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Abstract: Medicinal plants and herbal drugs have widely been used in several diseases which contain highly 

active pharmacological agents. Several previous studies have mounted about the hepatotoxicity of these remedies 

which ranges from mild enzyme alterations to liver failure in humans and animals. This study aimed to evaluate 

the toxicity profile of the crude methanolic seed extract of Calliandra surinamensis on rat liver functions. An 

acute toxicity study was carried out using modified Lorke’s method and sub-chronic toxicity was done following 

the Organisation for Economic Cooperative and Development guidelines with testing chemicals 423 and 407 to 

assess the effect of the seed extract on liver function alongside histopathology assessment of the liver. The 

haematological indices revealed no significant change in red blood cells and other haematological parameters. 

The average organ weight of the tested rats showed no significant differences. The histopathological examinations 

of the rat liver revealed no observable toxic injury to the tissue after treatment with the seed extract across all 

concentrations. There were desirable morphological vasoactive changes of dilatation and active congestion in the 

organ across all the concentrations which were dose-dependent. There was induced activation of the sinusoidal 

kupffer cells, which signified a boost to the local immune system of the liver. The nucleoli in the hepatocyte 

nuclei were remarkably conspicuous which implied an increase in the production of ribonucleic acid that is 

deployed in protein synthesis.  

 

Introduction  

The liver is a major metabolic organ of the body that 

produces protein and macromolecules and can break 

down a lot of toxic materials [1]. It cleans the blood 

by getting rid of the harmful chemicals produced by 

the body and excretes them towards the kidney for 

elimination [2]. The liver helps get rid of bilirubin, a 

waste product from the breakdown of red blood cells.  

 

A build-up of bilirubin in the body can lead to a 

condition known as jaundice [3]. The liver is a key 

player in the body’s digestive system as everything 

taken into the body system passes through it. 

Therefore, the liver needs to stay healthy to do its job. 

It uses nutrients supplied to the body to make 

hundreds of substances needed. Thus, nuts, seeds, 
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legumes, and whole grains amongst others are very 

rich in healthy fats, antioxidants, vitamin E, and 

beneficial plant compounds [4]. Plant seeds are very 

rich in nutrients because they contain all the reserved 

nutrients such as proteins, essential amino acids, 

minerals, and vitamins that help in the growth and 

development of the plant. These reserved nutrients 

are what make cereals and legumes major food 

sources [5]. The account of this realization has 

opened up opportunities for the seeds, economically, 

and biologically. Legumes have been recognised for 

their role and significance in deficiency nutrient 

prevention and studies have shown that leguminous 

seeds contain numerous unassessed nutritional 

deposits in them [6]. Calliandra surinam-ensis is a 

leguminous plant, a tropical shrub widely known in 

the tropics for its ornamental and horticultural uses. 

The methanolic extract from leaves and bark 

fractions has demonstrated membrane stabilizing 

activity, and antimicrobial effects. Flavone 

glycosides have been detected in the stem bark, and 

their methanolic extract has also demonstrated 

antimicrobial activity [7]. The plant is a South 

American natively valued for its year-round floral 

display, and also recognised for its use in traditional 

medicine for the treatment of coughs, wounds, and 

other ailments [7]. The flower extract of Calliandra 

surinamensis has shown some significant levels of 

antioxidant activity [8]. The seed is a source of food, 

fat-soluble vitamins, and mineral nutrients [9 - 10], 

and the anticancer activity of the plant extract has 

been reported [11]. Therefore, this study aimed to 

examine the effects of the consumption of the seed 

on the liver functions of rats to determine its 

nutritional value and physiological effects. 

 

Materials and methods 

The Calliandra surinamensis pods containing the 

dry seeds were collected from the Department of 

Plant Biology and Biotechnology, Faculty of Life 

Sciences, University Benin, Benin City, Nigeria and 

were authenticated by a Plant Taxonomist in the 

Department of Plant Biology and Biotechnology. 

The pods were cracked open to release the dry seeds 

which were pulverized into powder using a 

mechanical blender and extracted exhaustively using 

the Soxhlet apparatus with methanol as a solvent. 

The extract was concentrated by a rotary evaporator 

under reduced pressure and stored in the freezer until 

it is required for use. 

Experimental animals: Twenty-four male Swiss 

mice, ranging from 26.9 to 31.0 g were used for the 

acute toxicity studies, and 16 male Albino Wistar rats 

weighing between 152 and 215 g were used for the 

sub-chronic toxicity. The mice were obtained from 

the Animal House of the Department of Pharma-

cology, Faculty of Pharmacy, University of Benin. 

Mice were allowed to acclimatize for two weeks 

before the commencement of the study. The approval 

of the Institutional Ethics Committee of the Faculty 

of Life Sciences of University of Benin was obtained 

with a reference number of LS19018.  

Acute toxicity studies: Acute toxicity tests were 

conducted in mice following the modified Lorke’s 

method [12]. 12 mice were grouped into four groups 

of three mice each using one group as control. Single 

dose levels of 10, 100, and 1000 mg/kg, respectively, 

of the methanolic crude extract were administered 

orally to the mice for the first phase. They were 

observed for 24 hours. In the second phase which 

was deduced from the first phase, 12 mice were 

grouped into four groups of three mice each. Three 

groups were treated with single doses of 1600, 2900, 

and 5000 mg/kg, respectively, of the seed extract 

orally while one group served as control. They were 

observed for 14 days. Acute toxicity tests revealed 

no deaths in mice after the oral treatment of the seed 

extract in the first and second phases. 

Sub-chronic toxicity studies: Sixteen rats were 

selected by stratified randomization, and placed into 

four groups of four rats each. Three groups were 

treated with repeated doses of 200, 400, and 800 

mg/kg of seed extract orally for 28 days, while one 

group served as control and was given normal food 

and distilled water. The weights of the animals for 

the 28 days were recorded. On day 29, the animals 

were sacrificed under chloroform anaesthesia, and 
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blood samples were drawn from the heart of each 

sacrificed animal. The samples were collected in a 

sterilized plain plastic test tube and allowed to stand 

for three hours to ensure complete clotting by the 

established guidelines [13]. The liver function 

enzyme activities alanine aminotransferase (ALT), 

aspartate aminotransferase (AST) and gamma 

glutamyltransferase (GGT) were determined by 

using the standard methods [14]. The total bilirubin 

and unconjugated bilirubin were determined using 

the published standard method [15] while the protein 

was determined as previously prescribed [16 - 17].  

Histopathological analysis: This was carried out by 

fixing the dissected organ in 10.0% formal saline. 

The fixed tissues were completely dehydrated in 

ascending concentrations of alcohol (70%, 90%, 

96%, and 100%). The tissues were placed in xylene 

to remove the alcohol, impregnated, and embedded 

with molten paraffin wax. They were allowed to 

solidify before sectioning into 4.0 μm using a 

microtome (Leica RM2235, UK), the 4 μm sections 

were placed on slides and stained with hematoxylin-

eosin dye as described [18]. The stained slides were 

viewed using an optical photomicroscope (Olympus 

230V 50/60 He, China), and camera (Eakins 12 

Mega pixels at x40, x100, and x400 magnification). 

The haematoxylin reacts with the acidic components 

of the nucleus while eosin reacts with the basic 

components of the cytoplasm of cells and tissues. 

Aspartate aminotransferase: AST was measured by 

monitoring the concentration of oxaloacetate 

hydrazone formed with 2, 4-dinitrophenylhydrazine 

using 540 nm at 37 oC. Exactly, 0.5 μl of reagent 1, 

made up of phosphate buffer, L-aspartate and α-

oxoglutarate were added to a test tube containing 0.1 

ml of serum, mixed, and incubated for exactly 30 

minutes at 37 oC. 0.5 ml of reagent 2, made up of 2, 

4-dinitrophenylhydrazine was added, mixed, and 

allowed to stand for 20 minutes at 20 - 25 oC. Then 

0.5 ml of sodium hydroxide solution was added, 

mixed and absorbance was read against the blank, 

also prepared, at 540 nm after five minutes. The AST 

concentration (U/L) was determined from the 

standard calibration table provided in the manual of 

Randox Lab. Ltd, UK Reagent Kit.  

The Platelets Count determination: The assay was 

done by placing a small volume of diluted whole 

blood that was treated with a red cell lysing reagent, 

such as ammonium oxalate, in a counting chamber 

(hemocytometer), and counting platelets using 

phase-contrast light microscopy. The platelets count 

per µL of blood can be approximated by multiplying 

the number of platelets seen in one microscope field 

by 15,000. 

The White Blood Cell Count: This was done by 

diluting blood with a Unopette system that contains 

a diluent (an agent glacial acetic acid) that lyses the 

red cells to remove them from view. A 

hemocytometer was charged with the diluted blood, 

and nuclei were counted in the appropriate areas of 

the grid using a light microscope. 

Mortality and clinical signs: During the four week 

dosing period, all the animals were observed daily 

for likely clinical signs and mortality patterns once 

before dosing and rapidly after dosing. 

 

Statistical analysis: The results were expressed as 

mean and the standard error of the mean (SEM). The 

data were further analysed using Latin Square 

Design. Three-way analysis of variance (ANOVA) 

with Turkey's post hoc test was used using the IBM 

SPSS version 20.0 for a test of significant difference 

at 95% level (P < 0.05) using a sample size of five. 

 

Results 

Liver function parameters: Table 1 shows the 

activities of the three enzymes normally found in the 

liver, namely, alanine aminotransferase, (ALT), 

aspartate aminotransferase (AST), and gamma 

glutamyltransferase (GGT), respectively. The results 

for the ALT were 22.51 (200 mg/kg), 24.59 (400 

mg/kg), and 29.53 (800 mg/kg), and 23.16 ± 0.06 

(control). The values obtained for the AST were 

47.98 (200 mg/kg), 45.86 (400 mg/kg), and 48.02 

(800 mg/kg) and 47.22 ± 2.06 (control). The values 

obtained for the GGT were 0.46 (200 mg/kg), 0.65 
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(400 mg/kg), and 0.73 (800 mg/kg), and 0.49 

(control). The values for bilirubin, 0.10 (200 mg/kg), 

0.06 (400 mg/kg), 0.08 (800 mg/kg), and 0.07 

(control). The values obtained for the total protein 

included 11.95 ± 0.33 (200 mg/kg), 15.29 ± 0.52 

(400 mg/kg), 12.44 ± 0.94 (800 mg/kg) and 11.61 ± 

0.45 (control). 

 

Table 1: Effect of seed extract of Calliandra surinamensis on liver functions 
 

 

 

ALT = alanine aminotransferase, AST = aspartate aminotransferase, GGT = gamma glutamyltranferase 

 

Table 2 presents the results of percentage changes in 

weight of the rats with the dosage administered, and 

the results obtained at the end of the 28 days were as 

followings: 26.32% (200 mg/kg), 34.58% (400 

mg/kg), and 33.7% (800 mg/kg), while the control 

was 28.4%. Table 3 shows the results of the changes 

in the weight of the liver. The values did not show 

any significant change in the weight between the 

control, and the different concentration of the 

administered methanolic extract.

 
Table 2: Effect of seed extract of Calliandria surinamensis on the percentage change in the weight 

 

Dose (mg/kg) Day 0 Day 7 Day 14 Day 21 Day 28 

200 0 05.76 17.65 22.03                    26.32 

400 0 14.84 23.20 29.97                     34.58 

800 0 07.80 18.62 27.63                     33.67 

Control 0 11.65 18.32 21.43          28.42 

 

Table 3: Effect of the seed extract of Calliandra surinamensis on the average rat liver weight 

Organs 200 mg/kg 400 mg/kg 800 mg/kg Control 

Liver (g) 0.035±0.000 0.037±0.004 0.034±0.000 0.034±0.002 

 

Haematological indices: The values of the total 

white blood cells (TWBC) were 14.90 ± 1.93 (200 

mg/kg), 14.30 ± 2.17 (400 mg/kg), 15.77 ± 0.50 (800 

mg/kg), and 12.07 ± 1.87 (control). While the values 

of the red blood cells (RBC) were 6.90 ± 0.17 (200 

mg/kg), 6.55 ± 0.25 (400 mg/kg), 7.23 ± 0.21 (800 

mg/kg), and 7.14 ± 0.16 (control). The values 

obtained for haemoglobin (Hb) were 14.93 ± 0.34 

(200 mg/kg), 14.33 ± 0.44 (400 mg/kg), 15.40 ± 0.59 

(800 mg/kg), and 15.53 ± 0.34 (control). The values 

obtained for the blood platelets were 809.67 ± 59.01 

(200 mg/kg), 963.33 ± 151.86 (400 mg/kg), 729.33 

± 42.55 (800 mg/kg), and 749.33 ± 34.21 (control). 

Groups 

mg/kg 

ALT  

(u/l) 

AST  

(u/l) 

GGT  

(u/l) 

Total 

bilirubin 

(mmol/l) 

Conjugated 

bilirubin 

(mmol/l) 

Unconjugated 

bilirubin 

(mmol/l) 

Total protein 

(mg/dl) 

Albumin 

(mmol/l) 

200  22.51±0.08 47.98±0.38 0.46±0.01 0.10±0.01 0.05±0.01 0.05±0.01 11.95±0.33 0.60±0.00 

400  24.59±0.18 45.86±0.22 0.65±0.01 0.06±0.01 0.04±0.01 0.02±0.00 15.29±0.52 0.50±0.00 

800  29.53±0.08 48.02±2.25 0.73±0.01 0.08±0.01 0.04±0.01 0.04±0.00 12.44±0.94 0.67±0.03 

Control 23.16±0.06 47.22±2.06 0.49±0.01 0.07±0.02 0.03±0.01 0.04±0.01 11.61±0.45 0.63±0.03 
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Table 4: Effect of the seed extract of Calliandra surinamensis on haematological indices 

 

Groups (mg/kg) TWBC RBC Hb Platelets 

200 14.90±1.93 6.90±0.17 14.93±0.34 809.67±59.01 

400 14.30±2.17 6.55±0.25 14.33±0.44 963.33±151.86 

800 15.77±0.50 7.23±0.21 15.40±0.59 729.33±42.55 

Control 12.07±1.87 7.14±0.16 15.53±0.34 749.33±34.21 

 

TWBC = Total white blood cells, RBC = Red blood cells, Hb = Haemoglobin 

 

Histopathological changes in the liver with seed 

extract of calliandra surinamensis: Both the control 

(Plate 1, H & E x 400) and 200 mg/kg (Plate 2) body 

weight showed normal hepatocytes, and nucleoli 

progressively became more conspicuous with the 

liver pointing at an increase in protein synthesis, and 

active vascular congestion. At 400 mg/kg body 

weight (Plate 3), there was mobilisation of sinusoidal 

kupffer cells, signifying activation of the local 

immune system of the liver. While at 800 mg/kg 

body weight (Plate 4), the nucleoli were conspicuous 

at this concentration, and the kupffer cells became 

floridly activated and looked like giant cells.

 

 

Plate 1: A: control composed, B: hepatocytes, C: bile duct, D: portal vein and sinusoids 

 

 

 

Plate 2: Liver of rat given 200 mg/kg C. surinamensis showing  

A: normal, B: hepatocytes, C: nuclei containing conspicuous nucleoli and active vascular congestion 
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Plate 3: Liver of rat given 400 mg/kg C. surenamensis showing  

A: normal hepatocytes, B: bile ducts, C: kupffer cell activation 

 

 

Plate 4: Liver of rat given 800 mg/kg C. surinamensis showing  

A: normal hepatocytes, B: nuclei containing conspicuous nucleoli, C: kupffer cell activation 

 

Discussion 

In this study, the three liver enzyme activities (ALT, 

AST, and GGT) at the different doses were found not 

statistically different when compared with the values 

for the control. ALT is an enzyme found mostly in 

the liver that helps in the breakdown of proteins in 

the body. It is a biomarker for liver health [19]. AST 

is an enzyme found in the liver that helps in amino 

acid metabolism [20]. GGT is an enzyme mostly 

found in the liver which is commonly used as a 

diagnostic maker for liver diseases and functions 

critically in the degradation and synthesis of 

glutathione [21]. The activities obtained for total, 

conjugated and unconjugated bilirubin, for the 

different doses compared to the control were 

insignificant. Thus, bilirubin is a metabolic waste 

produced from the breakdown of red blood cells.  

 

Elevated levels of bilirubin are an indication of 

malfunctioning of the liver [22 - 24]. The findings 

obtained for the total protein and albumin for the 

different doses of the crude extract compared to the 

control were slightly higher although it is statistically 

insignificant. The total protein is also known as 

serum protein and is made up of albumin and 

globulin which plays a complementary role in 

helping to maintain healthy body functions and boost 

immunity, and also a measure for growth [25]. 

Except for 200 mg/kg dosage of the crude extract, 

there was a significant increase in the body weight of 

the rats compared to the control. This implied that the 

crude extract contributed to the growth of the rats and 

assisted in vital metabolic processes [26 - 27]. There 

was no significant change in the weight of the liver 
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at the different dosages compared to the control 

which showed that there was no inflammation of the 

organ [28]. There was a slight increase in the TWBC 

values for all the dosages of the crude extract 

compared to the control which indicated a boost in 

the immunity level of the rat [29]. There was no 

significant difference in the values of the RBC 

obtained with the crude extract and the control. A 

reduction in the values would have resulted in 

anaemic conditions [30]. In addition, there were no 

significant differences in the values obtained for the 

haemoglobin and platelet between the administered 

dosage and the control. The functions of the 

haemoglobin and platelet have previously been 

described [31, 32]. The findings of liver 

histopathological analyses revealed normal 

hepatocytes, and nucleoli progressively became 

more conspicuous which showed an increase in 

protein synthesis, active vascular congestion, 

mobilisation of sinusoidal kupffer cells which was 

dose-dependent, signifying activation and boost of 

the local immune system of the rat liver (Plates 2, 3, 

4) [33 - 35]. 

 

Conclusion: In the acute toxicity of Calliandra 

surinamenses seed extract administered orally to 

rodents, there was no mortality and in sub-chronic 

toxicity, there were no behavioural or observable 

toxic effects on the rat liver. There was an increase 

in the weight of the rats indicating growth with no 

impairment in the liver functions but rather a marked 

improvement and activation of the sinusoidal kupffer 

cells which is an indication of enhanced immunity. 

Thus, it is concluded that the methanolic crude 

extract of Calliandra surinamenses is safe for the rat 

liver. 
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