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INTRODUCTION

Traditional herbal medicines are naturally occurring plant 
derived substances, with minimal or no industrial processing, 
that have been used to treat illness within local or regional 
healing practices [1]. Plants are the oldest known sources of 
human and livestock healthcare and an important component 
of global biodiversity [2]. Medicinal plant can however be 
poisonous if wrong plant parts or wrong concentrations are 
used [3]. Nowadays, toxicity and safety of medicinal plants 
are the most discussed topics as herbal products have become 
popular worldwide.

Cnidoscolus aconitifolius is one of the plants used in traditional 
medical practice. There are two edible species of the plant; 
Cnidoscolus chryamansa and C. aconitifolius. Both appear 
similar morphologically, except in their leaf shape. The crop 
originated as a domesticated leafy green vegetable in the 

Maya region of Guatemala, Belize, Southeast Mexico during 
pre-Cambrian period [4]. In ethnomedicine, decoctions of 
C. aconitifolius are administered as home-made prophylactic 
agent against a number of ailments such as acne, eye problems, 
kidney stones, and obesity. The antibacterial, anti-diabetic 
and ameliorative effects of various extracts of C. aconitifolius 
on anemia and osmotic fragility induced by protein energy 
malnutrition have been reported [5-8]. A wide variety of the 
folkloric use of this herb in ethnomedicine includes treatment 
for alcoholism, insomnia, gout, scorpion stings and as a cure 
for brain and vision improvement [9]. The currently observed 
rapid increase in the consumption of herbal remedies worldwide 
is stimulated by several factors, including the notion that 
all herbal products are safe and effective because they come 
from natural sources [10]. Despite the several claims to 
the efficacy of C. aconitifolius in the management of many 
diseases by herbalists, there is a dearth of information on the 
toxicological implications of the aqueous extract of the plant 
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ABSTRACT
Objective: Recent research on medicinal plants indicates that some plant extract are not only beneficial in 
the treatment of ailments, but could also be toxic. Aqueous extract of Cnidoscolus aconitifolius leaves 
is consumed for various reasons in traditional medicine. This study considers possible toxicological effects of 
aqueous leaf extract of C. aconitifolius using biochemical and histological indices of liver and kidney function 
as well as hematological indices in rats. Materials and Methods: In this study, phytochemical screening 
of C. aconitifolius leaves was carried out. Sub-acute toxicity tests were done using 20 male albino rats 
(4-6 weeks old; body weight, 132.20 ± 48.10 g). They were grouped into four groups of five rats each and 
fed pelletized Grower’s mash incorporated 100, 200, and 400 mg/kg body weight of the extract for 28 days. 
The control group received pelletized Grower’s mash and water only. At the end of the feeding period, blood 
was collected through cardiac puncture for biochemical and hematological examinations. The liver and kidneys 
were also collected for histological studies and relative organ weights. Results: Phytochemical analysis of the 
plant leaves showed mean concentrations (%) of tannins, saponins, cyanogenic glycosides, alkaloids, phenols, 
flavonoids, and steroids at 0.14, 4.04, 0.003, 4.72, 0.19, 2.36, and 0.27, respectively. Incorporation of the 
aqueous extract into the diets of rats at 100, 200, and 400 mg/kg body weight for 28 days resulted in non-
significant (P > 0.05) effects on the relative organ weights, total protein, globulin, aspartate aminotransferase, 
alanine aminotransferase and alkaline phosphatase activities, total and conjugated bilirubin, creatinine, platelet, 
red blood cell, white blood cell, neutrophils, lymphocytes, eosinophils, and basophils concentrations. However, 
blood monocyte concentrations were significantly decreased (P < 0.05) in rats administered 100 and 200 mg/kg 
body weight of extract. Histopathological studies showed that organs of the treated animals studied were not 
damaged. Conclusion: The results suggested that the aqueous leaf extract of C. aconitifolius had low 
toxicity at the concentrations investigated.
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leaves. This study analyzed the phytochemical contents of the 
oven-dried leaves of C. aconitifolius, conducted a rat feeding 
study using pelletized Grower’s mash that were incorporated 
varying concentrations of its aqueous leaf extract for 28 days, 
and determined its effects on serological and hematological 
indices of the blood as well as histological features of the liver 
and kidneys.

MATERIALS AND METHODS

Procurement of Leaf Sample, Feeds and Rats

The fresh leaves of C. aconitifolius were collected at the 
living quarters of the National Root Crops Research Institute, 
Umudike, Nigeria. The leaves were authenticated by Mr. Ibe K. 
Ndukwe, a forester in the Herbarium Unit of the Department 
of Forestry and Environmental Management, Michael Okpara 
University of Agriculture, Umudike, Nigeria. The pelletized 
Grower’s mash used (product of Vital Feed, Jos, Plateau State, 
Nigeria) was purchased at the Umuahia Market, Abia State, 
Nigeria. The 20 male albino rats (Rattus norvegicus) of the 
Wistar strain used in the study were purchased from the Animal 
Breeding Unit of the College of Veterinary Medicine, University 
of Nigeria, Nsukka, Nigeria.

All the chemicals used were of analytical-reagent grade.

Preparation of Extract

The leaves were washed in running tap water, oven-dried at 40°C 
and pulverized. The powder (200.0 g) was boiled for 20 min in 
1000.0 ml of distilled water and allowed to cool for 2 h. The 
solution was filtered using Whatman No. 1 filter paper and 
concentrated at 45°C under reduced pressure using a rotary 
vacuum evaporator (Type: R-114A). The extract yielded 26.0 g 
dry matter which was kept at refrigeration temperature (4°C) 
until required for use.

Quantitative Analysis for Phytochemical Constituents

The total saponin content of the oven-dried leaves was 
determined us ing  the  double  so lvent  extract ion 
method [11]. Total tannin content was determined using 
ferricyanide method [12]. Total cyanide was determined by 
spectrophotometric method [13]. Total alkaloid was determined 
by alkaline precipitation gravimetric method [11]. Total 
phenol was determined by the colorimetric method [12]. Total 
flavonoid was determined by the gravimetric method [14] 
and total steroid was determined by the method described by 
Harbone [11].

Housing of Rats and Experimental Procedure

The United States National Institute of Health (NIH) guideline 
for animal use and care NIH [14] was followed.

The 20 male albino rats (R. norvegicus) of the Wistar strain used 
in the study were 4-6 weeks old and weighed 132.2 ± 48.1 g. 

The rats were randomly distributed into four groups of five rats 
each and the groups labeled A, B, C, and D. They were housed 
in clean metabolic cages with provisions for feed and water 
troughs and acclimatized for 2 weeks.

Groups A, B, and C had pelletized Grower’s mash incorporated 
with 100, 200, and 400 mg/kg body weight of the extract, 
respectively, while Group D served as the control and was 
administered the untreated feed. All the rats were placed 
ad libitum on tap water throughout the duration of the 
experiment and were sacrificed after 28 days.

Collection of Specimens

At the end of the experiment, the rats were euthanized in 
dichloromethane vapor and incisions made into their thoracic 
and abdominal cavities. Blood was collected by cardiac puncture 
using 10 ml hypodermic syringe and needle. Some blood 
(2.0 ml) was collected into ethylenediaminetetraacetic acid 
bottles and used for hematological studies while the remaining 
(6.0 ml) was allowed to clot and the sera collected by aspiration 
using Pasteur pipette for serological examinations. The organs 
(liver and kidneys) were excised from their abdominal cavities, 
washed in 10% formol saline, blotted dry, and weighed.

Determination of Biochemical Parameters

The concentrations of serum total protein, albumin, alkaline 
phosphatase (ALP), alanine aminotransferase (ALT), and 
aspartate aminotransferase (AST) activities, total and 
conjugated bilirubin, urea, and creatinine were determined 
using spectrophotometric method according to the method 
of Tietz [15], Cheesbrough [16] Recommendation German 
Society for Clinical Chemistry (DGKC)[17], Reitman and 
Frankel [18], Jendrassik and Grof [19], Weatherbun [20], 
Bartels and Böhmer [21]. Hematological parameters like red 
blood cells (RBC), hemoglobin (Hb), packed cell volume, white 
blood cell (WBC) count, neutrophils, monocytes, lymphocytes, 
eosinophils, basophils, and platelets were determined using the 
methods of Ochei and Kolhatkar [22].

Histopathological Studies

Histopathological studies were determined by the method 
described by Bancroft and Stevens [23]. Sections of the different 
organs from each group were collected in a sterile universal 
container containing 10 % neutral buffered formalin for 24 h. 
The tissues were dehydrated through graded series of ethanol 
(50%, 70%, 90% and 2 times of 100% ethanol) for complete 
dehydration, cleared in xylene to render the tissue transparent 
by removing ethanol from dehydrated sections and embedded 
in paraffin wax to provide a hard support for sectioning. The 
blocks were sectioned in the transverse plane at 7 μm using 
LEICA microtome. Every third section was mounted on the 
glass slide and stained with hematoxylin and eosin. A drop 
of distrene tricresyl phosphate xylene mountant devoid of air 
bubbles was place on the slide and cover slips were carefully 
placed over the slide. Photomicrographs of selected sections 
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were captured using Motic 2001 camera (Motican, UK) attached 
to a microscope at ×400.

Statistical Analysis

Data were expressed as mean ± standard deviation of five 
replicates. They were subjected to one way analysis of variance 
and means were separated with post-hoc multiple comparisons 
(option-least significant difference). P ≤ 0.05 were considered 
to be significantly different.

RESULTS

The mean concentrations of tannins, saponins, cyanide, 
alkaloids, phenols, flavonoids, and steroids in the oven-dried 
leaves were 0.14%, 4.04%, 0.003%, 4.72%, 0.19%, 2.36%, and 
0.27%, respectively [Table 1].

Administration of the extract at 100, 200 and 400 mg/kg 
body weight did not significantly (P > 0.05) alter the relative 
liver and kidney weights throughout the experimental period 
[Figure 1].

There were no significant (P > 0.05) effects on the serum total 
protein, globulin, and total and conjugated bilirubin contents 
of the animals throughout the experimental period [Figure 2]. 
There was a significant (P < 0.05) decrease in albumin 
concentration in animals administered 100 mg/kg body weight 
of extract [Figure 2].

The activities of ALP, AST and ALT were not significantly 
(P > 0.05) altered throughout the experiment [Figure 3].

The effects of administering 100, 200 and 400 mg/kg body 
weight of the extract on the kidney function indices of male 
rat is depicted in Figure 4. Serum creatinine contents of the 
animals were not significantly (P > 0.05) altered. Administration 
of 200 mg/kg body weight of extract significantly (P < 0.05) 
decreased the serum urea contents.

Administration of the different concentrations of the 
aqueous leaf extract did not significantly (P > 0.05) alter 
the concentrations of Hb, PCV, platelets, RBC, WBC, 
neutrophils, lymphocytes, eosinophils and basophils [Figure 5]. 
Administration at 100 and 200 mg/kg body weight significantly 
(P < 0.05) reduced the blood monocyte concentrations.

The photomicrographs of the liver and kidney of test and control 
animals were comparable [Figures 6-13].

DISCUSSION

Phytochemicals are known to perform many functions in plants 
and may exhibit different biochemical and pharmacological 
actions in animal species when ingested [24]. The presence 
of tannins in the plant could quicken the healing of wounds 

Table 1: Concentrations of phytochemicals in Cnidoscolus 
aconitifolius leaves
Phytochemical (%) Concentration

Saponins 4.04±0.01
Tannins 0.14±0.00
Cyanide 0.003±0.01
Alkaloids 4.72±0.04
Phenol 0.19±0.00
Flavonoids 2.36±0.56
Steroids 0.27±0.28

Results are expressed as mean±SD of three replicates. SD: Standard 
deviation
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Figure 1: Effects of different concentrations of aqueous leaf extract of 
Cnidoscolus aconitifolius on relative organ weights of rats

0

1

2

3

4

5

6

7

8

Control 100 200 400

Total protein (mg/dl)

Albumin (mg/dl)

Globulin (mg/dl)

Total Bilirubin (mg/dl)

Conjugated Bilirubin
(mg/dl)

Figure 2: Effects of different concentrations of aqueous leaf extract 
of Cnidoscolus aconitifolius on some biochemical parameters of rats
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Figure 3: Effects of different concentrations of the aqueous leaf extract 
of Cnidoscolus aconitifolius on some liver function enzymes of rats
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and burns [25]. Saponins have both hemolytic and cholesterol 
binding activities [26]. The presence of tannins and saponins 
in this plant is in line with the work of Awoyinka et al. [6] 
who also reported the presence of tannins and saponins in 
both the aqueous and ethanolic extract of C. aconitifolius. The 
level of cyanide (3.00 mg/100 g) in the oven-dried leaves of 
C. aconitifolius [Table 1] can be reduced by boiling to release 

the volatile hydrogen cyanide (HCN) thereby making it safer for 
consumption. In various species of animal, the lethal dose of HCN 
are generally reported to be between 0.66 and 15 mg/kg body; 
the acute lethal dose of cyanide for human beings is reported 
to be 0.5-3.5 mg/kg weight [28]. This implies that a 70.0 kg 
human would need to consume 3.06 kg of the oven-dried leaves 
(at 105 mg cyanide/70.0 kg body weight) at once to be poisoned, 
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Figure 4: Effects of different concentrations of the aqueous leaf extract 
of Cnidoscolus aconitifolius on some kidney function indices of rats
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Figure 5: Effects of different concentrations of the aqueous leaf 
extract of Cnidoscolus aconitifolius on the hematological parameters 
of Wistar rats

Figure 6: Photomicrograph of liver section from rat administered 
100 mg/kg body weight of Cnidoscolus aconitifolius leaf extract for 
28 days showing normal liver histology (H and E, ×400)

Figure 7: Photomicrograph of liver section from rat administered 
200 mg/kg body weight of Cnidoscolus aconitifolius leaf extract for 
28 days showing normal liver histology (H and E, ×400)

Figure 8: Photomicrograph of liver section from rat administered 
400 mg/kg body weight of Cnidoscolus aconitifolius leaf extract for 
28 days showing normal liver histology (H and E, ×400)

Figure 9: Photomicrograph of liver section from rats in the control 
group (H and E, ×400)
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and this is near impossible to consume (weight of one fresh 
leaf = 6.55 g and weight of oven-dried = 1.301 g). The presence 
of alkaloids in the plant suggests that it may have analgesic, 
antispasmodic and anti-bacterial properties [29]. The presence of 
phenol in the plant suggests the ability to block specific enzymes 
that cause inflammation [30]. Flavonoids are antioxidants 
and free radical scavengers and also show anti-allergic, anti-
inflammatory, antimicrobial properties [31]. Steroids develop and 
control the reproductive tract in humans [32]. The presence of 
these phytochemicals in the plant has supported its varied uses 
in traditional medicine practice.

The insignificant (P > 0.05) change in the relative liver and 
kidney weights in this study [Figure 1] may be an indication 
that the extract did not cause any inflammation at the cellular 
levels of the organs investigated.

Albumin and globulin are mixtures of molecules that can be 
used to indicate the integrity of glomeruli and regulation of 
osmotic pressure, respectively [33]. The significant (P < 0.05) 
decrease in albumin concentration in animals administered 
100 mg/kg body weight of extract [Figure 2] may be associated 
with cirrhosis of liver, nephritic syndrome, malnutrition, and 
malignancy as reported by Mathotra [34]. Bilirubin, the yellow 
breakdown product of normal haem catabolism is a useful tool 

in the assessment of hemolytic anemia and excretory function 
of the liver [35]. However, other parameters assayed for in this 
study did not support any of these disease conditions. The 
result of the total protein and globulin also suggested that the 
extract had no adverse effect on the biosynthetic abilities of 
the liver.

The activities of serum ALP, ALT, and AST were not altered 
throughout the experimental period [Figure 3]. This suggested 
that these enzymes carried out their biochemical activities 
unperturbed.

The significant decrease in serum urea concentration noticed 
after the administration of the 200 mg/kg body weight of 
extract [Figure 4] may be due to factors that are beyond 
the scope of the study. The insignificant change in serum 
creatinine concentration suggested that the kidneys were not 
compromised. Renal function indices such as serum urea and 
creatinine can also be used to evaluate the functional capacity 
of the nephrons of animals [36].

RBC count was not significantly altered in this study [Figure 5] 
suggesting that neither the incorporation of Hb into RBCs 
nor the morphology and osmotic fragility of the RBCs were 

Figure 10: Photomicrograph of kidney section from rat administered 
100 mg/kg body weight of Cnidoscolus aconitifolius leaf extract for 
28 days showing normal kidney histology (H and E, ×400)

Figure 11: Photomicrograph of kidney section from rat administered 
200 mg/kg body weight of Cnidoscolus aconitifolius leaf extract for 
28 days showing normal kidney histology (H and E, ×400)

Figure 12: Photomicrograph of kidney section from rat administered 
400 mg/kg body weight of Cnidoscolus aconitifolius leaf extract for 
28 days showing normal kidney histology (H and E, ×400)

Figure 13: Photomicrograph of kidney section from rats in the control 
group (H and E, ×400)
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affected [36]. The non-significant (P > 0.05) effect of the 
extract on the levels of platelets suggested that the clotting 
ability of the blood was not compromised.

The levels of WBCs, neutrophils and lymphocytes were not 
altered during the experimental period, indicating that the 
immune systems of the experimental rats were not challenged 
by the extract.

Histopathological examination of all the tissue showed that the 
extracts did not cause any pathological lesions [Figures 6-13]. 
This supported the submissions made in Figure 1 where the 
relative weights of the liver and kidneys were shown not to have 
been affected by the different levels of the extract.

CONCLUSION

The aqueous leaf extract of C. aconitifolius were not toxic at 
the concentrations orally administered in this study.
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