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ABSTRACT
Background: hypervitaminosis A causes hyperplasia and vacuolation of hepatocytes and hepatic stellate cells (HSCs). The 
temporal sequence of these changes and the sequalae of their spontaneous reversion, however, remain largely unquantified. 
Methods: ethical approval was obtained from the Biosafety, Animal Use and Ethics Committee of the School of Veterinary 
Medicine at the University of Nairobi. A total of 45 adult albino rats were randomly divided into 3 groups. In groups A and 
B, 300,000 IU/Kg of vitamin A were administered to the rats every other day via subcutaneous injection for 4 and 8 weeks 
respectively. The rats in group C formed the control group. In total, 5 rats from group A were euthanized weekly at weeks 
2, 4, 6 and 8, while those from group B were euthanized at weeks 6, 8, 10 and 12. Multistage systematic uniform random 
sampling was used to select harvested liver segments that were processed for histological staining. A one-way analysis of 
variance (ANOVA) was used to compare cell density in the 3 groups and over time. The Tukey test was used to detect the 
differences between the groups. Values of p < 0.05 were considered statistically significant at 95%confidence interval (95%CI). 
Results: in both the acutely- and chronically-exposed groups, there was a significant increaseinhepatocyte(p < 0.001) and HSC 
(p − 0.066) density over time. Stopping the exposure resulted in a significant decline in both cell lines (p < 0.05). Compensatory 
hyperplasia and hypertrophy of these cells emanated from the periportal areas. 
Conclusion: hepatocytes are more adversely affected by hypervitaminosis A compared to HSC, which reflects their active role 
in the metabolism of vitamin A. 
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Introduction
Vitamin A is a fat-soluble vitamin essential for vision, 

growth, cellular differentiation and the integrity of the 
immune system.1 Its established tolerable upper limit 
(UL) of safety is of ~ 2,800 to 3,000 µg/day for adult 
men and women.2 The prevalence of exceeding this 
limit in populations with adequate dietary content of 
vitamin A has been shown to range between 10% and 
31%.3,4 Furthermore, because of its ability to act as an 
antioxidant, vitamin A derivatives have been used in 
the prophylaxis and treatment of photoaging, certain 
skin cancers and other skin disorders.5

Following such therapeutic uses, several cases of 
vitamin-A- induced hepatotoxicity have been reported 
in the absence of other clinical signs and symptoms.6 
Overt liver cirrhosis has also been documented 
following prolonged intake of high doses vitamin A 
supplements.7,8

The hepatotoxicity profile includes hyperplasia of 
the hepatocytes and hepatic stellate cells (HSCs),1,9 
and an increase in the number and size of the vacuoles 
found in these cells.10 The temporal sequence of these 
changes in response to hypervita-minosis A, however, 

is yet to be quantified. Furthermore, the sequalae of 
the spontaneous reversion of these cellular changes 
following cessation of exposure to hypervitaminosis A 
remains largely unknown. The present study, therefore, 
aimed at determining the temporal changes in the 
density of hepatocytes and HSCs and their vacuolation 
following exposure to high doses of vitamin A.

Materials and Methods
A total of 45 adult male rats were used in the present 

study. Ethical approval to conduct the study was 
obtained from the Biosafety, Animal Use and Ethics 
Committee of the School of Veterinary Medicine at the 
University of Nairobi. Only rats that met the inclusion 
criteria were recruited into the experiments.

The selected rats were randomly divided into 3 
groups: A (20 rats), B (20 rats), and C (5 rats). The 
rats in group A represented the acutely-exposed 
animals, and high dose vitamin A (300,000 IU/
Kg)8 were administered to them every other day 
via subcutaneous injection for 4 weeks, with half of 
them being followed up for a further 4 weeks without 
treatment. The rats in group B, which represented 
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persistent hypervitaminosis A, were also submitted 
to high doses vitamin A (300,000 IU/Kg)8 every other 
day via subcutaneous injection for 8 weeks. Half of the 
members of this group were then followed up for 4 
additional weeks without treatment. Group C was the 
control group, which was submitted to subcutaneous 
injection of sterile normal saline every other day over 
the duration of the study. All rats were maintained on 
a normal diet and fed ad libitum. Two rats from the 
control group were used for the baseline results.

Every week, 5 rats from group A were euthanized 
using gaseous halothane (1–3%) at weeks 2, 4, 6 and 8, 
while those fromgroup B were euthanized at weeks 6, 
8, 10 and 12. The liver was then harvested en masse and 
stored in normal saline overnight. The preparation and 
selection of the liver segments (5 segments per liver) 
was performed using multistage system-atic uniform 
random(SUR) sampling , as previously described.11 The 
selected segments were then prepared for staining 
using hematoxylin and eosin.

Photomicrographs of the stained sections were 
taken using a 5-megapixel Canon (Ōta, Tokyo, Japan) 
digital camera mounted on a photomicroscope. The 
calibration was set at 150 µm for images taken at a 
magnification of 400X. In total, six images per section 
were selected using the SUR sampling method – three 
within the vicinity of a central vein and three within 
the vicinity of a portal vein.

The estimation of the density of the hepatocytes and 
HSCs was performed using the Cavalieri’s principle of 
point counting.9,10 We used the ImageJ software (public 
domain) to analyze the selected histological area by 

using a superimposed grid on the digital image on a 
monitor screen as previously described11 (Fig. 1). The 
superimposed image on the grid yielded 15 unit areas. 
Each unit area on the grid was of 285,967.77 µm2. The 
second unit areas for every section were selected to 
count the cells and, after that, every third one, until a 
total of 5 unit areas per slide were studied. The average 
cellular count/µm2 of the 5 unit areas was then used 
as the cell density of that image. The area densities of 
the cells were evaluated by two researchers who were 
unaware of the source of the tissue samples.

Statistical Analysis
Data obtained from the stereological methods 

previously described were inserted into the Statistical 
Package for the Social Sciences (SPSS, IBM Corp., 
Armonk, NY, US) software, version 21.0, for coding, 
tabulation and statistical analysis. The measurements 
were expressed in numbers/mm2.The normality of 
the data was determined using histograms and box 
plots, after which means and the standard deviations 
were then determined. The one-way analysis of 
variance (ANOVA) was used to compare the density of 
the hepatocytes and HSCs for the 3 groups, and the 
changes in the density over time. When a significant 
difference was shown with the ANOVA, the Tukey 
test was used as a posthoc test to detect the groups 
that presented a significant difference between each 
other. Values of p < 0.05 were considered significant 
at a 95% confidence interval (95%CI). The results were 
presented in micrographs, tables and graphs.

Figure 1. Grid counting technique.
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Results
The density of the hepatocytes and HSCs for the 

control group remained relatively constant over the 
entire study period (Figure 2A, B). The hepatocytes 
were heterogeneously arranged in cords separated by 
sinusoids. The HSCs were located in the perisinusoidal 
space, and appeared deeply eosinophilic. There was no 
notable difference in their distribution between the 
periportal and pericentral areas.

Acute exposure to high doses of vitamin A resulted 
in an increase in the hepatocyte density (p < 0.001) 
(Figure 4). The hepatocytes closer to the central veins 
were more vacuolated than those in the periportal 
areas (Fig. 2C, D). Conversely, the hepatocytes near the 
periportal areas were more densely packed andwere 
of varied sizes. The hepatocytes further showed a 
temporal increase in their binucleation. Adjacent 
biliary epithelial cells appeared hypertrophic relative 
to the controls. Discontinuing the acute exposure 
resulted in a decline of the hepatocyte density both 
at week 6 (p = 0.205) and at week 8 (p = 0.901) (Figure 

4). However, the pericentral hepatocytes still remained 
vacuolated (Fig. 2E& F).

Persistent exposure to vitamin A beyond 4 weeks 
resulted in a significant decline in the hepatocyte 
density at week 6 (p < 0.001), followed by a significant 
rebound at week 8 (p < 0.001). This was accompanied 
by vacuolation of the hepatocytes that extend up to the 
periportal areas. Features of necrosis at week 6 were 
evidenced by loss of the sharp border demarcating 
the hepatocytes from the surrounding stroma. The 
rebound hyperplasia at week 8 of persistent exposure 
to vitamin A cut across the liver parenchyma but was 
most prominent in the periportal areas (Figs. 3A & B). 
These hepatocytes were mostly multinucleated, and 
were mainly devoid of vacuoles. Following cessation 
of exposure to high doses of vitamin A at week 8, the 
hepatocyte density had a significant decline at week 
10 (p < 0.001) (Figure 3B). This was accompanied by 
rebound vacuolation of hepatocytes relative to week 
8. The hepatocytes still occurred in various sizes, 
however, with the large ones predominating.

Figure 2. Hepatocyte and HSC cellular changes following acute exposure and reversal. The hepatocytes (arrows) in the control rats were heterogeneously distributed 
between the central veins (CVs) (A)andportal veins (PVs) (B), and were arranged in cords, while the hepatic stellate cells (HSCs; arrow heads) were located in the 
perisinusoidal spaces. Acute exposure to hypervitaminosis A (4 weeks) led to increased vacuolation of the hepatocytes and HSCs closest to the CVs (C), while cells 
around the pericentral areas (D) were more densely packed and presented lower vacuolation. Discontinuing the administration of excess vitamin A resulted in 
a reversal of the aforementioned trend, with restoration of the hepatic cords. The cells were, however, more vacuolated around the CVs (E) than around a PV (F) 
(hematoxylin and eosin [H&E] stain). Scale: 150 µm. (A and B – control rats; C and D – at the end of 4 weeks of injection of high doses of vitamin A; E and F – 4 weeks 
after the discontinuation of the acute exposure to high doses of vitamin A).
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The HSC density also showed a time-dependent 
increase that reversed considerably with the 
discontinuation of the administration of the vitamin 
(Figure 3C). The increase in the HSC density was 
more marked in the periportal zones compared with 
the pericentral ones. These cells became increasingly 
vacuolated with time, with accompanying displacement 
of the nucleus to the periphery, and they took the shape 

of a signet ring by week 6. The hyperplasia of the HSC 
seemed to occur in clusters. Persistent exposure to 
high doses of vitamin A resulted in a minimal decline 
of the HSC density at week 6, which then slightly 
rebounded at week 8 (p > 0.05) (Figure 5). Discontinuing 
the administration of high doses of vitamin A after 
week 8, however, resulted in a significant decline in the 
HSC density by week 12 (p − 0.013) (Figure 3C), which 
was accompanied by a considerable reduction in their 
vacuolation (Figs. 3C & D).

Figure 3. Cellular changes following persistent exposure and reversal. Persistent exposure to hypervitaminosis A (8 weeks) resulted in further vacuolation of the 
hepatocytes (arrows) and HSCs (arrow heads) around the CVs (A, B) that extended to the PVs. Rebound hyperplasia and cellular necrosis occurred in tandem as 
evidenced by the closely-packed cells around the PV and the loss of the sharp border demarcating the hepatocytes from the surrounding stroma respectively. The 
HSCs were more uniformly distributed across the pericentral and periportal areas, and took the shape of a signet ring. There was also massive distortion of the 
hepatic cords and apparent loss of sinusoidal space (H&E stain). Scale: 150 µm. Discontinuing the exposure to high doses of vitamin A resulted in restoration of the 
hepatic cords 4 weeks later (C, D). However, the hepatocytes and HSCs around the CVs were more vacuolated, while restorative hyperplasia of the said cells seemed 
to emanate from around the PV (H&E stain). Scale: 150 µm. (A and B – after 8 weeks of exposure to hypervitaminosis A; C and D – recovery 4 weeks after 8 weeks of 
exposure to hypervitaminosis A).

Figure 4. General trend of the hepatocyte density over time.

Figure 5.  General trend of the hepatic stellate density over time.
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Discussion
Hepatic toxicity secondary to retinoic acid has been 

reported to range from a simple elevation of hepatic 
enzymes to liver cirrhosis requiring liver transplant.2,4,12 
The risk factors to retinoic acid poisoning include 
chronic renal failure, enhanced dietary intake and 
use of retinoic acid derivatives in the management 
of certain dermatologic ailments.3,5,7 The reversible 
cellular hyperplasia with hypervitaminosis A as seen 
in our findings reflects the liver’s remarkable ability 
to regenerate itself following injury. These findings 
are in keeping with previous reports documenting 
the liver’s regenerative capacity following partial 
hepatectomy and administration of hepatotoxic 
chemicals.13,14 However, the current findings further 
showed a biphasic rebound hyperplasia with persistent 
exposure to hypervitaminosis A, with the liver being 
able to recover from the decline in cellular numbers 
at week 6 of exposure. This observation highlights the 
liver’s remarkable regenerative capacity in the face of 
persistent chemotoxicity. Hepatocyte hyperplasia was 
additionally accompanied by hypertrophy of both the 
hepatocytes and biliary duct cells, events that have 
been reported to be vital for liver regeneration, as 
these mature cell lines can function as facultative stem 
cells for each other.13,15 Hepatocyte hypertrophy was 
also associated with increased vacuolation, which has 
previously been described as an adaptation of these 
cells to resist further damage.16,17 Such hypertrophy 
resulted in an apparent reduction in hepatocyte 
density, which might explain the decline in total 
hepatocyte numbers that was most prominent by week 
6 of exposure.

The increased cellularity of the periportal areas 
accompanied by more multinucleated hepatocytes 
following exposure to hypervitaminosis A is in line with 
previous findings that reported that liver regeneration 
occurs via ‘waves of mitosis’ beginning in the periportal 
area, which progress toward the pericentral area.18,19 

Moreover, more recent research20 has further revealed 
that increasingly less hepatocytes are recruited in 
subsequent ‘waves’ until the hepatic mass is restored. 
This, however, largely depends on whether the 
hepatic trauma occurs as a continuum.20 Continued 
hepatocyte proliferation in the face of persistent 
exposure to hypervitaminosis A in the current study 
may explain their biphasic increase as seen at weeks 
4 and 8. An overshoot of this proliferative response 
is corrected by inducing hepatocyte apoptosis,21 
which might explain the presence of apoptotic cells 
interspersed in the periportal areas and the eventual 
decline of hepatocyte density with the end of the 
exposure to hypervitaminosis A. 

The rapid rise in HSC density by week two of exposure 
to high doses of vitamin A reflects the vital role of 
these cells in the storage of vitamins.7 The findings of 

the current study quantified the previously reported 
qualitative time and dosedependent hyperplasia of 
these cells following exposure to hypervitaminosis A 
in rodents.10,22 The HSC hyperplasia observed in the 
present study occurred more in the periportal zone 
in acute states, but was more diffuse with persistent 
exposure. This differs from the effects in humans 
in one study,22 in which an intake of excess vitamin 
A resulted in lobular hyperplasia, while chronic 
exposure led to localized hyperplasia limited mainly 
to the portal spaces and/or within the fibrous septa. 
The hyperplasia of these cells in hypervitaminosis A 
has been known to occur even in extrahepatic tissues, 
further emphasizing the significance of the HSCs in 
the metabolism of vitamin A.10

Discontinuing exposure to vitamin A in both the 
acutely-and chronically-exposed animals resulted in a 
decline in HSC numbers albeit not immediately. This is 
attributable to the body’s inability to effectively dispose 
of excess retinol,23 and might explain the continued 
clinical picture of retinoic acid poisoning long after the 
discontinuation of the exposure.24 Apoptosis of the HSC 
has ,however, been credited with the eventual decline 
of the activated HSCs during resolution from hepatic 
injury.24,25 This is mediated partly by the resolution 
of the inflammatory response and the recovery of 
hepatocytes, which are the key sources of cytokines 
responsible for the activation of HSCs.

Similar to the hepatocytes and as previously 
reported,10 the HSCs responded to acute states of 
hypervitaminosis A by having a reversible increase in 
the number and size of their cytoplasmic vacuoles. Such 
vacuolation is routinely accompanied by inflammatory 
cellular infiltration and pericellular collagen fiber 
deposition,26 and has previously been associated with 
cases of hepatic fibrosis, portal hypertension and 
liver cirrhosis.7,8,27,28 We also observed that there was 
markedly reduced vacuolation of the HSCs by week 8 of 
exposure, possibly signifying the duration over which 
these cells potentially converted into myofibroblasts in 
the current study. This conversion, however, is known to 
not only be time-dependent but also dosedependent;22 
hence, our findings may be inconclusive to establish 
the time it takes for the transformation of the HSCs 
into myofibroblasts occurs.

Conclusion
Hepatocytes are more adversely affected by 

hypervitaminosis A compared to HSCs, which reflects 
their active role in the metabolism of vitamin A. This 
may equally affect the liver’s metabolic capacity, 
further affecting its ability to handle the circulating 
vitamin A. Future studies should, therefore, 
incorporate the measurement of hepatic enzymes 
when monitoring the progress of vitamin A toxicity.
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