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Acute oral toxicity assessment of ethanol extract of Ophiorrhiza recurvipetala whole plant in Male Wistar rats 

ABSTRACT
[bookmark: _Hlk216353080]Normally, the Ophiorrhiza species offered more diverse biological functions, including anti-cancer, antimicrobial, antiviral, and more pharmacological activities. The present study was conducted to find the toxicity of the ethanol extract of Ophiorrhiza recurvipetala, a new member of this genus. Despite the extensive use of this species, a safety evaluation is necessary. The ethanolic extract of O. recurvipetala (OREE) was used for the assessment of its toxicity by assessing physiological indices, estimating biochemical variables, and performing a histological study in Wistar rats. The animals (n=25) were divided into five groups (n=5): group 1- control (administered with 1% Tween-80) and groups 2-5 were orally treated with OREE (5, 50, 300, and 2000 mg/kg b.w.), respectively. After 14 days, mortality, body weight, food and water intake, and toxicity signs were observed. Several hematological, biochemical and histopathological parameters were measured after the end of the experimental period as per the adherence to OECD 425 guidelines. No toxicity symptoms, alterations in physiological symptoms and mortality were found in OREE-treated animals (LD50 > 2000 mg/kg). No statistically significant changes in the hematological indices, biochemical variables (lipid profile, hepatic and renal markers), and histopathology. As the LD50 value is greater than 2000 mg/kg b.w., it can be used as a traditional medicine for various ailments. The results of the present experiment offer credibility for the use of O. recurvipetala for its medical purposes. However, further sub-acute or chronic studies are needed to explore the complete toxic profile of the plant.
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1. INTRODUCTION
Natural plants and plant-based products have gained attention recently and are being utilized as an alternative to modern medicines due to their efficacy in attenuating various human diseases caused by microorganisms and other environmental conditions. Primary health problems are mainly managed by 80% of the population using plant-based products (Liang et al., 2024). Secondary metabolites and their derivatives possess various pharmacological activities (Bachar et al., 2021; Nalawade & Tsay, 2004). Besides their role as a traditional medicine, the evaluation of their toxicity plays a key role in phytochemical research. The selection and utilization of plants or their products in the health care system is focused on safety (Abdullahi et al., 2001) with maximum or no side effects. The efficacy of these medicinal plants is showing a remarkable change towards abuse (Saleem et al., 2017). Paracelsus, the father of toxicology, explains, “All substances are poisons; there is none which is not a poison. It is the right dose, which differentiates remedy from poison” (Hunter, 2008). So, it is very much needed to research the safety of herbal plants. Typically, these plants are anticipated to have less toxicity; however, several herbs used as medicines are described to display toxic consequences (Mugale et al., 2024; Nasri et al., 2013).
Ophiorrhiza species are mainly called snake roots because of their therapeutic effect against snake bites. Roots of a few Ophiorrhiza Sp. are used in the therapy of tumors, snake bites, and wounds. Several other species have antibacterial, antiviral, and anthelmintic properties, treating body and chest pain, scalp and skin infections, diarrhoea, dysentery, and earache (Rajan et al., 2016). These plants are reported to have chemical components like camptothecin, blumeanine, luteolin, strictosidinic acid, tetrahydroalastonine, bracteatine, pumiloside, Harman, and lyalosidic acid in different concentrations. 
A new species (O. recurvipetala) discovered by Bhuyan et al. (2021) in Assam was shown to have structural resemblance with O. ochroleuca in some aspects and differences in other aspects. In our previous study, we investigated the bioactive components of O. recurvipetala whole plant extract using gas chromatography and mass spectrometry (GC-MS) and their in vitro antioxidant properties (Vidya et al., 2025). Till now, there is an absence of experimental data on the toxicity profile of O. recurvipetala. Despite the extensive use of this species, its oral toxic effect has not been evaluated. The present study aimed to observe the possible toxic profile of the ethanol extract of the O. recurvipetala plant extract in male Wistar rats.
2. MATERIALS AND METHODS
2.1 Plant material 
The Ophiorrhiza recurvipetala was collected from the Western Ghats, Nilgiris, India, and recognized by a botanist, Dr. K. Madhava Chetty, Botany Department, SV University, Tirupati, India. A specimen (0899) was preserved in the Herbarium of the Botany Department. The plant material was dried in the shade and then ground into a fine powder.
2.1.1 Extraction of plants
The processed plant material (14 g) was dried under shade conditions, ground, and extracted with ethanol in a Soxhlet apparatus to get the ethanolic (OREE) extract of O. recurvipetala. Then filtered, evaporated, and stored in a desiccator (Vidya et al., 2025). 
2.2 Animals 
Male Wistar Albino rats (150–200 g) were procured and maintained under standard temperature and other environmental conditions in the animal house of ‘The Oxford College of Pharmacy', Bengaluru, with food and water ad libitum. Ethical clearance was obtained from IAEC, with the proposal number TOCP/11/IAEC/2023-2024.
2.3 Experimental design
2.3.1. Acute toxicity assay
The experiment was carried out as per the guidelines of OECD 425 (OECD, 2022). 25 animals were classified into 5 groups (n = 5); Group I (1% Tween-80) and other animals (Group II-Group V) were orally treated with OREE (5, 50, 300, and 2000 mg/kg b.w.). The observation was carried out every 30 minutes, 4 h after treatment, and every 24 h up to 14 days (Wahyuni et al., 2023). 
The body weight, signs of clinical toxicity, abnormal behaviors, and mortality rate were evaluated every 3 days. On the 15th day, blood samples were collected by cardiac puncture in dried tubes and hematological and biochemical indices were estimated. Then the animal was anaesthetized with ketamine (50 mg/kg b.w.). The body weight of all rats was evaluated weekly. The organs (heart, liver, spleen, lungs, stomach, kidney, and intestine) from the animals were procured and weighed. 
2.3.2 Hematological and Biochemical analysis 
Hematological parameters (hemoglobin, erythrocyte, erythrocyte sedimentation rate (ESR), leucocyte, granulocytes, lymphocytes, and monocyte, MCV, MCH, and MCHC) of blood sample were analyzed in the biochemical lab. The Agappe kit was used to examine lipid profiles (total cholesterol, TAG, HDL, LDL, and VLDL), liver markers (ALP, AST, ALT, albumin, bilirubin, and globulin), and renal markers (blood urea nitrogen (BUN), urea, uric acid, and creatinine). 
2.3.3. Histopathological studies 
The rats were sacrificed, and the livers from all groups were separated for histological studies. The liver was washed in normal saline, fixed in 10% buffered formalin, and dehydrated with alcohol. The organ was fixed and cut into 5 μm-thick sections, followed by hematoxylin and eosin staining. The histopathology profile was observed under a light microscope. The microscopic features of the organs were analyzed and compared to the control (Yi-Chen et al., 2018).
2.4 Statistical analysis
The results were expressed as mean ± SEM for five animals. The statistical calculation was performed by one-way analysis of variance (ANOVA) followed by DMRT. p-<0.05 were considered significant.
3. RESULTS AND DISCUSSION
3.1 Acute toxicity assay 
The medicinal herbs were less harmful and had fewer adverse consequences, which can be tested for their toxicity and safety in a variety of animal models (Wahyuni et al., 2023). So, in the present study, the possible and dose-dependent effect (acute toxicity) of OREE was evaluated by analyzing mortality, body weight changes, food and water intake, cognitive and behavioural functions, hematological and biochemical indices in Wistar rats. In an acute regimen, even the maximum dose (2000 mg/kg b.w.) did not induce mortality. Adnan et al. (2019) demonstrated that the oral administration of Ophiorrhiza rugosa in an acute manner showed no toxicity even at the concentration of 2000 mg/kg b.w., which is consistent with our study. The LD50 is the quantity of the substance that can be administered to induce mortality in 50% of any animal group after its passage into the animal by any route. So, the results obtained from the acute regimen indicated that the LD50 value of OREE may be more than the high dose of OREE (2000 mg/kg b.w.). 
3.1.1 Body weight changes
The body weight changes of control and OREE-treated rats were depicted in Fig. 1. During the acute study, animals exposed to various doses of OREE (5, 50, 300, and 2000 mg/ kg b.w.)  displayed a gradual and significant enhancement in body weight from the initiation (week 0) to the end (week 2) of the experiment. No significant and drastic surge or loss in body weight was found among the groups of animals. There are no significant alterations in water and food intake found between control and experimental animals. The oral administration of various doses of OREE might not relieve stress in rats that could not diminish the food and water intake without interfering with the body weight (Fig.1).
[image: ]

Fig.1: Body weight changes in control and experimental rats. Data represent mean ± SEM (n = 5). The data were analyzed by ANOVA followed by Duncan’s Multiple Range Test (DMRT). There were no statistically significant differences (p=0.05). 

[bookmark: _Hlk216353127]3.1.2. Analysis of toxic signs
The animals were monitored continuously after 4 h, 24 h, 72 h, and 14 days for analyzing the signs of toxicity of the OREE, such as salivation, restlessness, convulsions, aggressiveness, tremors, diarrhea, and alterations in the color of fur, skin, and eyes, breathing, food and water intake, sleep patterns, touch response, spontaneous activity, etc. Physical observations in the OREE-treated group indicated no significant abnormalities in the abovesaid indices (Table 1). Additionally, the animals treated with OREE (2000mg/kg b.w.) withstood the maximum dose without any abnormalities in the fur and skin, eye colour, tremors, salivation, breathing, behavioral patterns, or sleep cycle. 











TABLE 1: Analysis of toxicity signs in control and experimental animals
	SL NO
	Toxicity parameters evaluated
	Observation

	
	
	Control
	OREE (5 mg/kg)
	OREE (50 mg/kg)
	OREE (300 mg/kg)
	OREE (2000 mg/kg)

	
	
	4h
	24h
	72 h
	14d
	4h
	24h
	72 h
	14d
	4h
	24h
	72 h
	14d
	4h
	24h
	72 h
	14d
	4h
	24h
	72 h
	14d

	1
	Body weight
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	2
	Fearfulness
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	3
	Irritability
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	4
	Touch response
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	5
	Abdominal tone
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	6
	Restlessness
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	7
	Tremors
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	8
	Writhing
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	9
	Corneal reflexes
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	10
	Diarrhoea
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	11
	Defecation
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	12
	Aggressiveness
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	13
	Food and water intake
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	14
	Respiration rate
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	15
	Pupil size and colour
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	16
	Pupil reaction to light
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	17
	Skin colour and texture
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	18
	Spontaneous activity
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	19
	Fur colour 
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	20
	Convulsions
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	21
	Death or survival
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S



(N) normal, (-) not observed, (s) survived.

3.1.3. Organ weight changes 
The weights of various organs, such as the liver, heart, lungs, spleen, kidneys, stomach, and intestine of the control and experimental animals treated with various doses of OREE, are depicted in Table 3. The organ weight of animals administered with various doses of OREE for 14 days was calculated and showed no significant alterations (Table 2). The evaluation of organ weight acts as an indicator of the toxicity of plant extracts. Any alteration in the weight of the organ in the treatment groups with relation to the control group provides a primary sign for underlying injury or inflammation of the organ produced by the extract (Yam et al., 2013). The weights of major organs, such as the liver, heart, lungs, spleen, stomach, kidneys, and intestine, were observed. It was found that there were insignificant differences among the organ weights of animals treated with OREE in relation to the control group (Table 2).  
Table 2: Measurement of changes in organ weight of control and experimental rats
	Organs
	Control
	OREE (5 mg/kg)
	OREE (50 mg/kg)
	OREE (300 mg/kg)
	OREE (2000 mg/kg)

	Liver
	4.15±0.25
	4.22±0.18
	4.26±0.31
	4.19±0.11
	4.28±0.22

	Heart
	0.35±0.04
	0.36±0.02
	0.34±0.01
	0.37±0.03
	0.39±0.03

	Lungs
	0.82±0.05
	0.79±0.03
	0.81±0.04
	0.83±0.03
	0.78±0.02

	Spleen
	0.34±0.03
	0.35±0.04
	0.38±0.05
	0.36±0.02
	0.39±0.03

	Both Kidneys 
	0.84±0.04
	0.82±0.02
	0.85±0.03
	0.86±0.02
	0.87±0.05

	Stomach
	3.11±0.45
	3.54±0.39
	3.72±0.53
	3.81±0.29
	3.65±0.31

	Intestines
	11.43±0.61
	11.59±0.56
	11.88±0.47
	11.65±0.76
	12.09±0.33



Data represent mean ± SEM (n = 5). The data were analyzed by ANOVA followed by Duncan’s Multiple Range Test (DMRT). There were no statistically significant differences (p=0.05). 

[bookmark: _Hlk216353144]3.1.4. Hematological analysis 
The effects of acute exposure of OREE on hematological indices are indicated in Table 3. The RBC and WBC counts, hemoglobin, ESR, lymphocytes, monocytes, MCH, and MCHC were slightly increased in rats treated with different doses of OREE (5, 50, 300 and 2000 mg/kg b.w.). In contrast, granulocytes and MCV decreased slightly in animals treated with various doses of OREE for 14 days. The systemic effects due to the administration of the plant extract can be assessed by evaluating the hematological and biochemical parameters (Pariyani et al., 2015). The more susceptible target of lethal substances is the hematopoietic system, which exists in the bone marrow (Scharf et al., 2020; Birbrair & Frenette, 2016). Thus, analyzing the hematological parameters is crucial for determining the consequences of plant extracts (Arika & Nyamai, 2016). In the present study, no significant changes were observed in hematological indices such as the number of RBC and WBC counts, hemoglobin, ESR, and lymphocytes, and a slight and non-significant increase in granulocytes and MCV were found (Table 3). These alterations are not considered toxic and may fall within the normal values. From this study, it was found that the administration of OREE induced no significant alterations as compared to the control group, indicating that the extract may not induce any toxicity leading to abnormal conditions. 
3.1.5 Estimation of biochemical indices
Acute exposure to OREE on biochemical indices was mentioned in Table 4. The levels of HDL, bilirubin, globulin, and albumin were slightly increased in rats treated with different doses of OREE (5, 50, 300, and 2000 mg/kg b.w.). In contrast, the levels of lipid markers (cholesterol, TAG, LDL, and VLDL), kidney markers (urea, BUN, creatinine, and uric acid), and liver markers (activities of AST, ALT, and ALP) were decreased slightly in animals treated with various doses of OREE for 14 days. The liver and kidneys play a vital role in metabolism, indicating health status when compared to other organs (Kaur, 2019). Furthermore, the biochemical parameters are essential to express the function of these organs. The functions of the liver were typically assessed by estimating the levels of bilirubin, albumin, and globulin and analyzing the activities of AST, ALT, and ALP. A severe decline in those liver markers showed the reduction in their biosynthesis, which is probably due to liver disease or injury (Shatoor, 2011). Usually, toxic substances are deposited in the liver, where their metabolism and detoxification take place. Enhanced activity of ALP, ALT, and AST demonstrated the liver damage (Ramaiah, 2011). Slight reduction in ALP, AST, and ALT activities of OREE-treated groups suggested that OREE could not induce any toxic effects on the liver (Brondani et al., 2017). The levels of bilirubin, albumin, and globulin were slightly increased but do not show any significant changes among the groups (Table 4). A surge of these biochemical variables is usually present in several cancers or after high-protein intake (Xiao et al., 2024). Our study showed a slight difference in the liver markers, indicating a non-toxic effect in the rats. The kidneys are reported as the common targets for toxic substances (Al-Naimi et al., 2019). OREE-administered groups displayed insignificant alterations in creatinine, urea, uric acid and BUN, suggesting that OREE administration might not affect the normal renal function as compared with the control group. OREE administration did not significantly alter the levels of total cholesterol, TAG, LDL, VLDL, and HDL when compared with the control, suggesting that the extract may not be toxic to the essential bodily functions. Histopathological assessment was made to further evaluate the cellular architecture due to the drug intervention. Similarly, the histological examination of the liver also did not show any changes in the tissue, confirming that extract administration is relatively safe for the liver. 

Table 3: Estimation of alterations in hematological parameters of control and experimental rats
	Hematological parameters
	Control
	OREE (5 mg/kg)
	OREE (50 mg/kg)
	OREE (300 mg/kg)
	OREE (2000 mg/kg)

	RBC (106/μL) 
	6.01±0.31 
	6.12±0.5 
	6.25±0.4 
	6.14±0.6 
	6.31±0.3 

	Haemoglobin (g/dl)
	14.01±0.08 
	14.76±0.05 
	14.11±0.01 
	14.24±0.49 
	14.83±0.12 

	ESR mm/1st hour
	6.44±1.15
	6.5±1.07
	6.7±0.09
	6.6±1.21
	6.5±1.04

	WBC (109)
	11.11±0.12 
	11.39±0.03 
	11.59±0.06 
	11.62±0.13 
	11.45±0.50 

	Lymphocytes (%)
	66.08±1.24
	66.71±1.31
	67.16±1.74
	67.18±1.32
	68.16±5.23

	Monocytes (%)
	11.49±1.36
	11.62±1.32
	12.12±0.83
	12.15±0.88
	11.05±1.29

	Granulocytes (%)
	22.38±1.43
	22.15±1.54
	21.22±1.25a
	20.45±1.48
	20+.80±1.03

	MCV (fL) 
	52.08±0.52 
	51.97±0.67 
	50.86±2.95 
	51.77±0.86 
	50.06±0.37

	MCH (pg) 
	19.55±0.23 
	20.32±0.17 
	20.84±0.08 
	20.40±0.30 
	21.05±0.30

	MCHC (g/dL) 
	39.98±0.58 
	40.72±0.37 
	38.89±1.87 
	40.82±0.26 
	41.02±0.45



[bookmark: _Hlk216353159]Data represent mean ± SEM (n = 5). The data were analyzed by ANOVA followed by Duncan’s Multiple Range Test (DMRT). There were no statistically significant differences (p=0.05). 

Table 4: Estimation of biochemical parameters in control and experimental animals
	Parameters
	Control
	OREE (5 mg/kg)
	OREE (50 mg/kg)
	OREE (300 mg/kg)
	OREE (2000 mg/kg)

	Lipid profile

	Cholesterol (mg/dl)
	84.6±1.33
	83.21±1.34
	84.17±1.71
	82.25±1.27
	81.54±1.54

	Triglyceride (mg/dl)
	94.25±2.14
	93.15±1.97
	92.91±2.04
	93.21±1.88
	92.43±1.65

	HDL (mg/dl)
	27.22±1.43
	28.56±1.67
	28.54±1.51
	29.25±2.01
	29.56±1.58

	LDL (mg/dl)
	75.11±3.41
	74.29±2.68
	73.64±2.11
	73.14±2.02
	73.21±3.01

	VLDL (mg/dl)
	19.22±1.95
	19.15±1.39
	18.65±1.74
	18.05±1.44
	17.55±1.37

	Liver function test

	Bilirubin (mg/dl)
	0.32±0.05
	0.31±0.07
	0.34±0.04
	0.35±0.03
	0.36±0.07

	AST (U/L)
	65±2.45
	63.95±1.73
	63.23±1.26
	62.12±1.54
	61.61±2.04

	ALT (U/L)
	55.22±0.45
	53.19±0.38
	52.97±0.63
	53.08±0.41
	52.55±0.78

	ALP (U/L)
	218.22±0.45
	216.57±0.52
	213.62±0.38
	211.44±0.71
	207.39±0.56

	Albumin (g/L)
	3.8±0.45
	4.1±0.51
	4.0±0.62
	4.2±0.37
	4.2±0.79

	Globulin (g/L)
	3.50±0.45
	3.7±0.56
	3.8±0.43
	3.7±0.57
	3.95±0.32

	Renal function test

	Urea (mg/dL)
	19.23±0.45
	18.17±0.33
	17.95±0.47
	17.44±0.51
	17.01±0.49

	BUN (mg/dL)
	11.25±0.45
	11.14±0.32
	10.55±0.38
	10.98±0.41
	9.86±0.33

	Creatinine (mg/dL)
	0.35±0.45
	0.31±0.39
	0.33±0.56
	0.32±0.53
	0.30±0.44

	Uric acid (mg/dL)
	3.22±0.45
	3.17±0.51
	3.04±0.38
	2.88±0.67
	2.76±0.48



Data represent mean ± SEM (n = 5). The data were analyzed by ANOVA followed by Duncan’s Multiple Range Test (DMRT). There were no statistically significant differences (p=0.05). 

3.1.6. Histopathological changes 
[image: ]
[bookmark: _Hlk216353178]Fig. 2: Anatomical changes in the liver of control and experimental animals. The histopathological alterations indicate normal hepatocytes, portal veins, and bile ducts, suggesting healthy liver architecture (group I). Groups II, III, and IV (50, 300, and 2000 mg/kg b.w.) also indicate normal hepatocytes and a normal central vein, suggesting preserved hepatic and vascular integrity.
As no significant difference was found between the control and low-dose group (5 mg/kg b.w.), liver was procured from the control, 50, 300, and 2000 mg/kg b.w. groups and analyzed for histopathological examinations (Fig. 2). Microscopic examination of the liver showed no abnormalities in the texture and architecture of the treated groups as compared with the control group. The main limitations of the study are the histopathological examination of the liver, which is due to the metabolism of toxic substances taking place in this organ, and the use of male rats. In the future, the toxicity on other organs will be studied further in sub-acute and chronic studies involving both male and female rats. 

4. CONCLUSION
Oral administration of OREE did not cause any acute toxicity in rats, with the LD50 value higher than 2000 mg/kg b.w. No mortality or side effects regarding body weight, food and water intake, physical and physiological behaviour, organ weights, and hematological and biochemical indices were noticed in OREE-administered experimental animals. Histopathological evaluation of the liver indicated a normal architecture with no anatomical changes. However, further subacute or chronic studies are needed to explore the complete toxic profile of the plant.
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