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______________________________________________________________________________ 
Abstract 

Eragrostis tremula is utilized in Nigeria and other African countries as a memory enhancer, lactation stimulant, anti-

emetic, aphrodisiac and remedy for snake bites. Scientific reports revealed that this plant has anti-oxidant, 

anticholinesterase, cytotoxic and memory enhancing properties; despite these potentials, there is paucity of safety data 

to support its continued usage. This study investigated the toxicity profile of hydroethanolic extract of E. tremula 

(HEET) in Wistar rats. Acute and sub-acute (28 days at doses of 250, 500 and 1000 mg/kg per oral) toxicity tests 

were conducted using OECD 425 and 407 guidelines respectively. Limit test at 5,000 mg/kg was conducted to 

ascertain the midpoint lethal dose (LD50). The LD50 of HEET was above 5000 mg/kg per oral and no significant 

alterations in haematological parameters and tissue morphology were observed. In the sub-acute study, no death was 

recorded. There were no changes in food intake, organ/body weight, lipid profile, liver and renal function indices. 

However, histology of the kidneys showed slight tubular adhesion and glomerular necrosis. HEET was practically 

safe after acute administration with no practical deleterious effect at 250 mg/kg after prolonged administration in rats. 

However, 28 days administration of high doses caused slight kidney injury.  
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______________________________________________________________________________ 

 

INTRODUCTION 

Drug safety is a major standpoint that 

plays an important role in patients’ health [1] 

and is characterized by the potential of drugs 

to cause adverse effects in relation to their 

usage [2]. Evaluation of drug safety is thus an 

indispensable aspect of the overall drug 

discovery and development processes and 

involves stepwise toxicological screening tests 

[3-5]. Preclinical toxicity investigations are 

conducted to determine the adverse effects 
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associated with new drug molecules on vital 

functions before first use in humans. This 

includes evaluation of optimal route of 

administration, dosage, organs, species and 

age-peculiar harmful effects of an 

experimental drug molecule. Furthermore, the 

dose-reaction association as well as the no-

observed adverse effect level (NOAEL) of the 

test substance can be determined [2]. In 

essence, data obtained from preclinical toxicity 

studies are important in assessing the safety 
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and potential benefit of a candidate molecule 

[6].  

Medicinal plants and their products are 

widely used globally to improve health, quality 

of life and to prevent and treat many human 

diseases [7,8]. This is because they are a rich 

source of compounds with diverse 

pharmacological activities and presumed to 

have less adverse effects compared to orthodox 

therapies [2,9]. Indeed, researches have 

uncovered widespread use of herbal remedies 

for prophylaxis and cure to many diseases over 

the years [10,11]. Although some of these 

remedies are efficacious and continuously 

being utilized, a great number of them are yet 

to be verified and their use is not adequately 

regulated. Above all, these herbal remedies are 

given without appropriate dosage monitoring 

or reflection of the harmful effects that may 

possibly arise from their long-term use [12]. 

The prevalent increase and incorporation of 

herbal products into the conventional medical 

practice provides justification to conduct 

detailed toxicological analyses of such 

products [11,13]. Moreover, plants also have a 

wide range of phyto-constituents that may be 

beneficial or detrimental to humans [14-16]. 

Toxicological studies have therefore, become 

essential because of the surge in their 

consumption and long-term use [17-21]. 

Eragrostis tremula Hochst. ex. Steud. is 

a yearly grass belonging to the family Poaceae 

that is utilized in African traditional medicine 

as a memory enhancer, lactation stimulant, 

anti-emetic, aphrodisiac and remedy for snake 

envenomation [22,23]. In addition, it is used to 

treat cognitive impairment and amnesia [24]. 

Previous investigations revealed that the whole 

plant extract of E. tremula has a median lethal 

dose (LD50) of more than 5,000 mg/kg in mice 

[24,25]. The whole plant extract was also 

reported to possess anti-oxidant, 

anticholinesterase and anti-inflammatory 

properties [24,25]. The root extract has been 

reported to possess cytotoxic activity against 

MCF-7 human breast cancer cells [26], while 

the whole plant extract was reported to possess 

anti-amnesic activity [27]. Due to repeated and 

popular use of E. tremula extract, evaluation of 

its long-term toxicological profile becomes 

absolutely imperative. The aim of this research 

therefore, was to appraise the toxicity profile 

of hydroethanolic extract of E. tremula through 

acute and 28-days toxicity studies in rats. 

 

EXPERIMENTAL METHODS 

Laboratory animals. Non-pregnant and 

nulliparous female and male Wistar rats (190-

200 g) were purchased from the Department of 

Pharmacology and Therapeutics, Ahmadu 

Bello University (A.B.U.), Zaria. They were 

housed in regular rodent cages under normal 

day and night rotation, with unrestricted access 

to use food and water. The research was 

conducted with the approval of A.B.U. Animal 

Use and Care Committee after the issuance of 

the ethical authorization 

(ABUCAUC/2020/68).  

Plant collection and identification. The 

whole plant of E. tremula was collected from 

Batagarawa, Katsina State, Nigeria in October 

2020. It was validated by a botanist at the 

Department of Botany, A.B.U., Zaria, and 

issued a voucher specimen number (900729) 

following comparison with a reference 

specimen.  

Plant extraction. The fresh plant material was 

air-dried to a steady weight and then 

pulverized using pestle and mortar. The 

crushed plant (900 g) was put to cold 

maceration in a 10 L container and occasional 

shaking for 14 days using 5 L of ethanol (70% 
v/v). The macerate obtained was condensed 

using a vaporizer (R-111 Buchi Rotavapor, 

Fisher Scientific, England) and weighed. The 

yield of the extract was calculated and then 

transferred to an airtight plastic container and 

labeled as hydroethanolic extract of E. tremula 

(HEET). It was then deposited in a desiccator 

pending use. 
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Extract formulation. A stock solution of 

HEET was constituted with distilled water, 

then put through sequential thinning to attain 

the appropriate strengths needed for the 

experiments. The mixtures were freshly 

prepared daily throughout the research period 

to maintain stability and administered orally 

using a bulb tipped feeding cannula. 

Phytochemical screening. The plant extract 

was subjected to phytochemical screening to 

confirm the presence of phytochemicals like 

alkaloids, anthraquinones, glycosides, 

flavonoids, saponins, triterpenes and tannins 

[28].  

Acute toxicity study. The plant extract was 

subjected to oral acute toxicity study as 

reported by the Organization for Economic 

Co-operation and Development (OECD, 425) 

[29] using two groups of 5 female rats each. 

The 1st group (control) received 1 mL/kg of 

distilled water, whereas the 2nd group of rats 

(test group) received HEET (5, 000 mg/kg) 

orally using 18 gauge bulb tipped feeding 

cannula. The animals were starved over the 

night and weighed before the extract was 

administered. They were further starved of 

food for 3-4 hours, along with careful 

observation for the first 30 minutes post 

administration and during the first 24 hours 

and then daily for two weeks. The LD50 was 

subsequently estimated. Observations made 

included changes in behaviour pattern, eyes, 

mucous membrane, skin, fur, somatic and 

autonomic activities. Weekly body weight of 

the animals was taken and after 14 days’ 

inspection, they were euthanized with mild 

chloroform anesthesia. Samples of blood and 

organs (livers, kidneys and hearts) were 

collected for analysis of haematological and 

histopathological examination respectively. 

Experimental design for 28-day toxicity 

study. Forty rats consisting of 20 males and 20 

nulliparous and non-pregnant females were 

used for the study. For either sex, the rats were 

randomly divided into four groups (n = 5 for 

males and n = 5 for females) and kept in 

separate cages. Group 1 rats served as control 

group and were given distilled water (1 mL/kg, 

orally). Rats in groups 2, 3 and 4 served as test 

groups and were given HEET (250, 500 and 

1000 mg/kg, per oral respectively) daily for 4 

weeks. These doses were selected with 

reference to the LD50 profile of HEET. 

Repeated dose 28-day toxicity study. This 

study was done following OECD 407 

guidelines for 28 days [30]. The grouped 

animals (5 females and 5 males at each dose 

level) were deprived of food over the night and 

administered HEET daily for 4 weeks as 

described in the experimental design. In the 

course of the experiment, the general 

behaviour, mortality, food and water intake of 

the rats were recorded. On the 29th day of the 

study, the rats were euthanized and blood 

samples and organs were harvested for further 

evaluation. 

Evaluation of relative organ weight. The 

brains, lungs, kidneys, livers, hearts, stomachs, 

pancreases, testes and ovaries of the rats were 

excised after blood collection. The harvested 

organs were cropped to remove surrounding 

tissues and the relationship below was used to 

compute the relative organ weight: 

Relative organ weight (%) = 
Weight of organ (g)

Final body weight of rat (g)
 × 100 

Analysis of haematological parameters.  

Blood samples were collected in bottles 

containing ethylene diamine tetra-acetic acid 

(EDTA) to avoid blood clotting, and the values 

of white blood cell (WBC), lymphocytes, 

haemoglobin, haematocrit (HCT), 

granulocytes, red blood cells (RBC) and 

platelets were determined with the aid of an 

automated haematology machine (Cell-Dyn 

Emerald 22, Abbott, USA). 

Analysis of biochemical parameters and 

electrolytes. Samples of sera were obtained 

and subjected to biochemical analysis [31]. 

The levels of alkaline phosphatase (ALP), 
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aspartate amino transferase (AST), alanine 

amino transferase (ALT), albumin, total 

protein, creatinine and urea were calculated. 

The levels of sodium, potassium, chloride, 

bicarbonate, triglycerides, cholesterol, low- 

and high-density lipoproteins were also 

calculated using Hitachi 902 analyzer (Roche, 

Germany). 

Histological examination. Histopathological 

examination of the stomach, liver, kidney, 

brain, testes and ovaries were done by fixing 

the organs in 10% formalin solution. The 

organs were prepared using ethanol and 

paraffin wax for embedding. Thin sections 

(5µm) of the organs were made with the aid of 

a microtome and dewaxed using xylene. 

Thereafter, they were placed on a microscope 

slide and stained with haematoxylin-eosin 

[32].  

Statistical analysis. The differences between 

means where two groups are involved were 

subjected to independent sample t-test. One-

way analysis of variance (ANOVA) and 

Bonferroni’s tests were carried out for data 

with more than two groups. Variables obtained 

over a period were analyzed using repeated 

measures ANOVA and Bonferroni’s tests. 

Variation between means were regarded as 

statistically significant at p < 0.05, and the 

mean ± standard error of mean (S.E.M.) were 

used for presentation of the results. The 

analyses were done using Statistical Package 

for Social Sciences software (Version 20). 

 

RESULTS 

Extractive yield. The maceration of 900 g of 

pulverized E. tremula gave 93.5 g of HEET. 

The yield was computed as 10.4% w/w. 

Phytochemical constituents. Phytochemical 

assessment of HEET showed the presence of 

tannins, steroids, triterpenes, alkaloids, 

saponins and flavonoids, while anthraquinones 

were absent. 

Acute toxicity study. The LD50 of HEET was 

assessed to be >5,000 mg/kg in rats following 

oral administration. Acute administration of 

HEET (5,000 mg/kg) did not cause 

behavioural changes associated with toxicity 

or death during the two weeks’ observation 

time. This dose did not produce notable 

changes in the average body weight of rats 

over the 14 days observation period in relation 

to distilled water-administered group (Figure 

1) neither were there  significant changes 

(p>0.05) in the comparative organ weights of 

the hearts, livers and kidneys of HEET-

administered rats relative to control (Figure 2). 

Similarly, the extract at this dose did not cause 

major changes (p>0.05) in the WBC, RBC, 

lymphocytes, mid cells, haemoglobin, 

haematocrit and platelet counts relative to 

control (Table 1). Histological examination of 

the kidney and heart sections showed normal 

features, however, slight hypnotic nuclei of the 

liver sections were seen (Figure 3).  

Sub-acute toxicity study 

Behavioural observations and mortality. 

The repeated administration of HEET (250, 

500 and 1000 mg/kg) to rats of both sexes did 

not result to noticeable behavioural changes 

nor indications of injury or mortality during the 

course of inspection. The food and water 

intake of both the male and female rats that 

received HEET at all the tested doses were not 

substantially different from the control 

(Figures 4 and 5). 

The body weights of rats that received 

HEET did not vary appreciably in relation to 

control. On assessment over the study period, 

the mean body weights of the male and female 

rats increased (p<0.05) on days 7, 14, 21 and 

28 relative to the day 1 (Figure 6A and 6B). 

The administration of HEET did not cause 

significant increase or decrease in the relative 

organ weight of both the male and female rats 

relative to control (Table 2). 

The repeated intake of 500 mg/kg of 

HEET significantly increased (p<0.05) 

lymphocyte and granulocyte levels of the male 

rats relative to control. On the other hand, such 

variations were not seen with the rats that 
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received HEET at 250 and 1000 mg/kg. In the 

female rats, the intake of HEET at 250 and 500 

mg/kg appreciably (p<0.01 and p<0.05 

respectively) increased the platelet counts 

(Table 3). 

The repeated intake of HEET did not 

cause major variations in ALT, ALP and 

albumin levels of the male rats. However, an 

appreciable (p<0.05 and p<0.001) decrease in 

AST and a corresponding increase in total 

protein levels respectively, were noticed with 

the male rats that received 250 mg/kg of 

HEET. In the female rats, HEET (at all dose 

levels) did not cause major changes (p>0.05) 

in ALT, AST, ALP, total protein and albumin 

levels (Table 4).  

The creatinine and urea levels of both 

male and female rats that received HEET did 

not change. Similarly, there were no major 

changes in the serum levels of sodium, 

potassium, chloride and bicarbonate of both 

rats (Table 5).  

The 28 days’ daily intake of HEET did 

not produce prominent deviations (p>0.05) in 

lipid profile of both the male and female rats 

relative to control (Figure 7).  

Histological examination of sections of 

the stomach, liver, brain and testis of the male 

rats showed normal features after the 28 days 

repeated administration of HEET. However, 

tubular adhesion was observed with kidney 

sections in male rats that received 500 mg/kg 

of the extract (Figure 8).  Examination of the 

sections of stomach, liver, brain and ovary of 

the female rats showed normal features after 

administration of the extract. On the other 

hand, the kidney revealed slight glomerular 

necrosis and lymphocyte infiltration at 500 and 

1000 mg/kg of HEET-administered groups 

respectively (Figure 9).   

 

DISCUSSION 

Medicinal plants utilized in conventional 

medicine are known to possess various 

secondary metabolites that may be responsible 

for their therapeutic effects [33,34]. On the 

same note, some of these plants and their 

constituents are reported to be toxic [35,36]. In 

this study, the phyto-constituents found 

present in HEET revealed important secondary 

metabolites which corroborates the results of 

previous reports [24]. These constituents are 

known to possess important pharmacological 

activities [27]. However, they are not free of 

adverse effects.  

In the acute toxicity study, neither visible 

symptoms of injury nor death were observed. 

Also, other investigations did not reveal 

substantial pathological changes. These results 

were similar with previous findings [27] which 

reported that E. tremula extract had an oral 

LD50 of more than 5,000 mg/kg in mice, thus 

showing its non-toxic nature after acute 

administration. Based on classification of LD50 

of chemicals substances [37], HEET was 

regarded to be essentially non-lethal in rats 

after acute oral intake.  

Variation in body weight is a measure of 

general health state of animals and its 

improvement or reduction is a sign of toxic 

effects of drugs or chemicals [38,39]. In the 

sub-acute study, repeated intake of HEET did 

not lower the body weight of both the male and 

female rats, suggesting it does not exert 

harmful upshot on their growth. The body 

weight improvement as observed over time 

indicated that the extract did not impede food 

consumption. On the other hand, the extract 

could possibly contain phytochemicals with 

appetite stimulating effect. Furthermore, 

HEET did not produce considerable changes in 

the relative organ weights and could therefore 

be regarded as non-toxic since reduction in 

organ weight is an important indicator of 

toxicity [40]. 

Hematopoietic complex is a vulnerable 

target for harmful substances, particularly in 

the bone marrow where RBCs are produced. 

Haematological parameters are frequently 

used markers of toxicity due to the interplay of 

a toxin and or its derivative with cellular 

structures [41,42].      
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Figure 1. Effect of single dose (5000 mg/kg) administration of hydroethanolic extract of Eragrostis tremula on 

body weight. Values are Mean ± S.E.M; No significant difference as compared to D/W control - Independent 

sample t-test, n=5     D/W = Distilled water, HEET = Hydroethanolic extract of Eragrostis tremula 

 

 
Figure 2. Effect of single dose (5000 mg/kg) administration of hydroethanolic extract of Eragrostis tremula on relative 

organ weight. Values are Mean ± S.E.M; No significant difference as compared to D/W control - Independent 

sample t-test, n=5     D/W = Distilled water, HEET = Hydroethanolic extract of Eragrostis tremula 

 

Table 1: Effect of single dose (5000 mg/kg) administration of hydroethanolic extract of Eragrostis tremula on 

haematological parameters 

Parameters Units 
Groups 

D/W 1 mL/kg HEET 5000 mg/kg 

WBC (×103/µL) 5.17±0.18 5.32±0.25 

LYMP (%) 49.13±1.51 50.24±6.22 

GRAN (%) 39.47±4.79 41.04±2.26 

MID (%) 11.40±1.98 8.72±1.32 

RBC (×106/µL) 4.90±0.05 4.75±0.07 

HGB (g/dL) 14.17±0.38 14.42±0.56 

HCT (%) 42.40±1.16 43.56±1.51 

PLT (×103/µL) 199.67±5.84 222.16±23.91 

D/W = Distilled water, HEET = Hydroethanolic extract of Eragrostis tremula, WBC= White blood cells, LYMP 

= Lymphocytes, GRAN = Granulocytes, MID = Mid cells, RBC=Red blood cells, HGB = Haemoglobin, HCT = 

Haematocrit, PLT = Platelets 
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Figure 3. Photomicrographs of sections of liver, kidney and heart of rats following single dose (5000 mg/kg) 

administration of hydroethanolic extract of Eragrostis tremula. a: Liver section of control group showing normal 

hepatocytes, b: Kidney of control group showing normal tubules and glomerulus. c: Heart of control group showing 

normal features. d: HEET (5,000 mg/kg) group showing hypnotic nuclei (blue arrow), e: HEET (5000 mg/kg) group 

showing normal features of the kidney, f: HEET (5000 mg/kg) group showing normal cardiac cells (H&E × 250) 

 

 
Figure 4. Effect of 28 days daily administration of hydroethanolic extract of Eragrostis tremula on food intake. Values 

are Mean ± S.E.M; No significant differences when compared to D/W group – One way ANOVA followed 

by Bonferroni’s post hoc test, n=5 for each species     D/W = Distilled water, HEET = Hydroethanolic 

extract of Eragrostis tremula 

 

An increase in neutrophil (granulocytes) and 

lymphocyte counts arise under varying 

conditions, usually associated with stress, 

unprompted inflammatory reactions or drug-

induced injury [43]. Neutrophils are the usual 

kind of WBCs that build up as a result of 

bacterial diseases, while lymphocytes can rise 

in instances of viral diseases [44]. From our 

findings, a remarkable rise in lymphocyte 

counts was seen with the male rats that 

received 500 mg/kg of HEET, which depicts 

likelihood of stress related to the group. 

Nonetheless, such variations were not seen 

with the other male groups as well as the 

female rats. A significant increase in platelet 

counts was noticed with the female rats. 

Considering the role of platelets in coagulation 

system, the rise in its quantity in certain 



153 

A.B. Nazifi et al. / J. Pharmacy & Bioresources 20(3),146-161 (2023) 

situations depicts a toxicological outcome via 

the development of thrombosis in blood 

vessels. On the other hand, its reduction may 

give rise to deleterious clinical consequences 

like a possibility of bleeding [45,46]. The 

variation in platelet counts observed with the 

different sexes can be interconnected 

hormonally, as estrogens are strong stimulators 

of coagulation factors synthesis in the liver 

[47]. The significant rise in platelet counts may 

also be due to infection or iron deficiency 

amongst other causes.  

The hepatic and renal systems play important 

roles in drug detoxification [38]. The liver is 

the major organ for xenobiotic 

transformation and the site of formation of 

drug metabolites. A rise in the quantity of 

liver enzymes is typically a sign of liver 

injury [31,48].  

 

 
Figure 5. Effect of 28 days daily administration of hydroethanolic extract of Eragrostis tremula on water intake. 

Values are Mean ± S.E.M; No significant differences when compared to D/W group – One way ANOVA 

followed by Bonferroni’s post hoc test, n=5 for each species    D/W = Distilled water, HEET = 

Hydroethanolic extract of Eragrostis tremula 

  
Figure 6. Effect of 28 days daily administration of hydroethanolic extract of Eragrostis tremula on body weights of 

male (A) and female (B) rats. Values are Mean ± S.E.M; a = p<0.05, b = p<0.01, c = p<0.001 when compared 

to Day 1- Repeated measure ANOVA followed by Bonferroni’s post hoc test, n = 6 for each species     D/W 

= Distilled water, HEET = Hydroethanolic extract of Eragrostis tremula 
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Table 2: Effect of 28 days daily administration of hydroethanolic extract of Eragrostis tremula on relative organ 

weight 

Organ Sex 
Groups (mg/kg) 

D/W 1 mL/kg HEET 250              HEET 500            HEET 1000 

Heart Male 0.43±0.02 0.38±0.01 0.40±0.02 0.38±0.02 

Liver Male 3.64±0.19 3.55±0.15 3.40±0.13 3.66±0.12 

Lungs Male 0.88±0.09 1.03±0.10 0.93±0.14 1.09±0.18 

Stomach Male 0.72±0.01 0.65±0.04 0.74±0.05 0.62±0.01 

Pancreas Male 0.39±0.03 0.43±0.04 0.35±0.03 0.42±0.03 

Kidneys Male 0.65±0.02 0.67±0.03 0.64±0.01 0.64±0.02 

Brain Male 0.81±0.05 0.77±0.04 0.79±0.04 0.73±0.03 

Testes Male 1.26±0.04 1.21±0.03 1.34±0.09 1.15±0.05 

Heart Female 0.41±0.01 0.41±0.03 0.47±0.02 0.44±0.03 

Liver Female 3.72±0.06 3.59±0.17 3.98±0.15 3.83±0.08 

Lungs Female 1.22±0.13 1.13±0.11 1.16±0.15 1.19±0.10 

Stomach Female 0.70±0.03 0.69±0.02 0.78±0.03 0.74±0.02 

Pancreas Female 0.43±0.06 0.51±0.03 0.41±0.05 0.45±0.05 

Kidneys Female 0.65±0.01 0.66±0.03 0.66±0.02 0.67±0.03 

Brain Female 0.90±0.10 0.94±0.03 0.98±0.06 0.94±0.05 

Ovaries Female 0.08±0.00 0.08±0.01 0.09±0.01 0.08±0.00 

 

 

 

 

Table 3: Effect of 28 days daily administration of hydroethanolic extract of Eragrostis tremula on haematological 

parameters 

Parameters Units Sex 
Groups (mg/kg) 

D/W 1 mL/kg HEET 250 HEET 500 HEET 1000 

WBC  (×103/µL) Male 6.44±0.40 6.60±0.61 4.56±0.37 6.36±0.50 

LYMP  (%) Male 35.80±1.98 41.48±2.93 59.20±5.98b 32.54±2.02 

GRAN (%) Male 55.80±2.47 42.76±7.05 32.70±5.15a 57.18±1.79 

MID (%) Male 8.40±0.36 15.76±1.26 8.10±1.02 10.28±0.94 

RBC  (×106/µL) Male 5.15±0.23 4.49±0.21 5.04±0.22 4.77±0.30 

HGB  (g/dL) Male 12.91±1.00 14.32±0.20 14.38±0.81 15.54±0.43 

HCT  (%) Male 40.17±3.36 43.58±1.79 42.60±2.52 47.98±2.13 

PLT  (×103/µL) Male 270.92±31.25 281.92±48.74 230.52±40.28 363.56±19.72 

WBC  (×103/µL) Female 6.52±0.37 5.42±0.54 6.78±0.71 4.64±0.93 

LYMP  (%) Female 40.28±6.71 41.42±5.91 49.84±4.60 36.96±5.07 

GRAN (%) Female 44.64±1.52 46.94±6.42 42.30±5.22 43.50±3.06 

MID (%) Female 15.08±0.61 11.64±0.82 7.86±0.77 19.54±1.87 

RBC  (×106/µL) Female 5.56±0.44 4.82±0.11 4.92±0.26 5.10±0.38 

HGB  (g/dL) Female 14.49±0.59 14.14±0.63 14.10±0.68 12.74±0.76 

HCT  (%) Female 43.34±1.66 44.64±1.80 40.93±1.14 38.96±2.24 

PLT  (×103/µL) Female 205.80±21.20 371.00±12.72b 405.40±28.28b 278.54±39.86 

Values are Mean ± S.E.M; a=p<0.05, b=p<0.01 as compared to D/W group – One way ANOVA followed by 

Bonferroni’s post hoc test, n=5 (Male or Female)    D/W = Distilled water, HEET = Hydroethanolic extract of 

Eragrostis tremula, WBC= White blood cells, LYMP = Lymphocytes, GRAN = Granulocytes, RBC=Red blood cells, 

MID = Mid cells, HGB = Haemoglobin, HCT = Haematocrit, PLT = Platelets 
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Table 4: Effect of 28 days daily administration of hydroethanolic extract of Eragrostis tremula on liver function 

indices of rats 

Groups (mg/kg) 
Sex 

(M/F) 

Parameters 

ALT (IU/L) AST (IU/L) ALP (IU/L) Total protein (g/dL) Albumin (g/dL) 

D/W (1 mL/kg) M 16.00±1.82 163.00±9.95 22.64±6.73 11.82±0.60 2.98±0.07 

HEET (250) M 11.20±1.59 115.20±9.39* 19.78±4.98    6.62±0.43** 2.90±0.06 

HEET (500) M 16.25±3.20 153.00±14.07 30.05±4.68 13.25±0.92 3.12±0.05 

HEET (1000) M 19.40±0.81 166.60±2.75 31.72±6.38 10.76±0.42 2.90±0.09 

D/W (1 mL/kg) F 17.20±2.15 129.20±4.52 29.90±5.39 11.06±0.60 3.00±0.12 

HEET (250) F 10.75±1.65 140.67±22.92 15.83±2.51 9.64±0.44 3.30±0.17 

HEET (500) F 13.00±1.22 129.50±16.08 17.83±0.80 10.88±0.73 3.00±0.12 

HEET (1000) F 21.00±1.58 157.00±5.31 32.73±5.90 10.70±0.40 3.02±0.08 

Values are Mean ± S.E.M. * =p<0.05, ** =p<0.001 compared to D/W group – One way ANOVA followed by 

Bonferroni’s post hoc test, n=5 (Male or female)     D/W = Distilled water, HEET = Hydroethanolic extract of 

Eragrostis tremula, ALT= Alanine amino transferase, AST = Aspartate amino transferase, ALP = Alkaline 

phosphatase 

 

Table 5: Effect of 28 days daily administration of hydroethanolic extract of Eragrostis tremula on renal function 

indices and electrolytes 

Groups (mg/kg) 
Sex 

(M/F) 
Creatinine 

(µmol/L) 
Urea 

(mg/dL) 
Sodium 

(mmol/L) 
Potassium 

(mmol/L) 
Chloride 

(mmol/L) 
Bicarbonate 

(mmol/L) 

D/W (1 mL/kg) M 0.80±0.05 36.16±1.58 171.98±3.76 7.56±0.38 30.00±1.48 92.60±2.32 
HEET (250) M 0.98±0.19 42.76±2.72 178.28±2.43 7.50±0.99 35.40±1.63 89.80±5.00 
HEET (500) M 0.88±0.14 39.10±5.48 180.30±0.87 9.84±1.12 34.60±3.32 100.80±4.57 
HEET (1000) M 0.92±0.11 36.58±2.65 180.38±0.45 9.80±0.45 28.60±2.46 98.20±4.54 
D/W (1 mL/kg) F 0.78±0.05 34.66±2.08 189.32±2.46 8.58±0.83 30.00±1.48 92.40±3.68 
HEET (250) F 0.96±0.07  28.34±1.27 183.82±2.17 7.00±0.33 32.20±1.62 84.20±3.94 
HEET (500) F 0.92±0.05 36.44±1.98 184.74±1.42 11.26±0.47 30.80±2.43 78.60±3.75 
HEET (1000) F 0.86±0.05 28.68±1.46 188.96±3.39 10.62±0.98 32.00±2.02 93.40±6.27 

Values are Mean ± S.E.M., No significant difference compared to D/W group – One way ANOVA followed by 

Bonferroni’s post hoc test, n=5 (Male or female)   D/W = Distilled water, HEET = Hydroethanolic extract of 

Eragrostis tremula  

 
Figure 7.  Effect of 28 days daily administration of hydroethanolic extract of Eragrostis tremula on serum lipid profile. 

Values are Mean ± S.E.M; No significant difference as compared to D/W group – One way ANOVA, n=5     D/W = 

Distilled water, HEET = Hydroethanolic extract of Eragrostis tremula, CHOL = Cholesterol, TGLS = Triglycerides, 

HDL = High density lipoprotein, LDL = Low density lipoprotein 
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Figure 8. Photomicrographs of sections of stomach, liver, kidney, brain and testis of male rats following 28 days daily oral 

administration of hydroethanolic extract of Eragrostis tremula. ST = Stomach showing normal mucosal cells; LIV = liver 

showing normal hepatocytes; KID = kidney showing tubular adhesion (white arrow); BR = brain showing normal features; 

TE = testes showing normal spermatogenic cells (H & E × 250) 
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Figure 9. Photomicrographs of sections of stomach, liver, kidney, brain and ovary of female rats following 28 days daily 

oral administration of hydroethanolic extract of Eragrostis tremula. ST = stomach showing normal mucosal cells, LIV 

= liver showing normal hepatocytes; KID = kidney showing slight glomerular necrosis (red arrow), and lymphocyte 

infiltration (blue arrow); BR= brain showing normal features; OVR = ovary showing normal cells (H & E ×250) 
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The administration of HEET to rats of both 

sexes did not cause significant deviations in the 

levels of liver enzymes. This showed that the 

liver functions were not affected by HEET 

after 28 days daily administration. Histological 

examination of the liver also upholds the above 

findings as there were no lesions or significant 

changes to the liver histo-architecture in all the 

HEET-administered groups and in both sexes.  

Creatinine and urea are key indicators of 

kidney function that are utilized in the 

diagnosis of kidney disease or examination of 

drug treatment outcomes [49-51]. Creatinine is 

a component of urine and the final product of 

creatine phosphate catabolism in muscles. 

High level of creatinine may be a sign of 

malfunction of nephrons, which implies renal 

failure [50,52]. In this study, the creatinine 

levels in both the male and female rats were not 

altered, which suggests the administration of 

HEET did not affect their renal function. Urea 

on the other hand is the major nitrogenous 

waste product produced from protein 

catabolism and excreted from the body more or 

less completely by the kidneys. It is utilized in 

the diagnosis of pre-renal cases where urea 

nitrogen to creatinine fraction is raised 

especially in acute kidney malfunction. 

However, it is not an efficient indicator of 

glomerular filtration rate because its excessive 

production is influenced by a number of factors 

including high protein diet, dehydration and 

urea cycle enzymes which are not directly 

related to renal function [53]. Histological 

assessment of the kidneys showed minor 

tubular adhesion in the male rats while slight 

glomerular necrosis and lymphocyte 

infiltration were seen in the female rats. In line 

with this observation, the administration of 

higher doses of HEET over a long period might 

pose slight adverse effects to the kidneys.   

Results obtained from the lipid profile 

tests did not show significant changes in the 

quantities of triglycerides, high density 

lipoprotein, cholesterol, as well as low density 

lipoprotein after the 28 days daily 

administration of HEET. These parameters are 

essential markers for metabolic diseases like 

diabetes mellitus and coronary artery disease 

[54,55]. The absence of significant alterations 

on all the investigated lipid parameters 

suggests that the extract may not alter lipid 

metabolism or cause associated cardiovascular 

problems.  

The sub-acute toxicity studies 

evaluated the effect of HEET on possible 

targets of toxicity such as the immune and 

endocrine systems. Generally, the extract was 

considered relatively safe in rats following the 

28 days’ repeated daily administration as there 

were no death or major pathological changes in 

most of the parameters examined. The NOAEL 

of the extract after sub-acute administration 

was thus resolved to be 250 mg/kg in rats.  

Conclusions. The acute toxicity profile of 

HEET revealed that it is practically non-toxic 

in rats after single oral administration. Toxicity 

profile of the extract following 28 days daily 

oral intake revealed a no-observed adverse 

effect level at 250 mg/kg. Nevertheless, sub-

acute administration of large doses of the 

extract caused slight histopathological lesions 

in the kidneys.  
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