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Abbreviations: DEHP, di (2-ethylhexylphthalate); TBARS, 
thiobarbituric acid reactive substances; AST, serum aspartate 
aminotransferase; ALT, serum alanine aminotransferase; ALP, 
serum alkaline phosphatise; FBC, full blood count; EDTA, 
ethylenediaminetetraacetic Acid; ANOVA,analysis of variance

Introduction
Traditionally, aluminium has been considered as nontoxic to 

humans. However, in recent years, increased attention is being 
focussed on possible adverse effects of aluminium on human health. 
Human exposure to aluminium is from its natural occurrence in the 
environment i.e. through food, water and air as well as from aluminium 
deliberately introduced into the environment by man.1 Aluminium 
compounds are used in pharmaceuticals (antacids, analgesics, 
antiperspirants) in water treatment processes (as coagulant) and as 
metal in consumer products. Aluminium is present in virtually all 
plants. Foods naturally high in aluminium include potatoes, spinach 
and tea. Processed dairy products, flour and infant formula may be 
high in aluminium, if they contain aluminium compounds as food 
additives.2 Aluminium is present in small amounts in mammalian 
tissues, yet there is little or scanty research work to support its physical 
usefulness. However, its neurotoxic effect on living organisms is 
becoming clear, aluminium being implicated as interfering with 
a variety of cellular metabolic processes in the nervous system 
and in other systems. Although molecular mechanisms by which 
aluminium exerts its neurotoxicity is yet to be established, several 
pieces of evidence suggest that Aluminium can interfere with cellular 

metabolism in terms of biological stimulation, inhibition, or metal 
accumulation and compartmentation.3

There are numerous studies that have examined aluminium’s 
potential to induce toxic effects in humans or laboratory animals 
exposed via inhalation, oral, or dermal exposure.4 It is widely 
accepted that nervous system is the most sensitive target of aluminium 
toxicity and it may induce cognitive deficiency and dementia when it 
enters the brain. Besides this cardiotoxic, nephrotoxic and hepatotoxic 
effects has also been provoked by aluminium.5 Aluminium ingestion 
in excessive amount leads to accumulation in target organs and has 
been associated with damage of testicular tissues of both humans 
and animals. Alteration in the histology of testis6,7 deterioration in 
spermatogenesis and sperm quality; enhancement of free radicals 
and alterations in antioxidant enzymes;8 interruption in sex hormone 
secretion9,10 and biochemical changes in testis and other accessory 
reproductive organs11 are some of the aspects suggested that 
Aluminium exposure causes adverse impact on male reproduction.4

Phytochemical studies of the chemistry of H. acida showed 
the presence of saponins, tannins, flavonoids, flavonols, phenols, 
proanthocyanidins, steroids and triterpenoids. Hydroethanolic extract 
of H. acida stem bark revealed the presence of alkaloids, glycosides, 
flavonoids, saponins, tannins and terpenoids. Glycosides, saponins 
and tannins were also detected in the aqueous extract of H. acida stem 
bark.12

In an investigation to determine the different chemical constituents 
of H. acida, a di (2-ethylhexylphthalate (DEHP) and homoorientin 
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Abstract

Background: The current Study investigated the effects of aqueous extract of H. 
Acida leaves on Aluminium Chloride induced toxicity in male albino rats. Thiobarbituric 
acid reactive substances, Biochemical and Haematological parameters were assayed in 
order to determine the toxic effect of AlCl3 and the ameliorative effects of the extract.

Methods: Twenty (20) rats grouped into four (n=5) were administered AlCl3 and the 
aqueous leaves extract based on the experimental design. The animals were sacrificed after 
the experimental period of seven (7) days, blood was collected for assay of the biochemical 
and haematological parameters by cardiac puncture while the liver tissues were harvested 
and homogenised for the determination of Thiobarbituric acid Reactive Substances 
(TBARS).

Results: ALT, AST, Bilirubin and Glucose levels were significantly increased (p<0.05) in 
groups treated with AlCl3 when compared to the normal control whereas treatment with 
plant extracts ameliorates the increase. The RBC, Hb, PCV and Platelet levels increased 
significantly (p<0.05) particularly in the groups treated with H. Acida aqueous extract when 
compared to the normal control. The TBARS level initially increased due to AlCl3 toxicity 
was decreased on treatment with aqueous plant extract.

Conclusion: It can be concluded however that the extract demonstrated potentials in 
ameliorating deleterious effects of aluminium chloride intoxication. Hence, the extract 
showed mild toxicity level considering the parameters in question.

Keywords: Hymenocardia acida, aluminium, chloride, toxicity, extract, biochemical, 
parameters, estimation
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were isolated. Igoli and Gray13 have reported the isolation of five 
triterpenoids from H. acida stem bark; these triterpenoids are 
friedelan-3-one, betulinic acid, lupeol, b-sitosterol, stigmasterol and 
the fatty acid, oleic acid. Preliminary studies of the chemistry of H. 
acida showed the presence of saponins. Similarly, from the stem bark a 
cyclopeptide alkaloid hymenocardine has been isolated. This alkaloid 
was isolated together with five triterpenoids as mentioned earlier, but 
in this case no oleic acid;14 all the plant parts contain tannins; the 
stem bark being richest. Lupane-type triterpenes, lupeyldocosanoate 
has been isolated from the bark of H. acida, along with lupeol and 
b-sitosterol. The conformational space of lupey docosanoate explored 
by molecular dynamics calculations, showed amphilic “horseshoes” 
conformations which can explain indirect anti-malarial and anti-
inflammatory activities.15

Materials and methods
Sample collection and preparation

The leaves of the plant (Hymenocardia acida) were collected 
from Wukari, Wukari LGA Taraba State, Nigeria. The leaves were 
examined to be free from diseases and only healthy plant parts were 
selected. The leaves were thoroughly washed with clean water and 
dried under shade for 14days to reduce moisture content. The dried 
leaves were pulverized using a laboratory blender.

Sample extraction

One hundred gram (100g) of the powdered sample was soaked 
in 500 distilled water (1:5w/v) for exactly 48hrs. The extracts were 
filtered out first using a clean white sieving mesh and then using the 
Whatman No. 1 filter paper. The filtrates were concentrated using a 
thermostat water cabinet at 40°C for 7days. The concentrated extracts 
were then transferred to air-tight containers, corked and preserved in 
the refrigerator at 4°C until required.

Animals specimen

Twenty (20) male albino rats of 100-150g were obtained from the 
animal house of the Department of Biochemistry, Federal University 
Wukari, Nigeria. They were kept in clean cages (plastic bottom and 
wire mesh top), maintained under standard laboratory conditions 
(Temperature 25± 5°C, Relative humidity 50-60%, and a 12/12h light/
dark cycle) and were allowed free access to standard diet and water ad 
libitum. All experiments were conducted in compliance with ethical 
guide for care and use of laboratory animals of the Faculty of Pure and 
Applied Sciences, Federal University Wukari, Nigeria.

Experimental design

The rats were randomly divided into four groups (n = 5):

1. Group 1 Control received only normal feed and water daily.

2. Group 2 received 100mg/kg bw Aluminium chloride daily.

3. Group 3 received 100mg/kg bw aqueous extract of Hymenocardia 
acida leaves an hour after administration of 100mg/kg bw of 
Aluminium chloride.

4. Group 4 received 100mg/kg bw aqueous extract of Hymenocardia 
acida leaves only.

After the experimental period, animals were sacrificed and venous 
blood was collected by cardiac puncture and Liver was harvested. 
Blood samples were collected into EDTA tubes for the plasma and 
plain sample tubes containing no anticoagulant for the serum. Serum 
was obtained by centrifuging at 3000 rpm for 5 min.

Tissue preparation

Weighed liver and kidney samples were homogenised separately 
in 10 parts (w/v) of ice-cold 50m MTris-HCl, (pH 7.4) using a 
homogeniser. The homogenates were centrifuged at 3,000 rpm for 
15min and the supernatants were collected. The homogenates were 
centrifuged and the supernatant was examined for Thiobarbituric 
acid R reactive R substance (TBARS).

Determination of biochemical parameters
Thiobarbituric acid reactive substances (TBARS): Hepatic lipid 
peroxidation was determined as thiobarbituric acid reactive substances 
as described by Torres et al.16 Lipid peroxidation generates peroxide 
intermediates which upon cleavage release malondialdehyde, a 
product which react with thiobarbituric acid. The product of the 
reaction is a coloured complex which absorbs light at 535nm. The 
extinction coefficient, 1.56 × 10-5 M-1 Cm-1 was used in the calculation 
of TBARS and values were expressed as nmol/ml.

Serum glucose: Glucose oxidase catalyses the oxidation of glucose 
to produce hydrogen peroxide and gluconic acid. The hydrogen 
peroxide, in the presence of the enzyme peroxidase is broken down 
and the oxygen given off reacts with 4-aminophenazone and phenol 
to give a pink colour. The absorbance can be read 340nm using the 
spectrophotometer.

Serum aspartate aminotransferase (AST): Aspartate 
aminotransferase was determined as described by Reitman et al.,17 
using assay kits (Randox Laboratories Ltd, UK).

Serum alanine aminotransferase (ALT): Alanine aminotransferase 
was determined as described by Reitman et al. [17] using assay kits 
(Randox Laboratories Ltd, UK).

Serum alkaline phosphatase (ALP): Serum alkaline phosphatise 
was determined as described by Klein et al.18 Using assay kits (Randox 
Laboratories Ltd, UK).

Serum bilirubin: This was determined calorimetrically according to 
the method described by Jendrassic et al.,19 using assay kits (Randox 
Laboratories Ltd, UK).

Potassium ion: The amount of potassium is determined by using 
sodium tetraphenylboron in a specifically prepared mixture to produce 
a colloidal suspension.20 The turbidity of which is proportional to 
potassium concentration in the range of 2-7mEq\L.

Full blood count (FBC): This was carried out using Abacus 380 Auto 
haematology anlyzer.

Statistical analysis

The results were analyzed by one-way ANOVA, using SPSS 
statistical package version 21. All data were expressed as Mean ± SD 
and difference between groups considered significant at p<0.05.

Results and discussion
Results

The liver function tests revealed significant increase (p< 0.05) 
increase in the activities of ALT, AST and ALP as well as bilirubin 
and glucose concentrations. However, the levels of these parameters 
significantly decreased (p< 0.05) owing to treatment with the extract 
at the respective groups when compared to normal control (Table 1).

Full blood count results shows that AlCl3 intoxication caused 
significant decrease in Hb, PCV and platelets concentration. Treatment 
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of intoxicated rats with the extract caused significant increase in these 
parameters. However, the differences between the intoxicated groups 
treated with the extract and the normal group treated with the extract 
was statistically non-significant (p>0.05). Non-significant changes in 
WBC level were observed across the groups (Table 2). It was observed 

that administration of AlCl3caused significant increase (p<0.05) in 
the levels of thiobarbituric acid reactive substances (TBARS) in the 
control group compared to normal. However, extract treatment caused 
significant decrease (p<0.05) in the levels of TBARS in the extract 
treated groups (Table 3).

Table 1 Results of Alanine aminotransferase (ALT), Aspatate aminotransferase (AST), Bilirubin, Glucose (GLU)

Group Normal Control AlCl3 Control AlCl3 + HA N. + HA
ALT (U/L) 18.43±01.49a 47.00±02.15c 26.50±03.65b 26.54±05.91b

AST (U/L) 32.00±10.25a 283.75±56.48d 100.50±10.85c 58.75±12.37b

Bilirubin (mg/dl) 16.20±05.58b 22.88±06.64b 14.33±03.47a 15.50±05.31ab

Glucose (mmol/L) 04.90±01.22a 07.68±06.19b 04.33±02.38a 04.33±02.82a

ALP (U/L) 38.58±10.10a 207.00±51.56c 119.25±69.36b 118.5±154.60b

K+ (mg/dl) 09.50±05.00a 12.00±0.00a 11.75±0.50a 12.00±0.00a

Alkaline Phosphatase (ALP) and Potassium ion (K+).
Each value represent mean of five rats ± SD, HA = Hymenocardia acida.
Groups with same superscript in the row are not significantly different.
Groups with different superscripts in the same row are significantly different

Table 2 Results of Full blood count

Group Normal Control AlCl3 Control AlCl3 + HA N. + HA
WBC (x 109/L) 8.55±6.04a 8.78±5.69a 6.35±1.82a 8.19±1.80a

RBC (x 106/µL) 6.90±1.04ab 5.26±1.37a 7.42±0.25b 6.18±0.13ab

Hb (g/dL) 13.75±2.69b 10.60±0.72a 12.98±0.43ab 11.95±0.61ab

PCV (%) 47.33±06.65c 30.78±04.83a 38.35±01.51b 44.21±01.74bc

Plt(x 103/µl) 410.50±65.17c 229.25±20.21a 363.75±16.54b 349.75±77.75b

Each value represent mean of five rats ± SD, HA = Hymenocardia acida.
Groups with same superscript in the row are not significantly different.
Groups with different superscripts in the same row are significantly different.

Table 3 Results of Thiobarbituric acid reactive substances (TBARS)

Group TBARS (nmol/ml)
N. Control 0.05±0.030a

AlCl3 Control 0.24±0.010d

AlCl3 + HA Aq. 0.09±0.007b

N. + HA Aq. 0.11±0.028c

Each value represent mean of five rats ± SD, HA, Hymenocardi aacida. Groups 
with same superscript in the column are not significantly different. Groups 
with different superscripts in the column are significantly different.

Discussion
Herbal medicines are now receiving greater attention as an 

alternative to clinical therapy leading to increase in their demands.21 
In the rural communities of developing countries, the exclusive use 
of herbal drugs to treat various diseases is still very common and 
is prepared most often and dispensed by herbalists without formal 
training. Experimental screening method is therefore important in 
order to establish the active components present, ascertain the efficacy 
and safety of the herbal products.22

The liver and kidneys have demonstrated to play crucial roles in 
various metabolic processes and are, therefore, particularly exposed 
to the toxic effects of exogenous compounds23 such as AlCl3. 
AST and ALT are common liver enzymes because of their higher 
concentrations in hepatocytes, but only ALT is remarkably specific 
for liver function.24

Therefore, an elevation in plasma concentration of ALT is 
an indication of liver damage.25 AST is mostly present in the 
myocardium, skeletal muscle, brain and kidneys.26,27 Thus, the 

liver and heart release AST and ALT and an elevation in plasma 
concentration are an indicator of liver and heart damage.28,24 In this 
study, a significant (p<0.05) decrease in both ALT and AST values 
were observed in the animals treated with aqueous extract of H. 
acida. This clearly demonstrated that the extracts and their mixture 
had neither nephrotoxic nor deleterious effects on the heart.29 Alkaline 
phosphatase, ALP, is a plasma and endoplasmic reticulum membrane-
bound enzyme. Transient increase of this enzyme may be noticeable 
in all types of liver problems. There was great increase in the level of 
this enzyme in all the groups as compared to the normal control.

Serum bilirubin levels could be expressed as total bilirubin 
comprising of conjugated and non-conjugated or as direct bilirubin 
comprising only of the conjugated and an increase in bilirubin level 
could be attributed to three major causes such as haemolysis, biliary 
obstruction and liver cell necrosis.30 A decrease in bilirubin level 
observed in the animals that received aqueous extract of H. acida.

The study showed that the extract of H. acida was able to effectively 
reduce the glucose level in rats as compared to the normal control and 
the AlCl3 control. The H. acida aqueous extract can supress elevated 
levels of the blood glucose, which acts as an essential trigger for both 
liver and kidney to revert to their normal metabolic homeostasis.31 
The Potassium levels for the controls and treated were within the 
same range. This may be due to the fact that the extracts have cellular 
protection properties, with a normal extracellular Potassium level, 
or it may be due to the fact that these electrolytes are not directly 
associated with the development of hypertension.32 The increase in 
TBARS induced by AlCl3 was prevented by the supplementation of 
the aqueous extract of H. acida. This finding showed that the aqueous 
extract of H. acida possesses antioxidant property.
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The RBC, Hb, PCV and Platelet levels increased considerably 
particularly in the groups treated with H. Acida aqueous extract when 
compared to the normal control. An increase in the levels of these 
haematological parameters was indicative that the extracts have the 
potential to stimulate erythropoietin release in the kidney known to 
enhance RBC production (erythropoiesis).33,34 Similar observation 
has been made on a number of plants.34–36 The white blood cells 
serve as scavengers that destroy the microorganisms at infection 
sites, removing foreign substances and debris that results from dead 
or injured cells.37 Consequently, the level is known to rise as body 
defence in response to toxic environment.38 In this study, WBC count 
exhibited decrease in the group treated with AlCl3 + H. acida.

Conclusion
It can be concluded however, that the extract demonstrated 

potentials in ameliorating deleterious effects of aluminium chloride 
intoxication. Hence, the extract showed mild toxicity level considering 
the parameters in question.
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