
43

Adenike R. Alawode1* , Muhammed Dauda1 , Adeyemi Gbolagade Adegbola1 , Olabode Richard Babatunde2 

1. Research Unit, Forestry Research Institute of Nigeria-Southern Guinea Research Station, Mokwa, Nigeria.
2. Agricultural Extension and management, Federal College of Forestry, Ibadan, Nigeria.

Background: Cordyla pinnata (C. pinnata) is commonly used in traditional medicine for 
the treatment of various ailments. The aim of this study was to assess the toxic and safety 
potentials of the methanol extract of C. pinnata in rats. 

Methods: The methanol extract of C. pinnata was administered to the rats orally once daily at 
a dose of 0, 150, 300 or 600 mg/kg, body weight for 21 days. The toxicity was assessed using 
mortality rate, clinical signs, body and organ weights, hematological and serum chemistry indices.

Results: The extract at 150, 300 or 600 mg/kg significantly decreased (P<0.05) the serum 
alanine aminotransferase and sodium, but increased the urea concentration compared with 
those in the controls. There were no significant treatment-related alterations in the activities 
of aspartate aminotransferase, albumin, bilirubin, total proteins, chloride and creatinine. Also, 
the serum hematological parameters including Hemoglobin (HB), Packed Cell Volume (PCV), 
Mean Corpuscular Hemoglobin (MCH), Mean Corpuscular Hemoglobin Concentrations 
(MCHC) and Red Blood Cell (RBC) did not change significantly (P<0.05). However, there 
were significant increases (P<0.05) in White Blood Cell (WBC) and platelet counts, in weight 
gain and relative liver, kidney, lung and heart body weight ratio in the rats treated with 600 mg/
kg of the extract compared with those in the controls. 

Conclusion: The C. pinnata extract was safe and non-toxic to the rats’ liver and blood 
components at doses up to 600 mg/kg for a period of 21 days. However, alterations found in 
the markers of kidneys integrity call for exercising caution when using this extract orally as a 
long-term remedy.
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Introduction 

atural products represent ample potential 
sources of therapeutic agents and have 
been used for centuries for the mainte-
nance of health and the treatment or man-
agement of microbial and parasitic infec-

tions, diabetics, oxidative stress associated diseases, 
among others. Decades of scientific research has also 

validated the medicinal effects of many natural products 
against several diseases [1-4].

Herbal remedies remain the major source of healthcare 
need for more than half of the global population. Today, a 
large number of conventional drugs have phytochemical 
backbones [5]. Because plants are natural product, they 
are often perceived as being “safe”. However, scientific 
reports have shown that, in addition to the therapeutic 
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properties, there are also potential risks associated with 
the consumption of herbal products [2, 5-7]. Therefore, 
there is a need for thorough scientific investigations of 
medicinal plants to evaluate their potential toxicity [7].

Cordyla pinnata (C. pinnata), commonly known as 
Bush mango, is a flowering plant that belong to Faba-
ceae family. It is native to Western Tropical Africa from 
Senegal to Nigeria. The plant is harvested from the wild 
and used locally as wood, food and traditional medicine 
[8]. In African traditional medicine, the extract of the 
leaves, roots and barks of C. pinnata have been used as 
tonic, water purifier, diuretic, oxytocic, cholagogue, aph-
rodisiac, and to treat diarrhea, gastro-intestinal discom-
fort, worms, lumbago, syphilis and schistosomiasis [9].

However, despite the widespread traditional uses of 
this plant, scientific evidence of its efficacy is scanty 
while its safety or even toxicity is missing in scientific 
literatures. The purpose of this study was to investigate 
the acute and the subacute effect of the methanol extract 
of C. pinnata on the hematological and biochemical bio-
markers of organs integrity.

Materials and Methods

Sample collection and extraction: Fresh leaves of C. 
pinnata were collected in March 2019 in Minna, Nige-
ria. The leaves were thoroughly washed under running 
tap water to remove the contaminants, after which they 
were cut into pieces, dried for 2 weeks (37° C) and fine-
ly grounded using a grinder mill. A 50 g sample of the 
leaves was extracted with 200 mL of methanol, using 
soxhlet apparatus and the resulting extract was concen-
trated using a rotary evaporator.

Chemicals and reagents: Methanol was obtained 
from Sigma-Aldrich (St Louis, USA). Randox Liqui-
zyme assay kits for Aspartate Transaminase (AST), Ala-
nine Transaminase (ALT), Alkaline phosphatase (ALP), 
total proteins, albumin, urea and spectrodiagnostic kits 
for sodium, chloride and bicarbonates were used to de-
termine the biochemical parameters. All chemicals and 
reagents were of analytical grades and were obtained 
from Sigma-Adrich (St Louis, USA).

Experimental animals: Healthy albino rats weighing 
125±3 g were obtained from the animal holding unit of 
Federal University of Technology, Minna, Niger State, 
Nigeria. The rats were maintained under laboratory con-
dition of temperature and humidity, and 12 h light-dark 
sequences. They were allowed free access to rat pellets 
and water ad-libitum. 

Acute toxicity study: The median Lethal Dose (LD50) 
of the extract of C. pinnata leaves was determined by 
administering it to six groups of rats at doses of 10, 100, 
1000, 1600, 2900 or 5000 mg/kg body weight, respec-
tively, according to the method described by Amos et al. 
[10]. A control group was also set up, comprising of 3 
rats, receiving 2 mL/kg normal saline. The extract was 
administered to the rats once orally, using an esophageal 
cannula. The animals were observed for the adverse ef-
fects and mortality within 24 hours of treatment and 
after a week.

Sub-chronic study: Twenty albino rats were divided 
into 4 groups (A-D) and were treated with 0.2 mL nor-
mal saline (control), 150 mg/kg, 300 mg/kg or 600 mg/
kg of the extract, respectively. All treatments were ad-
ministered daily through oral route for 21 days. 

Collection and preparation of blood, serum and 
organs: After 21 days of administering the extract, the 
animals were fasted overnight and then sacrificed under 
ether anesthesia. Blood samples were collected in eth-
ylenediaminetetraacetic acid (EDTA) bottle for hemato-
logical analyses. Another set of blood samples was col-
lected in EDTA free sample bottle and was allowed to 
cloth. They were centrifuged at 3000 rpm for 10 minutes 
and the plasma collected [11], and were kept in a freezer 
at minus 20° C for biochemical analyses. The rats’ liver, 
kidneys, spleen and heart were excised, weighed and the 
relative organ-body weight ratios were determined.

Analysis of biochemical parameters: Standard methods 
were used for the estimation of aspartate aminotransferase 
and alanine aminotransferase [12], and the concentrations 
of total protein [13], albumin and direct bilirubin in the sera 
[14]. The chloride and sodium concentrations were deter-
mined, using standard procedures [15] while urea and cre-
atinine concentrations were evaluated based on the methods 
of Burtis et al. [16], and Heinegard and Tinderstrom [17]. 

Hematological analyses: Blood samples were analyzed 
for hematological parameters, which included Hemoglo-
bin (HB), Packed Cell Volume (PCV), Mean Cell Volume 
(MCV), Mean Corpuscular Hemoglobin (MCH), Mean 
Corpuscular Hemoglobin Concentrations (MCHC), White 
Blood Cell (WBC) and Red Blood Cell (RBC) and plate-
lets, using an automated Sysmex KX-21 (Tokyo, Japan) 
hematology analyzer as described by Dacie and Lewis [18].

Statistical analyses: Data were analyzed using Statisti-
cal Analysis System (SAS) and presented as Mean±SEM. 
Comparisons among various groups were carried out by 
one-way Analysis of Variance (ANOVA) followed by Dun-
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can’s Multiple Regression Test (DMRT). The level of sig-
nificance was set at P<0.05 [19]. 

Results 

Acute toxicity of C. pinnata in rats: The safe dose 
and LD50 of the C. pinnata in rats were found to be 
1600 mg/kg and >5000 mg/kg, respectively. No animal 
death was recorded throughout the study period. Ani-
mals administered 2900 and 5000 mg/kg of the extract 
showed some behavioral changes including; hair erec-
tion, accelerated heart rate, hyperactivity; however, no 
death occurred among the rats (Table 1).

Biochemical parameters: All of the extract doses ad-
ministered to rats significantly reduced (P<0.05) the serum 
level of alanine aminotransferase compared to that seen in 
the controls. The level of serum aspartate aminotransferase 
was not significantly altered by the extract at all concentra-

tions tested (Figure 1). The serum concentrations of albu-
min, bilirubin and total proteins were not significantly al-
tered by the extract at the tested doses compared with those 
in the controls (Figure 2).

 All doses of extract administered to rats significantly re-
duced (P<0.05) the sodium concentration in the sera, com-
pared to that found for the controls. The concentration of 
chloride; however, was not significantly altered (P>0.05) 
by the extract at all concentrations tested (Figure 3). The 
urea concentration was significantly higher (P<0.05) than 
that of the controls (Figure 4) while the serum creatinine 
level in the groups treated with the extract were similar 
(P>0.05) to that found in the controls (Figure 5).

Hematological parameters: The hematological param-
eters, which included HB, PCV, MCH, MCHC and RBC 
remained unchanged (P>0.05) in rats administered 150, 
300 or 600 mg/kg of the extract compared to those de-

Table 1. Acute oral toxicity of C. pinnata in rats

Phase Dosage (mg/kg) Mortality Sign of Toxicity

1

10 0/3 Normal behavior of rats after gavage

100 0/3 Normal behavior of rats after gavage

1000 0/3 Normal behavior of rats after gavage

2

1600 0/3 Normal behavior of rats after gavage

2900 0/3 Hair straightening, drowsiness but no death occurred.

5000 0/3 Hair straightening, accelerated heart rate, drowsiness, slow activity 
but no death occurred.

LD50≥5000 mg/kg

 Safe dose: 1600 mg/kg 
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Figure 1. Effect of sub-chronic administration of the extract of C. pinnata on serum transaminase activities in rats. 

Bars represent Mean±SEM of triplicate determinations. Bars with different superscript alphabets were significantly different (P<0.05). 

Key: a<b<c.
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Figure 2. Effect of sub-chronic administration of the extract of C. pinnata on serum albumin, bilirubin and total proteins con-
centration in rats. 

Bars represent Mean±SEM of triplicate determinations. Bars with same superscript alphabet were not significantly different (P>0.05). 

Key: a<b<c.
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Figure 3. Effect of subchronic administration of the extract of C. pinnata on serum electrolytes concentration in rats.

 Bars reperesent Mean±SEM of triplicate determinations. Bars with different superscript alphabet were significantly different (P<0.05).

 Key: a<b<c. 
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Figure 4. Effect of sub-chronic administration of the extract of C. pinnata on serum urea concentration in rats. 

Bars represent the Mean±SEM of triplicate determinations. Bars with different superscript alphabet were significantly different (P<0.05).

 Key: a<b.
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tected for the control group. The WBC and platelet levels 
were significantly raised in rats treated with 600 mg/kg of 
the extract compared with that of the controls (Table 2).

Weight gain vs. relative organ weight: There was a 
significant increase (P<0.05) in weight gain (Table 3), 
relative liver, kidney, lung and heart-body weight ratio 
(Table 4) of the rats treated with 600 mg/kg of the extract 
compared with those recorded in the controls. However, 

the body weight gains and relative organ weight in rats 
treated with 150 and 300 mg/kg of the extract were simi-
lar to those obtained for the controls (P<0.05).

Discussion

As more pharmacological and clinical information on 
medicinal plants become available, the toxicological da-
tabase for these agents is also refined. Like their synthet-
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Figure 5. Effect of subchronic administration of methanol extract of C. pinnata on serum creatinine concentration in rats. 

Bars represent the Mean±SEM of triplicate determinations. Bars with sane superscript alphabets were not significantly different (P>0.05).

Table 2. Effect of the extract of on the hematological parameters in rats

Dose (mg/
kg) bw 

Mean±SEM

HB PCV MCV MCH MCHC RBC PLC WBC

150 15.6±0.8a 47.0±0.6a 60.5±0.9a 25.5±0.3a 31.5±0.9a 7.0±0.0a 309.0±9.0b 7.4±0.0b

300 16.4±0.7a 49.0±0.8a 63.5±0.9a 21.0±0.3a 33.5±1.1a 8.0±0.9a 349.7±7.0b 7.2±0.1b

600 15.0±0.3a 44.0±0.5a 61.5±0.3a 20.5±0.3a 33.0±0.6a 7.5±0.2a 301.5±6.0b 7.4±0.1b

Control 15.3±0.6a 47.0±0.9a 70.0±2.3b 21.0±0.3a 30.5±0.8a 8.6±1.0a 241.0±6.0a 5.6±0.0a

Values followed by different superscript alphabets along the columns were significantly different (P<0.05). 

Key: a is significantly lower than b.

Key: Hemoglobin (HB), Packed Cell Volume (PCV); Mean Cell Volume (MCV); Mean Corpuscular Hemoglobin (MCH); Mean 
Corpuscular Hemoglobin Concentrations (MCHC); White Blood Cell (WBC) and Red Blood Cell (RBC); Platelet (PLC) 

Table 3. Effect of the extract of on weight gain in rats

Sample (5000 
mg/kg)/Day 

Mean±SEM

0 7 14 21 Weight Gain (g)

150 116.2±2.3 124.5±4.9 124.8±2.9 132.9±3.2 16.7±1.0a

300 104.9±3.9 113.9±4.0 110.1±4.4 122.8±4.3 17.9±1.0a

600 118.5±5.0 123.7±5.4 125.4±5.9 146.9±3.8 28.4±2.3b

Control 126.4±3.9 131.9±3.4 137.4±2.4 143.0±5.4 16.5±1.1a

Values followed by different superscript alphabets along the columns were significantly different (P<0.05).

 Key: a is significantly lower than b.
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ic counterparts, toxicological studies must be performed 
for medicinal plant to validate their safety [20]. Unfor-
tunately, there is limited scientific evidence reported per-
tinent to the safety of C. pinnata. In the present study, 
there was no test substance related to the mortality ob-
served at 5000 mg/kg. Therefore, no acute toxicity was 
found in rats treated with the extract of C. pinnata and 
the approximate acute toxicity lethal value (LD50) were 
determined to be higher than 5000 mg/kg, and as such, it 
could be Generally Regarded as Safe (GRAS). 

This proves that the C. pinnata extract could be safely ad-
ministered in acute treatments up to 5000 (mg/kg)/day. This 
finding is in agreement with Clarke and Clarke, who report-
ed that any compound or drug with the oral LD50 greater 
than 1000 mg/kg of body weight could be considered low 
in toxicity and safe for use in rats [21]. However, Becker 
suggested that variables, such as animal species, strain, age, 
gender, diet, bedding, ambient temperature, caging condi-
tions, and time of the day can influence the LD50 values ob-
tained, and as such, there are considerable uncertainties in 
extrapolating the LD50 obtained for one species over others 
[20]. This finding suggests that LD50 may not be considered 
as a biological constant.

The negative influence of toxic compounds on the body 
weight of the laboratory animals is recognized and well 
documented in published literature [22]. The toxic na-
ture of the administered product is generally correlated 
with its ability to produce a 10% or more decrement in 
body weight or growth rate of the selected test animals 
[23]. The results of the present study however, suggest 
that C. pinnata extract at doses of 150 and 300 mg/kg 
has no negative impact on the body weight of rats. 

Relative organ weight may serve as the indication of 
the pathological and physiological status in humans and 
animals. Toxic substances induce abnormal metabolic 
reactions that affect such vital organs as heart, liver, 

spleen, kidneys and lungs [22]. The present findings also 
suggest that 150 and 300 mg/kg doses of the extract of 
C. pinnata are non-toxic on the vital organs tested as it 
did not induce organ swelling, atrophy or hypertrophy. 
Therefore, this extract is considered safe for maintaining 
the normal function of the organs at 150 and 300 mg/kg. 
However, the higher body weight gains in rats treated 
with 600 mg/kg can best be explained by the enhanced 
physiological processes in test animals. 

Hematological assessment is useful to determine the 
extent of toxic effects of plant extracts on the blood 
constituents of an animal [23]. The analysis of blood 
parameters is closely related to risk evaluation because 
when tests involve rodents, the hematological system 
has a higher predictive value of the abnormal toxicity 
signs and symptoms in humans [24]. The present study 
revealed no noticeable hemolytic changes of HB, PCV, 
MCH, MCHC and RBC following treatment with the 
extract of C. pinnata for 21 days. These findings exclude 
the possibility of such occurrences as anemic condition 
or other RBC related disorders (e.g. thalassemia, polycy-
themia, liver disease and hypothyroidism). 

Increases in the indices of WBC and differentials are 
generally considered as markers of stress and defense 
mechanisms triggered by the immune system against 
various inflammatory conditions, such as polymyalgia 
rheumatica, bacterial infections, hemorrhage and leuke-
mia. The rise in the WBC in rats treated with 600 mg/kg 
of the extract may indicate its effect on inducing the im-
mune response to increase the production of leukocytes 
[6]. This is however, advantageous as it will increase the 
animal’s ability to fight off infections. The higher platelet 
counts in 600 mg/kg treated rats suggest the thrombopoi-
etic effects of the extract.

Elevation in the levels of serum transaminase enzymes 
is highly indicative of the hepatic impairment in the ani-

Table 4. Effect of the extract doses on the relative weights of the organs in rats

Dose (mg/kg)/ bw
Mean±SEM

Liver Kidney Lung Heart Spleen

Control 0.035±0.0a 0.007±0.0a,b 0.010±0.0a 0.003±0.0a 0.004±0.0a

150 0.035±0.0a 0.004±0.0a 0.016±0.0a,b 0.003±0.0a 0.004±0.0a

300 0.036±0.0a 0.004±0.0a 0.014±0.0a 0.004±0.0a 0.005±0.0a

600 0.050±0.0b 0.010±0.0b 0.022±0.0b 0.006±0.0b 0.005±0.0a

Values followed by different superscript alphabets along the column were significantly different (P<0.05).

 Key: a is significantly lower than b.

Alawode AR., et al. Biochemical & Hematological Effect on Acute and Sub-acute Exposure. Iran J Toxicol. 2020; 14(1):43-50.

January 2020, Volume 14, Number 1

http://ijt.arakmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


49

mals [25]. The insignificant changes in the plasma AST 
levels in response to 150, 300 or 600 mg/kg of the extract 
suggest that it caused no reaction in the rat liver. ALT is 
a cytoplasmic enzyme that increases in plasma, signify-
ing cellular injuries caused by toxins in the liver. Liver 
injury is characterized by the predominant elevation of 
ALT and increased level of mitochondrial enzyme AST 
in plasma, reflecting severe tissue injuries [26].

However, the extract reduced ALT level (Figure 1), 
which may account for its protective effect on the liver. 
The level of serum albumin decreases in response to in-
flammation [27]. Recent studies have shown that not only 
the albumin concentration but also its function are reduced 
in liver disorders, such as cirrhosis [14, 28]. The insignifi-
cant variation in the levels of Total Proteins (TP), albumin, 
and bilirubin supports the non-toxic effect of the extract on 
the liver and negates a link with liver dysfunction.

One of the major roles of kidneys is to filter out me-
tabolites, such as creatinine, urea and electrolytes from 
the plasma through the glomeruli. Since creatinine and 
urea are normally filtered from the plasma and only re-
absorbed or secreted by the proximal tubule to a minor 
extent, both have been used as indices of renal clear-
ance [29]. During renal impairment, the excretion of 
these metabolites by the kidneys is altered and thus 
they accumulate in the serum [11]. 

Consequently, the observed significant increase in 
the serum urea concentrations in rats treated with 150, 
300 or 600 mg/kg is an indication of renal impairment. 
The extract must have either altered the metabolism of 
urea, leading to increased synthesis or decreased the 
tubular excretion [30]. This finding corroborated with 
the findings reported by Aldler et al. [31] and Judykay 
et al. [32], which demonstrated that the raised serum 
urea levels in patients may indicate a pre-renal prob-
lem. The decrease in the sodium concentration also in-
dicates compromised nephrotic integrity by the extract. 
However, the insignificant alterations in the chloride 
concentration suggest that the integrity of renal tubules 
was not compromised with respect to the excretion and 
maintenance of the normal levels of this electrolyte in 
the animal systemic environment [11]. 

Conclusions

The acute toxicity test suggests that oral single dose ad-
ministration of C. pinnata up to 5000 mg/kg is practically 
non-toxic to Wistar rats. The sub-chronic toxicity study 
suggests that extract does not cause a significant effect in 
hematological and biochemical indices of liver integrity, 

when administered orally at doses of 150 to 600 mg/kg to 
Wistar rats. However, significant alterations of the markers 
of kidneys integrity call for exercising caution when using 
this extract as an oral remedy in the long term.
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