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a b s t r a c t 

Acute toxicity, oxidative stress damage and clinicopathological changes were investigated 

in Wistar rats exposed to the aqueous extract of Uvaria chamae leaves because of the 

widespread ethnomedicinal use of the plant in many parts of the world. The acclima- 

tized rats were administration 10 mgkg −1 , 100 mgkg −1 and 10 0 0 mgkg −1 (Phase I) and 

160 0 mgkg −1 , 290 0 mgkg −1 and 50 0 0 mgkg −1 of the extract (Phase II). We observed rats 

for signs of toxicity within the first 30 min, 1-h, 2-h, 3-h, 4-h, 12-h, 24-h and thereafter 

daily for 14 days. Body and organ weights of rats were also monitored and used as mea- 

sures of toxicity. We evaluated the haematological, biochemical, antioxidant and lipid per- 

oxidation as well as histopathological effects of the extract in experimental rats after day 

14th of the exposure. Exposed rats showed no signs of toxicity. The median lethal dose 

of the extract was estimated to be above 50 0 0 mgkg −1 . We observed significant ( p < 0.05) 

weight gain in pooled body weights of rats at the end of the experiment but this was sig- 

nificant ( p < 0.05) in Phase I only. There were no significant ( p > 0.05) differences in the 

haematological and biochemical profiles as well as in the antioxidant and lipid peroxida- 

tive activities of the extract in exposed rats. Similarly, no obvious histopathological changes 

were observed in exposed rats. Although the aqueous extract of U. Chamae leaves was ap- 

parently non-toxic to the exposed rats as demonstrated, there is still a need for further 

investigations of its prolonged use and at sub-chronic extract concentrations. 

© 2019 The Authors. Published by Elsevier B.V. on behalf of African Institute of 

Mathematical Sciences / Next Einstein Initiative. 

This is an open access article under the CC BY license. 

( http://creativecommons.org/licenses/by/4.0/ ) 

 

 

 

 

Introduction 

The plant kingdom is an enormous reservoir of biologically active compounds with various chemical structures and pro-

tective/disease preventive properties [1] . That is why natural products are and have remained the cornerstone of our health

care system [2] with about 80% of the world’s population still relying on traditional medicine for their health care needs

[3] . However, these valuable medicinal resources are largely untapped because of inadequate scientific, technical and com-
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mercial infrastructure in developing countries [4] hence the need for the present study. This is because medicinal properties

of plants are due to their phytochemical constituents, but some of these constituents may also be toxic to final consumers

of such plants [2] via oxidative and cellular damages. That is why we must strive to achieve a balance between a medic-

inal plant’s efficaciousness and its safety because of what use is a plant that is safe but lack efficacy or a plant that is of

therapeutic value but highly toxic or harmful [5] . 

The present work focused on preliminary investigation of toxic effects of aqueous extract of Uvaria chamae leaves to

exposed Wistar rats as a precursor to other investigations into the ethnomedicinal importance of the plant. This is because

the leaf juice of U. chamae has reportedly been used to treat injuries, swellings, ophthalmia irritis and conjuctivitis [6] while

jaundice, intermittent fever, dysentery, severe abdominal pain, hepatitis and conjunctivitis have been treated with various

preparations of the plant [7] . An overriding concern in the selection of these herbal medicines for use in healthcare delivery

is their safety as plants extracts should be not only efficacious but also safe for human consumption [8] . Therefore, there is a

need to verify the safety level of the ethnomedicinal use of U. chamae hence the present study. Evaluation of haematological,

serum biochemical and oxidative stress responses along with induced tissue histopathological changes in exposed animals

are amongst the commonly used biomarkers of toxicity. This is because cellular damages normally precede death as obvious

end-point of toxicity. The present work therefore, aimed to investigate haematological, biochemical, oxidative stress and

histopathological changes in Wistar rats exposed to the aqueous extract of U. chamae leaves. 

Materials and methods 

Plant and animal preparations 

The leaves of U. Chamae were collected from within Alkpali Ugbokolo town in Okpokwu Local Government Area of Benue

State, Nigeria between September–October 2016. The leaves were identified by the Taxonomist (Mr. Namadi Sanusi) of the

Herbarium of the Department of Biological Sciences, Ahmadu Bello University, Zaria with specimen voucher no. 3129. The

leaves were washed under running tap water and dried in the laboratory at room temperature. This was pulverized into fine

powder and macerated in distilled water for two days to obtain an aqueous filtrate that was then dried over water bath and

stored in a refrigerator ready for use. 

Adult Wistar rats of both sexes used for the experiment were acclimatized to laboratory condition for 14 days under

natural 12/12 daylight and night photoperiod. Experimental rats were fed ad libitum with Broiler finisher (Livestock Feeds

Plc, No. 1, Henry Carr Street, P. M. B. 21097, Ikeja, Lagos State, Nigeria) with a proximate compositions of protein - 18.0%;

fats – 6.0%; Fibre – 6.0%; Calcium – 1.0%; average phosphorus – 0.45% and metabolizable energy – 2900 Kcal/kg. Fresh ample

drinking water was provided twice daily throughout the period. 

Acute toxicity bioassay 

We performed the acute toxicity study of the aqueous extract of U. Chamae leaves in exposed Wistar rats as described

by Lorke [9] with a slight modification regarding the use of three rats instead of one rat per group in Phase II of the

experimental set-up. We used 21 Wistar rats of both sexes with average body weight of 141.4 ± 5.55 g for the study. Phase I

of the experiment involved the oral dosing (by gavage) of three rats each with 10 mgkg −1 , 100 mgkg −1 and 10 0 0 mgkg −1 of

the extract. These were then observed for signs of toxicity within the first 30 min, 1-h, 2-h, 3-h, 4-h and 12-h, respectively

and daily thereafter for 14 days for signs of delayed toxicity according to OECD [10] . However, another set of three rats

were dosed orally with distilled water and served as the control group. We proceeded to dose another set of Wistar rats

at 160 0 mgkg −1 , 290 0 mgkg −1 and 50 0 0 mgkg −1 of the extract, respectively for the second Phase II of the experiment due

to the absence of mortality after 24-h of exposure in Phase I of the experimental set-up. The median lethal dose (LD 50 ) of

the aqueous extract U. chamae leaves in exposed Wistar rats was calculated as the geometric mean of the dose that did not

produce mortality and the highest dose that produced mortality where there was mortality but estimated to be above the

highest dose exposure if no mortality was recorded according to [9] . Changes in body weights monitored at the beginning

and at the end of the experiment were also used as index of toxicity [11,12] . 

Haematological evaluation 

At the end of each 14th day observational period for both Phases of the experimental set-up, heparized capillary tubes

were used to collect blood from the retro-orbital plexus of the lateral canthus of the eye of each rat into heparin con-

taining sample bottles for haematological analyses. We evaluated full blood count in experimental rats using an automatic

haematology analyser (BC-2800Vet, Mindray auto haematology analyser, www.mindray.com ). 

Biochemical evaluation 

Blood was collected from the lateral canthus of the eye of each rat with heparinised capillary tubes into plain sample

bottles for serum chemistry analysis at the end of the 14 days observational period following the extract exposure. The

http://www.mindray.com


S.A. Ejeh, S.E. Abalaka and I.L. Usende et al. / Scientific African 3 (2019) e0 0 068 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

collected blood were allowed to clot at room temperature and centrifuged at 30 0 0 g for 30 min to obtain the serum. The

alanine aminotransferase, aspartate aminotransferase and alkaline phosphatase activities as well as the creatinine and urea

levels were determined using commercial assay kits (Randox Laboratory Limited, United Kingdom) according to the manu-

facturer’s protocol. 

Oxidative stress determination 

Similarly at the end of each 14 days observational period, experimental rats were euthanised with xylazine and ketamine

combination as described by Usende et al. [13] . The liver was harvested from each dissected rat, dipped in normal saline,

wiped dry with blotting paper and immediately weighed to determine liver absolute weight as well as getting the appropri-

ate liver weight for preparing the liver homogenase. We prepared 10% homogenase of each liver in 50Mn phosphate buffer

at pH 7.4 and used the methods of Fridovich [14] and Aebi [15] to determine superoxide dismutase (SOD) and catalase (CAT)

activities. Similarly, we used the method of Ellman [16] as described by Rukkumani et al. [17] to determine the reduced glu-

tathione (GSH) activity while the method of Ohkawa et al. [18] as described by Sivo ̌nová et al. [19] was used to ascertain

the extent of lipid peroxidation. 

Absolute and relative liver weight determination 

Each harvested liver was immediately weighed to get its absolute weight while its relative weight was calculated as

described by Akhtar et al. [20] below: 

Relative liver weight = 

Liver weight ( g ) 

Body weight ( g ) 
× 100 

Histopathological determination 

The harvested liver, spleen, kidney and heart of exposed rats were fixed in 10% neutral buffered formalin, paraffin em-

bedded and sectioned at 5 μm prior to haematoxylin and eosin staining according to standard procedure described by Ban-

croft and Cook [21] . The prepared slides were viewed under light microscopy at varying magnifications for histopathological

changes. 

Statistical analysis 

The obtained data were expressed as mean ( ±SEM) and some where then subjected to Student’s t -test while others were

subjected to One-way analysis of variance (ANOVA) for statistical significance ( p < 0.05) between means using GraphPad

software programme (GraphPad Prism version 4.0., www.graphpad.com ). 

Results 

No death was recorded in both Phases of the experiment as shown in Table 1 . We, therefore, estimated the LD 50 of the

orally administered aqueous extract of U. chamae leaves in the exposed Wistar rats to be > 50 0 0 mgkg −1 . Pooled final body

weight of experimental rats were significantly ( p < 0.05) higher than their pooled initial weights as presented in Table 2 .

However, significant ( p < 0.05) increase was recorded only in Phase I of the experimental set-up. 
Table 1 

Mortality pattern in Wistar rats orally administered aqueous extract of 

Uvaria chamae leaves by gavage. 

Experiment Dose 

(mgkg −1 ) 

Mortality 

Day-0 Day-14 

Control 0 0/3 0/3 

Phase I 10 0/3 0/3 

100 0/3 0/3 

10 0 0 0/3 0/3 

Phase II ∗∗ 1600 0/3 0/3 

2900 0/3 0/3 

50 0 0 0/3 0/3 

∗∗ Three rats per exposed group. 

http://www.graphpad.com
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Table 2 

The effect of aqueous extract of Uvaria chamae leaves on body weight of the exposed Wistar rats. 

Body 

weight 

Dose range (mgkg −1 ) Weight gain (g) 

Initial (0 days) Final (14 days) t-value 

Pooled 0–50 0 0 137.0 ± 4.97 168.9 ± 5.79 0.0 0 02 ∗

Phase I 0–10 0 0 135.3 ± 5.49 169.3 ± 6.92 0.0 0 09 ∗

Phase II ∗∗ 160 0–50 0 0 139.3 ± 9.34 168.3 ± 10.37 0.0542 

∗ Values with asterisks within rows are statistically significant ( p < 0.05). 
∗∗ Three rats per exposed group. 

Table 3 

The effect of aqueous extract of Uvaria chamae leaves on the haematological profile of the exposed Wistar rats. 

Parameters Extract dose 

Control Phase I Phase II 

10 (mgkg −1 ) 100 (mgkg −1 ) 10 0 0 (mgkg −1 ) 1600 ∗ (mgkg −1 ) 2900 ∗ (mgkg −1 ) 50 0 0 ∗ (mgkg −1 ) 

RBC (x 10 12 L −1 ) 7.83 ± 0.62 8.33 ± 0.23 8.02 ± 0.04 8.42 ± 0.02 7.64 ± 0.13 7.63 ± 0.26 7.40 ± 0.17 

PCV(11 −1 ) 0.41 ± 0.02 0.44 ± 0.00 0.41 ± 0.00 0.44 ± 0.02 0.40 ± 0.01 0.40 ± 0.02 0.31 ± 0.07 

Hb (gL −1 ) 139.30 ± 8.19 151.0 0 ± 2.0 0 144.00 ± 2.52 151.50 ± 5.50 141.30 ± 3.48 141.70 ± 7.31 140.0 ± 3.00 

MCV (fL) 52.67 ± 1.76 57.0 0 ± 2.0 0 55.62 ± 0.33 57.50 ± 3.50 50.67 ± 0.88 52.67 ± 2.03 53.0 0 ± 1.0 0 

MCH (pg) 17.90 ± 0.45 71.90 ± 0.50 17.90 ± 0.20 17.95 ± 0.65 17.93 ± 0.43 18.53 ± 0.55 18.55 ± 0.45 

MCHC (gL −1 ) 388.00 ± 5.03 335.0 0 ± 4.0 0 341.70 ± 3.84 332.0 0 ± 8.0 0 354.00 ± 8.02 353.30 ± 1.86 350.50 ± 3.50 

WBC (x 10 9 L −1 ) 10.42 ± 3.59 13.26 ± 0.70 13.86 ± 3.21 8.26 ± 1.66 10.22 ± 1.74 9.19 ± 1.25 7.81 ± 3.50 

LYMPH (x 10 9 L −1 ) 7.49 ± 2.51 8.83 ± 0.48 10.47 ± 2.47 5.02 ± 1.47 6.50 ± 0.60 6.01 ± 0.17 6.20 ± 3.03 

NEUT (x 10 9 L −1 ) 2.09 ± 0.83 3.16 ± 0.94 1.96 ± 0.44 2.72 ± 0.27 2.54 ± 0.87 2.02 ± 0.64 0.68 ± 0.04 

EOSIN & BASOP (x 10 9 L −1 ) 0.85 ± 0.8 1.28 ± 0.3 1.44 ± 0.3 0.52 ± 0.1 1.19 ± 0.3 1.29 ± 0.6 0.90 ± 0.4 

Values with different superscripts within rows are statistically significant ( p < 0.05). 
∗Conducted with three rats per group 

RBC – Red blood cell, PCV – Packed cell volume; Hb – Haemoglobin; MCV – Mean corpuscular volume; MCH – Mean corpuscular haemoglobin; MCHC 

– Mean corpuscular haemoglobin concentration; WBC – White blood cell; LYMPH - Lymphocyte; NUET – Neutrophil; EOSIN – Eosinophil; BASOP –

Basophil. 

Table 4 

Biochemical changes in Wistar rats exposed to the aqueous extract of Uvaria chamae leaves. 

Parameters Extract dose 

Control Phase I Phase II 

10 (mgkg −1 ) 100 (mgkg −1 ) 10 0 0 (mgkg −1 ) 1600 ∗ (mgkg −1 ) 2900 ∗ (mgkg −1 ) 50 0 0 ∗ (mgkg −1 ) 

ALT (IU) 9.39 ± 3.22 12.56 ± 4.59 16.26 ± 3.38 13.94 ± 0.26 11.53 ± 0.87 10.14 ± 1.54 10.84 ± 2.60 

AST (IU) 21.33 ± 2.85 19.20 ± 1.75 18.52 ± 9.74 14.53 ± 1.40 12.72 ± 5.82 17.55 ± 6.71 9.23 ± 3.38 

ALP (IU) 659.20 ± 83.35 453.00 ± 48.22 427.30 ± 11.37 440.90 ± 53.47 554.00 ± 72.10 427.10 ± 3 89 521.30 ± 69.45 

Urea (μmol/L) 6.03 ± 0.31 6.33 ± 0.73 6.41 ± 0.10 6.78 ± 0.05 7.09 ± 0.73 6.46 ± 1.11 8.69 ± 1.97 

Creatinine (μmol/L) 37.45 ± 4.40 46.43 ± 0.79 41.95 ± 4.66 40.46 ± 2.59 45.88 ± 2.48 47.26 ± 0.03 44.51 ± 1.94 

Values with different superscripts within rows are statistically significant ( p < 0.05). 
∗Conducted with three rats per group. 

ALT - Alanine aminotransferase; AST - Aspartate aminotransferase; ALP - Alkaline. 

Table 5 

Oxidative stress and lipid peroxidation effect of aqueous extract of Uvaria chamae leaves in the exposed Wistar rats. 

Parameters Extract dose 

Control Phase I Phase II 

10 (mgkg −1 ) 100 (mgkg −1 ) 10 0 0 (mgkg −1 ) 1600 ∗ (mgkg −1 ) 2900 ∗ (mgkg −1 ) 50 0 0 ∗ (mgkg −1 ) 

SOD (U/mg protein) 11.48 ± 0.37 10.01 ± 1.03 6.28 ± 2.80 8.27 ± 0.30 10.39 ± 1.32 11.67 ± 0.42 9.53 ± 1.70 

CAT (U/mg protein) 69.05 ± 5.47 42.43 ± 28.80 79.11 ± 14.47 82.03 ± 7.20 35.27 ± 10.37 39.91 ± 11.44 35.86 ± 8.75 

GSH (U/mg protein) 17.02 ± 0.28 20.97 ± 2.24 17.94 ± 0.26 18.37 ± 0.47 26.12 ± 4.40 23.42 ± 3.17 38.58 ± 15.5 

MAD (U/mg protein) 2232.13 ± 9.12 2253.40 ± 91.46 2561.67 ± 460.20 3229.40 ± 62.78 2340.53 ± 305.20 2704.03 ± 497.20 2831.13 ± 478.30 

Values with different superscripts within rows are statistically significant ( p < 0.05). 
∗Conducted with three rats per group. 

SOD – Superoxide dismutase; CAT – Catalase; GSH – Reduced glutathione; MAD – Malondialdehyde. 
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Table 6 

Absolute liver weight and relative liver weight in Wistar rats orally administered aqueous extract of Uvaria chamae leaves by 

gavage. 

Organ 

weight 

Extract dose 

Control 10 mgkg −1 100 mgkg −1 10 0 0 mgkg −1 1600 ∗ mgkg −1 2900 ∗ mgkg −1 50 0 0 ∗ mgkg −1 

ALW 5.00 ± 0.57 5.67 ± 0.33 6.33 ± 0.33 6.33 ± 0.67 5.33 ± 1.45 6.67 ± 1.33 6.67 ± 1.45 

RLW 3.47 ± 0.38 3.30 ± 0.40 3.22 ± 0.29 3.49 ± 0.04 3.19 ± 0.53 3.62 ± 0.38 3.52 ± 1.66 

Values with same superscripts within rows are statistically insignificant ( p < 0.05). 
∗ Conducted with three rats per group. 

ALW – Absolute liver weight; RLW – Relative liver weight. 

Fig. 1. The photomicrograph of the liver of a control Wistar rat in aqueous extract of Uvaria chamae leaves exposure showing the portal triad (O), hepatic 

cord (arrow) and hepatic sinusoid (arrow heads). H & E. 

Fig. 2. The photomicrograph of the liver of a Wistar rat exposed to 50 0 0 mgkg −1 of the aqueous extract of Uvaria chamae showing the central vein (V), 

hepatic cord (arrow) and hepatic sinusoid (arrow head). H & E. 

 

 

 

 

 

 

 

 

Changes in the haematological profile of the exposed rats were as presented in Tables 3 . These changes were nei-

ther concentration-dependent nor significant ( p > 0.05) with increasing extract concentrations. No significant ( p > 0.05)

changes were recorded in serum ALT, AST and ALP activities, including those of serum creatinine and urea levels in the

exposed rats as shown in Table 4 . Although we recorded decreased SOD and CAT activities viz-a-viz increased GSH and

MAD activities with increasing extract concentrations, these changes were neither significant ( p > 0.05) nor concentration

dependent as shown in Table 5 . There were no significant ( p > 0.05) differences in absolute liver weights and relative

liver weights of the experimental rats with increasing extract concentrations as presented in Table 6 . Similarly, no obvi-

ous histopathological changes were observed in the liver, spleen, kidney and hearts of the exposed rats as presented in

Figs. 1–8 . 



6 S.A. Ejeh, S.E. Abalaka and I.L. Usende et al. / Scientific African 3 (2019) e0 0 068 

Fig. 3. The photomicrograph of the spleen of a control Wistar rat in aqueous extract of Uvaria chamae leaves exposure showing the red pulp (R) and the 

white pulp (W). H & E. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 

Fig. 4. The photomicrograph of the spleen of a Wistar rat exposed to 50 0 0 mgkg −1 of the aqueous extract of Uvaria chamae leaves showing the red pulp 

(R) and the white pulp (W). H & E. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this 

article.) 

Fig. 5. The photomicrograph of the kidney of a control Wistar rat in aqueous extract of Uvaria chamae leaves exposure showing the glomerulus (G), 

proximal tubule (P) and the distal tubule (D). H & E. 
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Fig. 6. The photomicrograph of the kidney of a Wistar rat exposed to 50 0 0 mgkg −1 of the aqueous extract of Uvaria chamae leaves showing the glomerulus 

(G), proximal tubule (P) and the distal tubule (D). H & E. 

Fig. 7. The photomicrograph of the heart of a control Wistar rat in aqueous extract of Uvaria chamae leaves showing the muscle fibre (M) with the 

intercalated disc connection (arrow). H & E. 

Fig. 8. The photomicrograph of the heart of a Wistar rat exposed to 50 0 0 mgkg −1 of the aqueous extract of Uvaria chamae leaves showing the muscle fibre 

(M) with the intercalated disc connection (arrow). H & E. 

 

 

 

 

Discussion 

The absence of obvious signs of toxicity, including mortality as an end-point of toxicity at the highest extract concentra-

tions showed that the LD 50 of the aqueous extract of U. Chamae leaves was higher than 50 0 0 mgkg −1 thereby making the

extract relatively non-toxic in the exposed rats via the administered route according to Lorke [9] . This was because if an ani-

mal survives the 50 0 0 mgkg −1 toxicant exposure, the LD will be estimated to be above 50 0 0 mgkg −1 requiring no further
50 
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test above that concentration [9,22,23] . This meant that the extract was practically non-toxic according to the acute toxicity

grading standard [24,25] thereby validating the folklore and ethnomedicinal use of the plant worldwide. The estimated LD 50 

value agreed with the reports of Onakpa [26] and Olumese et al . [6] who worked on parts of the plant in Wistar rats as

well as those of Bila [27] and Emeka et al . [28] who worked on parts of the plant in mice with the exception of an LD 50 

of 692.82 mgkg −1 reported in mice by Okon et al . [29] . The recorded significant ( p < 0.05) weight gain in the pooled and in

Phase I of the exposed rats also showed the extract’s apparent lack of toxicity as there seems to be no obvious interference

with appetite, digestion and assimilation of the consumed food in the exposed rats throughout the exposure periods. This is

because significant ( p < 0.05) weight loss is normally associated with toxic effect of substances in exposed animals [11,12] .

The observed non-significant ( p > 0.05) changes in both absolute and relative liver weights with increasing extract concen-

trations showed that the extract was apparently non-toxic to the exposed rats. This is because changes in organ weight

can also be used as an index of toxicity in the absence of morphological changes [30] . However, The Society of Toxicologic

Pathology is of the opinion that organ weights are of limited value and therefore, not recommended in studies in which only

a single dose of substance was administered [31] . The non-significant ( p > 0.05) changes in the haematological, biochemical

and oxidative stress markers showed that the plant extract as administered was neither haemotoxic nor caused obvious cel-

lular damages. Olumese et al . [32] reported significantly ( p < 0.05) reduced MCHC and increased platelets with no significant

( p > 0.05) changes in other haematological parameters of the exposed rats. Similarly, Okafor et al . [33] reported significant

( p < 0.05) increase in ALP and significant ( p < 0.05) reduction in urea with insignificant ( p > 0.05) changes in ALt, AST and

creatinine in exposed rats. The apparent lack of histopathological changes was also indicative of the non-toxic nature of the

extract in exposed rats although Olumese et al . [6] reported mild vascular congestion with lymphocytic infiltration in the

liver and kidney of rats exposed to the aqueous extract of the plant’s leaf. 

Conclusions 

The inability of the extract to cause significant ( p > 0.05) haemotoxicity, lipid peroxidation and oxidative stress damage,

including biochemical and histopathological changes in the exposed rats further reinforced the estimated LD 50 greater than

50 0 0 mgkg −1 . This preliminary study has shown that the aqueous extract of U. chamae leaves is relatively safe as admin-

istered thereby lending credence to the ethnomedicinal importance of the plant in this part of the world. However, further

investigations into repeated and prolonged exposures need to be conducted. 
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