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Abstract

Background: Hypervitaminosis A causes hepatic hyperplasia and fibrosis 
even in the absence of clinical signs. There is paucity of data on the concomitant 
changes in absolute and Body Mass-Normalized Liver Volumes (BM-NLV) yet 
this information might explain the hepatomegaly that precedes other adverse 
features of vitamin A toxicity.

Objective: To determine the changes in absolute and BM-NLV secondary to 
acute and persistent hypervitaminosis A.

Methods: After ethical approval, 45 adult albino rats were randomly divided 
into 3 groups: Group A rats were given 300,000 IU/Kg of vitamin A every 
alternate day via subcutaneous injection for 4 weeks while Group B rats were 
given a similar dose but for 8 weeks. Group C rats were the control group. Five 
rats from group A were euthanized at weeks 2, 4, 6 and 8 while those from group 
B were euthanized at weeks 6, 8, 10 and 12. The rats were weighed whole while 
rat liver volumes were estimated using the Scherle method. Means and SD 
were then determined. The one-way ANOVA was used to compare the volumes 
for the 3 groups and over time. The Tukey test was the post-hoc test used to 
detect between which groups the significant difference lay. A p value <0.05 was 
considered significant at 95% confidence interval. 

Results: There was an increase in the absolute liver volume with exposure 
to high dose vitamin A which continued to rise in spite of stopping the exposure. 
The BM-NLV on the other hand, showed a marked reversible decline following 
persistent exposure to high dose vitamin A (p=0.074).

Conclusion: Hypervitaminosis A causes substantial but reversible temporal 
changes in hepatic volumes.

Keywords: Vitamin A; Hepatotoxicity; Liver volume

from the Biosafety, Animal Use and Ethics Committee, Faculty of 
Veterinary Medicine, University of Nairobi. Any rats that had gross 
malformations or were light for age at the time of commencement of 
the study were excluded. All animals were handled while fully awake 
to minimize stress to them and were held by the skin over their back. 

Selected rats were randomly divided into 3 groups: A (20 rats), B 
(20 rats), and C (5 rats). Group A rats were given high dose vitamin 
A (300,000 IU/Kg) every alternate day via subcutaneous injection 
for 4 weeks with half of them being followed for a further 4 weeks 
without the high dose vitamin A treatment. They represented the 
acutely exposed group. Group B rats were similarly given high dose 
vitamin A every alternate day via subcutaneous injection for 8 weeks. 
Half of the members of this group were then followed up for 4 more 
weeks without being injected with the high dose of vitamin A. This 
group represented the rats subjected to persistent hypervitaminosis 
A. Group C were the control group and received subcutaneous 
injection of sterile normal saline every alternate day over the duration 
of the study. All injections were done via small hypodermic needles 
(gauge 25) and only the exact volume of the vitamin solution was 

Introduction 
Vitamin A, a fat-soluble vitamin essential for vision, growth, 

cellular differentiation and the integrity of the immune system [1,2], 
has been established to be hepatotoxic when taken in excessive 
amounts [3-5]. The histological changes seen in hypervitaminosis 
A induced hepatotoxicity include hyperplasia and vacuolation 
of hepatic stellate cells, increased collagen fibre deposition with 
resultant vascular distortion and disruption of hepatic cords [6,7]. 
These changes have been known to eventually lead to hepatic fibrosis 
and non-cirrhotic portal hypertension and occur even in the absence 
of other clinical features [8,9]. There is however insufficient data 
that illustrate the attendant gross hepatic changes associated with 
hypervitaminosis A. This study therefore aimed at determining the 
changes in absolute and Body Mass-Normalized Liver Volumes (BM-
NLV) secondary to acute and persistent hypervitaminosis A. 

Materials and Methods
A total of 45 adult male albino rats (Rattus Norvegicus) were 

used in this study. Ethical approval to conduct the study was obtained 
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injected (150 microliter). To prevent infections, the injection sites 
were swabbed with surgical spirit. The rats were maintained on 
a normal diet and fed ad libitum. They were kept in standard and 
well labelled cages measuring 109cm by 69cm by 77.5cm. Each cage 
contained 6 animals and was floored with wood shavings which were 
replaced every two days. Two rats from the control group were used 
for baseline results. 

All rats were weighed at the onset of the study and just before 
euthanasia was done. Five rats for every week from group A were 
euthanized at weeks 2, 4, 6 and 8 while those from group B (5 rats for 
each week) were euthanized at weeks 6, 8, 10 and 12. Euthanasia was 
performed using gaseous halothane (1-3%) soaked in cotton wool 
inside an airtight glass jar and was ascertained when the rats showed 
absent pupillary light reflex and exhibited minimal response to pain. 
Animals were weighed whole using a digital weighing scale (accuracy 
of 0.001g). A midline body incision was then made and formal saline 
infused via the trans-cardiac method. Perfusion was stopped when 
rigor mortis was complete. The liver was then harvested en masse 
and stored in formal saline. Its volume was measured thrice using 
the Scherles’s method of water displacement and an average of the 3 
readings recorded (Figure 1). Body Mass-Normalized Liver Volume 
(BM-NLV) was calculated by dividing the average volume of the 
liver (cm3) by the respective weight of the animal (g) at euthanasia 
and multiplying the result by 100. All the remaining carcasses 
were incinerated at the Department of Veterinary Anatomy and 
Physiology.

Statistical analysis 
The obtained data was keyed into the Statistical Package for Social 

Sciences (SPSS) software (version 24.0, Chicago, Illinois) for coding, 
tabulation and statistical analysis. Measurements were expressed in 
cm3 and cm3/g. The data was grouped into three groups as earlier 
described. Normality of the data was determined using histograms 
and box plots. Means and the standard deviations were then 
determined. The one-way ANOVA was used to compare the absolute 
volume and BM-NLV for the 3 groups and their changes over time. 
When a significant difference was shown with ANOVA, the Tukey 
test was used as the post-hoc test to detect between which groups the 

significant difference lay. A p value <0.05 was considered significant at 
95% confidence interval. Results were presented in tables and graphs. 

Results 
All the animals survived to the end of the experimental period 

and had appropriate weight gain. In addition, none of the animals 
had any noticeable gross defects.

Absolute liver volumes 
The liver volumes of the control rats remained steady over time 

and ranged between 11.9 cm3 and 12.7 cm3. Acute exposure to high 
dose vitamin A, on the other hand, caused a slight elevation of the 
hepatic volume while persistent injection beyond 4 weeks caused a 
marginal decline. Stopping the exposure to vitamin A, for both acutely 
and persistently exposed animals, resulted in continued increase in 
the liver volumes (Graph 1.1). These changes were, however, not 
statistically significant (p=0.895). 

Body Mass -Normalized Liver Volume (BM-NLV)
The BM-NLV of the control animals remained relatively constant 

over the entire study period. On the other hand, the BM-NLV for 
the animals exposed to acute hypervitaminosis A showed a gradual 
decline up to the 4th week before going up with stopping of injection 
of vitamin A to peak at week 6. It then returned to the baseline by the 
8th week. Prolonged exposure to high dose vitamin A resulted in a 
more acute decline of the BM-NLV between weeks 6 and 8. However, 
following cessation of vitamin A administration this decline reversed 
to near normal levels by week 12 (Graph 1.2). These differences were 
however, not statistically significant (p>0.05). 

Discussion 
In recent times, there has been an increased concern on the risk 

posed by vitamin A toxicity in the absence of clinical signs. This 
follows multiple reports documenting several cases of vitamin A 
induced hepatotoxicity following use of retinoic acid in management 
of dermatologic conditions and as over the counter prescriptions for 
nutritional supplements [9]. The negative effects to the liver following 
enhanced retinoic intake can therefore not be overlooked

[10], like those reported the figures of the absolute liver volumes 
for the control group in the current study. These near constant 
figures over time could be attributed to the fact that the animals 
were recruited into the study as young adults and thus had attained 
optimal adult liver size. The increase in absolute liver volumes with 

Figure 1: Photograph showing Scherle’s method of liver volume estimation. 
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Graph 1.1: Graph showing the trend of absolute liver volume over time.
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time in animals exposed to high dose vitamin A is also in keeping 
with previous reports that have documented hepatomegaly in 
patients with chronic vitamin A intoxication [11,12]. Such increase 
has further been known to precede gross morphological changes in 
animals subjected to toxicological studies [8,13] and is independent of 
tissue shrinkage secondary to histological processing [14]. This might 
explain the lack of discernible gross changes seen in the intervention 
group animals despite the changes in hepatic volumes. Such an 
increase in the absolute liver volume seems to be an important early 
sign of hepatic injury secondary to certain hepatotoxins and more so 
in hypervitaminosis A. Unfortunately, the increase in the liver size 
secondary to chronic hypervitaminosis A has been known to persist 
way after cessation of the excess intake of the vitamin [10] which 
might explain the continued rise of the liver volumes in our study 
even after cessation of vitamin A injection for both the acute and 
persistently exposed rats. 

The decline in BM-NLV with continued exposure to 
hypervitaminosis A could be attributed to hepatocyte necrosis 
secondary to the hepatotoxic effects of the vitamin in the absence of 
other systemic side effects [9]. With discontinuation of exposure to 
high dose vitamin A however, the BM-NLV was seen to normalize 
and this may be associated with the recovery of hepatocyte. Such 
recovery of the liver following chemotoxin and drug induced injury 
has been reported [6,7]. However, it has also been noted that even 
though resolution of chemical induced liver injury may occur with 
discontinuation of exposure to the injurious agent, full recovery 
may take much longer and progression of the disease may still 
occur [15,16]. Close follow up of such patients would therefore be 
paramount. 

Conclusion
Hypervitaminosis A causes significant but reversible temporal 

changes in hepatic volumes independent of body weight changes. 
Withdrawal of exposure to vitamin A in cases of suspected 
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Graph 1.2: Graph showing the trend of the body mass -normalized liver 
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toxicity, accompanied by other adjuvant therapies, would therefore 
be paramount in the management of both acute and chronic 
hypervitaminosis A.
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