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Introduction 

The human heart is located midway between thoracic 

vertebrae T5 and T81. Pathan et al.2 defined the pericardium as two 

membrane sacs surrounding and connecting to the heart. The three main 

arteries connecting to the top of the heart are the vena cava, aorta, and 

pulmonary artery. The apex of the heart is on the left side of the sternum 

(8 to 9 cm from the midline), between the fourth and fifth ribs.3 

Atherosclerosis is a condition in which plaque builds up in the walls of 

the arteries. This accumulation causes blood vessels to become narrow, 

making blood flow difficult.4When a blood clot forms, it blocks blood 

flow, which can lead to a heart attack or stroke. Appropriate 

management of heart failure requires not only the treatment 

recommended by national guidelines, but also the use of non-invasive 

methods as well as effective medications.5 

The lower gastrointestinal tract includes most of the small intestine and 

all of the large intestine6. In human anatomy, the intestine is the 

segment of the gastrointestinal tract extending from the pyloric 

sphincter of the stomach to the anus and as in other mammals, consists 

of two segments: the small intestine and the large intestine7.  
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Pterocarpus santalinus commonly calledred Sandalwoodis a small to 

medium-sized tree belonging to the Fabaceae family. It is widely 

distributed in many parts of the world, especially in India, Sri Lanka, 

Saudi Arabia, Taiwan and China.8 The leaves are trifoliate and alternate, 

and are approximately 3-9 cm long. The flowers are in long clusters, 

and the fruit is a 6-9 cm long pod with one or two seeds. Pterocarpus 

santalinus is a flavonoid- and phenolic-rich medicinal plant that has 

many medicinal uses.9,10In herbal medicine, Pterocarpus santalinus is 

used as an antibacterial, antibiotic and diaphoretic agent.11,12The aim of 

this study was to evaluate the sub-acute toxicity of ethanol leaf extract 

of Pterostilbenein Wistar rats. 

 

Materials and Method 

Plant collection 

Fresh Pterocarpus santalinus leaves were collected in December, 2021 

from Karu village and neighboring communities in Nasarawa State, 

Nigeria. The plant material was identified and authenticated in the 

Department of Botany, Bingham University, Nasarawa State, Nigeria. 

Herbarium specimen with the voucher number BU1183 was deposited. 

 

Drying and extraction of plant material 

Pterocarpus santalinus leaves were dried in the shade for two weeks. 

The dried plant material was cut into small pieces and crushed using a 

mechanical grinder. The powdered plant material (200 g) was extracted 

with 70% ethanol (1 L) by maceration at room temperature. The extract 

was filtered and the filtrate was concentratedin vacuoat 40°C using a 

rotary evaporator. The concentrated extract was stored at -4°C until 

needed. 

 

Animals  

Male and female Wistar rats were obtained from Bingham University 

Animal House. They were fed with rodent pellets (Grand Cereals 
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Limited) and allowed access to drinking water ad libitum. Ethical 

approval with reference number BU/2021/1130 wasobtained from 

Bingham University Faculty of Health Sciences Animal Ethics 

Committee. The rats were acclimatized to the laboratory conditions, 

they were handled and cared for in accordance to the public health 

guidelines in the Guide for the Care and Use of experimental animals. 

 

Study design 

The Organization for Economic Development (OECD) guideline no. 

425 for analysis of Chemicals was employed for this study (OECD 

2008). Twenty-four (24) rats of either sexes (weighing between 190 and 

289g) were chosen at random and grouped into four groups (1 -4) of six 

rats each.Group 1 rats were used as the control animals and received 

normal saline (10 mL/kg). Groups 2, 3, and 4 were administered 

Pterocarpus santalinus extract at doses of 100, 200, and 400 mg/kg, 

respectively. The extract was administered orally, once daily for 28 

days. The weights of the rats were recorded at the start of the experiment 

(D0) and thereafter once weekly.  

 

Assessment of food and water consumption 

The daily food and water intake was estimated from the difference 

between daily food and water intake and the balance after 24 hours.  

 

Haematological analysis 

On the 29thday of the experiment, mice were sacrificed by diethyl ether 

anaesthesia. Blood samples were collected by cardiac puncture. The 

blood samples were collected into EDTA sample tubes and used for the 

following hematological analysis; white blood cell count (WBC), WBC 

differentials (neutrophils, eosinophils, basophils, lymphocytes, and 

mononuclear cells), red blood cell count (RBC), haemoglobin 

concentration (HGB), mean cell volume (MCV), mean corpuscular 

haemoglobin (MCH), mean corpuscular haemoglobin concentration 

(MCHC),and platelets count. Haematological analysis was done using 

an automatic hematology machine (Cell-Dyn, Abbott, USA). 

 

Lipid profile analysis 

The blood samples were also analysed for the following lipid 

parameters; high density lipoprotein (HDL), low density lipoprotein 

(LDL), total cholesterol (TC), and triglycerides (TG). 

 

Histopathological analysis 

The heart and intestine of each animal were surgically removed, 

weighed, and stored in 10% formaldehyde for histopathological 

analysis. Sections of the organs were made and stained with 

hematoxylin and eosin (H&E) according to standard procedures.  

. 

Statistical analysis 

Data were reported as mean ± standard deviation (SD). Data were 

entered into a Microsoft Excel spreadsheet and subjected to one-way 

analysis of variance (ANOVA) using SAS (Citation2011, version 9.3). 

Differences between means were determined using Tukeypost hoc test. 

P value < 0.05 was regarded as significant. 

 

Results and Discussion 

Effect of Pterocarpus santalinus ethanol leaf extract on haematological 

parameters 

Pterocarpus santalinus ethanol leaf extractat 100 mg/kg dose in rats 

caused a significant(p<0.05) decrease in white blood cells, red blood 

cells, haemoglobin, platelets, mean corpuscular haemoglobin(MCH) 

and concentration (MCHC) compared to the control group. However, 

the decrease in white blood cell count was not associated with any 

change in the differentials (basophils, neutrophils, eosinophils, and 

lymphocytes) (Table 1). 

The decrease in RBC and haemoglobin concentration at 100 mg/kg, 

suggest that at lower doses, Pterocarpus santalinus ethanol leaf 

extractmay limit the oxygen carrying capacity of the blood, resulting in 

anaemia. In in vivo systems, haematological markers can be used to 

evaluate the toxicity of plant extracts.13,14 They can also be used to 

explain how chemical molecules or plant extracts affect the blood. 

Anaemia is a disease in which the blood does not have enough 

haemoglobin, the iron-rich protein that carries oxygen in the red blood 

cells and supplies oxygen to other parts of the body.Previous studies 

have shown that Pterocarpus santalinus extractreduced red blood cell 

(RBC) and packed cell volume (PCV) in rats15,16. This suggests that 

Pterocarpussantalinus may affect the osmoregulation system of the 

blood cells and/or cause oxidative damage to cell membranes. The 

inhibitory effect of the extract on the haematopoietic system, and the 

breakdown of blood cells may have played a role in the decrease in the 

RBC and haemoglobin concentration by the extract.17,18 A study have 

shown that mice fed with Pterocarpus santalinusleaf extract had lower 

levels of red blood cells, PCV, haemoglobin, and lymphocytes 

compared to control mice.19 The main function of the white blood cells 

is to fight infection, protect the body from foreign organisms through 

phagocytosis and participate in other biological and physical 

processes.19-22In this study, no changes in the white blood cell 

differentials (neutrophils, basophils and eosinophils) was observed 

following treatment withPterocarpus santalinus ethanol leaf extract. 

This suggests that the extract have no effect on humoralimmunity. 

Platelets are small cells that play an important role in the body as 

components of the coagulation complex. As shown in Table 1, the 

ethanol leaf extract of Pterocarpus santalinus at 100 mg/kg dose caused 

a significant reduction in platelets count. This finding suggests that the 

extract may have a direct or indirect effect on coagulation process. 

 

Effect of Pterocarpus santalinus ethanol leaf extract on the body weight  

Pterocarpus santalinus ethanol leaf extract at 400 mg/kg caused a 

significant (p<0.05) increase in body weight of the rats from the first 

week up to the fourth week when compared to the control group.At 200 

mg/kg, the extract caused an increase in body weight of the rats at the 

second and third week, whereas, the body weight of the rats were not 

significantly affected at the first and fourth week (Table 2). 

 

Effect of Pterocarpus santalinus ethanol leaf extract on relative organ 

to body weight  

At 400 mg/kg, the ethanol leaf extractofPterocarpus santalinus resulted 

in a significant increase in heart size compared to the control group 

(p<0.05). The relative organ to body weight ratio was 0.73 ± 0.24*at 

400 mg/kg dose compared to 0.42 ± 0.44 for the control group, whereas 

at lower doses of 100 and 200 mg/kg, there was no significant difference 

in the relative organ to body weight ratio between the extract treated 

group and the control group (Table 3). 

 

Effect of Pterocarpus santalinus ethanol leaf extract on lipid profile 

The extract did not cause any significant changes in total cholesterol, 

and triglyceride levels, but the HDL levels were significantly increased 

at 100 mg/kg and 400 mg/kg doses of the extract, while the LDL levels 

significantly decreased at all the treatment doses (Table 4). 

LDL cholesterol is often considered bad cholesterol because it causes 

atherosclerosis. HDL acts as a garbage collector, carrying LDL (bad) 

cholesterol from the arteries to the liver, where it is broken down and 

excreted. However, HDL cholesterol cannot remove all LDL 

cholesterol from the arteries. Only one-fourth to one-third of LDL 

cholesterol is carried by HDL.23 Triglycerides are a type of fat that 

stores extra energy. High triglyceride levels, along with high LDL 

cholesterol or low HDL (good) cholesterol, are associated with fatty 

deposits in the arteries and increase the risk of heart attack and stroke. 

Epidemiological and clinical studies have clearly demonstrated an 

association between low HDL cholesterol levels and increased CVD 

risk.24 
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Table 1: Effect of Pterocarpus santalinus ethanol leaf extract on haematological parameters in Wistar rats 
 

 Control PSE Treatment (mg/kg) 

Hematological parameters DW(10 mL/kg) 100 200 400 

WBC (×109/L)    8.22± 0.77      6.74± 1.31* 7.72± 0.72           7.28± 1.82 

RBC (×1012/L)           8.31± 0.44 6.64± 0.36*       8.12 ± 0.57           7.70 ± 0.55 

HGB (g/dL)                       15.85± 0.56 11.49 ± 0.56*     14.38 ± 0.97       14.67 ± 0.19 

HCT (%)                  60.25± 2.03 56.61 ± 3.75 34.62 ± 3.17       53.41 ± 1.82 

MCV  (fL) 66.63 ± 0.43 60.30 ± 1.49 57.07 ± 0.91        69.62 ± 1.71 

MCH (pg) 19.10 ± 0.12      17.80 ± 1.00* 18.63 ± 0.31          18.90 ± 0.21 

MCHC (g/dL)                35.70 ± 0.03      27.41 ± 1.22* 32.76 ± 0.42       34.44 ± 0.75 

PLT (×109/L)           683.84 ± 40.55      471.20 ± 23.02* 652.41 ± 11.20    667.34 ± 59.32 

LYM (%)   92.12 ± 4.46        89.22 ± 4.13        89.86 ± 6.18 86.14 ± 1.20 

NEU (×109/L)       12.34 ± 3.66        11.97 ± 3.55 13.24 ± 5.68         11.16 ± 5.33 

EOS (×109/L)         2.57 ± 0.85         2.42 ± 0.68 1.99 ± 0.149          1.91 ± 0.24 

*Significantly different from the control (DW) at p<0.05. DW = distilled water,PSE = Pterocarpussantalinusiethanolleaf extract,WBC = white blood 

cells, MCHC = mean corpuscular hemoglobin concentration, PLT = platelet, RBC = red blood cells, HGB = haemoglobin, HCT = hematocrit, EOS = 

eosinophils, MCV = mean corpuscular volume, MCH = mean corpuscular hemoglobin, LYM = lymphocyte, NEU = neutrophils,z 
 

Table 2:  Effect of 28 days oral administration of Pterocarpus santalinus ethanol leaf extract on body weight of Wistar rats 
 

Treatment  Body Weight (g) 

 Week 1 Week 2 Week   3 Week 4 

DW (10 mL/kg) 185.31 ± 6.71 166.10 ± 4.31 189.11 ± 5.55 195.72 ± 4.12 

PSE (100 mg/kg) 197.33 ± 30.10 196.65 ± 15.18 197.28 ± 3.12 198.22 ± 5.17 

PSE (200 mg/kg) 201.23 ± 19.51 212.11 ± 12.35* 211.23 ± 11.53* 212.10 ± 17.44 

PSE (400 mg/kg) 215.68 ± 11.39* 220.11 ± 8.21* 225.47 ± 6.71* 233.14 ± 1.23* 

*Significantly different from the control (DW) at p<0.05. DW = distilled water,PSE = Pterocarpus santalinus ethanol leaf extract 

 

Table 3: Effect of 28 days oral administration of Pterocarpus 

santalinusethanol leaf extract on relative organ to body weight 

ratio in rats 
Treatment Relative organ to body weight ratio  

 intestine              heart 

DW (10 mL/kg) 0.42 ± 0.14 0.42 ± 0.44              

PSE (100 mg/kg) 0.45 ± 0.11 0.41 ± 0.13                 

PSE (200 mg/kg) 0.49 ± 0.19 0.44 ± 0.17                          

PSE (400 mg/kg) 0.75 ± 0.04* 0.73 ± 0.24* 

*Significantly different from the control (DW) at p<0.05. DW = 

distilled water, PSE = Pterocarpus santalinusi ethanol leaf extract 

 

 

The protective effect of HDL cholesterol on cardiovascular system has 

been shown to be voluntary in many ways. HDL displays its anti-

atherosclerotic activity by preventing LDL oxidation. According to 

recent research, HDL improves cholesterol transport by promoting the 

removal of excess cholesterol from the cell, thus preventing the 

formation of oxidatively modified LDL.25 the ability of Pterocarpus 

santalinus ethanol leaf extract to increase HDL levels and decrease LDL 

levels in rats, indicate that the plant has a potential to lower serum 

cholesterol levels in hyperlipidaemic conditions. 

 

Effect of Pterocarpus santalinus ethanol leaf extract on the histology of 

rat intestine and heart 

Histopathological studies of the brain showed normal histopathological 

features at all doses and moderate vacuolation at the 100 mg/kg dose of 

the extract. At all doses, histopathological analysis of the heart showed 

mild myocardial necrosis, while the control group (10 mL/kg) had 

normal characteristics. Normal long rod cells, striated muscle, and 

blood vessels were seen (Figures 1 and 2). 

In the present study, the brain and heart of ratsadministered ethanol 

extract of Pterocarpus santalinus leaves for 28 days had almost normal 

histological features. No lesions (pathological abnormalities) were 

observed in these organs.Our findings are in agreement with previous 

studies on the biochemical and haematological responses of Wistar rats 

to Pterocarpus santalinus.26,27 Additionally, studies have shown that 

fresh and dried leaves of Pterocarpu ssantalinus contain alkaloids, 

flavonoids, glycosides, saponins, tannins, phenolics and 

triterpenoids.28,29The antioxidant activity of some of the secondary 

metabolites such as saponins, tannins, phenols and triterpenoids present 

in the plant may be responsible for their ability to reduce necrotic tissue 

in the organs (brain and heart) investigated. Additionally, Pterocarpus 

santalinus extract has been shown to promote wound healing through 

three different mechanisms: contraction, tissue matrix deposition, and 

epithelialization. Open wound healing by contraction; Cell-matrix 

contact causes tissue to migrate to the wound site. Matrix deposition is 

the process of deposition of collagen, proteoglycans and binding of 

proteins to form a new extracellular matrix.30,31 The process in which 

epithelial cells or remaining skin appendages (such as hair follicles and 

sebaceous glands) in the wound lose contact inhibition and migrate into 

the wound is called epithelialization. As migration progresses, the 

number of underlying cells increases and more epithelial cells are 

produced.32 

The authors hereby recommend further studies on the characterization 

and subcellular studies of active components in the extracts of 

Pterocarpus santalinus leaves.  

. 
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Table 4: Effect of Pterocarpus santalinus ethanol leaf extract on lipid profile in Wistar rats 
 

 Control PSE Treatment (mg/kg) 

Lipid profile DW(10 mL/kg) 100 200 400 

TC (mmol/L) 45.00 ± 8.11                48.80 ± 3.16            45.43 ± 3.43                 50.17 ± 8.23 

HDL (mmol/L)  36.20 ± 3.28              53.00 ± 3.12*            40.20 ± 1.88             56.75 ± 4.11* 

LDL (mmol/L) 7.90 ± 2.51 6.20 ± 1.81* 6.51 ± 4.35* 6.50 ± 2.18* 

TG (mmol/L 57.40 ± 2.11 55.40 ± 3.42 60.60 ± 10.19          58.00 ± 3.11 

*significantly different from the control(DW) at p<0.05.DW = distilled water, PSE = Pterocarpus santalinus ethanolleaf extract, HDL = high density 

lipoprotein, LDL = low density lipoprotein, TC = total cholesterol, TG = triglycerides. 

 

 

 
Figure 1: Histological section of the intestine (Hematoxylin and 

Eosin. H&E ×100).(1A): Control group, Shows normal neurons 

(N). (1B): 100 mg/kg PSE(2A): 200 mg/kg PSE(2B): 400 

mg/kg PSE. PSE =Pterocarpus santalinus ethanol leaf extract. 

 

 
Figure 2: Histological section of the heart (Hematoxylin and 

Eosin. H & E ×100).(1A): Control group, Shows normal 

myocardium (M). (1B): 100 mg/kg PSE, no pathological feature 

of the myocardium (MN). (2A): 200 mg/kgPSE,no necrosis of 

myocardium (M). (2B): 400 mg/kgPSE, slight necrosis of 

myocardium (MN). PSE = Pterocarpus santalinusethanol leaf 

extract. 
 

Conclusion 

The findings from this study show that Pterocarpus santalinus 

otherwise called red sandalwood does not have significant toxic effects 

when taken in low to moderate doses and is therefore relatively safe for 

use for medicinal purposes. However, more research is needed to 

determine its effect on vital organs of the body. 
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