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ABSTRACT 
 
Aim: To investigate the effects of alcohol consumption on serum biochemistry and histomorphology 
of liver, kidneys and uterus of pregnant Albino Wistar rats.  
Study Design: An experimental study which lasted for six weeks was conducted in the Animal 
house of the Department of Physiology, University of Nigeria Enugu Campus. 
Methodology: Twenty (20) female albino Wistar rats were used in this study. They were divided 
into five groups (n=4): Three experimental groups (A - C) and two control groups (pregnant and non-
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pregnant). Groups A, B and C were treated with 0.3 g/kg, 0.8 g/kg and 2 g/kg Ethanol respectively 
via oral gavage, once daily for 30 days. Blood samples were collected from the female rats via retro 
orbital puncture and the sera obtained were used for the determination of serum Alanine 
transaminase (ALT) and Aspartate transaminase (AST), Alkaline phosphatase (ALP), Urea and 
Creatinine levels. Liver, kidney and uterus were excised after animal sacrifice for histopathological 
studies.  
Results: A statistically significant increase in ALT, AST and ALP levels was observed only in rats 
treated with 0.3 g/kg/day of ethanol when compared with the controls (P=.000). Serum creatinine 
and urea levels in all groups showed no difference when compared with the controls. However, 
varying degrees of micro-architectural changes were observed in the liver, kidneys and uterus of 
rats in all treatment groups.  
Conclusion: The present data suggest that alcohol consumption during pregnancy causes 
histological lesions that may be responsible for the tissue alterations observed in the experimental 
animals. 
 

 
Keywords: Alcohol; pregnancy; histopathology; biochemical parameters. 
 
1. INTRODUCTION 
 
Alcohol (ethanol) ingestion causes various social, 
economic and health consequences across the 
world in most industrialized and also developing 
countries [1]. Consumption of alcoholic drinks by 
women is common worldwide but its use in 
pregnancy has become a major public health 
problem [2]. Several lines of evidence suggest 
potential harm which alcohol consumption by 
pregnant women can pose to the fetus which can 
influence the risk of developing chronic disorders 
later in the offspring’s life [3,4]. Alcohol is a 
known teratogen and its exposure in utero results 
in alcohol-related birth defects especially Fetal 
Alcohol Spectrum Disorders (FASD) [5,6]. 
Decreased birth weight, retarded intellectual 
development and lowered IQ scores have also 
been associated with alcohol use in pregnancy 
[7].  
 
In Nigeria, the consumption of alcohol plays a 
role in religious, political, social and economic 
relationships, and its consumption is common 
among adults of 18 years and above [8]. In 
Canada and the United States, alcohol use by 
pregnant women rates of up to 11% and 12% 
respectively [9]. The rates of alcohol use by 
African women are on the increase ranging from 
1% to 30% for current use drinkers and 4% to 
41% for heavy drinkers [10].  
 

In the United States roughly one of every eight 
women continues to drink during her pregnancy, 
even despite public-awareness on alcoholic 
drinks [11]. Alcohol is the substance most 
commonly abused among pregnant women 
despite the fact that many complications 
(maternal and fetal) arising from alcohol 

addiction have been documented [6]. It is 
unfortunate that alcoholism is often neglected in 
pregnant patients, because the effects of alcohol 
addiction are often considered as having less 
adverse impact and more difficult to diagnose.  
 
Although a wide variety of reports have shown 
that alcohol consumption in pregnancy exerts 
negative effects in offsprings of both human and 
experimental animals [12-16]. There is paucity of 
information and documented scientific research 
on the end-organ effects of alcohol during 
pregnancy. For this reason, the present study 
was conducted to assess histological structures 
of the liver, kidney and uterus of female rats 
intoxicated with ethanol during pregnancy. 
 

2. MATERIALS AND METHODS 
 
2.1 Procurement and Reconstitution of 

Ethanol  
 
Absolute ethanol (concentration of 0.788 kg/l) 
used for the study was purchased from Sigma 
Aldrich Chemicals limited, USA. A dilution of 20% 
was prepared from the stock by adding 800mls of 
pyrogen free water to 200mls of ethanol. This 
was kept in the refrigerator at 4±2°C until 
needed.  

 
2.2 Animal Housing 
  
Twenty-eight (28) albino Wistar rats (twenty 
females and eight males) (~180 – 200 g) were 
obtained from Animal House of Department of 
Physiology, University of Nigeria Enugu Campus 
(UNEC). They were housed under standard 
condition of temperature (27 ± 2°C) with twelve-
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hour light/dark periodicity. The animals were 
weighed and divided into five groups (A - E) of 
four (4) female and two (2) male rats each, 
except for group E which served as the non-
pregnant control and had only four (4) female 
rats. These animals were housed in clean 
gauzed cages in groups and fed on standard 
feed pellets (Guinea feed® Nigeria Plc) and 
clean water ad libitum. Acclimatization was for 
two weeks. Animals were handled in this study in 
accordance with protocols approved by 
Institutional guidelines on Animal Care and Use 
Committee and conform to established 
guidelines set by National Institutes of Health on 
experiments involving the use of animals. 

  
2.3 Estrous Cycle Determination and 

Animals Impregnation 
 
Estrous cycle determination was conducted as 
previously described [17] and mating was done 
on sixteen female rats in groups A – D at ratio of 
1:2 [male/female rats] i.e. 2 male rats/cage. The 
female rats were left with the males until signs of 
mating were detected (presence of vaginal plug). 
After the period of mating, conception was 
achieved in most of the rats in each cage. 
 

2.4 Experimental Design 
 

Ethanol administration was commenced 
immediately after mating (on Day 15). Groups A, 
B & C served as the test groups and received 0.3 
g/kg, 0.8 g/kg and 2 g/kg per kilogram body 
weight of ethanol orally via oropharyngeal route 
using oral cannula for thirty (30) days. Groups D 
and E received no treatment and hence served 
as the pregnant and non-pregnant controls 
respectively. 
 

2.5 Sample Collection and Biochemical 
Assays  

 
At the end of the thirtieth day, the animals were 
weighed and the experiment was terminated. 
Blood samples were collected by retro-orbital 
puncture of the medial canthus of the eye under 
anesthesia using capillary tube into plain tubes. 
The blood samples were centrifuged and sera 
were separated from each sample for 
biochemical analysis. Parameters assayed 
included Alkaline Phosphatase (ALP) and 
Aspartate Transaminase (AST) by colorimetric 
method [18]. Alanine transaminase (ALT) 
estimation by colorimetric method [19]. 
Creatinine was estimated by modified Jaffe 
procedure by Blass et al. [20]. Urea was 

estimated by modified Berthelot enzymatic 
method by Searcy et al. [21]. 
 

2.6 Determination of Relative Organ 
Weight  

 
The rats were sacrificed under chloroform 
anaesthesia and the visceral organs of interest 
(namely liver, kidney and uterus) were excised. 
Necropsy was carried out to observe for the 
presence of lesions or any signs of abnormality. 
The liver and kidneys of each rat were blotted 
with filter paper and weighed on a balance. The 
relative organ weight [ROW] of each organ was 
calculated thus: 
 

ROW =
�������� ����� ������ (�)

���� ������ �� ��� �� ��������� (�)
 X 100 

 

2.7 Tissue Processing and Microscopy 
  
The excised organs from the sacrificed rats were 
further fixed in 10% formal saline prior to 
histological processing using paraffin wax 
embedding technique for light microscopical 
examination. The tissues were taken through 
processes of dehydration, clearing and wax 
impregnation using an Automatic tissue 
processor. The wax impregnated tissues were 
'blocked out’with paraffin wax prior to cutting of 
sections with the rotary microtome (Hertz 150, 
Cambridge model). The tissue sections of 5μm 
were produced and further stained according to 
the Haematoxylin and Eosin [H and E] staining 
technique as described by Baker et al. [22]. The 
sections were examined using Olympus 
binocular microscope with in-built lighting 
system.  
 

2.8 Statistical Analysis  
 

The statistical analysis was done using Statistical 
Package for Social Sciences (SPSS) version 
20.0. Data obtained were expressed, where 
appropriate, as mean ± standard error of mean 
(SEM). Differences between mean values were 
determined with one-way analysis of variance 
(ANOVA) followed by Tukey’s post hoc tests.  
p<.05 was considered significant.  
 

3. RESULTS 
 
3.1 Relative Organ Weights 
 
The results of the relative organ weights (ROW) 
of the liver and kidney samples from the rats in 
the respective study groups are shown in Fig. 1. 
The results of the ROW for the liver samples 



 
 
 
 

Onyemelukwe et al.; ARRB, 35(1): 7-16, 2020; Article no.ARRB.54940 
 
 

 
10 

 

were found to be significantly higher for rats in all 
treatment groups when compared with the 
pregnant control (group D) (p<.05) and only in 
groups A and C when compared with the non-
pregnant control (group E) (p<.05).More so, 
statistically significant increase in the mean ROW 
estimation for the kidney samples were observed 
in all treatment groups when compared with 
pregnant and non-pregnant controls. 
 

3.2 Biochemical Parameters 
 

3.2.1 Liver marker enzyme levels 
 

The effects of treatment with graded doses of 
ethanol on serum levels of liver marker enzymes 
are depicted Table 1. Elevated levels of ALT, 
AST and ALP were observed only in rats treated 
with 0.3g/kg of ethanol (group A) when compared 

with the pregnant control (group D) (p=.000<.05). 
However, in comparison with non-pregnant 
control, increased and decreased levels of AST 
and ALT were observed in groups A and B 
respectively (p=.001<.05). 
 
3.2.2 Serum creatinine and urea levels 

 
Results of the serum creatinine and urea levels 
in all treatment and control groups are also 
shown in Table 1. A significant decrease 
(p=.001<.05) in mean serum urea level was 
observed in rats treated with 0.8 g/kg b.wt. of 
ethanol (group B) when compared with pregnant 
rat control group (group D). No change was 
observed in values obtained from other treatment 
groups (group A and C) in the parameters 
estimated. 

 

 
 

Fig. 1. Graph showing the mean organ weights [liver and kidney] [g/100 g] ethanol intoxicated 
rats and controls 

 

Table 1. Comparison of levels of serum biochemical parameters of treatment groups               
[Ethanol – fed rats] and controls 

 

Groups ALT [IU] AST [IU] ALP [IU] Creatinine 
(mg/dl) 

Urea  
(mg/dl) 

A [0.3 g/kg of Et] 74.75 ± 2.75* 65.50 ± 0.96*# 85.75 ±17.11 0.83 ± 0.05 36.25 ± 3.15 
B [0.8 g/kg of Et] 49.00 ± 3.51

#
 52.00 ± 3.03 41. 50 ± 7.08 0.80 ± 0.04 26.75 ± 2.84* 

C [2 g/kg of Et] 59.00 ± 7.42 54.00 ± 3.39 63.00 ±12.19 0.83 ± 0.09 30.00 ± 1.91 
D [PC] 53.75 ± 2.39 47.75 ± 0.85 43.00 ±15.23 0.83 ± 0.09 35.00 ± 2.48 
E [NPC] 63.50 ± 2.96 53.50 ± 1.85 76.25 ± 6.10 0.85 ± 0.10 30.75 ± 0. 95 

Data expressed in mean ± SEM; * - p<.05 when compared to pregnant control (Group D) and #p<.05 in 
comparison to non-pregnant control (Group E). Et – Ethanol; PC - Pregnant Control; NPC – Non-Pregnant 

Control 
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3.3 Histological Findings 
  
3.3.1 Liver  
 
The photomicrographs of the hepatic lobule of 
control rats (Pregnant and non-pregnant) 
revealed normal features. The pericentral region 
of the hepatic lobule showed preserved 
cytoplasmic architecture with hexagonal lobules 
consisting of central vein and radially arranged 
hepatocytes. The sinusoidal spaces which are 
lined by endothelial cells are intact. The hepatic 
portal veins, bile ducts and hepatic artery within 
the portal tract found at the periphery of the 
hepatic lobule are evident [Fig. 2A]. The liver 
sections from ethanol treated rats showed dose-
dependent degree of lesions on the hepatic 

tissue. Necrotic hepatocytes, inflammatory 
cellular infiltration, vacuolation, widened 
sinusoidal spaces and presence of binucleate 
cells are evident (Fig. 2B – D). 
 
3.3.2 Kidney  
 
The histological observations of the cortical and 
medullary sections of the renal tissue of the 
control rats showed normal histoarchitectural 
features: normal glomeruli, tubules and blood 
vessels (Fig. 3A).  Kidney sections from rat 
treated with ethanol revealed some degrees of 
histological changes viz: extrusion of some 
glomeruli, engorged glomeruli, eroded tubules, 
and inflammatory cellular infiltration (Fig.                   
3B – D).  

 

 
 

Fig. 2. Photomicrographs of liver sections of rats  
[Stain: Haematoxylin & Eosin]; (A) Normal control group [Mag.x100]: Liver section shows normal 

histoarchitecture; normal hepatocytes (nH) with central nucleus, portal tract (pT), radially distributed sinusoidal 
spaces and central vein (cV) are shown. (B) 0.3 g/kg b.wt of Ethanol - treated group [Mag.x400]: showing mild 
necrosis and inflammatory cellular infiltration (Ic). (C) 0.8 g/kg b.wt of Ethanol - treated group [Mag.x400]: The 

tissue parenchyma shows evidence of necrosis (n), inflammatory cellular infiltration (Ic) and presence of 
binucleate cells (bc). (D) 2 g/kg b.wt of Ethanol - treated group [Mag.x400]: liver histoarchitecture shows 
disassociation of hepatic tissues with resultant widening of the sinusoidal spaces (wS), necrosis (N) and 

inflammatory cellular infiltration (Ic) 
 

 
 

Fig. 3. Photomicrographs of kidney sections of rats  
[Stain: Haematoxylin & Eosin]; (A) Normal control group [Mag.x100]: Kidney cortex section shows normal 

histoarchitecture; normal glomerulus (nG) and normal tubules (nT) are observed (B) 0.3 g/kg b.wt of Ethanol - 
treated group [Mag.x400]: showing glomerular extrusion (G), tubular erosion (Te) and infiltration of inflammatory 

cells (Ic). (C) 0.8 g/kg b.wt of Ethanol - treated group [Mag.x400]: features observed are tubular erosion & 
degeneration (Te) and inflammatory cellular infiltration (Ic). (D) 2 g/kg b.wt of Ethanol - treated group [Mag.x400]: 

the cortex of the kidney shows engorged glomeruli (eG) with adherence on the Bowman’s capsule, tubular 
erosion and degeneration (Te) and infiltration of inflammatory cells (Ic) 
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Fig. 4. Photomicrographs of uterus sections of rats  
[Stain: Haematoxylin & Eosin]; (A) Normal control group [Mag.x100]: Uterus section shows normal 

histoarchitecture; normal endometrium (bearing numerous glands) and normal myometrium. (B) 0.8 g/kg b.wt of 
Ethanol - treated group [Mag.x400]: Showing marked cellular infiltration in the endometrium (Ci) (C) 2 g/kg b.wt of 

Ethanol - treated group [Mag.x40]: Uterine lumen is slightly distended; shortened thickness of uterine wall {sT}; 
irregular epithelial folding {Ir} with loss of epithelial lining {eL}, fewer endometrial glands are seen 

 
3.3.3 Uterus 
 
The uterine histology of control rats showed 
normal features: single layered columnar 
epithelial cell with elongated nuclei at the base of 
the cells, numerous irregular and tortuous 
endometrial glands, highly folded epithelial lining 
and endometrial stroma (Fig. 4A). The uterine 
tissue of ethanol treated pregnant rats revealed 
some degree of cellular infiltration in the 
endometrium, slightly distended uterine lumen, 
shortened thickness of the uterine walls, irregular 
epithelial folding with loss of epithelial lining and 
presence of fewer endometrial glands (Fig. 4B 
and C). The photomicrographs obtained from the 
control and treated sections of the organs 
studied are shown below. 
 
4. DISCUSSION 
 
Alcohol use disorders are significant clinical 
problems due to the devastating high prevalence 
and health impacts across the globe [23,24]. This 
study investigated changes in some blood 
profiles and end-organ effects of alcohol in 
pregnancy. The histopathological findings on the 
liver of the treated pregnant rats showed that 
ethanol consumption may lead to liver damage. 
Previous researchers have reported that one of 
the organs that most commonly exhibit 
deleterious changes due to alcohol consumption 
is the liver [25]. In alcoholics, end products of 
alcohol metabolism cause many of the changes 
in liver function and structure [26,27]. Alcohol 
breakdown results in the generation of 
acetaldehyde, a highly reactive and toxic 
molecule which reacts with most of the cell 
components, changing their structures and 
functions, or by contributing to other mechanisms 

that would eventually encourage enhanced 
oxidative damage [25,28,29].  

 
Acetaldehyde may induce liver injury by 
interfering with extracellular matrix production or 
by involving the immune system [29-31]. The 
inflammatory cellular infiltrates and enlargement 
of sinusoidal cells support that the immune 
system was activated. Immune cells are 
activated in response to an injurious impact [32]. 
Recognition of the formed adducts by the 
immune system as a result of alcohol 
consumption may trigger harmful immune 
responses that could lead to liver damage 
[29,33]. 
 
Measurements of serum Alanine Transaminase 
(ALT) and Aspartate Transaminase (AST) are 
widely used as markers in evaluating the degree 
of their injury [34,35], ALT being a more specific 
enzyme for liver dysfunction. Increased levels of 
the liver enzymes were only observed to be 
statistically significant in rats treated with the low 
dose of ethanol (0.3 g/kg/day) after the 30-day 
treatment. However, no discernible effect was 
observed in the liver enzyme levels of the mother 
rats treated with 0.8 g/kg and 2 g/kg/day of 
ethanol when compared with the controls even 
though the liver microanatomical features of all 
the treated rats in all groups suggest deleterious 
changes. Perhaps, the liver enzyme levels of 
moderate and high dose groups may have 
returned to normal by the end of the experiment 
when the analysis was conducted. Unfortunately, 
in this study, the possible effects of ethanol 
intoxication on the liver markers on weekly basis 
could not be performed so as to provide a distinct 
picture on the observed findings. It is possible 
that the higher quantities of ethanol may have 
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exerted deleterious effects on the hepatocytes 
earlier in the treatment period and this impact 
may have resulted to increased serum levels of 
the marker enzymes. Previous researchers have 
shown markedly increased levels of ALT and 
AST after only five days of ethanol intoxication 
[36]. In light of the present evidence indicating 
that normal values of serum liver marker 
enzymes are observed after a sub-chronic 
intoxication with ethanol warrants further studies. 
 

It is rather surprising at the extent of damage on 
the liver tissue parenchyma at the doses 
administered in the present study. The severity of 
the lesions increased with increasing 
concentration. Ishak et al. [37], reported that in 
early development of alcoholic liver disease, 
necrotic cell death is predominantly observed in 
the pericentral region of the hepatic lobule. The 
hepatocyte losses its capacity to repair damage 
induced by the continuous alcohol exposure. 
This may be the reason for reduced number of 
binucleate cells in liver tissues of rats treated 
with the higher doses in this study when 
compared with the liver of rats treated with 0.3 
g/kg/day of ethanol. Presence of binucleate cells 
in the liver tissue suggests regeneration of the 
hepatic tissue in compensation for the tissue 
damage. However, the process of repair and 
replacement of cellular macromolecules are 
energy-requiring processes that can only 
proceed if there is a sufficiency of Adenosine 
triphosphate (ATP) [38]. ATP synthesis becomes 
compromised when damage of the liver 
mitochondria occurs due to alcohol consumption 
[39]. Previous studies have emphasized on the 
role of ATP in the maintenance of hepatocyte 
viability in an environment where the tissue is 
being subjected to ethanol-associated toxicity 
[40,41]. 
 
The kidney histological examination revealed 
degeneration of kidney tubules with inflammatory 
cellular infiltration at peritubular, glomerular and 
vascular regions. Few glomerular enlargements 
due to hydropic change may be the explanation 
for the increase kidney organ weight (g/100 g of 
body weight] in the treated groups when 
compared with the controls. However, the results 
of the kidney function tests [serum creatinine and 
urea levels] did not show obvious changes to 
connote kidney damage.   
 
Chung et al. [42] documented a similar non-
significant difference in serum creatinine and 
blood urea nitrogen levels while comparing non-
alcohol users, alcohol users and ex-users. 

However, they discovered that subjects with 
chronic alcohol consumption have significantly 
higher estimated glomerular filtration rate and 
Creatinine clearance rate (Ccr) values than non-
drinkers. Although the kidney function 
parameters in the present study did not show any 
discernible effects, the microscopical 
examination of the renal tissue showed obvious 
histopathological features consistent with renal 
damage.  
 

The histo-architecture of the uterus of ethanol - 
fed mother rats after pregnancy showed some 
tissue damage between the treatment groups. 
Increased cellular infiltration by polymorphs, 
congested vessels and marked changes in the 
epithelial linings were observed. Such findings 
when severe may lead to oedema which may 
induce unfavourable bed of endometrium for 
implantation and embryo implantation may fail 
[43]. Reduced litter sizes of rodents have been 
documented in previous reports as a result of 
alcohol consumption during pregnancy [44].  

 
5. CONCLUSION 
 
In conclusion, our data indicated a preliminary 
evidence that moderate (<2 g drinks/day) and 
heavy (>2 g drinks/day) alcohol consumption 
during pregnancy increases risk of tissue 
damage in rats. 
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