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ABSTRACT 
BACKGROUND: Vitamin A is present in our food such as meat, dairy products, and 
vegetables. A control balanced diet maintains our nutritional needs of vitamin A. Over 
consumption of products as well as supplementations with vitamin 
A increases the risk of hypervitaminosis A. Hypervitaminosis A has been associated with 
thinning of the long bones and reducing of bone formation  
OBJECTIVES: to investigate the effect of over as well as optimum doses of vitamin A on growth of mandibular 
condyle in Wister albino rats. 
MATERIALS AND METHODS: Eight healthy (2month old age) male Wister albino rats weighting (274 - 
375grams) were used in present study. The rats were randomly divided into 2 equal group, study and control group 
.In the control group; rats fed a standard diet containing an optimum dose of vitamin A (12 IU/g of each pellet). In 
the study group, rats fed a standard diet supplemented with overdose of vitaminA (1700 IU /g of each pellet). After 
2months, all rats were euthanized. Blood samples were collected from all rats the day after administering the last 
dose of vitamin and the concentration of vitamin A in serum was determined for all samples. The condyles of each 
rat of all groups were dissected out and processed for histological study and histomorphometric analysis. 
RESULTS: In the study group, the histological examination revealed marked reduction in thickness of 
hypertrophic zones and increase in the width of chondroblastic zones of condylar cartilage. Bone trabeculae were 
thin with irregular outline. The subchondral bone showed marked bone resorption with numerous osteoclasts in 
Howship’s lacunae as compared with the control group.  
CONCLUSIONS: findings from the present study have indicated that, hypervitaminosis A increases resorption of 
the bone and diminishes endochondral bone growth.  
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INTRODUCTION 
    Vitamin A is fat soluble compounds. There 
are two types of vitamin A, the first type is 
retinol, retinal and retinoic acid (derivative of 
animal source) and the second type is 
carotenoid (derivative of plant source) (1-4).   

 The  retinoid form is found in eggs, 
liver, milk and fortified cereals  (5) , while 
Carotenoids are found in carrots, collards, 
spinach, and squash (1, 2). 

  Vitamin A is an essential nutrient 
needed in small amounts for the normal 
function of the visual system, development and 
growth, immune function, maintenance of 
epithelial cellular integrity and reproductive 
system (6). 

 The absorption of vitamin A occurs 
in the intestine with the help of lipids .It is 

stored mainly in the liver, kidney, and adipose 
tissues (7). 

Severe deficiency of vitamin A is 
known to produce corneal Xerophthalmia, 
blindness and keratomalacia in children 
(6).Over dose of vitamin A leads to vision 
problems, changes in the skin, and bone pain. 
Chronic cases of hypervitaminosis A may 
result in liver damage and pressure on the 
brain (8). 

   Vitamin A supplementations 
represent the retinoid form of vitamin A (9). 
The retinoid type is efficiently absorbed at 
rates of 70 –90%, while the carotenoids type 
are absorbed much less efficiently at rates of 
20 -50%. The retinoid type of vitamin A is 
more liable to cause vitamin A toxicity than 
carotenoids type (10).  Excessive dietary intake 
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of beta- carotene can lead to carotenodermia. 
Carotenodermia is a condition that is 
characterized by orange-yellow discoloration 
of the skin (11, 12). 

  Experimental studies on rodents 
have shown that a high intake of vitamin A 
leads to thinning of the long bones, reduction 
of bone formation (13) and induction of 
spontaneous bone fracture in animals(14). 
       In human, increased intake of vitamin A 
has been associated with increased bone 
fragility and fracture risk(15). 

 The mandibular condyle is a center of 
growth from birth until adulthood in human 
(16). The mandibular condylar cartilage 
provides regional adaptive growth, movable 
articulation and endochondral bone growth 
(17). 

  Several studies showed the effect of 
vitamin A on the skeletal bone; however no 
available studies show the effect of vitamin A 
on growth of cartilaginous mandibular 
condyle. So, the aim of this study is to evaluate 
the effect of over as well as optimum dose of 
vitamin A on growth of mandibular condyle in 
Wister albino rats. 
The study was conducted with the null 
hypothesis that there is no effect of over dose 
of vitamin A on growth of mandibular condyle 
in Wister albino rats. 

 MATERIAL AND METHODS 
Study sample 
Eight healthy (2month old age) male albino 
Wister rats (weighting 274 - 375 
grams) were used in this study (18). Animals 
were obtained from the 
animal house of Medical Research Institute, 
Alexandria University. Rats were 
 housed in specially designed wire mesh 
bottom cages. The animals were 
supplied a regular diet and free access to water 
during the whole experimental period (19). All 
animal procedures followed the National 
Research Council guidelines for the care and 
use of laboratory animals (20). The study was 
performed after gaining the approval of the 
Research of Animal Ethics Committee, Faculty 
of Dentistry, Alexandria University. Number 
of ethical committee is 0159 and IORG is 
0008839.   
Grouping  
Eight Rats (2month old age) were randomly 
divided into 2 groups: 
Group I (control group): 4 rats  were fed  a 
standard diet containing an optimum dose of 
vitamin A (12 IU /g of each pellet). 
Group II (study group): 4 rats were fed a 
standard diet supplemented with overdose of 
vitamin A (1700 IU /g of each pellet).  

Vitamin A was added to the rat pelleted diet in 
the form of retinyl palmitate(A-Viton). The 
content of each capsule was in the form of oil 
soluble material. It was dissolved in vegetable 
oil and then sprayed on diet on which each 
gram of pelleted diet containing (12 IU) as 
optimum dose of vitamin A and (1700 IU) as 
over dose of vitamin A. 
Euthanization time  
All rats were euthanized by overdose of diethyl 
ether after 2 months. The remains of rats’ bodies 
were rid of by burial. 
Histological study: 
the mandibular condyles of each rat were 
dissected out and were fixed in10% neutral 
buffered formalin for 24h .After fixation, 
specimens were decalcified in 10% trichloro-
acetic acid, washed in tap water over night and 
then dehydrated in ascending concentrations of 
alcohol, cleared in xylene and then infiltrated 
and embedded in low melting point (56oC) 
paraffin wax (21).Tissue blocks were cut 
coronal at a 5 µm thickness with a microtome 
(22).Sections were stained with Hematoxylin 
and Eosin stain (H&E) for general examination 
(21) . 
Quantitative determination of serum vitamin A 
concentrations: (7, 23) 
At the end of the experimental period and 
before euthanization, blood samples were 
collected from the orbital plexus of rats. This 
technique is called “orbital venous plexus 
bleeding”. The concentration of vitamin A in 
serum was determined for all samples using rat 
vitamin A ELISA kit. 
Histomorphometric analysis: 
Histormorphometric analysis was done using 
image J software(24) to measure the 
percentage of bone surface area of the condyle 
,the thickness of chondroblastic and 
hypertrophic zones. 
Statistical analysis: Data obtained from 
biochemical analysis and histomorphometric 
analysis were fed to the computer using SPSS 
software package version 23. Normality was 
checked using Shapiro Wilk test, box plots and 
descriptive data was not normally distributed 
and presented using mainly Median, Inter 
Quartile Range (IQR) and Minimum and 
Maximum values in addition to Mean, 
Standard deviation (SD). Groups are compared 
regarding concentration of vitamin A, bone 
surface area of the condyle, the chondroblastic 
and hypertrophic zones thickness using Mann 
Whitney U test. Significance level was set at P 
value of 0.05. All tests were two tailed. 

RESULTS 
I) Histological results
Group I (control group) 
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In this group, the condyle showed normal 
thickness of cartilaginous zones: the 
fibrocartilage zone, proliferative zone, 
chondroblastic zone and hypertrophic zone 
(fig.1). The chondroblastic zone showed 
numerous mature chondrocytes with open 
faced nucleus and wide intercellular spaces. 
The hypertrophic zone showed larger 
chondrocyte with signs of degeneration and 
disappearance of nucleus. The hypertrophic 
zone was followed by zone of erosion with 
proliferative blood vessels and numerous 
chondroclasts resorbed the mineralized matrix 
(fig.2a). The osteogenic zone showed well-
developed bone trabeculae surrounding normal 
sized, cellular bone marrow spaces 
(fig.2b).The bone trabeculae of the condyle 
showed fan shaped appearance (fig.1). The 
endosteal surface of bone showed a regular 
outline lined by continuous layer of plump to 
flattened osteoblasts (fig.2b). 
Group II (study group):  
The condylar cartilage revealed a thin 
hypertrophic zones with signs of degeneration 
and complete disappearance of chondrocytes 
(fig.3, 4a, 5,6a) and wide chondroblastic zones 
with reduction of intercellular spaces in 
comparison to control group (fig5, 6a).the 
erosive zone revealed numerous chondroclasts 
than control group with proliferative blood 
vessels(fig.6b) .The osteogenic zone revealed 
thin bone trabeculae with irregular outline 
lined by numerous osteoclasts in Howship’s 
lacunae and wide bone marrow (fig.3,4b,5,6b). 
Areas of woven bone had been detected in the 
osteogenic zone. (fig.3, 4b, 5,6b). 
II) Histomorphometric analysis:
A) Bone surface area
The percentages of the bone surface area was 
greater in control group as compared to study 
group and it was statistically significant 
(p=0.01) table (1). 
B) Thickness of chondroblastic zone of the
condyle 
Thickness of chondroblastic zone showed no 
statistically significant difference (p=0.19) 
between control and study group despite the 
mean value of thickness were higher in the 
study in comparison to control group table 2. 
C) Thickness of hypertrophic layer of the
condyle   
The hypertrophic layer of the condyle showed 
reduction in thickness in study group as 
compared to control group and it was 
statistically  significant (p=0.027) table (3). 
III) Biochemical analysis
The mean value of serum vitamin A 
concentration was greater in study group as 
compared to control group and it was 
statistically significant table (4)   ( p=   0.03) . 

Figure (1): Light photomicrograph (LM) 
(control group, 4months) showing normal 
thickness of fibrocartilage, proliferating, 
chondroblastic and hypertrophic zones. Well-
formed bone trabeculae with normal size of 
bone marrow. C: cartilage BM: bone marrow 
B: bone H&E, stain (a) x40, (b) x100. 

Figure (2): Higher magnification of insets in 
the previous figure showing a: inset 1 normal 
thickness of cartilaginous zones F: 
fibrocartilage zone, P: proliferative zone, C: 
chondroblastic zone, H: hypertrophic zone. 
Numerous chondroclasts in erosive zone 
(arrow) b: inset 2 thick bone trabeculae and 
plumb to flat osteoblast cell lining the 
endosteal bone surface (arrow). H&E, stain 
x400. 

Figure (3): Light photomicrograph (LM) 
(study group, 4 months) showing reduction in 
thickness of hypertrophic zone as compared to 
control group. Thin bone trabeculae with wide 
bone marrow spaces. Note the islands of 
woven bones (star) C: cartilage BM: bone 
marrow B: bone T: temporal bone H&E, (a) 
x40, (b) x100.  
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Figure (4): Higher magnification of the insets 
in the previous figure a: inset 1 showing 
thinning of the hypertrophic zone as compared 
to control group with pyknotic or complete 
disappearance of the chondrocyte nuclei 
(arrow), numerous chondroclasts in erosive 
zone (dotted arrow) F: fibrocartilage zone, P: 
proliferative zone, C: chondroblastic zone, H: 
hypertrophic zone.  .b: inset 2 showing 
irregular bone surface studded with osteoclasts 
in Howship’s lacunae (arrow). Note the islands 
of woven bones (star) .H&E stain x400. 

Figure (5): Light photomicrograph (LM) 
(study group, 4months) showing thinning of 
hypertrophic zone and widening of the 
chondroblastic zone as compared to control 
group with thin bone trabeculae and wide bone 
marrow spaces. ). Note the islands of woven 
bones (star). C: cartilage BM: bone marrow B: 
bone T: temporal bone H&Ex100. 

Figure (6): Higher magnification of the insets 
in the previous figure a: inset 1 showing 
reduction in the thickness of hypertrophic zone 
and increase in thickness of chondroblastic 
zone as compared to control group. 
Chondrocyte lacunae with sign of degeneration 
(arrow), F: fibrocartilage zone, P: proliferative 
zone, C: chondroblastic zone, H: hypertrophic 
zone.  b: inset 2 showing irregular bone surface 
studded with osteoclasts in Howship’s lacunae 
(dotted arrow). Note the areas of woven bone 
(star) and numerous chondroclasts in erosive 
zone (arrow). H&E stain x400. 

Table (1): Comparison between the study and 
control groups regarding the bone surface area 
of the condyle  

Control 
Group 

Study 
Group 

Test (P 
value) 

Percent 
(%) 

Mean 
(SD) 

65.13 (9.78) 52.14 (8.70)  
0.01* 

Median 
(IQR) 

69.14 (10.98) 49.05 (6.52) 

Min - 
Max 

48.75 
- 

75.59 42.21 
- 

68.79 

*Statistically significant difference at p
value≤0.05 

Table 2: Comparison between the study and 
control groups regarding the thickness of 
chondroblastic zone: 

Control 
Group 

Study 
Group 

Test 
(P 

value) 
Mean 
(SD) 

0.0268(0.01
) 

0.0356(0.02
) (0.19*

) Media
n 

(IQR) 

0.0240(0.03
) 

0.0415(0.03
) 

Min - 
Max 

0.0110 - 
0.046 

0.0160 - 
0.059 

*Significant difference at p value≤0.05
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Table 3: Comparison between the study and 
control groups regarding the thickness of 
hypertrophic layer 

Control 
Group 

Study 
Group 

Test 
(P value) 

Mean 
(SD) 

0.08 
(0.02) 

0.06 
(0.004) (0.027*) 

Median 
(IQR) 

0.09 
(0.04) 

0.06 
(0.01) 

Min - 
Max 

0.05 – 
0.10 

0.05 – 
0.06 

*Statistically significant difference at p
value≤0.05 

Table 4: Comparison between the study and 
control groups regarding the concentration of 
serum vitamin A 

Control 
Group 

Study Group 
Test 
(P value) 

Mean 
(SD) 

235.50 (4.04) 341.00 (76.96)  
0.03* 

Median 
(IQR) 

236.50 (4.50) 345.00 (53.00) 

Min - 
Max 

230.00 
- 

239.00 243.00 
- 

431.00 

*Statistically significant difference at p
value≤0.05 

DISCUSSION 
Vitamin A has been recognized to be essential 
for normal growth and bone health. However, 
many undesirable effects were associated with 
overdose of vitamin A. Unwanted effects of 
hypervitaminosis A on bone appears to be 
irreversible.(14, 25) 

The effect of vitamin A on the 
condylar cartilage was not widely investigated. 
The present study was designed to explore the 
effect of over as well as optimum dose of 
vitamin A on growth of mandibular condyle. 
In the methodology of the present study, four 
months old age rats were chosen as this age is 
correlated with 12years of human. This period 
is critical for the mandibular growth as it is 
characterized by mixed dentition in which 
replacement of deciduous teeth by their 
successor teeth occurs. 

The result of the present study, the 
control group showed a normal structure and 
thickness of the fibrocartilage, proliferating, 
chondroblastic zones and hypertrophic cell 
zone. The osteogenic layer showed well-
formed bone trabeculae with normal size of 
bone marrow.    
The results obtained from the experimental 
group after 2 months revealed thickening of 
the chondroblastic zone and thinning of 

hypertrophic zone as compared to control 
group. These findings are in accordance with 
Onder et al,2018, who reported that 
hypervitaminosis A leads to reduction in the 
height of hypertrophic zone and increase in 
height of proliferative zone  in rats exposed to 
high dose of vitamin A (26). 

 Thickening of chondroblastic zone 
and thinning of hypertrophic zone could be 
explained that hypervitaminosis A leads to 
retardation of transition between the 
chondroblastic zone and the hypertrophic zone.  
This retardation leads to delay of endochondral 
bone formation.  

In addition to reduction of the 
hypertrophic cell zone, tearing of hypertrophic 
cell with signs of degeneration were observed. 
These findings are similar with studies that 
clarified that hypervitaminosis A induced 
chondroclast cells to absorb the calcified 
cartilage matrix and  result in the erosions of 
hypertrophic zone(27, 28).Also, Firat.D, 
Kuntsal .L and Sirin. Y,2005, had reported that 
Retinoic acid induced chondrocytes 
degeneration of fetal Meckel's cartilage(29). 

As regard to osteogenic zone thin 
bone trabeculae with wide bone marrow were 
observed as a sign of osteoporosis.  Similar 
findings had been recorded by Lind T.et al, 
2011, who reported that over dose of vitamin 
A increases osteoclasts number and leads to 
thin weakened long bone(30).In human 
models, it had been reported that excessive 
vitamin A has been implicated in the 
acceleration of skeletal bone resorption and 
inhibition of bone formation and ultimately 
leading to bone loss(31) .Areas of woven bone 
were observed in the study group and theses 
represent delay in maturation of the bone in 
rats with hypervitaminosis A. 

  The histomorphometric measurement 
revealed the total surface area of bone in the 
control group was higher than in the study 
group and it was statistically significant. These 
findings were in accordance with several 
studies that reported decrease in total surface 
area of bone in animal with hypervitaminosis 
A(13, 32). 

 As regard to histomorphometric 
measurement of chondroblastic zone. There 
was no significant difference between the 
control group and study group despite the 
mean value of thickness were higher in study 
in comparison to control. In contrast, 
measurements of hypertrophic layer revealed 
significant reduction in thickness in study 
group compared to control group. These 
findings were in agreement with Onder et al, 
2018,who found that there was significant 
reduction in the hypertrophic zone without 
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significant increase in thickness of 
chondroblastic zone in the groups administered 
over dose of vitamin A(26).        

 As concern to quantitative 
determination of serum vitamin A 
concentrations, all rats showed elevated level 
of serum vitamin A concentration in the study 
groups as compared to rats in the control 
groups and it was statistically significant. 
These finding were in agreement with Lind et 
al,2018, who studied the effects of 
hypervitaminosis A on rat bone and recorded 
elevated level of serum vitamin A in study 
group as compared to control group and it was 
statistically significant (33). 

In the present study, the control group 
showed normal structure of cartilage and bone 
in the light microscope examination while the 
study groups showed marked osteoporosis and 
retardation of endochondral bone growth. 

         This effect could be explained by 
effect of vitamin A on the actions of vitamin 
D. Over dose of vitamin A may inhibit vitamin 
D absorption, transport, or conversion to its 
active form, or it may promote vitamin D 
metabolic breakdown (34). Since the main 
function of vitamin D is enhance the 
absorption of calcium in the intestine, the over 
dose of vitamin A leads to decrease serum 
calcium level(34). Low serum calcium levels 
increase the production of parathyroid 
hormone (PTH), which helps to restore normal 
serum calcium levels  by releasing calcium 
from the bone and promoting  bone turnover 
(35).    
        An excessive dose of vitamin A was 
found to stimulate bone resorption by its 
stimulatory effect on the osteoclast cell. In 
these aspects the action of vitamin A resemble 
that of parathyroid hormone(36). These results 
were in accordance with  lind,et al,2011,(30)in 
vitro study and Johansson, et al,2002, (37)in 
vivo study, who reported that an overdose of 
vitamin A stimulated bone resorption (37) .In 
some animals, this resorption may be so 
extensive that it causes spontaneous fractures 
(30). 

CONCLUSION 
Hypervitaminosis A leads to increase 
resorption of the bone and diminish 
endochondral bone growth by premature 
closure of the condylar cartilage. 
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