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1. Introduction

  Medicinal plants have formed the basis of health care 
throughout the world since the earliest days of humanity 
and are still widely used with considerable importance 
in international trade[1,2]. In certain African countries, 
however, up to 90% of the population still relies exclusively 
on plants as a source of medicines[3]. Therefore, the 
continuous evaluation of these botanicals for safety/toxicity 
using different animal models since the responses by these 
animals to chemical agents varies widely.
  Azadirachta indica (A. Juss), (family, Meliaceae) (A. indica), 
is popularly known as Neem (English) or “dongoyaro” 
(Yoruba-Western Nigeria) in Nigeria. The plant is perhaps 
one of the most studied and widely used medicinal plants 

of all ages[4]. The species is presently being cultivated 
worldwide because of its ability to adapt to different 
climatic conditions. Biological and pharmacological 
activities attributed to solvent extracts and products 
like oil from the different parts of the A. indica are as 
diverse as antiplasmodial, antitrypanosomal, antioxidant, 
anticancer, antibacterial, antiviral, larvicidal, fungicidal, 
antiulcer, spermicidal, anthelminthic, antidiabetic, 
anti-implantation, immunomodulating, molluscicidal, 
nematicidal, immunocontraceptive, insecticidal and 
antifeedant[5-13]. Furthermore, the bark of neem tree is 
known to possess tannins, phenolic compounds (salicylic 
acid and gallocatechin) which have been reported to be the 
anti-inflammatory principles[4]. Toxicological investigation 
of A. indica leaf extracts at 0.6 - 2.0 g/kg body weight in did 
not pose any lethal effects on haematology, enzyme levels 
and histopathological parameters of experimental animals 
whereas the leaf extract at 200 g/kg body weight reduced 
the body weight of the animals and were accompanied by 
weakness, anorexia and histopathological defects[15]. The 

ARTICLE INFO                           ABSTRACT

Article history:
Received 2 March 2012
Received in revised form 14 March 2012
Accepted 15 May 2012
Available online 28 October 2012

Keywords:
Azadirachta indica
Feed intake
Functional indices
Haematological parameters
Lipid profile
Meliaceae

Objective: To investigate the toxic implications of ethanolic stem bark extract of Azadirachta 
indica (A. indica) at 50, 100, 200 and 300 mg/kg body weight in Wistar rats. Methods: Fifty male 
rats of Wistar strains were randomly grouped into five (A-E) of ten animals each. Animals in 
Group A (control) were orally administered 1 mL of distilled water on daily basis for 21 days while 
those in Groups B-E received same volume of the extract corresponding to 50, 100, 200 and 300 
mg/kg body weight. Results: The extract did not significantly (P>0.05) alter the levels of albumin, 
total protein, red blood cells and factors relating to it whereas the white blood cell, platelets, 
serum triacylglycerol and high-density lipoprotein cholesterol decreased significantly (P<0.05). In 
contrast, the final body weights, absolute weights of the  liver, kidney, lungs and heart as well as 
their organ-body weight ratios, serum globulins, total and conjugated bilirubin, serum cholesterol, 
low-density lipoprotein cholesterol and computed atherogenic index increased significantly. The 
spleen-body weight ratio, alkaline phosphatase, alanine and aspartate transaminases, sodium, 
potassium, calcium, feed and water intake were altered at specific doses. Conclusions: Overall, 
the alterations in the biochemical parameters of toxicity have consequential effects on the normal 
functioning of the organs of the animals. Therefore, the ethanolic extract of A. indica stem bark at 
the doses of 50, 100, 200 and 300 mg/kg body weight may not be completely safe as an oral remedy 
and should be taken with caution if absolutely necessary.

 Contents lists available at ScienceDirect



Anofi  Omotayo Tom Ashafa et al ./Asian Pac J Trop Biomed 2012; 2(10): 811-817812

ethanolic root extract has also been reported to exhibit a 
dose dependent hepatotoxicity whereas the aqueous extract 
was not injurious to the liver[16]. 
  Although, Mbaya et al[13] had reported on the dose 
related clinical signs of toxicity (anorexia, dehydration, 
malaise, respiratory depression, coma and death) and 
histopathological changes in the trachea, bronchi, 
broncioles, lungs and kidney of both sexes of Swiss (Wistar) 
adult albino rats intraperitoneally administered with the 
doses of 100, 200, 400, 800, 1600 and 3200 mg/kg body weight 
of the crude ethanolic extract of A. indica stem bark for a 
period of 24 h, information is scanty in the open scientific 
literature that addressed the effect of the ethanolic extract 
of A. indica stem bark in the same manner as it is claimed 
to be used in the management of several diseases in 
the folklore medicine of Nigeria. In this study, we have 
evaluated the toxic implications of the extract at the doses of 
50, 100, 200 and 300 mg/kg body weight orally administered 
to male rats on daily basis for 21 days. The toxicity was 
evaluated using parameters different from that of Mbaya et 
al[13] such as haematological profile, body weight ratio of 
selected organs of the animals, liver and kidney function 
indices, lipid profile, feed and water intake. 

2. Materials and methods

2.1. Plant materials 

  The plant was collected in June, 2010 within the premises 
of the Lagos State University, Ojo Campus, Lagos, Nigeria. 
It was authenticated by Prof. OA Oke of the Botany 
Department of the same University. A voucher specimen 
(AshMed-01/2010/LASUHB) was deposited in the Herbarium 
of the University.

2.2. Assay kits

  The assay kits for cholesterol, triacyglycerols, low-
density lipoprotein cholesterol (LDL-C), high-density 
lipoprotein cholesterol (HDL-C), alkaline phosphatase (ALP), 
Gamma glutamyl transerase (GGT), aspartate and alanine 
aminotransferases (AST and ALT) were products of Randox 
Laboratory Ltd, Co. Antrim, United Kingdom while those of 
sodium, potassium, calcium, albumin, globulin and bilirubin 
were products of Teco Diagnostics, Lakeview Avenue, 
Ahaheim, USA. All other reagents used were of analytical 
grade and were supplied by Sigma-Aldrich Inc., St. Louis, 
USA.

2.3. Animals

  Male albino rats of Wistar strains (174.40暲12.30) were bred 
within the animal house of the Department of Biochemistry, 
Lagos State University, Ojo Campus, Nigeria. The animals 

were kept in a clean metallic cages placed in a well 
ventilated house with optimum condition [temperature: (28暲
2) 曟; photoperiod: 12 h natural light and 12 h dark; humidity: 
40%-45%]. They were allowed free access to commercial 
pelleted rat chow (Lagos State Agro-Products, Agric Farm, 
Ojo, Lagos, Nigeria) and water ad libitum. The floors of the 
cages were filled with saw dusts while the cleaning was 
done on daily basis. The study was carried out following the 
approval from the Ethical Committee on the Use and Care of 
Animals of the Lagos State University, Lagos, Nigeria.

2.4. Preparation of extract

  The stem bark was cut into pieces, oven-dried at 40 oC to a 
constant weight before being pulverized. The powdered stem 
bark (40 g) was extracted with ethanol for 72 h with constant 
shaking. This was filtered with Whatman filter paper No 1 
and the brownish coloured filtrate was concentrated at 40 曟 
using a rotary evaporator (Laborota 4000-Efficient, Heidolph, 
Germany) to give a yield of 6.52 g which was stored in a 
refrigerator maintained at 4 曟. This was later reconstituted 
to give the required doses of 50, 100, 200 and 300 mg/kg body 
weight used in the present study. Ethanol was used in the 
present study instead of aqueous or hydro-alcohol because 
it was the most frequently mentioned vehicle for this 
particular plant during our ethnobotanical survey. 

2.5. Animal grouping and extract administration

  Fifty male rats of Wistar strains were randomly grouped 
into five (A-E) of ten animals each. Group A (control) were 
orally administered with 1 ml of distilled water on daily basis 
for 21 days. Animals in Groups B-E were treated like those 
of the control except they received same volume containing 
50, 100, 200 and 300 mg/kg body weight of A. indica stem bark 
extract. 

2.6. Determination of feed and water intake

  The amount of feed and water intake were determined 
on daily basis. Briefly, the weight of daily feed supply 
and the left-over by the following day were recorded and 
the difference was taken as the daily feed intake. Similar 
procedure was adopted for the determination of the volume 
of water consumed. The average of the feed and water intake 
was computed for every three days of the experimental 
period.

2.7. Preparation of serum and isolation of organs

  After 21 days of extract administration, the animals were 
humanely sacrificed by ether anaesthetization. The neck 
area was quickly cleared of fur to expose the jugular vein. 
The veins after being slightly displaced were sharply cut 
with sterile surgical blade and an aliquot of the blood 
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was collected into sample bottles containing EDTA for the 
haematological analysis. The remainder (5 mL) was collected 
into centrifuge tubes and spinned at 1 282 g 暳 5 min. The 
serum was carefully aspirated with Pasteur pipette into 
sample bottles for the various biochemical assays. The rats 
were further dissected and the liver, kidney, heart, lungs 
and spleen excised, freed of fat, blotted with clean tissue 
paper and then weighed. The organ-to-body weight ratios 
were determined according to the expression described by 
Yakubu et al[17].

2.8. Determination of biochemical parameters

  The levels of cholesterol, triacyglycerol, HDL-C and 
LDL-C were determined in the serum of the animals using 
standard procedures[18-21]. The Automated Haematologic 
Analyzer (Sysmex, KX-21, Japan) was used to analyse 
the haematological parameters of red blood cells (RBC), 
haemoglobin (Hb), packed cell volume (PCV), Mean 
corpuscular haemoglobin (MCH), mean corpuscular 
haemoglobin concentration (MCHC), large unstained cell 
(LUC), red cell width coefficient of variation (RDW-CV), 
white blood cell (WBC), mean platelet volume (MPV), platelet 

distribution width (PDW) and platelets. The levels of other 
parameters were determined as described for bilirubin (total 
and conjugated)[22], total protein[23], albumin[24], globulin, 
sodium, calcium and potassium[25], whereas the activities of 
ALT and AST, GGT and ALP were determined using standard 
methods[26-28]. 

2.9. Statistical analysis

  Data were expressed as means of ten replicates暲SD and 
were subjected to one way analysis of variance (ANOVA) 
followed by Duncan Multiple Range Test. Statistical 
significance was considered at P<0.05.

3. Results 

  The ethanolic extract of A. indica stem bark at all the 
doses investigated in the present study did not significantly 
(P>0.05) alter the red blood cells (RBC), packed cell volume 
(PCV), haemoglobin (Hb), mean corpuscular volume (MCV), 
mean corpuscular haemoglobin concentration (MCHC), red 
cell width coefficient of variation (RDW-CV), red cell width 

Table 1
Effect of administration of ethanolic extract of A. indica stem bark on some haematological parameters of male Wistar rats (n=10).
Parameters Extract (mg/kg body weight)

Control 50 100 200 300 
White blood cell (暳109/L)  30.40暲13.07a 11.45暲2.28b 6.35暲1.79c  9.60暲2.69d  9.03暲0.92d

Red blood cell (暳1012/L)  6.99暲0.41a   6.85暲0.41a 6.98暲0.37a  7.66暲0.28a  6.71暲0.82a

Packed cell volume 37.80暲1.47a 37.35暲1.48a 37.38暲1.87a 37.90暲1.33b 36.76暲2.27a

Haemoglobin (g/dL) 12.40暲0.74a 12.73暲0.59a 12.48暲1.07a 12.30暲0.73a 12.26暲1.44a

Mean corpuscular volume (fL) 54.20暲1.65a 54.60暲1.78a 55.53暲0.36a 54.68暲1.27a 54.77暲1.81a

Mean corpuscular haemoglobin (pg) 17.70暲0.51a 17.53暲0.74a 17.80暲0.57a 17.30暲0.34a 17.33暲0.51a

Mean corpuscular haemoglobin concentration (g/dL) 32.75暲0.19a 32.30暲0.80a 32.60暲0.25a 32.63暲0.39a 31.73暲0.75a

Red cell width coefficient of variation 14.90暲0.54a 15.18暲0.29a 15.35暲0.21a 15.40暲0.35a 15.60暲0.17a

Red cell width standard deviation 28.88暲0.94a 31.05暲1.29a 31.63暲0.72a 30.00暲0.00a 30.47暲0.40a

Platelets 858.80暲80.52a 673.00暲97.68b 427.25暲36.79c 641.25暲99.50d 622.67暲85.16e

Mean platelet volume  9.30暲0.52a  9.70暲0.34a 10.00暲0.19a   9.53暲0.90a  9.60暲0.36a

Platelet distribution width 16.08暲0.39a 16.15暲0.21a 16.20暲0.18a  16.13暲 0.33a 16.13暲0.06a

Mean暲SD values carrying different superscripts from the control for each parameter are significantly different (P<0.05).

Table 2
Effect of administration of ethanolic extract of A. indica stem bark on the weights of some organs of male Wistar rats (n=10).

Parameters Extract (mg/kg body weight)
Control 50 100 200 300 

Initial body weight (g) 185.00暲8.93a 188.00暲5.26a 184.00暲7.11a 187.00暲4.44a 184.00暲7.74a 
Final body weight (g)  205.00暲10.00b 218.00暲9.15b 214.00暲7.54b 207.00暲8.09b 210.00暲9.00b

Weight of liver (g)    5.56暲0.58a    7.05暲0.93b    8.86暲0.55c    7.27暲0.28d    8.58暲0.76c

Weight of kidney (g)    0.80暲0.05a    1.03暲0.07b    1.09暲0.09b    1.07暲0.20b    0.98暲0.07b

Weight of lungs (g)    1.16暲0.05a    1.59暲0.11b    1.95暲0.81c    2.03暲0.28c    1.49暲0.66b

Weight of spleen (g)    0.56暲0.03a    0.57暲0.02a    0.54暲0.06a    0.27暲0.07b    0.71暲0.07c

Weight of heart (g)    0.51暲0.01a    0.77暲0.04b    0.72暲0.04b    0.74暲0.09b    0.73暲0.03b

Liver-body weight (%)    2.71暲0.02a     3.23暲0.05b     4.14暲0.03c    3.51暲0.01d    4.08暲0.05c

Kidney-body weight (%)    0.39暲0.01a    0.47暲0.08b     0.51暲0.02b    0.52暲0.01b    0.47暲0.03b

Lung-body weight (%)    0.57暲0.03a    0.73暲0.02b     0.91暲0.01c    0.98暲0.02c    0.71暲0.07b

Spleen-body weight (%)    0.27暲0.02a    0.26暲0.04a     0.25暲0.05a    0.13暲0.01b    0.34暲0.01c

Heart-body weight (%)    0.25暲0.01a    0.35暲0.01b     0.34暲0.03b    0.36暲0.02b    0.35暲0.01b

Mean暲SD values carrying different superscripts from the control for each parameter are significantly different (P<0.05).
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standard deviation (RDW-SD), mean platelet volume (MPV) 
and platelet distribution width (PDW) (Table 1). In contrast 
however, the white blood cell (WBC) and platelets decreased 
significantly (P<0.05) following the administration of the 
extract (Table 1).
  Compared with their respective initial body weights of 
the animals, their final body weights increased (P<0.05) 
throughout the exposure period. The extract also increased 
the absolute weight of the liver, kidney, lungs and heart of 
the animals (Table 2). The 50 and 100 mg/kg body weight of 
the extract did not significantly alter the absolute weight of 

the spleen whereas the 200 mg/kg body weight decreased 
it. In contrast, the highest dose (300 mg/kg body weight) 
increased the weight of the pancreas. Similarly, all the doses 
of the extract increased the liver-, kidney-, lung- and 
heart-body weight ratios. The spleen body weight ratio was 
not significantly different from the control at 50 and 100 mg/
kg body weight. In addition, the 200 mg/kg body weight of 
the extract decreased the spleen-body weight ratio whereas 
the 300 mg/kg body weight increased it (Table 2).
  The ethanolic extract of A. indica stem bark significantly 
increased (P<0.05) the serum globulin as well as total and 

Table 3
Liver and kidney function parameters of male Wistar rats administered with ethanolic extract of A. indica stem bark (n=10).

Parameters 
Extract (mg/kg body weight)

Control 50 100 200 300

Total bilirubin (毺mol/L)   1.47暲0.05a  1.80暲0.08b 2.64暲0.03c  2.11暲0.04d   2.96暲0.06c

Conjugated bilirubin (毺mol/L)   0.17暲0.06a  0.22暲0.03b 0.57暲0.05c  0.41暲0.04d   0.44暲0.03d

Total protein (g/L)   8.85暲0.02a  8.65暲0.01a  8.85暲0.06b  8.30暲0.05a   8.73暲0.04a

Albumin  (g/L)   4.33暲0.06a  3.82暲0.03a  4.02暲0.03 a  3.85暲0.01a    4.04暲0.02a

Globulin  (g/L)    4.52暲0.03a  6.83暲0.06b  6.84暲0.05b  6.46暲0.04b    6.66暲0.02b

Serum alkaline phosphatase (U/L)   58.28暲0.04a  56.33暲0.03a  99.23暲0.02b  83.23暲0.02c 103.47暲0.04d

Serum gamma glutamyl transferase (U/L)     45.6暲0.06a  23.75暲0.03b  20.53暲0.06c  42.05暲0.06d   53.87暲0.04e

Serum aspartate transaminase (U/L)   44.73暲0.05a  41.25暲0.02a  30.75暲0.02b  25.75暲0.03c   29.67暲0.01b

Serum alanine trnasmainase  (U/L)   17.00暲0.01a  19.00暲0.08a  12.25暲0.04b  11.50暲0.01b   11.67暲0.03b

Sodium (mmol/L) 135.70暲0.03a 132.50暲0.04a 131.20暲0.05b 143.00暲0.06c  132.67暲0.02d

Potassium (mmol/L)    2.03暲0.07a    2.09暲0.06a     3.70暲0.03b     3.80暲0.02b     3.63暲0.03b

Calcium (mmol/L)    7.23暲0.02a    7.73暲0.01a    10.00暲0.05b    12.93暲0.03c    14.93暲0.04d

Mean暲SD values carrying superscripts different from the control for each parameter are significantly different (P<0.05). 

Table 4
Serum lipid profile of male Wistar rats administered with ethanolic extract of A. indica stem bark (n=10).

 Parameters Extract (mg/kg body weight)
Control 50 100 200 300

Cholesterol (mmol/L) 311.25暲0.03a 352.25暲0.02b 335.25暲0.01c 362.75暲0.02d 374.00暲0.05e

Triacylglycerol (mmol/L) 407.75暲0.12a 235.50暲0.40b 302.25暲0.21c 257.25暲0.11b 144.67暲0.23d

High density lipoprotein-cholesterol (mmol/L) 157.25暲0.02a 117.53暲0.03b 126.43暲0.07c 111.88暲0.13d 138.07暲0.09e

Low density lipoprotein-cholesterol (mmol/L) 90.15暲0.06a 129.23暲0.04b 151.28暲0.05c 198.28暲0.03d 147.10暲0.02e

Atherogenic index (LDL-C/HDL-C) 0.57暲0.03a 1.10暲0.01a 1.19暲0.03b 0.88暲0.02c 1.06暲0.01b

Mean暲SD values carrying superscripts different from the control for each parameter are significantly different (P<0.05). 

Table 5
Feed intake (g) of male Wistar rats administered with ethanolic extract of A. indica stem bark (n=10).

Animal grouping Days
1-3 4-6 7-9 10-12 13-15 16-18 19-21

Control 44.59暲2.75a 44.76暲3.82a 44.24暲3.29a 44.90暲1.82a 45.03暲1.47a 45.54暲2.05a 44.48暲3.89a

50 mg/kg body weight 48.18暲3.71b 52.78暲2.15b 51.34暲3.35b 48.26暲1.72b 48.27暲1.09b 56.89暲2.37b 57.42暲1.59b

100 mg/kg body weight 47.98暲3.98b 58.25暲3.13c 47.45暲2.33c 52.69暲3.99c 52.20暲1.69c 52.59暲1.68c 59.48暲3.97b

200 mg/kg body weight 48.21暲3.02b 56.51暲2.96c 51.13暲2.94b 49.61暲1.28b 57.36暲2.52d 55.21暲1.24d 58.78暲1.31b

300 mg/kg body weight 29.82暲4.09c 33.62暲1.42d 30.10暲1.15d 26.23暲2.89d 33.23暲1.54e 31.57暲2.32e 34.59暲2.75c

Mean暲SD values carrying superscripts different from the control for each day interval are significantly different (P<0.05). 

Table 6
Water intake (mL) of male Wistar rats administered with ethanolic extract of A. indica stem bark (n=10).

Animal grouping Days
1-3 4-6 7-9 10-12 13-15 16-18 19-21

Control 48.85暲3.88a 49.09暲1.89a 47.15暲1.35a 46.37暲3.30a 46.75暲5.88a 47.48暲1.89a 48.48暲1.89a

50 mg/kg body weight 75.69暲2.16b 50.66暲4.18b 56.75暲4.92b 53.67暲2.04b 52.95暲0.99b 57.42暲1.51b 55.39暲1.54b

100 mg/kg body weight 87.36暲1.89c 55.17暲2.82b 71.22暲4.41c 67.19暲3.60c 77.07暲4.87c 60.56暲2.55b 61.73暲2.38c

200 mg/kg body weight 80.32暲8.18c 54.03暲1.01b 73.04暲4.22c 80.42暲3.29d 96.08暲4.57d 87.69暲3.86c 90.20暲5.10d

300 mg/kg body weight 30.40暲1.17d 32.03暲3.21c 34.11暲1.17d 34.88暲1.27e 35.80暲1.81e 34.57暲0.97d 34.62暲1.90e

Mean暲SD values carrying superscripts different from the control for each day interval are significantly different (P<0.05). 
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conjugated bilirubin (Table 3). In contrast, the levels of 
albumin and total protein were not significantly altered in 
the serum of the animals. Apart from the 50 mg/kg body 
weight which produced values of alkaline phosphatase, 
alanine transaminase, aspartate transaminase, sodium, 
potassium and calcium ions that compared well with the 
control, other dose levels significantly altered the levels of 
the liver and kidney function parameters. Specifically, the 
higher doses increased the levels of alkaline phosphatase, 
potassium and calcium. The levels of aspartate and alanine 
transaminases and sodium decreased significantly at the 
doses of 100, 200 and 300 mg/kg body weight. The serum 
gamma glutamyl transferase activity decreased at all the 
doses of the extract (Table 3).
  The ethanolic extract of A. indica stem bark significantly 
decreased the serum concentrations of triacylglycerol and 
HDL-C. In contrast, all the doses of the extract increased 
the serum concentrations of cholesterol, LDL-C and the 
computed atherogenic index (Table 4).
  Compared with the distilled water treated control, the feed 
consumed by the animals administered with 50, 100 and 
200 mg/kg body weight increased significantly throughout 
the experimental period (Table 5). In contrast however, 
administration of the extract at the dose of 300 mg/kg body 
weight reduced the amount of feed consumed right from the 
beginning of the experiment and was sustained throughout 
the remaining period of the exposure to the extract (Table 5).
  The extract at 50, 100 and 200 mg/kg body weight 
significantly increased the water intake of the animals (Table 
6). The increase by the 200 mg/kg body weight between the 
7-21 d was higher than in the 50 and 100 mg/kg body weight 
treated animals. Furthermore, the 300 mg/kg body weight 
of the extract significantly reduced the volume of water 
consumed by the animals (Table 6).

4. Discussion

  Administration of herbal preparations without any 
standard dosage coupled with non- availability of adequate 
scientific studies on their safety has raised concerns on their 
toxicity[29]. Toxicity studies in animals are commonly used 
to assess potential health risk in humans caused by intrinsic 
adverse effects of chemical compounds/plant extracts[30-32]. 
These adverse effects may manifest significant alterations in 
the levels of biomolecules such as enzymes and metabolic 
products, normal functioning and histomorphology of the 
organs[33]. 
  Assessment of haematological parameters can be 
used to determine the extent of deleterious effect of 
foreign compounds including plant extracts on the blood 
constituents of an animal. Such toxicity testing is relevant 
to risk evaluation as changes in the haematological system 
have higher predictive value for human toxicity, when data 
are translated from animal studies[34]. It can also be used to 
explain blood relating functions of chemical compounds/
plant extract[35]. The reductions in only the WBC and platelets 
out of all the haematological parameters investigated in the 

present study could imply selective systemic toxicity effect 
by the extract. Therefore, the reduction in the WBC at all the 
doses of the extract investigated could possibly imply that 
the rate of entrance of the blood parameter from the bone 
marrow did not commensurate with the rate of its removal 
from the circulation or may also be due to underproduction 
of haematopoietic regulatory elements by the stroma cells 
and macrophages in the bone marrow at those doses[36]. 
The present study has revealed that it was only the platelet 
count that was affected whereas there was no effect on the 
volume and distribution width of the platelets. Furthermore, 
the reduction in platelets may hamper the process of 
blood clotting. Hb, RBC and PCV are associated with total 
population of red blood cells while MCV, MCH, MCHC, 
RDW-CV, RDW-SD relates to individual red blood cells. 
Lack of an effect on these parameters indicates that both the 
individual and total population of the red blood cells was not 
affected.
  Organ body weight ratio is a useful index of swelling, 
atrophy or hypertrophy[37]. The increases in the absolute 
and the computed organ-body weight ratios for liver, 
kidney, lungs and heart by the ethanolic extract of A. indica 
stem bark may suggest hypertrophy while the reduction in 
same parameters for the spleen could be an indication of 
atrophy. These speculations will await histopathological 
examinations.
  Enzymes such as phosphatases, dehydrogenases and 
transferases are often found in appreciable quantities 
in the serum but are not of the extracellular fluid origin. 
These occur as results of tissue damage or disrupted cell 
membranes that lead to the leakage of such enzymes from 
the tissue and become elevated in the serum[38]. Therefore, 
serum enzyme measurement provides a valuable tool in 
clinical diagnosis because it provides information on the 
effect and nature of pathological damage to the tissues[39]. 
The reduction in the activities of serum ALP, AST, ALT and 
GGT at varying doses could suggest inhibition or inactivation 
of the enzyme molecules[40]. Similarly, the elevated levels 
of ALP could constitute threat to the cells since the cells 
might be deprived of the much needed energy as a result 
of indiscriminate hydrolysis of the phosphate ester. These 
alterations will have their consequential effects on the 
normal functioning of the enzymes in the animals. The 
elevation in the levels of K, PO4 and Ca at 300 mg/kg body 
weight of the extract as well as decrease in the levels of 
Na at 100, 200 and 300 mg/kg body weight of the extract 
suggest interference in the normal homeostasis of these ions. 
However, the lack of an effect on these ions at the 50 mg/kg 
body weight suggests that the dose may be relatively safe for 
consumption on daily basis for 21 d.
  Evaluation of serum proteins such as albumin and 
globulin are good criteria for assessing the secretory ability/
functional capacity of the liver[41]. The non significant effect 
of the extract on the albumin and total protein in the serum 
of animals at all the doses investigated could imply that the 
synthetic and secretory functions of the liver with respect to 
these proteins were not affected. Furthermore, the increase 
in serum total and conjugated bilirubin could indicate 
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mild haemolysis and obstruction in the normal excretion of 
bile[41-48]. The elevated level of globulin suggests increase 
in functional activity of the liver with respect to the plasma 
protein.
  Changes in the levels of major lipids such as LDL-C, 
HDL-C, cholesterol and triacylglycerol could provide useful 
information on the predisposition of the heart of animals to 
atherosclerosis and its associated coronary heart disease[49]. 
The significant reduction in triacylglycerol may be 
associated with impaired lipolysis while reduction in HDL-C 
at all doses investigated may not be clinically beneficial to 
the animals since the rate at which plasma cholesterol are 
carried to the liver will be also decreased. Furthermore, 
the enhanced level of cholesterol and LDL-C may suggest 
cardiovascular risk in the animals. This is supported in the 
present study by the increase in the computed atherogenic 
index, a useful indicator of cardiovascular diseases[50].
  Water is an essential nutrient to every life since it is the 
most important nutrient for growth and development [51]. 
Any factor influencing water intake will also affect feed 
consumption[52]. Therefore, it is not surprising the existence 
of same pattern of feed and water intake in the present 
study. Thus, the increase in water intake by the animals 
administered with 50, 100 and 200 mg/kg body weight of the 
extract implied that water was readily consumed by the 
animals. Similarly, the increased feed consumption by these 
animals, may also suggests that the doses of the extract 
enhanced the sense of taste and appetite of the animals after 
their consumption[53]. In contrast, the decreased water and 
feed intake by animals treated with 300 mg/kg body weight 
probably decreased the appetite of the animals and will have 
consequential effects on their performances. 
  In conclusion, the alterations in biochemical parameters by 
the ethanolic extract of A. indica stem bark are indications of 
adverse effects on the various organs of the animals. These 
will have consequential effects on the normal functioning of 
these organs. The ethanolic extract of A. indica stem barks 
may not be safe as an oral remedy most especially at 100, 
200 and 300 mg/kg body weight. The dose of 50 mg/kg body 
weight appeared to be relatively safe. 
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