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Abstract: Background: Iron deficiency is the most common nutritional deficiency worldwide. The oral cavity is 
one of the first sites where iron deficiency can be clinically noted. Objective: This study was aimed to clarify the 
histological changes in tongue of albino rats due to intake of iron deficient-diet and to study the role of balanced 
diet, either alone or with therapeutic iron supplement. Materials and methods: 30 adult male rats were divided into 
control group I (N:12), was fed a balanced diet for 8 weeks and experimental group II (N:18), was fed iron-deficient 
diet for 8 weeks, then was further divided into 3 subgroups (6 rats/each); II A group was sacrificed after 8 weeks, II 
B was fed a balanced diet for further 2 weeks and II C was fed a balanced diet with daily oral iron supplement for 
further 2 weeks. The body weight was recorded at the beginning and at the end of the study. At sacrifice, blood 
samples were collected for estimation of serum iron and haemoglobin. Tongue samples (anterior 2/3) were fixed and 
then processed for both L/M and Scanning E/M studies. Results revealed that iron-deficient group IIA revealed 
histological changes on both L/M and E/M levels and significant decrease in body weight, serum iron and 
haemoglobin levels. Administration of a balanced diet (G IIB) resulted in little improvement. However, concomitant 
intake of balanced diet with iron supplement (G IIC) revealed good improvement of the previous parameters. 
Conclusion: From this study, it was concluded that iron deficiency induced structural alteration in rat tongue. 
However, after 2 weeks of iron supplementation with balanced diet revealed good amelioration of tongue structure. 
So, iron supplement is recommended for subjects who need iron as children and women of reproductive age.  
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1.Introduction: 

Iron Deficiency is the most common nutritional 
deficiency worldwide. It affects the highest population 
segments at peak rates of growth such as infants, 
young children and pregnant women. Iron deficiency 
anemia (IDA) is the 1st nutritional disorder in the 
world. The low intake of total dietary iron and poor 
iron absorption were the common causes of (IDA) (1). 
Iron deficiency may produce impairment in iron 
dependent enzyme systems, affecting the metabolism 
and the kinetics of the rapidly dividing oral epithelial 
cells (2). The oral cavity is often one of the first sites 
where nutritional deficiencies including iron 
deficiency can be clinically noted such as glossal pain, 
dysphagia, glossodynia and smooth red tongue (3). 
The aim of this work was to study the histological 
changes in tongue of adult male albino rats feeding 
iron deficient diet and to clarify the role of balanced 
diet, either alone or with daily oral iron supplement to 
ameliorate these changes. 
 
2. Materials and Methods: 

A total of 30 adult male albino rats were used in 
this study. They were allowed free access to water and 
fed ad libitum. Strict care and good hygiene were 
taken to maintain normal and healthy environment. 
They were divided into 2 main groups: 

Control group I: 12 rats were fed a balanced diet 
containing iron (36 mg/ kg diet) and left for 8 weeks 
(4). 
Experimental group II: 18 rats were fed an iron-
deficient diet containing iron (5mg/kg/diet) (4). They 
were further divided into 3 equal subgroups as 
follows: Group IIA: rats were fed iron-deficient diet 
and then sacrificed after 8 weeks. 
Group IIB: rats were fed iron deficient diet for 8 
weeks followed by a balanced diet for another 2 
weeks. 
Group IIC: rats were fed iron-deficient diet for 8 
weeks then were fed a balanced diet supplemented 
with iron at a dose of 9.45 mg iron/ kg body weight 
/once daily by intragastric tube for another 2 weeks 
(5). 

At the end of the study, animals were weighed 
then sacrificed. Blood samples were collected by heart 
puncture for estimation of serum levels of hemoglobin 
and iron. 

Tongues of animals were dissected and cut into 2 
halves; one half was fixed in 10 % formol saline and 
processed for making paraffin blocks.Serial sections 
of 5-µm thick were stained with H&E for routine 
histological study, PAS for detection of muco-
polysaccharides, silver stain for detection of reticular 
fibers and PCNA immune-stain for detection of 
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proliferating cell nuclear antigen (6). The other halves 
of tongues were cut into small pieces, were fixed in 
buffered glutraldehyde solution and processed for 
examination using a Philips Scanning Electron 
Microscope (XL30; Philips, Amestrdam, Netherlands) 
at EM unit of Anatomy Department, Faculty of 
Medicine, Ain Shams University(7). 
Statistical analysis: 

Data was statistically analyzed using SPSS 
(Statistical Package for Social Science). Data was 

expressed as mean±SD and analyzed by using 
student's t test for comparison between two groups. 
Differences were regarded as non significant when 
P≥o.o5, significant when P ≤o.o5, highly significant 
when P ≤o.o1 or very highly significant when P 
≤o.oo1 (8). 
 
3. Results: 
1- Statistical results: 

 
Table (1) 

Groups 
Weight T. test P.value 

Mean ± S.D 
Group I (control group) 365.10±10.85 T1 = 19.8 

T2 = 23.3 
T3 = 1.8 
T4 = -6.8 
T5 = -19.7 
T6 = -44.77 

P1=<0.001 
P2 = <0.01 
P3 = >0.05 
P4 = <0.01 
P5 = <0.01 
P6 = <0.01 

Group II A 147.00±33.17 
Group II B 225.90±15.47 
 
Group II C 357.70±6.60 

P1 = compare between Group I control group and Group II A; P2 = compare between Group I control group and 
Group II B  
P3 = compare between Group I control group and Group II C; P4 = compare between Group II A and Group II B  
P5 = compare between Group II A and Group II C; P6 = compare between Group II B and Group II C 
 

Table (2) 

 Groups 
Hb T.test P.value 

Mean ± S.D 
Group I (control group) 13.81± 0.35 T1=38.8 

T2 = 8.96 
T3 = 1.78 
T4 = -38.4 
T5 = -38.97 
T6 = -7.6 

P1 = <0.01 
P2 = <0.01 
P3 = >0.05 
P4 = <0.01 
P5 = <0.01 
P6 = <0.01 

Group II A 6.26± 0.51 
Group II B 12.73± 0.16 
 
Group II C 13.55± 0.30 

P1 = compare between Group I control group and Group II A; P2 = compare between Group I control group and 
Group II B 
P3 = compare between Group I control group and Group II C; P4 = compare between Group II A and Group II B 
P5 = compare between Group II A and Group II C; P6 = compare between Group II B and Group II C 

 
Table (3) 

 Groups 
Iron T.test P.value 

Mean ± S.D 
Group I (control group) 128.40±2.88 T1=36.7 

T2 = 9.07 
T3 = 1.03 
T4 = -26.1 
T5 = -33.97 
T6 = -7.4 

P1 = <0.01 
P2 = <0.01 
P3 = >0.05 
P4 = <0.01 
P5 = <0.01 
P6 = <0.01 

Group II A 39.70±7.07 
Group II B 111.60±5.10 
 
Group II C 126.80±3.97 

P1 = compare between Group I control group and Group II A; P2 = compare between Group I control group and 
Group II B 
P3 = compare between Group I control group and Group II C; P4 = compare between Group II A and Group II B 
P5 = compare between Group II A and Group II C;  P6 = compare between Group II B and Group II C 
 
2- Histological results:  
Control Group I: 

Sections of control group revealed that the 
tongue was formed of masses of skeletal muscle fibers 
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arranged in different directions and covered on its 
dorsal surface by mucous membrane which was thick, 
rough and firmly adherent having lingual papillae. The 
most common filliform papilla was conical in shape 
having tapering tip. The ventral surface was smooth, 
devoid of lingual papillae and covered with stratified 
squamous keratinized epithelium. The lamina propria 
under the mucous membrane was formed of loose 
aerolar CT formed of cells and fibers (Plate 1: A, B). 
The muscle fibers were traversed by masses of serous 
and mucous secretory acini (lingual salivary glands). 
The mucous acini were large having wide lumen and 
lined by low cuboidal cells with flattened nuclei and 
vacuolated cytoplasm. The serous acini were smaller 
and lined by high pyramidal cells with basal rounded 
nuclei (Plate 1: C). Their duct opened on the surface 
and was lined by stratified squamous epithelium (Plate 
1: D). The dorsal, ventral surfaces and lingual salivary 
glands revealed PAS +ve reaction (Plate 2: A, B, C). 
The Basal and supra-basal cells of the epithelium 
showed frankly +ve PCNA reaction which appeared 
as brown stained nuclei of different densities (Plate 2: 
D, E).The lamina propria revealed normal amount of 
reticular fibers stained brown with silver stain (Plate 
2: F). 

SEM examination of control tongue revealed that 
the dorsal surface was covered by numerous, 
elongated, conical shaped-filiform papillae with intact, 
slightly curved, tapering tips that pointed toward one 
direction. Some fungiform papillae were observed 
sporadically between the filliform papillae. They were 
short, broad in shape and had flattened smooth 
hemispherical upper surface that was traversed by 
taste pore in the center (Plate 3: A, B, C, D). 
-Group IIA: 

Sections of this group revealed that the dorsal 
surface of the tongue was covered by irregularly 
arranged, short, atrophied lingual papillae. Some with 
blunt tips and others were completely absent and 
replaced by mass of keratin on the surface (Plate 4: A, 
B). The basal cells revealed apoptosis with pyknosis 
of their nuclei and appearance of peripheral hallow. 
The supra-basal cells revealed hypocellularity and 
apparent decrease in number (Plate 4: C). 
Mononuclear inflammatory cells with vascular 
congestion and extravasation of blood among muscle 
fibers were evident (Plate 4: D, E). The lingual 
salivary glands were apparently small in size and 
revealed pyknosis of some cell nuclei (Plate 4: F) 
together with atrophy of their duct which failed to 
reach to the surface. Slight decrease of PAS reaction 
of dorsal surface, ventral surface and serous acini was 
observed (Plate 5: A, B, C). The basal cell layer of 
dorsal and ventral surfaces revealed +ve PCNA 
reaction, while the supra-basal layer revealed –ve 
PCNA reaction denoting hypocellularity and atrophy 

of the supra basal layer (Plate5: D, E). Excessive 
accumulation of reticular fibers was observed in 
lamina propria (Plate 5: F). 

SEM examination of this group revealed a 
noticeable atrophy of lingual papillae from being short 
to being completely absent in focal areas. They were 
widely separated and irregularly arranged in different 
directions. The upper portion of some papillae 
appeared bisected (Plate 6: A, B). Furthermore, some 
filliform papillae showed desquamation of their 
epithelial covering and small rounded structure could 
be seen on these exposed areas.Some fungiform 
papillae had rough, irregular desquamated upper 
portion with ill distinct taste pore (Plate 6: C, D). 
-Group IIB: 

Sections of this group showed mild 
improvement; some filliform papillae appeared with 
normal tapering tips, while other appeared deformed 
showing blunted, or bisected tips (Plate 7: A). Some 
basal cells of the mucous membrane showed pyknotic 
nuclei with peripheral hallow, while others appeared 
normal. The supra-basal cells showed vesicular 
euchromatic nuclei (Plate 7: B). The keratin layer of 
the ventral surface appeared irregular with focal area 
of detachment. The inflammatory reaction was still 
persistent in the lamina propria (Plate 7: C). The PAS 
reaction revealed nearly the same as control group 
(Plate 8: A, B, C). PCNA reaction revealed +ve 
reaction in the basal nuclei of lingual papillae and 
ventral surface, while –ve reaction was noticed in 
some supra-basal nuclei (Plate 8: D, E). Persistent 
accumulation of reticular fibers in the lamina propria 
was observed (Plate 8: F). 

SEM examination of this group revealed that 
filliform papillae were partly separated and irregularly 
arranged. Some papillae appeared with normal tips, 
while others appeared with blunted or bisected tips 
(Plate 9: A, B). Some filliform papillae revealed 
desqumation with fragmented part which was covered 
with rounded structure. Other papillae appeared with 
partly smooth upper surface (Plate 9: C). 
-Group IIC: 

Sections of this group revealed good 
improvement of the histological picture; most of 
filliform papillae appeared regularly arranged with 
intact tapering tips (Plate 10: A). The ventral surface 
appeared with normal thickness and with normal 
covering keratin (Plate 10: B). The basal and supra-
basal layers of epithelium revealed mitotic figures 
(Plate 10: C). The serous and mucous acini appeared 
with normal picture (Plate 10: D). The PAS stain 
revealed PAS +ve reaction of the dorsal surface, 
ventral surface and frankly +ve reaction of mucous 
and serous acini (Plate 11: A, B, C). The PCNA stain 
revealed frankly +ve reaction of the basal and supra- 
basal cells of dorsal and ventral lingual surface 



 Nature and Science 2015;13(5)   http://www.sciencepub.net/nature 

 

152 

denoting hyperplasia (Plate 11: D, E). The reticular 
fibers appeared nearly the same as control group 
(Plate 11: F). SEM examination of this group revealed 
nearly normal appearance of lingual papillae 
compared to control group. They appeared as long, 
conical shaped, regularly arranged, directed nearly to 

one direction and mostly with intact tapering tips. 
Only very few papillae appeared with bisected tips 
(Plate 12: A, B). The fungiform papillae appeared 
with intact smooth upper surface and with visible taste 
pore (Plate 12: C, D). 

 
Plate 1: Hx & E of control group. 

 
Plate 2: PAS & PCNA and Silver stains of control group. 
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Plate 3: SEM of control group. 

 

 
Plate 4: Hx & E of group IIA. 
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Plate 5: PAS & PCNA ans Silver stains of group IIA. 

 

 
Plate 6: SEM of group IIA. 
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Plate 7: Hx & E of group IIB. 

 

 
Plate 8: PAS & PCNA and Silver stains of group IIB. 
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Plate 9: SEM of group IIB. 

 

 
 Plate 10: Hx & E of group IIC. 
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Plate 11: PAS & PCNA and Silver stains of group IIC. 

 

 
Plate 12: SEM of group IIC. 
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4. Discussion: 
Iron deficiency is the most common cause of 

anemia worldwide (9). The oral mucous membrane is 
highly sensitive and its integrity is affected by 
adequate supply of nutrients including iron (2).The 
aim of this work was to study the effect of iron-
deficient diet on the structure of adult male albino rats' 
tongue using light and scanning electron microscopes 
and to clarify the biochemical changes of serum iron, 
Hb as well as changes in body weight of different 
studied groups. The results of this study revealed 
significant decrease in the mean body weight, mean 
serum levels of Hb and iron in iron-deficient group 
IIA compared to control group I. These results were in 
agreement with others (10) who attributed these 
changes to the –ve effect of iron deficiency on serum 
levels of iron, Hb, skeletal muscle myoglobin and 
cytochrome C concentration. In addition, Other 
researchers (11) reported that iron deficiency causes 
depletion of hemoglobin and myoglobin resulting in 
lowering oxygen carrying capacity of skeletal muscle 
and reduction in mitochondrial oxidative capacity due 
to decrease of intracellular iron. Recently, (12) 
attributed the decrease of body weight to the 
associated glossitis, glossodynia and recurrent oral 
ulcers which impair the food intake and subsequently 
resulted in decrease body weight. Also, Ghosh et al. 
(13) reported that low intake of total dietary iron 
causes lowering serum level of iron, the same as 
reported in this study. They added that the poor iron 
absorption was the common cause of iron deficiency 
anaemia. The present study revealed that section of 
tongue was formed of masses of skeletal muscles 
arranged in different directions and covered in its 
dorsal surface by thick, rough and firmly adherent 
mucous membrane having lingual papillae, while the 
ventral surface was smooth, devoid of lingual papillae 
and covered by stratified squamous epithelium. These 
results were in harmony with what was reported by 
others (14) who added that the filliform papillae are 
the most common type of papillae on the dorsum of 
the tongue. Moreover, Other researchers (15) found 
two subtypes of filliform papillae; one type has 
pointed tip at the intermolar eminence and the other 
type has rounded tip in the anterior tongue. The iron-
deficient group IIA revealed atrophy of lingual 
papillae. They appeared short, irregular or completely 
lost in some area with keratin replacement. These 
results could be explained by the fact that iron 
deficiency produces an impairment in iron metabolism 
and kinetics of the rapidly dividing oral epithelial cells 
including tongue mucosa (2).Moreover, oral mucous 
membrane is highly sensitive and its integrity is 
affected by adequate supply of nutrients including iron 
(12). The mononuclear inflammatory cell reaction in 
the lamina propria together with congestion of blood 

vessels and extra-vasation of blood in between muscle 
fibers and thinning of epithelial covering, recorded in 
this study, were signs of inflammatory changes 
associated with iron deficiency. The same as recorded 
by others who attributed the occurrence of glossitis, 
glossodynia and recurrent oral ulcers to the iron 
deficiency in diet (12). The apparent decrease in size 
of mucous and serous lingual salivary acini together 
with atrophy and obliteration of their duct, observed in 
this study, might be the cause of dryness of tongue 
and the associated glossodynia and angular cheilitis 
reported by others in case of iron deficiency (12). The 
basal cell layer of mucous membrane of iron deficient 
group IIA revealed apoptosis of cells with pyknosis of 
their nuclei and appearance of peripheral hallow. Also 
the supra basal cells revealed hypocellularity and 
apparent decrease in number. These changes were 
explained previously by others (16) on the basis that 
iron deficiency causes decrease epithelial thickness 
due to decrease number of maturating supra-basal 
layer resulting in epithelial atrophy. Moreover, Koch 
et al. (17) reported that iron deprivation induces 
apoptosis via mitochondrial changes related to Bax 
translocation to mitochondria, collapse of 
mitochondrial membrane potential, release of 
cytochrome C from mitochondria and activation of 
caspase-9 and caspase-3. The results of SEM were 
coincided with what was observed by L/M. The 
lingual papillae appeared short, widely separated, 
irregularly arranged and absent in some area. The 
upper portion of some papillae appeared bisected. 
Furthermore, some papillae showed desqumation of 
their epithelial lining and rounded structure could be 
seen on some papillae. These structures might be 
bacterial or fungal colonies. This was supported by 
others (12) who reported that the main oral signs and 
symptoms of iron deficiency was the occurrence of 
glossitis and oral candidosis. Experimental and 
clinical data suggest that there is an increase risk of 
infection during iron deficiency because iron is a 
critical component of peroxide- generating enzymes 
and nitrous oxide generating enzymes that are critical 
for the proper enzymatic functioning of immune cells 
(18). Moreover, others (19) reported presence of 
groups of microorganisms attached to the cell 
membrane of filliform papillae of rat's tongue and 
attributed this adhesion to the interaction between 
fibrillar components and the structure of microplicae 
(20). Howele and Carrier (21) also described 
observations about the adhesion of candida albicans 
on the surface of lingual papillae. The mechanism of 
this adhesion has not been clarified.However, 
Motoyama et al. (19) reported that the proteins of 
streptococci may provide the adherence of 
microorganisms on the epithelial cells of filliform and 
fungiform papillae. Tongue sections of iron deficient 
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group IIA revealed decrease PAS +ve reaction. This 
could be due to iron deficiency. Previous 
morphological and biochemical studies have shown 
that iron deficiency causes mitochondrial dysfunction 
in heart and skeletal muscles (22). Also, Walter (9) 
reported that iron deficiency causes decrease of 
mitochondrial cytochrome concentration and 
gluconeogenesis and subsequently glycogen 
deposition. Proliferating cell nuclear antigen (PCNA), 
acidic non histone nuclear protein, is important for 
DNA synthesis. It allows DNA polymerase to initiate 
leading strands for DNA synthesis. PCNA expression 
may be used as marker of cell proliferation and for 
detection of stem cell regeneration (23). The present 
study revealed +ve PCNA reaction of the nuclei of the 
basal layer of tongue of group IIA similar to control 
group denoting hyperplasia. However, the supra-basal 
layer revealed –ve PCNA reaction compared to 
control group denoting hypocellularity and atrophy of 
the supra-basal layer. The possible explanation for the 
hyperplasia of the basal layer associated with iron 
deficiency could be due to the trophic effect 
consequent on the reduce epithelial thickness. This is 
because the smaller size and atrophy of the supra-
basal cells could result in decrease concentration of 
inhibitory chalone, which in turn could lead to a 
proliferative response in the basal layer(16). Mairko et 
al (24) reported that production of lipid peroxides and 
other free radicals partly depends on the catalyzing 
function of iron. However, Kuntson et al. (25) added 
that both iron deficiency and continuous iron 
supplement increase lipid peroxidation which has 
contributing factor in induction of diseases such as 
atherosclerosis, cancer and aging. Moreover, iron 
deficiency causes impairment function of 
mitochondrial respiratory chain and DNA damage 
resulting in inhibition of cell proliferation and 
apoptosis induction (17) & (26). Silver stain 
demonstrated apparent increase of reticular fibers in 
lamina propria of group II A denoting fibrosis 
associated with inflammatory reaction and glossitis 
resulting from iron deficient diet (12). Administration 
of balanced diet to rats of group IIB resulted in little 
improvement of the histological picture as well as 
SEM appearance; some papillae appeared with normal 
tapering tips, while others appeared with blunted or 
bisected tips. Some basal cell nuclei showed pyknosis 
with peripheral hallow, while others appeared normal. 
The keratin layer of the ventral surface appeared 
irregular with focal area of detachment and the 
inflammatory reaction was still persistent. All these 
findings indicate that the balanced diet alone is not 
sufficient to correct the alteration in the histological 
structure of tongue. However, the biochemical 
measurements showed significant improvement 
compared to group IIA. This could be explained on 

the basis that histological changes that occurred at any 
tissue need long time to return back to the normal 
healthy state. On the contrary, the histological 
structure as well as the electron microscopic pictures 
of iron supplemented group IIC revealed good 
improvement as most of lingual papillae appeared 
regularly arranged with intact tapering tips. The 
ventral surface appeared with intact covering keratin. 
Moreover, the basal and supra- basal cells revealed 
mitotic figures. The PAS reaction appeared +ve like 
control group. PCNA reaction appeared frankly +ve 
denoting hyperplasia of the supra basal layer. The 
reticular fibers of the lamin apropria appeared within 
the normal amount. SEM results revealed long conical 
shaped, regularly arranged lingual papillae mostly 
with tapering tips. Only very few papillae appeared 
with bisected tips. The fungiform papillae appeared 
with intact smooth upper surface with visible intact 
taste pore. Moreover, the biochemical analysis of 
serum iron and Hb as well as body weight of rats of 
this group showed highly significant improvement 
compared to group IIA denoting the importance of 
iron supplement. Iron has been shown to be essential 
for cell proliferation and maintaining the cell viability 
(27). It is an irreplaceable compound of key enzymes 
of the mitochondrial respiratory chain and of ribo-
nucleotide reductase, an enzyme responsible for deoxy 
ribo-nucleotide synthesis (28). Considering the roles 
of these enzymes within the cell, it is not surprising 
that iron deficiency could lead to impaired function of 
the mitochondrial respiratory chain and DNA damage 
resulting in inhibition of cell proliferation and 
apoptosis induction (26)&(29). It is concluded that 
iron deficiency causes significant decrease of body 
weight, decrease of serum levels of iron and Hb. It 
also causes alteration of the histological structure of 
tongue on both light and electron microscopic levels. 
Iron supplement resulted in improvement of body 
weight, serum iron and Hb levels together with 
amelioration of the histological structure as well as 
SEM appearance. Dietary iron supplement is 
recommended for those subjects who need iron as 
children and women of reproductive age. Further 
studies should be done for long period and in different 
organs. 
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