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					ABSTRACT  

					ARTICLE INFO  

					Laggera aurita Linn (Asteraceae) is widely used in Nigeria, Cameroon, Ghana, Senegal, and India  

					for treating malaria, cancer, epilepsy, tuberculosis, and rheumatoid arthritis. This study seeks to  

					establish the safety profile of the ethanol extract of Laggera aurita (EELA). An acute toxicity limit  

					test at 5000 mg/kg was conducted as per OECD 425 and determined to be > 5000 mg/kg. A 90-  

					day oral chronic toxicity study followed, according to OECD 408, involving five groups of ten  

					rats administered the extract at 75, 150, 300, and 600 mg/kg daily, while the control group received  

					1 ml/kg distilled water. Daily measurements included food and water intake, and body weights  

					were measured weekly. The animals were humanely killed on day 91, and blood samples and vital  

					organs were collected for assays and histopathology. Results indicated no changes in food intake,  

					water intake, body weights, relative organ weights, haematological indices, or reproductive  
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					nor changes in serum creatinine, blood urea nitrogen, or electrolytes. However, a significant  

					(p<0.05) reduction in aspartate transaminase (AST) and urea was observed in the liver and kidney  

					at doses of 150-600 mg/kg compared to control. Additionally, there was a significant (p<0.05)  

					reduction in thyroid hormones and an elevation of cholesterol and low-density lipoproteins at  

					doses of 150-600 mg/kg. The study suggests EELA is generally safe at low doses (75 mg/kg), with  

					the no observed adverse effect level (NOAEL) determined to be 75 mg/kg.  

					Keywords: Safety, Toxicity, Laggera aurita, Safety Profile, Acute Toxicity.  

					Some of the folkloric medical uses have been scientifically evaluated,  

					and several scientific studies have reported various bioactive properties  

					Introduction  

					The use of plants for ethnomedicinal purposes to treat various  

					illnesses is increasingly seen as an alternative to conventional  

					medicines in recent times.1,2 Furthermore, plants are a source of new  

					drugs and lead compounds with so much potential that they can be  

					explored for their medicinal benefits.3 Given the significant reliance on  

					medicinal plants for treating diseases and the potential for drug  

					discovery, it is important to seek out potent, effective, and relatively  

					safe plant medicines.4 Nearly 85 % of the population of developing  

					countries rely on the use of herbal medicinal products for the treatment  

					of diseasesand in Nigeria there has been a substantial increase in public  

					awareness and the use of herbal medicinal products for disease  

					treatment and/or prevention.5 Laggera aurita (LA) is a species of  

					Laggera from the family Asteraceae; some of its local names in Nigeria  

					include taba-taba in Hausa and eru-taba in Yoruba. LA grows annually  

					in Nigeria along houses, farmlands and riverbanks, and spreads  

					throughout sub-Saharan Africa.6 The ethnomedicinal use of LA has  

					been documented in China, Senegal, Ghana, Pakistan, India and  

					Nigeria. The whole plant and or its leaves have been used to treat  

					ailments such as pediatric malaria fever, pain, asthma, cancer,  

					bronchitis, constipation and epilepsy.7,8,9  

					of the plant, such as alkaloids, saponins, phenols, flavonoids and cardiac  

					glycosides.10 This makes it important to obtain more information from  

					toxicity studies to assess the risks associated with its use and improve  

					safety in its use in folk medicine. This research aims to evaluate the sub-  

					chronic toxicity and safety profile and to estimate the no observed  

					adverse effect level (NOAEL) of LA.  

					Materials and Methods  

					Plant Collection and Extraction  

					The leaves of Laggera aurita were collected from Zaria Local  

					Government Area, Kaduna State, in April 2023. The plant sample was  

					identified by Baha’uddeen Said Adam from the Department of Plant  

					Biology at Bayero University, Kano, with the herbarium accession  

					number BUKHAN 0138 and reference number DPB/BUK/HIF/01377.  

					Fresh leaves of Laggera aurita were washed, air-dried, and reduced in  

					size using a pestle and mortar. The powdered leaves were weighed, and  

					1.8 kg of the powdered plant was extracted using 6 L of 70 % w/v  

					ethanol and 30 % w/v distilled water via cold maceration for 72 hours.  

					The solvent from the extract was evaporated to dryness in a thermostat  

					oven set at 50 c. The dried extract was weighed, labelled as EELA  

					̊

					(ethanol extract of Laggera aurita), and stored in a desiccator.  
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					Animals  

					Wistar rats weighing between 100 and 150 g were purchased from the  

					Animal House of the Department of Pharmacology and Therapeutics,  

					Bayero University Kano, and kept under standard laboratory conditions  

					with access to food and water ad libitum. The animals were housed in  

					their cages and maintained at a temperature of 28±2°C, while the  

					relative humidity ranged from 45 to 55% under a 12-hour natural  

					dark/light cycle. The rats were acclimatized for five days prior to the  

					commencement of the experiment.  
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					Chemicals and Equipment  

					bilirubin and albumin. The kidney function (urea, creatine, sodium,  

					potassium, bicarbonate and chloride), while lipid profile include  

					cholesterol, low density lipoprotein (LDL), high density lipoprotein  

					(HDL) and triglyceride, in addition, oxidative stress markers assayed  

					Ethanol (Sigma-Aldrich), distilled water, chloroform (sigma-Aldrich),  

					formalin (10 %) (sigma-aldrich), mouth cannular, syringes (1ml, 5ml  

					and 10ml), pestle and mortar, spatula, crucible, measuring cylinders,  

					oven, desiccator, electronic weight scales, cotton wool, razor blades,  

					EDTA bottles, plain bottles, plastic containers, centrifuge, ELISA kits  

					(Wuhan Fine Biotech Co.), microplate reader (RT-2100c from  

					RAYTO).  

					were  

					glutathione  

					(GSH),  

					superoxide  

					dismutase  

					(SOD),  

					malondialdehyde (MDA) and catalase (CAT). They were all assayed  

					using the biobased chemistry analyzer.  

					Hormonal Assay  

					Ethical Approval  

					The serum obtained from whole blood was used to assay the thyroid  

					hormones (T3, T4, and TSH) and reproductive hormones (estrogen,  

					testosterone, and progesterone) for both the male and female rats. The  

					assay was carried out using the sandwich ELISA protocol as described  

					by the manufacturer (ELISA kits obtained from Wuhan Fine Biotech  

					Co.), after which the absorbances were measured using a microplate  

					reader (RT-2100c from RAYTO).  

					Ethical clearance was sought from Bayero University Animal Care and  

					Use Research Ethics (ACUREC), which was approved with animal use  

					protocol (AUP) number BUK/ACUREC/CAP/PG33.  

					Acute Toxicity  

					This was carried out using the up-and-down method according to the  

					Organization for Economic Co-operation and Development  

					guidelines.10 Three female Wistar rats weighing between 120-150g  

					were used for the study. The animals were kept in the laboratory for five  

					days to acclimate to the laboratory conditions. The animals were fasted  

					from food (but with access to water) for 3-4 hours before dosing. The  

					fasting body weight was measured and used to calculate the dose for  

					each animal. The limit test was carried out at 5000 mg/kg to determine  

					the acute toxicity. In the first stage, one animal was orally administered  

					the EELA at a dose of 5000 mg/kg. After administration, food was  

					withheld for a further 3-4 hours in rats and observed for 48 hours, along  

					with careful observation for the first 30 minutes post-treatment and  

					occasionally during the first 24 hours. The animal survived the first  

					stage; therefore, two new fresh animals were further administered  

					EELA at 5000 mg/kg and observed for 48 hours. They were monitored  

					continuously for 14 days for mortality or morbidity. The LD50 was  

					subsequently estimated. Animals were observed, including changes in  

					behaviour patterns, eyes, mucous membranes, skin, and fur.  

					Histopathological Analysis  

					The liver, kidney, heart, stomach, and brain were harvested from each  

					animal. The organs were weighed to determine the relative organ weight  

					and fixed in 10 % formalin. The fixing was done for 48 hours, after  

					which the tissues were dehydrated through ascending grades of alcohol  

					from 70 % alcohol to 90 % alcohol and finally absolute alcohol (100 %)  

					for 16 hours. The tissues were cleared in toluene for 2 hours and then  

					impregnated with molten paraffin for 4 hours. The tissues were then  

					embedded in paraffin wax, sectioned using a rotary microtome at 5-  

					micron thickness. The sections were stained using the haematoxylin and  

					eosin staining technique, and the stained sections examined using a light  

					microscope and relevant photomicrographs taken using a digital camera  

					of the microscope.  

					Statistical Analysis  

					The data obtained from the study were analyzed using repeated  

					measures and one-way ANOVA, where appropriate, and Bonferroni’s  

					post hoc test with significance at p < 0.05. The statistical package for  

					social sciences (SPSS) software version 26 was utilized for the analysis.  

					The results obtained were presented as Mean ± standard error of mean.  

					90-Day Repeated Dose Sub-Chronic Toxicity Studies  

					The 90-day repeated dose sub-chronic toxicity study was conducted  

					according to the Organization for Economic Co-operation and  

					Development guidelines.11 Fifty rats, 8-9 weeks old, weighing between  

					120- 150 g, were randomized into five groups of ten animals each (five  

					males and five females) and allowed to acclimatize for five days before  

					starting the experiment. The animals were kept under standard  

					laboratory conditions and permitted access to laboratory diet and water  

					ad libitum. Group I was the control, and they were orally administered  

					distilled water at a dose of 1 ml/kg body weight once daily. Groups II,  

					III, IV and V were the treatment groups and were orally administered  

					75, 150, 300 and 600 mg/kg bodyweight of EELA once daily.  

					Administration was done continuously at the same time once daily for  

					90 days, during which animals were observed for any signs of toxicity,  

					such as changes in fur, skin, eyes, mucus, posture, gait, and bizarre  

					behaviour. These observations were done daily, and the weight of  

					animals was recorded weekly. After 90 days, the animals were starved  

					overnight but allowed water access and weighed the next day. The  

					animals were humanely euthanized by cervical dislocation after mild  

					anaesthesia using chloroform. Four milliliters of blood sample were  

					collected from each rat. Whole blood was collected in EDTAbottles and  

					plain bottles for each rat.  

					Results and Discussion  

					Acute Toxicity  

					LD50 was determined to be greater than 5000 mg/kg, as shown in Table  

					1. There were no changes in behavioural patterns, such as gait, and no  

					changes were observed in the eyes, mucous membranes, skin, and fur.  

					Acute oral toxicity is typically assessed to evaluate the potential toxic  

					effects of a test substance following single-dose exposure and to  

					provide doses for subsequent toxicity testing.  

					substance exceeding 1000 mg/kg body weight can be considered to  

					indicate low toxicity and, therefore, safety. 13,14 The result of the acute  

					oral toxicity in this study showed that the LD50 was above 5000 mg/kg,  

					which agrees with the acute oral toxicity conducted on the same plant  

					by other studies.16  

					12  

					An LD50 of a test  

					Table 1: Acute Toxicity (LD50) of Ethanol Extract of Laggera  

					aurita in Rats  

					Route of  

					administration  

					Dose  

					LD50  

					Assessment of Haematological Parameters  

					Oral  

					5000 mg/kg  

					> 5000 mg/kg  

					The blood samples collected in the EDTA-coated bottles were assessed for  

					haematological parameters using the Biobase automated haematological  

					analyzer. The haematological parameters analysed include white blood cell  

					(WBC), Lymphocytes (LYMP), Mid Cells (MID), Granulocytes (GRAN),  

					Red blood cells (RBC), Haemoglobin (HGB), Haematocrit (HCT), Mean cell  

					haemoglobin concentration (MCHC), and Platelets (PLT).  

					Effects of Laggera aurita on Body Weight of Rats  

					Laggera aurita extract at 600 mg/kg significantly (p<0.05) reduced the  

					mean body weight of male rats in the fourth week of the experiment  

					compared to the control. Furthermore, in the seventh week, the extract  

					at 150 mg/kg significantly (p<0.05) decreased the mean body weight of  

					the male rats when compared to the control. However, on comparison  

					over time, the oral administration of the Laggera aurita extract (75, 150,  

					300, 600 mg/kg) significantly increased the mean body weight  

					compared to week zero (Fig. 1A).  

					Assessment of Biochemical Parameters  

					The blood samples collected in the plain bottles were centrifuged at  

					2500 rpm for 10 minutes with a Centurion centrifuge machine, model  

					4040 series. The serum was then separated from the cells for the  

					analysis. Liver function tests include alanine aminotransaminase (ALT),  

					aspartate aminotransaminase (AST), alkaline phosphatase (ALP),  
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					on any organ, organ weight can also provide some insights to identify a  

					target organ for toxicity.20 In this study, the relative organ weight  

					measured was the organ-to-body weight ratio, which considers the  

					differences in body weights of the test animals and the control. The  

					result did not significantly change between the treated and the control  

					groups. The relative organ weight results did not indicate the possibility  

					of any target organ toxicity.21 The body weights of the treated animals  

					were also not affected by the administration of the plant extract, as  

					previously explained, because there was a progressive increase in the  

					body weight of the rats.  

					Figure 1: Effect of Ethanol Extract of Laggera aurita on Body  

					Weight of Rats, A = Male, B = Female  

					a

					Values are Mean ± S.E.M. * =p<0.05 as compared to DW group,  

					=p<0.05, b =p<0.01, c =p<0.001 as compared to Week 0 – Repeated  

					Measure ANOVA followed by Bonferroni’s post hoc test, n=5 (Male or  

					Female), DW=Distilled water, EELA = Ethanol Extract of Laggera  

					aurita  

					In the female rats, Laggera aurita extract did not show a significant  

					(p<0.05) change between the treated rats compared to the control.  

					However, on comparison over time, the oral administration of the  

					Laggera aurita extract (75, 150, 300, 600 mg/kg) significantly  

					increased the mean body weight compared to week zero (Fig. 1B).  

					Reduction in body weight can be an index of toxicity, where a reduction  

					of up to 5 % can be considered a predictor of degeneration within the  

					body.17 In this study, there was no significant change observed in the  

					body weight of the female animals in all treatment groups compared  

					with the control. Although a significant change was seen in the male  

					animals at weeks 4 and 7 at 600 and 150 mg/kg doses, respectively, this  

					did not affect the final body weights after completing the experiment.  

					No statistically significant difference was found between the weight of  

					the test group compared to the control group over time, at the end of the  

					90 days. Therefore, a progressive increase in the body weight of all the  

					animals in both control and treatment groups were observed, which  

					suggests a growth response. This suggests that the extract may not have  

					the potential that led to weight loss or stimulate weight gain.18  

					Figure 2: Effect of Ethanol Extract of Laggera aurita on  

					Relative Organ Weight of Rats, A = Male, B = Female  

					Values are Mean ± S.E.M., No significant differences as compared to  

					DW group – One-way ANOVA followed by Bonferroni’s post hoc test,  

					n=5 (Male), n=5 (Female), Distilled water, EELA = Ethanol Extract of  

					Laggera aurita.  

					Effect of Laggera aurita on Haematological Parameters of Rats  

					Haematological parameters such as red blood cells (RBC), white blood  

					cells (WBC), Mean cell haemoglobin concentration (MCHC),  

					Haemoglobin (HG), Haematocrit, Platelets, granulocytes and  

					lymphocytes were normal in the treated male and female rats compared  

					to the control, as presented in Table 2. The Hematopoietic system is one  

					of the main targets for potential toxicants, as the blood cells are the first  

					cells exposed to toxic substances as soon as they reach the systemic  

					circulation.17 The system is responsible for the delivery of oxygen to  

					tissues throughout the body, maintenance of vascular integrity and  

					provision of immune functions necessary for defence.22 A reduction in  

					haematological parameters such as RBC, MCHC, and HGB usually  

					indicates the presence of anaemia, which may also be associated with a  

					deficiency in the B vitamins as a result of malnutrition, and other  

					factors;12 an elevation may be due to dehydration and other health-  

					related factors. White blood cells (WBC), which include granulocytes  

					(neutrophils, eosinophils, basophils), monocytes, and lymphocytes (T  

					cells and B cells), play a crucial role in the body's defence against  

					Effects of Laggera aurita on Organ Weight of Rats  

					There was no significant (p<0.05) change between the organ weights of  

					the liver, kidney, heart, stomach, ovaries, testes, and brain of treated  

					male and female rats compared to the control (Figures 2Aand B). Organ  

					weight (organ-to-body/brain weight) analysis is an important indicator  

					of endpoint toxicity. Morphological changes may or may not  

					accompany changes in the organ weight between treated and untreated  

					animals.19 Although histopathology identifies treatment-related effects  
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					Table 2: Effect of Ethanol Extract of Laggera aurita on Haematological Parameters of Rats  

					Units Treatment (mg/kg)  

					EELA 150 EELA 300  

					Indices  

					Male  

					DW 1mL/kg  

					EELA 75  

					EELA 600  

					WBC  

					(×103/µL)  

					(%)  

					4.58±0.27  

					4.88±0.23  

					4.10±0.42  

					4.37±0.58  

					4.50±0.83  

					LYMP  

					62.72±3.14  

					63.20±2.24  

					58.20±3.50  

					55.67±2.14  

					59.73±3.72  

					MID  

					(%)  

					(%)  

					3.92±0.27  

					4.76±0.20  

					4.83±0.79  

					4.53±0.33  

					3.48±0.86  

					GRAN  

					34.04±3.18  

					32.40±2.15  

					36.30±5.49  

					39.93±2.49  

					37.05±4.11  

					RBC  

					HGB  

					(×106/µL)  

					(g/dL)  

					6.06±0.16  

					5.58±0.65  

					5.03±0.61  

					5.83±0.27  

					5.40±0.49  

					13.52±0.60  

					12.40±0.29  

					11.70±1.55  

					14.40±1.09  

					13.23±0.86  

					HCT  

					(%)  

					41.40±2.01  

					33.36±0.44  

					212.20±31.27  

					35.40±1.69  

					34.90±0.43  

					209.80±19.58  

					34.67±5.61  

					33.47±0.15  

					181.33±19.20  

					42.33±2.03  

					35.03±1.39  

					218.00±31.21  

					39.50±2.72  

					32.53±0.98  

					200.50±18.59  

					MCHC  

					PLT  

					(g/dL)  

					(×103/µL)  

					Female  

					WBC  

					(×103/µL)  

					(%)  

					4.72±0.14  

					62.54±1.47  

					5.53±0.30  

					32.18±1.69  

					4.50±0.04  

					61.20±4.13  

					5.40±1.42  

					33.73±4.33  

					4.12±0.34  

					59.66±2.82  

					5.26±0.61  

					35.14±3.02  

					5.30±0.21  

					60.58±3.61  

					5.13±0.66  

					34.65±2.91  

					4.52±0.52  

					57.78±3.58  

					5.18±0.48  

					36.98±3.40  

					LYMP  

					MID  

					(%)  

					GRAN  

					(%)  

					RBC  

					HGB  

					(×106/µL)  

					(g/dL)  

					5.92±0.12  

					5.08±0.66  

					5.56±0.23  

					5.13±0.40  

					6.06±0.16  

					13.26±0.57  

					11.63±0.86  

					12.78±0.80  

					11.83±0.30  

					13.44±0.68  

					HCT  

					(%)  

					40.60±2.32  

					36.38±2.24  

					228.60±17.87  

					35.75±2.25  

					33.23±0.24  

					179.50±30.62  

					39.20±2.35  

					34.20±0.46  

					210.80±36.97  

					35.75±0.75  

					35.48±1.29  

					185.25±33.19  

					40.00±3.13  

					33.82±0.55  

					175.00±23.72  

					MCHC  

					PLT  

					(g/dL)  

					(×103/µL)  

					Values are Mean ± S.E.M. No significant differences as compared to DW group – One way ANOVA followed by Bonferroni’s post hoc test, n=5 (Male) n=5  

					(Female), DW=Distilled water, EELA = Ethanol Extract of Laggera aurita, WBC=White blood cells, LYMP=Lymphocytes, MID= Mid Cells,  

					GRAN=Granulocytes, RBC=Red blood cells, HGB=Haemoglobin, HCT=Haematocrit, MCHC=Mean cell haemoglobin concentration, PLT = Platelets  

					infections, tissue injury, and inflammation mechanisms.23 Neutrophils  

					and lymphocytes build up as a result of bacterial and viral infections; as  

					such toxicity of the WBC would have reduced the body’s ability to fight  

					against invading microorganisms.24 The platelets are part of the  

					hemostatic system, responsible for maintaining homeostasis and  

					therefore help to prevent blood loss in case of vascular injury, as well  

					as maintaining the blood in a fluid state. A disruption of the haemostatic  

					system may manifest as excessive bleeding or thrombosis.25 From the  

					results obtained, no such changes were seen in the haematological  

					indices.  

					dysfunction, cell injury, and even organ failure.26 This makes the liver  

					a target organ for toxicity due to its function in the detoxification  

					processes in the body.27 The liver is responsible for metabolic activities  

					through different reactions, mainly including oxidase, reductase, and  

					hydrolase mechanisms, transforming the lipophilic chemicals into  

					water-soluble compounds to be excreted from the body. Medicinal  

					plants may cause hepatocellular or cholestatic injury or both.28 Several  

					medicinal plants are hepatotoxic after consumption, which may be due  

					to inherent toxicity, overdose or contamination with other plants that  

					contain hepatotoxic substances.29  

					A liver function test is usually carried out to give information about the  

					state of the liver and assess the functional efficiency of the organ. These  

					tests include ALT, AST, ALP, bilirubin, albumin, and total protein,  

					among others. The ALT is largely found in the liver, specifically the  

					hepatic cytoplasm, and it is the most sensitive marker for hepatic  

					cellular injury, while the AST is present in the heart, RBC, skeletal  

					muscles, pancreas, kidney, brain and liver. The ALP originates mainly  

					from the bone and hepatic biliary tract.30 Hepatocellular damage is  

					associated with elevation of serum ALT and AST, while changes in  

					serum ALP are an indication of biliary cirrhosis, hepatitis and disease  

					characterized by inflammation and bile obstruction.31 In the present  

					study, there were no significant changes seen in ALT and ALP, but a  

					significant reduction was seen in AST at 300 and 600 mg/kg doses in  

					the male rats and 150 and 300 mg/kg doses in the female rats.  

					Effect of Laggera aurita on Biochemical Parameters of Rats  

					The liver function tests assessed include Alanine aminotransferase  

					(ALT), Aspartate aminotransferase (AST), Alkaline phosphatase  

					(ALP), Total Protein (TP), Albumin (ALB), Direct bilirubin (DB), and  

					Total bilirubin (TB). All parameters, as shown in Table 3, were normal  

					compared to the control, except for AST, where a significant reduction  

					was observed at 300 and 600 mg/kg doses in male rats, and at 150, 300,  

					and 600 mg/kg doses in female rats compared to the control. The hepatic  

					system is an important system responsible for the metabolism of  

					xenobiotics and foreign materials through different reactions. The liver  

					is the main organ where exogenous chemicals are metabolized and  

					eventually excreted, liver cells are therefore exposed to significant  

					concentrations of chemicals or drugs, which can lead to liver  
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					Table 3: Effect of Ethanol Extract of Laggera aurita on Liver Function Parameters of Rats  

					Treatment  

					(mg/kg)  

					ALT  

					AST  

					ALP  

					TP  

					ALB  

					DB  

					TB  

					(IU/L)  

					(IU/L)  

					(IU/L)  

					(g/dL)  

					(g/dL)  

					(mmol/L)  

					(mmol/L)  

					Male  

					DW 1 mL/kg  

					EELA 75  

					EELA 150  

					EELA 300  

					EELA 600  

					Female  

					20.25±4.87  

					15.40±1.86  

					15.67±4.10  

					28.00±3.21  

					20.25±2.29  

					48.20±9.66  

					30.80±8.55  

					40.00±11.55  

					9.67±5.24*  

					8.33±5.84*  

					27.38±6.42  

					30.82±4.56  

					13.50±0.90  

					20.90±3.66  

					36.85±9.46  

					4.12±0.33  

					3.26±0.16  

					3.87±0.72  

					3.13±0.03  

					3.35±0.13  

					1.10±0.33  

					2.00±0.46  

					2.70±0.51  

					2.20±0.21  

					2.68±0.44  

					3.36±0.43  

					3.74±0.88  

					6.03±0.73  

					6.10±0.87  

					5.03±0.70  

					11.32±0.92  

					13.34±1.69  

					12.63±1.00  

					12.63±0.68  

					14.83±1.27  

					DW 1 mL/kg  

					EELA 75  

					EELA 150  

					EELA 300  

					EELA 600  

					19.60±1.54  

					11.25±2.56  

					18.00±2.49  

					22.00±1.78  

					17.00±2.59  

					86.67±12.02  

					70.00±0.01  

					35.00±8.40*  

					20.00±10.00*  

					42.50±7.50  

					33.06±3.36  

					28.55±4.33  

					23.70±6.61  

					28.33±7.03  

					33.56±3.54  

					4.38±0.38  

					4.30±0.72  

					3.62±0.24  

					3.23±0.47  

					3.52±0.17  

					1.52±0.31  

					1.98±0.39  

					2.30±0.33  

					1.93±0.10  

					1.70±0.20  

					4.58±1.47  

					6.48±1.30  

					6.20±1.14  

					5.23±1.02  

					3.90±0.26  

					11.02±1.36  

					15.78±1.17  

					13.50±1.26  

					14.48±1.16  

					15.16±1.63  

					Values are Mean ± S.E.M. * =p<0.05 as compared to DW group – One way ANOVA followed by Bonferroni’s post hoc test, n=5 (Male) n=5(female),  

					DW = Distilled water, EELA = Ethanol Extract of Laggera aurita, ALT Alanine aminotransferase, AST = Aspartate aminotransferase, ALP = Alkaline  

					phosphatase, TP = Total Protein, ALB= Albumin, DB = Direct bilirubin, TB = Total bilirubin  

					Although low biomarker levels usually have no clinical significance  

					and are not associated with unhealthy liver,32 it has been reported that  

					some medicinal plants possess hepatoprotective properties. Laggera  

					aurita is reported to have such properties.9 In addition to the liver  

					transaminases, the total protein, bilirubin and albumin are also measures  

					which are used to assess the health of the liver. There were no changes  

					seen in their levels in the current study. Urea, creatinine, and  

					electrolytes were evaluated for kidney function, with changes only  

					noted in urea levels at 150 and 600 mg/kg doses in male rats compared  

					to the control, as shown in Table 4. The renal system plays a vital role  

					in the excretion of metabolic wastes, regulation of extracellular fluid  

					volume, electrolyte composition and acid-base balance. The functional  

					unit of the kidney is the nephron, which can also be affected by toxicants  

					that can lead to the disruption of one or all its functions, consequently  

					having a profound effect on total body metabolism.33 Nephrotoxicity is  

					indicated by a change in renal function as assessed by the glomerular  

					filtration rate (GFR), blood urea nitrogen (BUN), serum creatinine  

					(sCr), or urine output.34 The parameters assessed in the current study  

					were creatinine, urea, and electrolytes. Creatinine is a breakdown  

					product of creatine phosphate in the muscles. It is a waste product which  

					passes through the kidneys to be filtered and eliminated in the urine.  

					Creatinine production is dependent on muscle mass thus, males have  

					higher creatinine levels than females.35 High levels of creatinine in the  

					blood are reflective of kidney damage as the kidneys are no longer able  

					to properly filter it. Elevated levels are also seen in muscular dystrophy  

					paralysis, hyperthyroidism, anaemia, and leukaemia, while decreased  

					levels are seen in glomerulonephritis, polycystic kidney disease, acute  

					tubular necrosis, congestive heart failure, shock, and dehydration.36 In  

					this study, the creatinine level in both male and female rats was not  

					significantly changed, which suggests that the EELA may not be toxic  

					to the kidneys, although studies have shown that kidney damage can  

					still occur without changing any established clinical marker of renal  

					function.34 Ammonia is a toxic byproduct of amino acid breakdown, is  

					converted to urea, a nitrogenous end product of protein and amino acid  

					that is usually produced by the liver and released into the blood, where  

					it is filtered out by the kidneys and excreted in the urine.37 Nearly 85%  

					of urea is eliminated via the kidneys, while the rest is excreted through  

					the gastrointestinal (GI) tract. Serum urea levels increase in conditions  

					where renal function is compromised (acute and chronic impairment)  

					and are seen in dehydration, vomiting, diarrhoea, consumption of large  

					amounts of protein-rich foods and renal disorders such as chronic  

					nephritis and glomerulonephritis. Although increased urea is associated  

					with kidney disease or renal failure, higher levels may also be due to  

					other factors unrelated to renal failure, such as upper GI bleeding.37 Low  

					levels of urea are seen in fluid excess, starvation, severe liver disease,  

					inadequate protein diet, malnutrition, and anabolic steroid use.38 In this  

					research, significantly low levels of urea were noticed at 150 and 600  

					mg/kg doses in the male rats only, which was similar to previous  

					studies.16 This is further explained by the histopathology assay. The  

					electrolytes sodium, potassium, chloride and bicarbonate assessed did  

					not show any significant changes in both male and female rats treated  

					with different doses of EELA in comparison with the control group  

					In Table 5, no changes were observed in oxidative stress biomarkers  

					(GSH, SOD, MDA and CAT). The results of the oxidative stress test  

					showed no significant changes in the levels of antioxidants between the  

					treatment group and the control at all doses tested, suggesting that  

					EELA did not affect the balance in the redox equilibrium. Oxidative  

					stress is the imbalance between the antioxidant system and free radicals  

					within the cellular environment, which may result from normal  

					biochemical processes leading to the production of these reactive  

					species (also called free radicals).39 During normal cellular responses,  

					reactive species such as hydrogen peroxide and superoxide are  

					produced, which can cause damage to cells and DNA. Antioxidants  

					such as glutathione peroxidase, catalase and superoxide dismutase,  

					reduce these harmful reactive species to less harmful molecules by  

					giving up their electrons to the free radicals; hence oxidation reaction  

					chain is broken.40  

					A

					significant elevation of low-density lipoprotein (LDL) and  

					cholesterol was detected in both male and female rats at 150-600 mg/kg  

					doses compared to the control, this is shown in Figures 3 A and B. The  

					lipid profile test indicated a significant elevation of cholesterol in both  

					male and female rats at 300 and 600 mg/kg doses, as well as a  

					significant elevation of LDL at 150 and 600 mg/kg doses in the male  

					rats only. The role of cholesterol involves the synthesis of cell  

					membranes of the nucleus, mitochondria and microsomes, which is  

					obtained from exogenous sources such as diet and endogenous sources  

					from acetate as a precursor for its synthesis. The cholesterol  

					homeostasis is usually maintained by multiple feedback mechanisms  

					that involve biosynthesis by 3-hydroxy-3-methylglutaryl coenzyme A  

					(HMG-Coa) reductase, uptake by LDL, and catabolism by 7a-  

					hydroxylase.41 The biosynthesis and uptake of cholesterol are  

					interdependent; as such, changes in cholesterol intake and cell  
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					risk factors for cardiovascular diseases, whereas a high HDL level in  

					the blood reduces the risk of cardiovascular diseases such as  

					atherosclerosis. As such, an elevated level of cholesterol, triglycerides,  

					and LDL with a corresponding decrease in HDL is associated with high  

					risks of coronary heart disease and acute coronary syndrome.42,12 This  

					elevation of the cholesterol and LDL level can further be explained by  

					the changes observed in the thyroid hormones.  

					Effect of Laggera aurita on Hormones  

					The hormonal assay revealed a significant reduction in thyroid  

					hormones at 150-600 mg/kg doses in both male and female rats  

					compared to the control (Figures 4 A and B); at the same time, no  

					changes were noted in oestrogen, progesterone, and testosterone levels  

					(Table 6). Thyroid hormones are involved in regulating several  

					metabolic processes of the body, one of such is inducing the HMG-CoA  

					reductase in cholesterol biosynthesis, therefore, it is involved in both  

					the synthesis and breakdown of cholesterol. The thyroid hormones  

					majorly produced are triiodothyronine (T3) and thyroxine (T4), which  

					are produced in the thyroid glands when stimulated by the thyroid-  

					stimulating hormone (TSH) located in the pituitary gland. The TSH  

					stimulates the thyroid gland to release the T3 and T4 in the event of low  

					levels of thyroid-stimulating hormones to keep them balanced. T3 is the  

					active form of the thyroid hormone, which is utilized by the body in its  

					original form, while T4 is usually converted to T3 by body enzymes. In  

					this study, there was a reduction in the levels of TSH and T4 in both  

					male and female rats. This could also be a possible reason why there  

					was a significant elevation of the cholesterol and LDL levels observed,  

					especially at higher doses. Low levels of thyroid hormones may lead to  

					decreased LDL-receptor activity, resulting in decreased catabolism of  

					LDL and consequently high levels of total cholesterol. Moreover,  

					studies have shown that hypothyroidism is associated with an increase  

					in total cholesterol and LDL.43 The result of the assays of thyroid  

					hormone suggests that LA could be a potential endocrine disruptor  

					between doses of 150-600 mg/kg, as it can interfere with the activity of  

					thyroid hormones. Phytoestrogens are plant hormones considered to be  

					endocrine-disrupting chemicals, which are naturally found in plants.  

					They are structurally and functionally similar to mammalian estrogens  

					and their active metabolites.44 Although there isn’t confirmation of the  

					presence of phytoestrogens in LA, Endocrine disruptors are toxic  

					chemicals that interfere with the body’s ability to function properly and  

					maintain hormonal balance as they mimic hormones or block their  

					action.44 This suggests that LA has the potential to interfere with several  

					metabolic processes of the body that are regulated by thyroid hormones.  

					Figure 3: Effect of 90-days Daily Administration of Ethanol  

					Extract of Laggera aurita on Serum Lipid Profile of Rats A=  

					male, B= female  

					Values are Mean ± S.E.M, * =p<0.05, ** =p<0.01 as compared to DW  

					group – One-way ANOVA followed by Bonferroni’s post hoc test, n=5  

					(Male), n=5 (Female), DW = Distilled water, EELA = Ethanol Extract  

					of Laggera aurita, HDL= High density lipoprotein, LDL= Low density  

					lipoprotein.  

					requirement affect cholesterol synthesis through a complex feedback  

					mechanism.41 Elevated levels of cholesterol, triglycerides, and LDL are  

					Table 4: Effect of Ethanol Extract of Laggera aurita on Kidney Function Parameters of Rats  

					Treatment (mg/kg)  

					Urea  

					Creatinine  

					(mEq/L)  

					Sodium  

					Potassium  

					(mmol/L)  

					Chloride  

					(mmol/L)  

					Bicarbonate  

					(mmol/L)  

					(mg/dL)  

					(mmol/L)  

					Male  

					DW 1 mL/kg  

					EELA 75  

					49.58±5.25  

					30.30±2.57  

					18.60±8.90*  

					43.43±5.21  

					20.15±7.31*  

					1.02±0.17  

					1.06±0.20  

					1.10±0.06  

					1.27±0.12  

					0.95±0.12  

					241.12±20.34  

					242.70±21.72  

					242.70±20.41  

					244.43±21.48  

					247.70±22.09  

					22.80±2.90  

					17.62±2.86  

					21.93±6.52  

					18.50±8.60  

					17.15±3.00  

					33.20±3.07  

					38.40±1.40  

					33.00±4.00  

					31.33±6.44  

					24.50±4.99  

					115.60±7.22  

					92.40±4.35  

					93.67±5.93  

					111.67±6.67  

					110.33±7.86  

					EELA 150  

					EELA 300  

					EELA 600  

					Female  

					DW 1 mL/kg  

					EELA 75  

					35.86±8.39  

					26.93±5.27  

					33.08±8.44  

					25.73±5.91  

					35.62±6.09  

					1.20±0.1  

					0.88±0.1  

					1.06±0.1  

					1.18±0.1  

					1.12±0.1  

					248.86±18.81  

					245.53±16.13  

					246.26±17.80  

					256.85±21.84  

					265.12±24.06  

					24.60±2.52  

					31.63±5.66  

					24.74±6.45  

					24.53±2.42  

					27.84±3.39  

					30.40±5.87  

					26.00±1.00  

					29.20±4.63  

					35.00±3.56  

					33.00±3.10  

					101.20±10.90  

					82.50±12.53  

					112.60±8.03  

					109.25±6.83  

					99.80±1.20  

					EELA 150  

					EELA 300  

					EELA 600  

					Values are Mean ± S.E.M., *=p<0.05 compared to DW group – One way ANOVA followed by Bonferroni’s post hoc test, n=5 (Male) n=5 female), DW  

					= Distilled water, EELA = Ethanol Extract of Laggera aurita  
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					Table 5: Effect of Ethanol Extract of Laggera aurita on Oxidative Stress Markers of Rats  

					Treatment (mg/kg)  

					Male  

					SOD  

					(IU/L)  

					GSH  

					(µg/mL)  

					MDA  

					(mmol/mL)  

					CAT  

					(IU/L)  

					DW 1 mL/kg  

					EELA 75  

					4.68±1.50  

					9.68±2.75  

					6.10±2.90  

					2.27±0.92  

					3.77±0.62  

					2.64±0.76  

					3.34±0.78  

					4.20±1.60  

					1.50±0.75  

					1.80±0.74  

					102.24±10.00  

					84.60±5.74  

					2.74±0.72  

					5.60±1.97  

					4.50±1.76  

					1.600±1.25  

					2.05±0.70  

					EELA 150  

					EELA 300  

					EELA 600  

					Female  

					106.93±9.39  

					90.50±10.10  

					99.10±10.80  

					DW 1 mL/kg  

					EELA 75  

					7.02±2.88  

					4.97±2.45  

					6.72±1.65  

					4.54±1.16  

					3.58±0.93  

					5.16±0.93  

					92.52±12.29  

					56.18±11.72  

					76.94±8.92  

					3.80±1.45  

					4.53±2.19  

					3.56±1.37  

					EELA 150  

					EELA 300  

					EELA 600  

					5.13±1.73  

					5.28±2.35  

					2.78±1.40  

					1.96±0.65  

					76.83±13.17  

					95.12±9.41  

					2.20±0.82  

					2.22±0.79  

					Values are Mean ± S.E.M, no significant difference as compared to DW group – One way ANOVA followed by Bonferroni’s post hoc test n=5 (Male),  

					n=5 (Female), DW = Distilled water, EELA = Ethanol Extract of Laggera aurita, SOD = Superoxide dismutase, GSH = Reduced glutathione, MDA =  

					Malondialdehyde, CAT = Catalase  

					The hypothalamic-pituitary-gonadal (HPG) axis regulates the  

					reproductive system. It regulates the release of gonadotropin, which  

					constitutes the follicle-stimulating hormone (FSH) and luteinizing  

					hormone (LH). The gonadotropins, in turn, act on the gonads, ovaries,  

					and testes to stimulate the release of testosterone, estrogen, and  

					progesterone. These hormones, in turn, initiate the production of sperm  

					and the release of eggs. There is constant communication within the  

					HPG axis to ensure normal function through a negative feedback  

					mechanism; any disruption to this system may interfere with proper  

					reproductive functions. Xenobiotics can interrupt reproductive  

					processes in several ways, some of which include altering endocrine  

					homeostasis, hormone antagonists and direct chemical reactions.45,46  

					The estrogen, testosterone and progesterone are very important  

					hormones in the reproductive system. These hormones are produced in  

					the ovaries in females and the testes in males. The estrogen evokes the  

					estrus in animals during which they are sexually active, while in human  

					females, it contributes to the menstrual cycle. Furthermore, testosterone  

					is the major male reproductive hormone, although estrogen also plays  

					its role. Previous studies have shown that herbal medicinal plants can  

					interfere with reproductive hormonal levels to cause imbalance or  

					improve the hormone levels by mimicking the hormones.47,48 No  

					changes were observed in the reproductive hormones in both male and  

					female rats treated with the plant extract, indicating it did not interfere  

					with the level of estrogen, testosterone and progesterone.  

					identify target organs of toxicity, although morphological changes can  

					occur in tissues and organs without accompanying significant changes  

					in biochemistry. This makes histological assays important in identifying  

					target organs of toxicity. Changes were observed in the liver, kidney,  

					and stomach tissues only at the higher doses (300-600 mg/kg) of the  

					extract. In the liver, hepatic necrosis, Kupffer cells hyperplasia and  

					inflammatory hyperplasia were observed. Necrosis is simply cell death,  

					which could be either apoptic necrosis, which is characterized by cell  

					shrinkage or oncotic necrosis, which is characterized by swelling,  

					leakage of cellular contents, and influx of inflammatory cells.49 It is  

					possible that the necrosis observed in the liver was apoptic necrosis;  

					hence, there was no release of inflammatory cells, and as a result, no  

					changes were observed in the liver transaminases. Furthermore, the  

					Kupffer cell hyperplasia indicates that there was an influx of foreign  

					substances, which were trapped by the Kupffer cells. Part of the  

					function of the Kupffer cells is to break down blood cells and remove  

					debris or foreign bodies that come from the hepatic portal vein into the  

					liver from the intestines. The changes observed in the histological assay  

					of the liver may explain why there was urea reduction, as the liver is  

					responsible for the production of urea. Tubular adhesion was observed  

					in the kidney, which could be because of the repair mechanism. Scar  

					tissues are formed from the repair mechanism, which leads to the  

					joining together of tubules in the kidney that are otherwise supposed to  

					be separated. From the results of the 90-day repeated oral chronic  

					toxicity study, no adverse effects were seen at 75 mg/kg in all the  

					parameters tested. The no observed Adverse effect level (NOAEL) is  

					the lowest dose where no adverse effects are seen, and one of the  

					objectives of the repeated dose toxicity study was to determine the  

					NOAEL in this study. The results indicated that 75 mg/kg is the  

					NOAEL.  

					Histopathology  

					Photomicrograph sections of the brain and heart in the extract-treated  

					and control animals showed normal cells. However, Kupfer cell  

					hyperplasia and hepatic necrosis were seen in the livers at 150 - 600  

					mg/kg, tubular adhesion and hyperplasia in the kidneys at 150-600  

					mg/kg, and mucosal necrosis in the stomachs at 600 mg/kg in  

					comparison with the control (plate I-VI). Histological assays help  
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					Table 6: Effect of Ethanol Extract of Laggera aurita on Reproductive Hormones Profile of Rats  

					Treatment (mg/kg)  

					Estrogen  

					(pg/mL)  

					Progesterone  

					(pg/mL)  

					Testosterone  

					(pg/mL)  

					Male  

					DW 1 mL/kg  

					EELA 75  

					10.17±0.64  

					9.86±0.45  

					10.78±0.33  

					11.17±0.43  

					9.90±0.77  

					0.93±0.06  

					0.94±0.02  

					0.89±0.04  

					0.95±0.04  

					1.08±0.09  

					1.63±0.05  

					1.58±0.12  

					1.41±0.11  

					1.56±0.05  

					1.60±0.14  

					EELA 150  

					EELA 300  

					EELA 600  

					Female  

					DW 1 mL/kg  

					EELA 75  

					EELA 150  

					EELA 300  

					EELA 600  

					10.13±0.61  

					10.11±0.50  

					9.76±0.32  

					9.54±0.20  

					9.65±0.66  

					0.89±0.04  

					0.93±0.08  

					0.90±0.01  

					0.89±0.03  

					0.89±0.04  

					1.58±0.08  

					1.51±0.07  

					1.47±0.04  

					1.38±0.07  

					1.59±0.14  

					Values are Mean ± S.E.M, no significant differences as compared to DW group – One way ANOVA followed by Bonferroni’s post hoc test n=5 (Male),  

					n=5 (Female), DW = Distilled water, EELA = Ethanol Extract of Laggera aurita  

					Plate I: Effects of ethanol leaf extract of Laggera aurita for 90  

					days on the brain of rats (magnification x 400) a = distilled  

					water, b = 75 mg/kg, c= 150 mg/kg, d = 300 mg/kg, e = 600  

					mg/kg.  

					Figure 4: Effect of Ethanol Extract of Laggera aurita on  

					Thyroid Hormonal Level in Rats A= male, B= female  

					Values are Mean ± S.E.M, * =p<0.05, ** =p<0.01 as compared to DW  

					group – One-way ANOVA followed by Bonferroni’s post hoc test n=5  

					(Male), n=5 (Female), DW = Distilled water, EELA = Ethanol Extract  

					of Laggera aurita, T3=Triiodothyronine, T4=Thyroxine, TSH=Thyroid  

					days on the liver of rats (magnification x 400). LH =  

					stimulatory hormone.  

					Plate II: Effects of ethanol leaf extract of Laggera aurita for 90  

					hyperplasia, KH = Kupfer cell hyperplasia, HN = hepatic  

					necrosis, a = distilled water, b = 75 mg/kg, c = 150 mg/kg, d =  

					300 mg/kg, e = 600 mg/kg.  
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					Plate VI: Effects of ethanol leaf extract of Laggera aurita for  

					90 days on the testes of rats (magnification x 400). a = distilled  

					water, b = 75 mg/kg, c= 150 mg/kg, d = 300 mg/kg, e = 600  

					mg/kg.  

					Plate III: Effects of ethanol leaf extract of Laggera aurita for  

					90 days on the kidney of rats (magnification x 400). TA= tubular  

					adhesion, LH = hyperplasia, a = distilled water, b = 75 mg/kg,  

					c= 150 mg/kg, d = 300 mg/kg, e = 600 mg/kg.  

					Conclusion  

					The ethanol leaf extract of Laggera aurita is generally safe on long-  

					term administration at the 75 mg/kg dose, and the NOAEL was  

					established to be 75 mg/kg. The use of the plant should be with caution  

					in cardiovascular and thyroid disorders due to its potential risk of  

					elevating serum lipids and lowering thyroid hormones at higher doses.  
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					Plate IV: Effects of ethanol leaf extract of Laggera aurita for  

					90 days on the stomach of rats (magnification x 400). MN =  

					mucosal necrosis, a = distilled water, b = 75 mg/kg, c= 150  

					mg/kg, d = 300 mg/kg, e = 600 mg/kg.  
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