for the investigation, the acquired oil was stored in a sealed amber-colored vial at -10°C in a
refrigerator.

Analysis of the Essential Oil
GC analysis

The separation was carried out using a gas chromatograph, model GC-14A, fitted with a Supelcowax 10
(30m>0.25mm, 0.2um film thickness) fused silica column. The oven was set to three different temperatures:
180°C to 240°C (10°C/min), 70°C to 180°C (5°C/min), and 240°C (10 min). With a split ratio of 82:1 and a
flow rate of 1 millilitre per minute, helium was used as a carrier gas. The injector and Flame Ionisation Detector
(FID) have respective temperatures of 210°C and 260°C.

GC-MS analysis

Qualitative GC-MS analysis was conducted using the Mass Lab VI.1 system with a FI 8000GC. The injector
temperature was adjusted to 210°C, and the oven temperature was programmed to 60°C (5 minutes) using a
Supelcowax 10 (30m x 0.25mm, 0.2pm film thickness) fused silica column. Electronic integration and flame
ionisation detection were used to provide quantitative data without the use of FID response factors; the
experiments were not repeated. The compounds were identified by computerised comparison of the resulting
mass spectra with library spectra (MS) and injection (GC) with authentic samples.

Acute toxicity

An acute toxicity assessment was carried out in accordance with OECD 425 research standards [21]. Despite
fasting for the whole night, seven groups of healthy female Wistar rats were allowed unrestricted access to
water. group (n5) at random. Initially, distilled water with 2% Tween 80 was given to the control group. The
six classes received oral single dosages of 300, 600, 900, 1200, 1,500, and 2,000 mg/kg of T. schimperi
essential oil. Doses were selected after pilot testing. For every treatment, force-feeding was employed.
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For a period of 14 days, the animals were observed for signs of poisoning, body weight, and mortality. Within
the first three hours of essential oil delivery, toxicological signs and symptoms were recorded in each cage,
and they were then routinely evaluated throughout the research [21]. The mortality observed within 14 days
was used to derive the LD50 value. On Day 15, all living animals were put to death, their internal organs
removed, and their organ weights noted.

Biochemical and haematological analyses

Ethylenediaminetetraacetic acid (EDTA) was used in test tubes to treat blood samples. The haematological
parameters were measured using a haematology analyser (SYSMEX XT-1800i, SYSMEX CORPORATION,
Japan). Mean corpuscular volume (MCV), mean corpuscular haemoglobin concentration (MCHC), platelet
count (PLC), haemoglobin concentration (HGB), hematocrit (HCT), white blood cell count (WBC), and red
blood cell count (RBC) were all evaluated. In order to prepare for biochemical analysis, blood samples were
placed in plain test tubes for three hours to allow for full coagulation before being centrifuged for fifteen
minutes at 5000 rpm using a tabletop centrifuge (Humax-k, Human-GmbH, Germany). The serum was kept at
-20°C until clinical biochemistry tests were finished after the plasma was drained and transferred to other
sterile vials. Alanine aminotransferase (ALT), aspartate aminotransferase (AST), urea, albumin, and creatinine
concentrations were automatically measured using the Cobas Integra-400 plus Analyser (Roche Diagnostics,
Japan).

Tissue samples and measurements of organ weight

After determining their body weight, all experimental animals were slaughtered on day 29 and their target
organs removed. The samples of liver and kidney tissue were placed in a test tube containing 10% formalin,
which was buffered for 24 hours before being rinsed under tap water for the entire night. Following
dehydration, the fixed tissues were cleaned using xylene and ethanol, respectively. After removing any
unnecessary tissues with 1% normal saline for a few minutes, the organs were weighed using a precision
balance. Additionally, it was pierced by molten paraffin wax and embedded in paraffin blocks. The blocks
were separated into 5—6 pum thick slices using a Leica rotary microtome (Leica RM 2125 RT, China, validated
in Germany). The tissue sections were first carefully collected using forceps and placed on the surface of a
water bath at 30 to 40°C before being placed over the tissue to facilitate the specimens' fixation on the glass
slides. After that, the portions were put on sliding racks and baked for the entire night at 20 to 40 degrees
Celsius. Following a series of xylene and alcohol treatments, the thin slices were stained with hematoxylin
and eosin [25].

Photomicrography and light microscopy

A binocular compound light microscope (Olympus CX41, Japan) was used to closely examine sections of the
liver and stained tissue. Tissue sections from the treatment groups were examined for signs of histological
changes. Photomicrographs of a few selected slides from the treated and control groups were taken at
magnifications of x40 and %20, respectively, using an automatic digital photo camera (Evos XI, China).

Data analysis and processing.

All of the data that was displayed as numbers was examined using SPSS statistical software. All numbers have
been expressed using the standard error of the mean, or mean+SEM. Treatments were compared over time
using a one-way analysis of variance (ANOVA) between the treated and control groups, and the significance
level was determined using Dunnett's t-test. Statistical significance was considered at P<0.05.

Ethical Consideration

The College of Health Sciences, AAU, and EPHI Institutional Review Boards authorised every technique
utilised in this study.
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3. RESULT

Analysis of chemical composition

With a yield percentage of 1.39% (w/w), the essential oil of fresh T. schimperi leaves extracted by hydro
distillation had a strong spicy scent and a dark yellowish colour. GC/MS and GC qualitative and quantitative
assays revealed 57 compounds, or 88.75% of the total essential oil. displays the GC chromatogram for the oil
and describes the findings of the GC/MS study. According to Table 1, the main constituents of the oil were
carvacrol (49.90%), thymol (10.64%), o-cymene (8.54%), a-terpinene (4.5%), linalool (2.51%), and 3-octanol
(2.48%). The result of single doses of oral T. schimperi essential oil is severe toxicity. The rats started to show
signs of toxicity, such as piloerection, convulsions, hypoactivity, and even death, after receiving 900 mg/kg of
the essential oil. There were 20%, 20%, 80%, and 100% mortality in the 900, 1200, 1500, and 2000 mg/kg
groups, respectively. An approximate LD50 of 1,284.2 mg/kg was found in the acute toxicity study. The groups
treated with 900 mg/kg and 1200 mg/kg experienced a significant decrease in body weight on day 7 of the
acute toxicity study when compared to the control group (P<0.05). Additionally, by day 14, the body weight
of the 600 mg/kg, 900 mg/kg, and 1200 mg/kg treatment groups had significantly dropped in comparison to
the control group (P<0.05). Similarly, compared to the group treated with 300 mg/kg, the group treated with
1200 mg/kg had a significantly lower body weight (P<0.05). Nevertheless, the treatment groups (1500 mg/kg
and 2000 mg/kg) were not included in the study because they had too few or no living rats, respectively.
Furthermore, the kidney and liver weights in the treatment groups (900 mg/kg and 1200 mg/kg) were
considerably higher than in the control group.

Haematological and Biochemical Parameters

Haematological analysis showed that the high-dosage group (260 mg/kg) had significantly higher MCV and
lower WBC counts than the control group. There was no significant difference in RBC, HB, HCT, MCH,
MCHC, or PLT levels between the experimental groups and the control group. Three markers of liver
impairment, ALT, AST, and ALP, did not differ substantially between the treatment groups and the control
group. There were also notable changes in blood urea and creatinine levels, which are indicators of kidney
impairment. Similarly, HDL and LDL levels did not significantly differ between the treatment and control
groups. Finally, electrolyte measurements revealed no appreciable changes in blood electrolyte levels, such as
potassium and sodium, between the treatment and control groups.

Analysis of morphology

The selected organs showed no obvious abnormalities according to the gross pathological examination.
Furthermore, the histological analysis revealed no appreciable abnormalities in either the treatment or control

groups.

4. DISCUSSION

Worldwide, a wide range of ailments have been treated mostly with herbal therapies [20]. To evaluate a
medication's safety and find any potential negative effects, general preclinical toxicity tests are conducted,
primarily in animal kidneys and livers [21]. The permeability of the cell membrane will significantly increase
if it is found that these organs are slightly damaged and inflamed, resulting in the presence of cytoplasmic
enzymes like AST and ALP in the blood. Similarly, inflammation results in the production of mitochondrial
ALT and AST [22, 23]. Toxicity screening models offer valuable preliminary data that could help identify
natural remedies with potential health benefits [24].

O-cymene, carvacrol, thymol, and a-terpinene were the principal constituents of T. schimperi leaf essential
oil. The chemical composition of the oil was similar to that previously reported by Asfaw et al. [25], who
discovered that the primary components of the oil were carvacrol, p-cymene, c-terpinene, and thymol. The
LDS50 of T. schimperi essential oil, as found in this study utilising probit analysis, was 1284.2 mg/kg in
accordance with WHO guidelines for pesticide regulations. When taken orally, this level of LD50 is thought
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to be somewhat dangerous [26]. The LD50 value of 2000 mg/kg found in a study conducted in Debre Berhan,
Ethiopia, was slightly higher than this result [27]. Wistar albino rats were used in this study, while mice were
used in the previous one, which could account for the little discrepancy.
The current acute toxicity study also revealed that T. schimperi essential oil caused hypoactivity, piloerection,
convulsions, and irregular body movements in the animals under examination. The outcomes are reliable.

A single oral dose of T. schimperi essential oil causes toxicity symptoms like hypoactivity, piloerection, and
convulsions, which may have been brought on by abnormalities in the activity of the autonomic nervous
system (ANS) and central nervous system (CNS), according to a study by Dires et al. [27].

In an acute toxicity study, T. schimperi essential oil significantly reduced body weight at higher dosages, which
may be connected to the adverse symptoms that caused the rats to become anorexic [28]. The current study's
rise in liver and kidney weight is most likely due to oedema [29]. The haematological system can be a helpful
indication for detecting physiological changes in both humans and animals since it is sensitive to dangerous
substances [30]. A blood sample usually provides crucial information on how the body reacts to stress, hunger,
and disease, and haematological testing can quickly identify physiological changes in the body [31].

Thus, it is possible to determine the extent of the negative impact of drugs and/or plant extracts by evaluating
haematological parameters [32]. At a dose of 260 mg/kg, the mean white blood cell (WBC) count in the current
investigation was considerably lower than that of the rats in the control group. The primary bioactive
components of T. schimperi essential oil, such as thymol and carvacrol, may cause cellular apoptosis, cell
proliferation, and cell cycle arrest in the sub-G0/G1 phase [33, 34]. The mean corpuscular volume (MCV), a
measure that helps determine the size of erythrocytes, also increased at a dosage of 260 mg/kg. This may be
due to the fact that any substance that either directly or indirectly affects the synthesis of cellular DNA might
trigger macrocytic changes. Elevated MCV indicates changes in DNA biosynthesis [35].

A previous study found that carvacrol inhibits DNA synthesis [36]. Biochemical measurements are crucial
indicators in toxicological assessment because they respond to clinical signs and symptoms caused by toxins.

An extensive assessment of liver and renal function is necessary to identify the potentially harmful properties
of extracts and drugs [37]. The use of T. schimperi essential oil did not significantly alter any of the
biochemical measurements in the animals used in this study. Blood levels of both ALT and AST are produced
by any liver injury, and these levels may be considered the first sign of the damage [37]. The main function of
glomerular filtration is to control the plasma concentration of creatinine, which is generated naturally and
steadily released into body fluids. As a result, both plasma concentration and kidney clarity were used to
calculate the glomerular filtration rate [38].

The measurement in this analysis, which was within the reference value, was supported by the lack of
histological changes in the kidneys. The rise in total serum protein is caused by both an increase in the
concentrations of one or more different proteins in the plasma and a change in the amount of plasma water.
Histopathological exams provide information on haematological and biochemical parameters that require
improvement [32]. Hepatocyte, the general structure of the liver. When compared to controls, hepatic
sinusoids, portal triads, central veins, and morphology are all normal. Furthermore, when compared to the
control, the general histological architecture of none of the treatment groups was affected. Following four
weeks of therapy, there was no appreciable difference in the liver histological parameters of the test animals
and control animals, indicating that the essential oil did not have any detrimental toxic effects or induce hepatic
damage, which is consistent with earlier studies [27,33].
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3. CONCLUSION

The yield of the essential oil from the aerial portion of T. schimperi was found to be 1.39% v/w, and a GC-MS
study of the oil enables the identification of 57 components. Carvacrol accounted for 49.90% of the essential
oil, with thymol coming in second at 10.64%. An acute toxicity study found that the oil's LD50 was 1284.2
mg/kg. Similarly, a subacute toxicity investigation revealed that, although the MCV was dramatically
increased and the WBC count was significantly decreased at 260 mg/kg, T. schimperi oil did not adversely
affect body weight, biochemicals, or other haematological markers at the tested levels. Additionally, there were
no signs of damage in the liver and kidney portions of the treated rats. None of the components of T. schimperi
essential oil showed any cytotoxicity, Ames Mutagenicity, or cardiac toxicity (h-ERG Blocker), according to
ADMET and vNN-ADMET toxicity predictions. However, just 1.75% of the compounds had the potential to
be toxic to the mitochondrial membrane, 8.6% of the compounds were hepatotoxic, and only 3.45% of the
compounds caused drug-induced liver injury. This study indicates that it is safe to take T. schimperi essential
oil orally up to 130 mg/kg. However, in the high-dose (260 mg/kg) group, the WBC count sharply decreased,
and the MCYV significantly increased. The in-silico toxicity study revealed that most of the oil's components
were safe, despite a few compounds exhibiting hepatotoxicity and mitochondrial membrane potential toxicity.
Therefore, a chronic toxicity study on the essential oil and its constituents that showed toxicity in the in-silico
analysis must be done before using compositions including T. schimperi essential oil as pharmaceuticals.

ACKNOWLEDGMENT

The Ethiopian Public Health Institute (EPHI), Debre Markos University, and the School of Graduate Studies
at Addis Ababa University (AAU) all contributed financial support, for which the authors are grateful. () The
authors also thank the staff of EPHI's Traditional and Modern Medicine Research Directorate and the
Departments of Anatomy, Pharmaceutical Chemistry, and Pharmacognosy for their support throughout the
project.

REFERENCE

[1] Adane, Fentahun, Kaleab Asres, Wondwossen Ergete, Samuel Woldekidan, Abiy Abebe, Boki Lengiso, and
Girma Seyoum. "Composition of the essential oil Thymus schimperi and evaluation of its acute and subacute
toxicity in Wistar albino rats: in silico toxicity studies." Evidence-Based Complementary and Alternative
Medicine 2021, no. 1 (2021): 5521302.

[2] Adhikari, Atul, Himal Barakoti, and Biplab Kumar Dey. "Evaluation of Acute dermal irritation,
sensitisation and Acute dermal toxicity of leather cream in Laboratory animals." Indo-Glob res j Pharm sci 11
(2021): 01-6.

[3] Banerjee, Subham, Pronobesh Chattopadhyay, Animesh Ghosh, Manash Pratim Pathak, Shweta Singh, and
Vijay Veer. "Acute dermal irritation, sensitisation, and acute toxicity studies of a transdermal patch for
prophylaxis against (+) anatoxin-A poisoning." International Journal of Toxicology 32, no. 4 (2013): 308-313.
[4] Behl, Mamta, Maria B. Kadiiska, Milton R. Hejtmancik, Daphne Vasconcelos, and Rajendra S. Chhabra.
"Subacute oral and dermal toxicity of tert-butyl hydroperoxide in Fischer F344/N rats and B6C3F1
mice." Cutaneous and Ocular Toxicology 31, no. 3 (2012): 204-213.

[S] Bras, Cristina, Fernanda Gumilar, Norberto Gandini, Alejandra Minetti y Adriana Ferrero. "Evaluation of
the acute dermal exposure of the ethanolic and hexanic extracts from leaves of Schinus molle var. areira L. in
rats." Journal of Ethnopharmacology 137, no. 3 (2011): 1450-1456.

[6] Chandra, Sundeep A., Alan H. Stokes, Rick Hailey, Christine L. Merrill, David H. Melich, Kristina
DeSmet, Sylvia M. Furst, Richard A. Peterson, Katherine Mellon-Kusibab, and Rick R. Adler. "Dermal
toxicity studies: factors impacting study interpretation and outcome." Toxicologic Pathology 43, no. 4 (2015):
474-481.

IJ]NRD2605324 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org) ‘ d198



https://ijnrd.org/
http://www.ijnrd.org/

ez INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) a
:fRD © 2026 IJNRD | Volume 11, Issue 5, May 2026 | ISSN: 2456-4184 | ]INRD.ORG B O

[7] Chattopadhyay, Pronobesh, Subham Banerjee, Manash Pratim Pathak, Amit Agnihotri, Sanjeev Karmakar,
Danswrang Goyary, Sunil Dhiman, and Vijay Veer. "Acute and subchronic dermal toxicity of Vitex negundo
essential oil." Cutaneous and Ocular Toxicology 33, no. 1 (2014): 16-21.

[8] Chaurasia, Vidushi, Madan Lal Aggarwal, and Manoj Chandra Garg. "Safety Evaluation of Acute and
Subacute Dermal Toxicity Potential against Penoxsulam Herbicide in Wistar Rats."

[9] Chanda, Debabrata, Karuna Shanker, Anirban Pal, Suaib Lugman, Dnyaneshwar Umrao Bawankule,
Dayanandan Mani, and Mahendra Pandurang Darokar. "Safety evaluation of Trikatu, a generic Ayurvedic
medicine in Charles Foster rats." The Journal of Toxicological Sciences 34, no. 1 (2009): 99-108.

[10] Djerrou, Zouhir, Hadria Djaalab, Foulla Riachi, Mennouba Serakta, A. Chettou, Zineb Maameri, Badaoui
Boutobza, and Youcef Hamdi-Pacha. "Irritancy potential and sub-acute dermal toxicity study of Pistacia
lentiscus fatty oil as a topical traditional remedy." African Journal of Traditional, Complementary and
Alternative Medicines 10, no. 3 (2013): 480-489.

[11] Gandhare, B., S. Kavimani, and B. Rajkapoor. "Acute and subacute toxicity study of methanolic extract
of Ceiba pentandra (Linn.) Gaertn. on rats." Journal of Scientific Research 5, no. 2 (2013): 315-324.

[12] Guaouguaou, Fatima-Ezzahrae, Khalid Taghzouti, Mohamed Oukabli, Azlarab Masrar, Layachi
Chabraoui, Mounia Bouabdellah et Nour Eddine Es-Safi. "Acute and subchronic oral and dermal toxicological
studies of Salvia verbenaca extracts in mice and rats." Journal of Herbs, Spices & Medicinal Plants 25, no. 1
(2019): 33-42.

[13] Han, Sang Mi, Gwang Gill Lee, and Kwan Kyu Park. "Acute dermal toxicity study of bee venom (Apis
mellifera L.) in rats." Toxicological research 28, no. 2 (2012): 99-102.

[14] Jain, Neetu, and Meenakshi Sharma. "Evaluation of acute dermal toxicity of Cymbopogon martinii leaves
essential oil in Swiss albino mice." Journal of Essential Oil-Bearing Plants 24, no. 2 (2021): 342-348.

[15] Khalaf, A. A., Eman I. Hassanen, Rehab A. Azouz, Amr R. Zaki, Marwa A. Ibrahim, Khaled Y. Farroh,
and Mona K. Galal. "Ameliorative effect of zinc oxide nanoparticles against dermal toxicity induced by lead
oxide in rats." International Journal of Nanomedicine (2019): 7729-7741.

[16] BeruBe, Kelly, Michaela Aufderheide, Damien Breheny, Richard Clothier, Robert Combes, Rodger
Duffin, Ben Forbes et al. "In vitro models of inhalation toxicity and disease." Alternatives to laboratory
animals 37, no. 1 (2009): 89-141.

[17] Kim, Jin Sik, Kyung Seuk Song, Jae Hyuck Sung, Hyun Ryol Ryu, Byung Gil Choi, Hyun Sun Cho, Jin
Kyu Lee, and 1l Je Yu. "Genotoxicity, acute oral and dermal toxicity, eye and dermal irritation, corrosion and
skin sensitisation evaluation of silver nanoparticles." Nanotoxicology 7, no. 5 (2013): 953-960.

[18] Kumar, Suman, Yogesh P. Nikam, Sunayana Baruah, Susankar Kushari, Shatabdi Ghose, Satyendra K.
Prasad, Asha Das, Zartaj Wasmin Banu, Junmoni Kalita, and Damiki Laloo. "Safety profile assessment of
standardised root extract of Potentilla fulgens in Wistar rats: Acute and sub-acute dermal toxicity
study." Journal of Applied Pharmaceutical Science 14, no. 9 (2024): 138-147.

[19] Kushnir, V. I, I. M. Kushnir, 1. P. Patereha, O. T. Kutsan, O. M. Zhovnir, and B. V. Gutyj. "Comparative
assessment of various methods of studying the skin toxicity of a wound-healing drug." Ukrainian Journal of
Veterinary and Agricultural Sciences 5, no. 2 (2022): 3-7.

[20] Lamichhane, Ramakanta, Kyung-Hee Lee, Prakash Raj Pandeya, Kang-Kyung Sung, SangKwan Lee,
Yun-Kyung Kim, and Hyun-Ju Jung. "Subcutaneous injection of myrrh essential oil in mice: acute and
subacute toxicity study." Evidence-Based Complementary and Alternative Medicine 2019, no. 1 (2019):
8497980.

[21] Lan, Xinxin, Tingting Zhou, Yue Dong, Yuyan Li, Xinyu Liu, Weidong Qiang, Yan Liu et al. "Dermal
toxicity, dermal irritation, and delayed contact sensitisation evaluation of oil body-linked oleosin-hEGF
microgel emulsion via transdermal drug delivery for wound healing." Cutaneous and ocular toxicology 40,
no. 1 (2021): 45-53.

[22] Lapenna, Silvia, Mojca Fuart Gatnik, and Andrew P. Worth. Review of OSA R models and software tools
for predicting acute and chronic systemic toxicity. Luxembourg: Publications Office of the European Union,
2010.

[23] Lulekal, Ermias, Solomon Tesfaye, Selam Gebrechristos, Kassahun Dires, Tizazu Zenebe, Nigus Zegeye,
Gezu Feleke, Abayneh Kassahun, Yoseph Shiferaw und Awol Mekonnen. "Phytochemical analysis and
evaluation of skin irritation, acute and sub-acute toxicity of Cymbopogon citratus essential oil in mice and
rabbits." Toxicology reports 6 (2019): 1289-1294.

[24] Korani, Mitra, S. M. Rezayat, K. Gilani, S. Arbabi Bidgoli, and S. Adeli. "Acute and subchronic dermal
toxicity of nanosilver in guinea pig." International journal of nanomedicine (2011): 855-862.

IJ]NRD2605324 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org) ‘ d199



https://ijnrd.org/
http://www.ijnrd.org/

ez INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) a
:fRD © 2026 IJNRD | Volume 11, Issue 5, May 2026 | ISSN: 2456-4184 | ]INRD.ORG B O

[25] Mekonnen, Awol, Solomon Tesfaye, Selam G. Christos, Kassahun Dires, Tizazu Zenebe, Nigus Zegeye,
Yoseph Shiferaw, and Ermias Lulekal. "Evaluation of skin irritation and acute and subacute oral toxicity of
Lavandula angustifolia essential oils in rabbits and mice." Journal of Toxicology 2019, no. 1 (2019): 5979546.
[26] Mengiste, Berhan, Kassahun Dires, Ermias Lulekal, Mahlet Arayaselassie, Tizazu Zenebe, Gezu Feleke,
Eyasu Makonnen und Awol Mekonnen. "Acute skin irritation, acute and sub-acute oral toxicity studies of
Rosmarinus officinalis essential oils in mice and rabbits." African Journal of Pharmacy and Pharmacology 12,
no. 26 (2018): 389-396.

[27] Mishra, Arun K., Amrita Mishra, and Pronobesh Chattopadhyay. "Screening of acute and sub-chronic
dermal toxicity of Calendula officinalis L essential oil." Regulatory toxicology and pharmacology 98 (2018):
184-189.

[28] Padol, Amol R., K. Jayakumar, N. B. Shridhar, HD Narayana Swamy, M. Narayana Swamy, and K.
Mohan. "Safety evaluation of silk protein film (a novel wound healing agent) in terms of acute dermal toxicity,
acute dermal irritation and skin sensitisation." Toxicology international 18, no. 1 (2011): 17.

[29] Pednekar, Prajakta P., ROHIT V. DHUMAL, AJIT G. DATAR, and GEETA R. VANAGE. "In vivo dermal
absorption and sub-acute toxicity studies of essential oil from Blumea eriantha DC." Drugs 8 (2013): 9.

[30] Ratnaike, Ranjit Nihal. "Acute and chronic arsenic toxicity." Postgraduate medical journal 79, no. 933
(2003): 391-396.

[31] Shrivastav, Alankar, Deepali Singh, Deepak Singh Chaudhary, Navneet Verma, and Arun Kumar Mishra.
"Assessment of the Dermal Toxicity of Hydnocarpus wightiana Seeds Extract in Experimental
Rats." Biosciences Biotechnology Research Asia 21, no. 3 (2024): 1029-1036.

[32] Sibomana, Isaie, Neal A. Good, Patrick T. Hellman, Lewis Rosado, and David R. Mattie. "Acute dermal
toxicity study of new, used and laboratory-aged aircraft engine oils," Toxicology Reports 6 (2019): 1246-1252.
[33] Stallard, Nigel, Anne Whitehead, and Ian Indans. "Statistical evaluation of an acute dermal toxicity test
using the dermal fixed dose procedure." Human & experimental toxicology 23, no. 8 (2004): 405-412.

[34] Suresh, Swathi, and Chitra Vellapandian. "Assessment of oral toxicity and safety profile of cyanidin:
acute and subacute studies on anthocyanin." Future Science OA 10, no. 1 (2024): FSO982.

[35] Sithambaram, S. H. A. N. M. U. G. A. V. E. L. U,, and HEMN HASAN Othman. "Acute and sub-acute
dermal toxicity studies of Morinda citrifolia L. fruit extract in Sprague Dawley rats." Asian J. Pharm Clin
Res 8 (2015): 400-408.

[36] Teshome, Kefale, Tsige Gebre-Mariam, Kaleab Asres, Franklin Perry, and Ephrem Engidawork. "Toxicity
studies on dermal application of plant extract of Plumbago zeylanica used in Ethiopian traditional
medicine." Journal of ethnopharmacology 117, no. 2 (2008): 236-248.

[37] van der Kamp, Sophie, and Claire Elliott. "Increasing confidence in waiving dermal toxicity studies: a
comparison of oral and dermal acute data with alternative approaches for agrochemicals and
products." Regulatory Toxicology and Pharmacology 121 (2021): 104865.

[38] Villas-Boas, Gustavo Roberto, Marina Meirelles Paes, Priscila Gubert, and Silvia Aparecida Oesterreich.
"Evaluation of the toxic potential of the aqueous extract from Mangifera indica Linn. (Anacardiaceae) in rats
submitted to experimental models of acute and subacute oral toxicity." Journal of Ethnopharmacology 275
(2021): 114100.

[39] Yarmohammadi, Parisa, Mehran Arabi, and Parastoo Yarmohammadi. "Subacute dermal toxicity
investigation of nanosilver on serum chemical biomarkers in male mice." Nanomed J 1, no. 4 (2014): 285-
291.

[40] Zahi, Ali Khairullah, Hazilawati Hamzah, Mohd Rosly Shaari, Riyanto Teguh Widodo, Lucy Johnny, M.
M. Noordin, and Shanmugavelu Sithambaram. "Evaluation of acute and sub-acute dermal toxicity studies of
ethanolic leaf extract of Lawsonia inermis in rats." Journal of Advances in Biotechnology 6,no. 1 (2016): 835-
847.

Copyright & License:

P Sl © Authors retain the copyright of this article. This work is published under the Creative Commons
NRD Attribution 4.0 International License (CC BY 4.0), permitting unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

IJ]NRD2605324 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org) ‘ d200



https://ijnrd.org/
http://www.ijnrd.org/

