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Abstract. Iron deficiency anemia (IDA) is the most common type of anemia that causes various health 
problems and is commonly companied by oral symptoms, including oral thrush from Candida infection. 
The study assessed the role of iron status in the pathogenicity of oral candidiasis in an animal model. IDA 
in rats was produced by feeding on iron-free diet (five weeks), followed by inducing oral candidiasis by 
Candida albicans suspension. After the infection, animal subgroups were treated by intramuscular injection 
(IM) of iron dextran (ID) at 2 and 4 mg/kg once a week for three weeks and normal saline injection for 
comparison. Blood  parameters test and tongue histopathological study were conducted. The IDA 
parameters and the oral thrush lesions were detected in experimental rats. IM of 2 mg ID diminished oral 
white patches and improved blood hemoglobin (14.533 g/dl), serum iron (109.177 μg/dl), and serum 
ferritin (5.276 ng/ml) and decreased total iron-binding capacity (377.000 μg/dl). Tongue sections showed 
normal tongue papillae, reduced inflammation and regular keratin deposition on papillae. At a 4 mg dose, 
despite the improvement in the blood parameters, a mild reduction was found in tongue thrush by less 
normal appearance of tongue papillae sections, mild inflammatory cells and hyperplasia of squamous 
epithelium. The study findings indicate that iron status plays a critical role in the treatment of oral thrush 
infection. 
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INTRODUCTION 

 

Iron is one of the trace elements in the human 
body, which has important functions in cell 
growth and differentiation, oxygen transport, 
DNA synthesis, and electron transport and is a 
cofactor in many enzymatic reactions, including 
cell-mediated immune responses (Aisen et al., 
2001; Van & Steenkamp, 2011). Iron deficiency 
anemia (IDA) is a global health problem among 
young children and women (Agarwal & Goel, 
2008). The major cases include nutritional 
deficiency, chronic blood loss, and reduced iron 
absorption (WHO, 2001), which lead to 
inadequate iron levels, causing many health 
complications (Umbreit, 2005). IDA was first 
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clinically noted in the oral cavity of patients due 
to high sensitivity of oral mucous membrane to 
nutrients including iron to maintain its integrity 
(Lu & Wu, 2004). The oral manifestations involve 
dysphagia, glossodynia, and oral thrush (Pierro et 
al., 2004), glossitis, angular cheilitis, dysgeusia, 
recurrent aphthous ulcers (Lopez et al., 2016; 
Bhattacharya & Misra, 2017). Iron is a 
fundamental requirement for both the host and its 
pathogenic agents as an essential factor in 
pathogenicity (Fourie et al., 2018). Candida spp. are 
the most common yeast species in the oral and 
vaginal mucosa, especially Candida albicans, which 
has colonized approximately one-half of the 
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population of healthy individuals and has an 
opportunistic feature that causes infection via 
specific virulence factors (Hebecker et al., 2014; 
Höfs et al., 2016). Oral thrush results from Candida 
infection and appears as a discrete white lesion on 
the tongue, buccal mucosa, and gum lining, which 
is known as oral candidiasis (Takakura et al., 2003). 
The interaction between the host immune system 
and the fungal virulence factors exhibits 
infections occurrence (Hebecker et al., 2014; Höfs 
et al., 2016). The depressed lymphocyte function 
in IDA patients is represented in subjects with and 
without oral lesions. Therefore, the growth of 
Candida in the oral cavity may be affected by other 
factors such as iron status in the oral epithelium, 
which changes its metabolism and function 
involving reduced thickness of epithelial 
compartment and diminished iron-dependent 
enzymes in the buccal epithelia of IDA patients 
(Naderi et al., 2013; Wu et al., 2014; Lu, 2016). 
Many studies used animal models, including 
rabbits, rats, and mice, to induce oral candidiasis 
(Walsh et al., 2000; Kamai et al., 2001; Martinez et 
al., 2001) and assess host–Candida interactions 
during infection, providing information about 
oral clinical symptoms, histological changes in 
oral tissue, and stages of oral thrush infection 
(Takakura et al., 2003; Hisajima et al., 2008; 
Ibrahim & Hafez, 2012). In view of the 
importance of iron in physiological and 
immunological functions, the current study 
attempts to achieve the concept that raising the 
serum iron level to limits compatible with body's 
requirements is effective tool in combating oral 
candidiasis effects of iron deficiency. Due to 
limited studies on the relationship between iron 
level and the incidence of oral candidiasis, this 
study aimed to assess the effect of iron therapy on 
Candida infection and its symptoms in rat oral 
cavity, anemia status and determine the 
histopathological changes in tongue tissue. 
 
 

MATERIALS AND METHODS 
 
 

Animals 
Male albino Wistar rats (190–210 g body weight, 
three months old, n=52) were used in the study. 
The ethical standards protocol of animal care and 
experiments was followed according to the animal 

ethical committee of Biology department- College 
of Science (n. 329). The animals were provided 
with free access to food and water in constant 
environment (12:12 h light: dark cycle, 25–30°C) 
in standard cages. 
 
Inducing IDA in experimental rats 
The rats were divided into IDA rats group (n=36) 
and control group (n=16). IDA was induced by 
feeding rats with an iron-free diet for five weeks 
(Kamei et al., 2010), whereas the control group 
was fed with standard diet. The standard diet 
contained the following nutritional requirements: 
(g/kg): 200 g protein (casein), 630 g carbohydrates 
(sucrose, starch), 70 g fat (soybean oil), 50 g Avicel 
PH101(cellulose powder), 10 g vitamin mixtures, 
35 g mineral mixtures, choline bitartrate 2.5 and 
0.212 g ferric citrate. In the iron-free diet, the 
same ingredients were used except for ferric 
citrate. After five weeks of feeding, six rats from 
each IDA and control groups were sacrificed after 
being anesthetized with pentobarbital sodium (60 
mg/kg body weight), blood samples were 
collected by using a cardiac puncture for 
haematological and biochemical measurements. 
 
C. albicans 
C. albicans strain M61B was isolated from a patient 
with oral candidiasis. The clinical strain was sub-
cultured onto Sabouraud dextrose agar medium 
SDA (HiMedia, India) at 37°C for 24 h. On the 
day of rat treatment (tongue inoculation), the cells 
of C. albicans were harvested, washed thrice, 
centrifuged at 3000 rpm for 10 min, and 
suspended in sterile normal saline to obtain 6×106 
cells/ml by using the McFarland technique 
according to the method of Collee et al., (1996). 
 
Induction of oral candidiasis in iron-deficient 
rats 
The group of IDA rats (n=30) were treated to 
develop oral candidiasis infection as following: to 
initiate the infection, all rats were 
immunosuppressed by prednisolone (Bioner- 
Iraq, subcutaneous injection, 100 mg/kg body 
weight) in one day prior and after three days of 
cell suspension treatment (Takakura et al., 2003). 
Also, the rats received in their drinking water a 
tetracycline chloride (Samara, Iraq: 0.5 mg/ml) 
before the day of fungal induction and during the 
experimental period (Takakura et al., 2003, 
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Junqueira et al., 2009). On the day of suspension 
treatment, all rats were anesthetized via 
intramuscular injection with 0.1 ml of 1:2 
ketamine and xylazine (Turner & Albassam, 
2005). 0.2 ml of C. albicans strain M61B 
suspension (6×106 cells/ml) is dropped by syringe 
in rat’s oral cavity and spread on tongue surface 
by a small cotton pad that soaked in the cell 
suspension. All rats were left without drinking 
water for three hours. This procedure was 
repeated on all rats for three continuous days 
(Junqueira et al., 2009). After a week of inducing 
infection, the rats’ oral cavity was examined for 
tongue thrush after anesthetizing animals. The 
thrush symptom was detected by a white lesion on 
the tongue surface. Oral swabs from each rat were 
obtained and cultured on SDA medium.   
 
Effect of iron injection 
After two weeks of detection oral candidiasis 
symptoms in rats, the IDA rats with oral 
candidiasis were divided randomly into three 
groups (each ten rats): group A: intramuscular 
injection (thigh muscle: biceps femoris ) with 2 
mg/kg body weight of iron dextran (ID, 50 
mg/ml injection solution: ferric hydroxide and 
dextran liquid complex-Syria); group B: 
intramuscular injection with 4 mg/kg body weight 
of ID; and group C: intramuscular injection with 
normal saline (positive control). The injection is 
once a week for three weeks. The rats were free 
access to iron-free diet. Group D: healthy rats 
without anaemia and without oral thrush 
(negative control, n=10). Animals were 
monitored for tongue thrush symptoms, and oral 
swabs were obtained from all groups weekly and 
cultured to detect Candida growth. At the end of 
the injection period, six rats from each group were 
sacrificed for blood test, and tongue samples were 
obtained for histopathological study. 
 
Haematological and biochemical analysis 
Complete blood count was obtained by using an 
automated blood count system (SYSMEX XT 
2000i blood analyzer) including RBC (red blood 
cells), Hb (haemoglobin), Hct (haematocrit), 
MCV (mean cell volume), MCH (mean cell 
haemoglobin), MCHC (mean cell haemoglobin 
concentration) and RDW (red cell distribution 
width). Serum iron, total iron- binding capacity 
(TIBC), zinc, and magnesium were measured 

using commercial kits from Biolabo (France) and 
Randex (England), serum ferritin by Elisa kit 
(CALBIOTECH Cat. No. FR248T). Transferrin 
saturation (TS) was calculated using the following 
equation: TS (%) = 100 × (serum iron/TIBC) 
(Ceriotti & Ceriotti, 1980). 
 
Histological study 
The rat tongue samples were fixed in 10% neutral 
formalin solution following the standard protocol 
for histological preparation (Lunea, 1968). 
Sections with 7 µm thickness were obtained from 
embedded blocks and stained with periodic acid 
Schiff (PAS) and counterstained with Mayer’s 
haematoxylin for fungal detection (Steinke et al., 
2018).  
 
Statistical analysis 
The data of two groups were analyzed by t-test, 
the data of many groups were analysed by one-
way ANOVA using SPSS version 21. The 
comparisons between means were made using 
revised least significant differences. Differences 
were considered to be significant at p≤0.05. Data 
are presented as means ± S.D. The yeast growth 
was analyzed by Chi-square test. 
 
 

RESULTS 
 
 

Haematological and biochemical parameters 
in IDA rats 
The IDA rats displayed a significant difference in 
haematological parameters compared with the 
control group that was fed with standard 
laboratory diet (Table 1). The IDA group showed 
significant (p≤0.05) reduction in red blood cell 
(RBC) counts, haemoglobin (Hb), haematocrit 
(Hct), mean corpuscular volume (MCV), mean 
corpuscular haemoglobin (MCH), and mean 
corpuscular haemoglobin concentration (MCHC) 
values compared with the control group. There 
was a significant difference in white blood cell 
counts between the two groups. The statistical 
analysis showed significant (p≤0.05) decrease in 
the biochemical parameters including serum iron, 
ferritin, Transferrin saturation (TS), and zinc 
concentrations in rats fed with iron-free diet for 
five weeks compared with the control group 
(Table 1). The total iron- binding capacity (TIBC) 
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values were significantly elevated in the IDA 
group. No significant change in magnesium level 
was observed between the tested groups. 
 
Oral candidiasis symptoms in IDA rats 
The symptoms of oral candidiasis were 
macroscopically observed after one week of C. 
albicans inoculation, which was characterized by 
white lesions on the tongue surface that showed 
positive growth on SDA medium compared to the 
control group with normal tongue appearance and 
negative growth results. 
 
Effect of ID injection on IDA rats with oral 
thrush 
Oral symptoms and Candia growth 
2 mg ID injection reduced tongue symptoms after 
two weeks of treatment. These symptoms 
disappeared completely at three weeks post-
injection (Figure 1a). Treatment with a dose of 4 
mg displayed a smaller decrease in oral candidiasis 
at two and three weeks post-injection (Figure 1b) 
compared with the normal saline injected group, 
which exhibited clear white thrush lesion (Figure 
1c). The growth of C. albicans taken from iron-
treated groups displayed variation in culture 
according to the iron dose (Table 2). The oral 
swabs from rats treated with a dose of 2 mg ID 
showed a negative growth throughout the three 

weeks of treatment as the health group, whereas 
those treated with a dose of 4 mg ID showed a 
positive growth as the normal saline injected 
group. 
 
Hematological and biochemical parameters 
ID injection in IDA rats with oral candidiasis 
(groups A, B) improved hematological parameters 
at three weeks post-injection (Table 3). A 
significant (p≤0.05) increase was found in Hb, 
Hct, MCV, and MCH levels compared with the 
normal saline injected group (C). In comparison 
with the healthy rats group (D), the iron injected 
groups displayed no significant differences in 
MCH and RDW values. No significant difference 
was found in MCHC level among all groups. The 
group A showed significant increasing in WBC 
levels compared to all groups. The biochemical 
parameters, including serum iron, ferritin, TS, 
zinc, and magnesium, in iron injected groups (A, 
B) were significantly increased (p≤0.05) at three 
weeks post-injection (Table 3). An ID dose of 4 
mg (group B) showed no significant differences in 
TIBC value, which was elevated in rats injected 
with normal saline. At 2 mg ID dose (group A), 
the results revealed no significant differences in 
serum iron, TIBC, TS, Zn, and Mg were observed 
compared with the healthy rats group (D), while 
it differs significantly in ferritin level.

 
Table 1. The hematological and biochemical parameters in experimental rats’ groups. 

Parameters IDA Control 

RBC(μl) 6.686 x 106±0.162b 8.237 x 106±0.312a 
Hb(g/dl) 9.600±0.655b 16.720±0.360a 
Hct (%) 30.100±1.650b 46.500±1.509a 
MCV(fl) 45.091±1.665b 56.452±0.472a 

MCH (pg/cell) 14.358±0.709b 20.298±0.635a 
MCHC (g/dl) 31.893±1.345b 35.956±0.808a 

RDW (%) 27.910±1.803b 21.133±1.096a 
WBC (μl) 7.400 x 103±1.113b 10.120 x 103±0.623a 
Fe (μg/dl) 37.233±1.435b 96.833±0.230a 

TIBC(μg/dl) 454.755±11.554a 328.833±6.932b 
TS (%) 13.292±0.843b 29.105±0.567a 

Ferritin (ng/mL) 3.920±0.183b 18.073±0.756a 
Zn (μg/dl) 33.366±1.001b 38.033±1.461a 
Mg (mg/dl) 3.100±0.100 3.386±0.161n.s. 

IDA: iron deficient group. Mean±standard deviation. Small different letters referred to significant at p≤0.05. fl: femtoliter. pg: 
picogram. n.s.: not significant. 
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Figure 1. Tongue thrush symptoms in experimental groups: a, b, c after three weeks of injection. a: 2 mg ID injection, b: 4mg ID injection, c: normal 
saline injection, d: healthy rat. Oral thrush (       ). 
 
 
Table 2. Growth of C. albicans from oral swabs of the treated groups. 

Growth onto SDA medium Group A Group B Group C Group D p≤0.05 

1 week + + + - 0.007 

2 week + + + - 0.180 

3 week 
– (8) 
+ (2) 

+ + - 0.030 

+ positive growth, ₋ negative growth 
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Table 3. The hematological and biochemical parameters in the experimental rats’ groups after 3 weeks of 
iron-dextran injection. 

Parameters 
Group A 

2 mg/kg injection 
Group B 

4 mg/kg injection 

Group C 
Normal saline 

injection 

Group D 
Healthy rats 

RBC(μl) 8.920×106±0.261a 7.066 ×106±0.699 b 6.603×106±0.456b 8.450 ×106±0.312a 
Hb(g/dl) 14.533±0.923b 12.700±0.435c 9.300±0.900d 16.000±0.360a 
Hct(%) 43.166±0.251a 39.233±1.379b 28.266±4.194c 46.000±1.509a 
MCV(fl) 49.366±1.209b 53.100±3.119a 42.807±3.012c 55.766±0.472a 

MCH(pg/cell) 16.533±1.234a 17.800±1.417a 14.080±1.985b 18.033±0.635a 
MCHC(g/dl) 33.660±0.152 32.370±1.193 32.901±1.833 34.780±0.808n.s. 

RDW(%) 21.433±1.569b 20.233±1.201b 29.972±2.128a 21.800±2.251b 
WBC (μl) 17.126×103±2.583a 11.786×103±1.278c 10.693×103±0.344c 15.453×103±1.001b 
Fe (μg/dl) 109.177±6.811b 125.733±4.168a 32.233±4.605c 105.833±11.164b 

TIBC (μg/dl) 377.000±45.116b 441.611±24.759a 535.648±46.545a 342.166±40.250b 
Ts (%) 29.290±3.008a 28.564±1.965a 10.714±0.394b 31.786±5.595a 

Ferritin(ng/mL) 12.276±0.612b 8.166±0.552c 3.373±0.902d 17.073±0.756a 
Zn (μg/dl) 40.666±1.154a 37.333±0.577b 30.000±1.000c 42.000±1.000a 
Mg (mg/dl) 3.066±0.111a 3.330±0.204a 2.213±0.275b 3.386±0.161a 

Mean±standard deviation. Small different letters referred to significant at p≤0.05, n.s.: not significant. 
 
 

Histopathological results  
Tongue sections of control rats (healthy without 
IDA and oral candidiasis) showed the normal 
structure of tongue tissue. Tongue dorsal surface 
sections showed in anterior part simple conic 
papillae (Figure 2a). The fungiform papillae (less 
in number) being short and broad with rounded 
base and containing taste buds (Figure 2a). The 
posterior part showed filiform papillae (Figure 
2b). The striated muscular tissues appeared 
surrounded by keratinized stratified squamous 
epithelial layer (mucous membrane). The bundles 
of muscle fibers are separated by connective 
tissue. The same sections of normal rat showed 
the conjunctive tissues parts, which appeared 
beneath the epithelium with high vascularity (rich 
blood vessels) and muscle fibers. 

The tongue dorsal sections of group IDA rats 
with oral candidiasis showed variable changes. 
The anterior part of tongue displayed atrophied 
conic and fungiform papillae with hyperkeratosis 
(Figure 3a, b). Candida albicans cells showed fusion 
with the keratin layer and with the desquamated 
layer of papillae (Figure 3c). A thick layer of 
squamous cells was observed. Loosing of irregular 
connective tissue with irregular striated muscle. 
The posterior dorsal part contains multiple tissue 
lesions which showed epithelial hyperplasia, loss 
of filiform papillae and hyperkeratosis (Figure 3d 
and 3e). Observed presence of inflammatory 

infiltrate in the lamina propria also 
disorganization of basal layer. 

The IDA with oral thrush which were injected 
with 2 mg ID (group A) showed enhancement in 
tongue histological features and showed recovery 
in most tissues. The anterior dorsal surface of 
tongue section showed regenerated conic papillae 
(Figure 4a and 4b). Observed normal squamous 
epithelial layer and regular basal layer. Also 
normal striated muscle fibers and connective 
tissue were found. The posterior part of tongue 
section (Figure 4c and 4d) revealed a number of 
regenerated filiform papillae which some with 
pointed endings. The squamous epithelial layer 
showed regular keratin deposition.  The lamina 
propria is normal. There are mild inflammatory 
cells. The muscles strands are separated with 
normal connective tissue. 

The results showed that 4 mg iron dosage 
(group B) showed less effect. The anterior dorsal 
surface section revealed lower number of simple 
conic papillae and hyperplasia of squamous 
epithelium (Figure 5a and 5b). The striated 
muscles were arranged regularly and separated 
with collagen fibers. Branches of secretory ducts 
related to mucous and serous glands were also 
observed. The observations in the posterior part 
of tongue section showed regeneration of filiform 
and fungiform papillae with less keratinized layer 
and pointed endings (Figure 5c and 5d). Also 
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observed presence of mild inflammatory cells in 
lamina propria. The muscles were distributed 
regularly, and the mucosa was attached well under 
the connective tissue. 

The histological observations on the tongue 
of IDA rats with oral candidiasis injected with 
normal saline (group C) showed the infection. 
The anterior dorsal surface section showed 
atrophied conic papillae with large layer of 
squamous epithelium (Figure 6a). The section 
showed that C. albicans cells were invaded the 
tissue and stained purple with PAS (Figure 6b). 
The posterior dorsal part contain multiple tissue 
lesions showed epithelial hyperplasia, loss of 
filiform papillae and hyperkeratosis (Figure 3c and 
3d). The section showed the hyper-proliferation 
of squamous epithelium, also the presence of 
inflammatory infiltrate in the lamina propria. 
 

 
DISCUSSION 

 
 
The study results showed that feeding rats with 
iron-free diet for five weeks reduced Hb, serum 
iron, and ferritin levels, which agree well with 
other studies (Fernandes et al., 1997; Wayhs et al., 
2004). Feeding rats with iron-free diet for several 
weeks affected the iron status in the body that was 
reflected by the reduction in Hb levels (Linberg et 
al., 1998). IDA can be induced by dietary method 
through food with reduced iron absorption (Lin et 
al., 2003). The current results showed that the low 
level of MCH, MCHC, and HcT was related to the 
deficiency in iron level, which was reflected in 
diminished RBC formation and its Hb content. 
The reduced Hb levels were related to defective 
cell division process and low rate of Hb 
production, leading to microcyte formation. The 
low value of HcT resulted from increased plasma 
volume compared with the low volume of 
microcytic RBC (Lambert & Beris, 2009). IDA 
rats had low level of ferritin and TS and high level 
of TIBC, which can be explained by the reduction 
in ferritin concentration that is related to the 
depletion of stored iron (Wang & Pantopoulos, 
2011). This depletion impairs iron delivery to the 
plasma that reduces iron transport protein 
transferrin, which is one of the markers of IDA 
(Bermejo & Garcia-Lopez, 2009). The depression 
in iron storage increases the ability of the plasma 

to bind iron with transferrin protein that is 
expressed as TIBC (Naigamwalla et al., 2012). To 
meet the body’s physiological demands, the body 
produces immature RBC in the blood stream with 
inadequate Hb content, causing variation in RBC 
volume that increases RDW (Cesana et al., 1991), 
which is represented in the study results. The 
study results showed that the iron-free diet 
displayed low serum zinc level in feeding rats that 
may related to increased zinc- protoporphyrin in 
hemoglobin synthesis instead of heme when iron 
levels decreased in the body (Sandstead et al., 
2008). 

The inoculation of C. albicans (6×106 cells/ml) 
in rat oral cavity resulted in growing colonies. The 
macroscopic observation displayed the local 
symptoms of oral candidiasis characterized by 
lesions as white patches on the tongue surface. In 
this study, the use of tetracycline in drinking water 
raised C. albicans colonization in the rat oral cavity 
that is related to the interruption of the normal 
murine microbiota growth in the oral cavity, 
which facilitated Candida growth, in addition, 
rubbing the cotton swab would scratch the tongue 
surface and promote Candida to invading tissue 
(Takakura et al., 2003). The invading process of C. 
albicans in rat tongue may be explained by the 
secretion of lipase and other enzymes that 
destroyed the host epithelium through the 
desmosomal Bridge and allowing the penetrated 
of the intracellular space (Reichart et al., 1994). 
The extracellular secretion of aspartyl proteinases 
1-9, phospholipase A, and lysophospholipase 
destroyed the protein substrate (Samaranayake et 
al., 1994). During invading, Candida cells formed 
clusters, which attached to the mucoidal 
substance of tongue surface and then formed 
hyphae. The hyphae penetrated the tongue 
surface within 3 h after inoculation; the covered 
material plays a role between Candida and tongue 
mucosal epithelium interaction (Hisajima et al., 
2008).
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Figure 2. Dorsal surface sections of control tongue rat group. a: Simple conic papillae (    ), b : fungi form 
papillae (     ), filiform papillae ( ). Stratified squamous epithelial tissue ( ), mild keratin coated the papillae 
(    ), groups of striated muscle ( ) separated with connective tissue (    ), lamina propria (     ), test bud 
(    ). (PAS; H&E) stain (a: 40Χ; b: 10Χ).  
 

 
Figure 3. Dorsal surface sections of tongue in IDA rat with oral candidiasis. a: atrophied conic papillae 
(    ) with hyperkeratosis (    ), b: fungiform papillae (     ), c: C. albicans stained to purple (    ) invading the 
keratin layer (    ), d, e: tissue lesion showed epithelial hyperplasia and loss of filiform papillae (    ). Thick 
stratified squamous layer (  ), striated muscle fiber (  ), lamina propria showed inflammatory infiltrate 
(     ), inflammatory cells (     ). (PAS; H&E) stain, (a, d: 10Χ, b, e: 40Χ, c: 100Χ). 
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Figure 4. Dorsal surface sections in tongues of 2 mg iron dextran injected in IDA rat with oral candidiasis. 
a, b regenerated conic papillae (   ), c, d: regenerated filiform papillae (   ) and fungiform papillae (    ), 
keratin layer (    ), stratified squamous epithelium (  ), striated muscle fiber (  ), regular basal cells (    ), 
normal lamina propria (     ). (PAS; H&E) stain, (a, c: 10Χ, b, d: 40Χ). 
 

 
Figure 5. Dorsal surface sections in tongues of 4 mg iron dextran injection in IDA rat with oral 
candidiasis. a, b regenerated conic papillae with thin keratin layer (    ), c, d regenerated filiform papillae 
(    ) and fungiform papillae (     ), keratin layer (    ), stratified squamous epithelium (  ), regular striated 
muscle fiber (  ), mild inflammatory cells (     ) in lamina propria (     ). (PAS; H&E) stain, (a, c: 10Χ, b, 
d: 40Χ). 
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Figure 6. Dorsal surface sections in tongues of normal saline injection in IDA rat infected with oral 
candidiasis. Atrophied conic papillae (    ) with hyper keratosis (    ), b: C. albicans stained to purple (    ) 
invading keratin layer, (    ), c, d: tissue lesion showed epithelial hyperplasia and loss of filiform papillae 
(    ). Large layer of stratified squamous epithelium (  ), inflammatory cells (    ), muscle fibers (  ), 
inflamed lamina propria (    ). (PAS; H&E) stain, (a, d: 40Χ, b: 100Χ, c: 10Χ). 
 
 
The tongue sections of IDA rats with oral 
candidiasis displayed that epithelial lining was 
mildly inflamed. A thick layer of large squamous 
cells and inflammatory cells was observed in all 
epithelial tissue. Spongiosis; hyperkeratosis; and 
large, short, and flat papillae were observed. 
Candida cells appeared embedded within the 
keratin and desquamated layer of papillae. All 
these findings were also reported by Junqueira et 
al. (2009), who revealed that the symptoms of oral 
candidiasis in rats were distinguished by several 
epithelial lesions that were histologically detected 
by epithelial hyperplasia, loss of filiform papillae, 
hyperkeratosis, spongiosis, and inflammatory 
infiltration. Also the study of Niyogi et al. (2019) 
showed that the pathogenesis of oral candidiasis 
in mice tongue sections appeared as papillary 
proliferation, disorganization of basal cells, loosed 
of papillae and hyperkeratosis. The current study 
showed that IDA induced by feeding rats with 
iron-free diet (five weeks) may cause many 
histological changes in the tongue that were 
related to many reasons explained by some 

investigations. The increased lipid peroxidation in 
cells raised mitochondrial membrane fragility 
(Knutson et al., 2000). The up regulation in iron 
absorption in IDA gastrointestinal cells elevates 
copper absorption, which promotes the 
regeneration of reactive radicals that damage lipid 
and DNA (Walter et al., 2002). The insufficient 
iron in oral epithelium impairs kinetics of cell 
division through frailty in iron-dependent 
enzymes of metabolism (Van Wyk & Steenkamp, 
2011). The decrease in skeletal muscles facilitates 
the invading process of C. albicans in rat tongue 
and causes pathogenicity (Ibrahim & Hafez, 
2012). The iron therapy for IDA rats with oral 
candidiasis via intramuscular injection revealed 
the enhancement in serum iron, ferritin, and TS 
and elevated Hb, RBC counts, MCH, MCHC, and 
Hct compared with the IDA parameters in 
normal saline injection. These results may be 
related to the improved iron content that is 
reflected by reduced TIBC as demonstrated by 
Kotze et al. (2009). 
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Iron treatment with a dose of 2 mg/kg body 
weight displayed beneficial effect compared with 
a dose of 4 mg/kg. These results were indicated 
by the improved serum iron level, increased blood 
parameters, and decreased oral candidiasis 
symptoms in rat treatment groups. Moreover, the 
macroscopic observations of rat tongues showed 
healing in the third week and negative growth of 
oral swabs on SDA medium. Injection with a dose 
of 4 mg/kg was less effect on IDA rats with oral 
candidiasis due to the mild reduction of oral 
lesions at second and third weeks post-injection 
and positive Candida growth on oral swabs. In this 
group, a high level of serum TIBC was found 
despite the elevated levels of serum iron and 
ferritin, which increased Hb, RBC count, and Hct. 
These observations indicate that a dose of 4 
mg/kg is excessive, which may promote fungal 
infection. The defect in immunological responses, 
especially T-helper cells, to C. albicans and the 
increased animal susceptibility as response to 
overload dose were reported (Mencacci et al., 
1997). The high iron levels increased microbial 
pathogenicity via a negative effect on the 
antimicrobial functions of neutrophils, 
monocytes, and natural killer cells (Miceli et al., 
2006). 

The study results showed that intramuscular 
injection of 2 mg/kg iron was effective in treating 
oral thrush by diminishing white patches. The 
histological examination displayed normal 
filiform papillae and regular keratin deposition 
that may be related to the enhancement of oral 
epithelium metabolism or local biochemical 
changes involved in the resistance to the 
pathogenicity of Candida hyphal form (Higgs & 
wells, 1973). Post-injection with 4 mg/kg showed 
changes in some features of the tongue sections 
by hyperkeratosis and hyperplasia of squamous 
epithelium, which had more severe effect than a 
dose of 2 mg (caused iron restoration and 
regeneration of epithelial tissue).  
 
 

CONCLUSION 
 
 
In conclusion, the use of laboratory animals as 
model for oral candidiasis in IDA support our 
results to observe the blood parameters and 
tongue histopathological changes during iron 

treatment. The intramuscular injection of ID at a 
dose of 2 mg/kg body weight was sufficient to 
diminish iron deficiency and reduce oral 
candidiasis symptoms during three weeks, while 
increasing the dose to 4 mg/kg body weight 
showed less effective either in oral candidiasis 
symptoms or tongue histopathology despite 
enhancing the blood parameters (serum iron, 
serum ferritin, and TIBC). Therefore, our results 
conclude that the iron therapy in iron deficiency 
anemia caused iron restoration and enhance the 
body defenses that reduced fungal growth. 
 
 

ACKNOWLEDGEMENTS 
 
 
This work was supported by University of Basrah, 
College of Sciences. 
 
 

CONFLICT OF INTEREST 
 
 

The authors declare there is no conflict of interest 
in this study. 
 
 

REFERENCES 
 
 
Agarwal, T., Kochar, G. K., & Goel, S. 2008. Impact of iron 

supplementation on anemia during pregnancy. Ethno-Med 2: 
149–151. 

Aisen, P., Enns, C., & Wessling-Resnick, M. 2001. Chemistry and 
biology of eukaryotic iron metabolism. The International 
Journal of Biochemistry & Cell Biology 33(10): 940-959. 

Bermejo, F., & García-López, S. 2009. A guide to diagnosis of iron 
deficiency and iron deficiency anemia in digestive diseases. 
World Journal of Gastroenterology 15(37), 4638. 

Bhattacharya, P. T., & Misra, S. R. 2017. Effects of iron deficiency 
on the oropharyngeal region: Signs, symptoms, and 
biological changes. In: Handbook of Famine, Starvation, 
and Nutrient Deprivation. Ed.  Preedy, V. and Patel, V. 
pp1–18. Springer International Publishing.   

Ceriotti, F., & Ceriotti, G. 1980. Improved direct specific 
determination of serum iron and total iron-binding 
capacity. Clinical Chemistry 26(2): 327-331. 

Cesana, B. M., Maiolo, A. T., Gidiuli, R., Damilano, I., Massaro, 
P., & Polli, E. E. 1991. Relevance of red cell distribution 
width (RDW) in the differential diagnosis of microcytic 
anaemias. Clinical & Laboratory Haematology 13(2): 141-151. 

Collee, J. G., Fraser, A. G., Marmino, B. P., & Simons, A. 1996. 
Mackin and McCartney Practical Medical Microbiology. 
14th ed. New York (NY): Churchill Livingstone.  

Fernandes, M. I. M., Galvao, L. C., Bortolozzi, M. F., Oliveira, W. 
P., Zucoloto, S., & Bianchi, M. L. P. 1997. Disaccharidase 
levels in normal epithelium of the small intestine of rats 



AsPac J. Mol. Biol. Biotechnol. Vol. 29 (4), 2021  Effect of iron dextran injection on oral candidiasis 107 

with iron-deficiency anemia. Brazilian Journal of Medical and 
Biological Research 30: 849-854. 

Fourie, R., Kuloyo, O. O., Mochochoko, B. M., Albertyn, J., & 
Pohl, C. H. 2018. Iron at the centre of Candida albicans 
interactions. Frontiers in Cellular and Infection Microbiology 8: 
185. 

Hebecker, B., Naglik, J. R., Hube, B., & Jacobsen, I. D. 2014. 
Pathogenicity mechanisms and host response during oral 
Candida albicans infections. Expert Review of Anti-Infective 
Therapy 12(7): 867-879. 

Higgs, J. M., & Wells, R. S. 1973. Chronic muco‐cutaneous 
candidiasis: new approaches to treatment. British Journal of 
Dermatology 89(2): 179-190. 

Hisajima, T., Ishibashi, H., Yamada, T., Nishiyama, Y., Yamaguchi, 
H., Funakoshi, K., & Abe, S. 2008. Invasion process of 
Candida albicans to tongue surface in early stages of 
experimental murine oral candidiasis. Medical Mycology 46(7): 
697-704. 

Höfs, S., Mogavero, S., & Hube, B. 2016. Interaction of Candida 
albicans with host cells: virulence factors, host defense, 
escape strategies, and the microbiota. Journal of Microbiology 
54(3): 149-169. 

Ibrahim, S. H., & Hafez, M. S. 2012. Effect of an iron-deficient 
diet on rat tongue with special reference to the efficacy of 
iron supplementation: light and scanning electron 
microscopic study. Egyptian Journal of Histology 35(2): 292-
303. 

Junqueira, J. C., da Silva Martins, J., Faria, R. L., Colombo, C. E. 
D., & Jorge, A. O. C. 2009. Photodynamic therapy for the 
treatment of buccal candidiasis in rats. Lasers in Medical 
Science 24(6): 877-884. 

Kamai, Y., Kubota, M., Kamai, Y., Hosokawa, T., Fukuoka, T., & 
Filler, S. G. 2001. New model of oropharyngeal candidiasis 
in mice. Antimicrobial Agents and Chemotherapy 45(11): 3195-
3197. 

Kamei, A., Watanabe, Y., Ishijima, T., Uehara, M., Arai, S., Kato, 
H., & Abe, K. 2010. Dietary iron-deficient anemia induces 
a variety of metabolic changes and even apoptosis in rat 
liver: a DNA microarray study. Physiological Genomics 42(2): 
149-156. 

Knutson, M. D., Walter, P. B., Ames, B. N., & Viteri, F. E. 2000. 
Both iron deficiency and daily iron supplements increase 
lipid peroxidation in rats. The Journal of Nutrition 130(3): 621-
628. 

Kotze, M. J., Van Velden, D. P., Van Rensburg, S. J., & Erasmus, 
R. 2009. Pathogenic mechanisms underlying iron deficiency 
and iron overload: New insights for clinical application. 
Ejifcc 20(2): 108. 

Lambert, J. F., & Beris, P. 2009. Pathophysiology and differential 
diagnosis of anaemia. In: The Handbook on disorders of 
erythropoiesis, erythrocytes and iron metabolism. Ed. 
Beaumont, C., Béris, P., Beuzard, Y., & Brugnara, C. 
pp.108-41. Paris: European School of Haematology. 

Lin, X. M., Wang, Z., Shen, X. Y., Long, Z., Liu, W. J., Guo, Y. 
M., & Tang, Y. 2003. Iron status and effect of early iron 
supplementation on sub-clinical iron deficiency in rural 
school-age children from mountainous areas of Beijing. 
Zhonghua Yu Fang Yi Xue Za Zhi [Chinese Journal of Preventive 
Medicine] 37(2): 115-118. 

Linberg, R., Conover, C. D., & Shum, K. L. 1998. Hemoglobin 
based oxygen carriers: how much methemoglobin is too 
much? Artificial Cells, Blood Substitutes, and Biotechnology 26(2): 
133-148. 

Lopez, A., Cacoub, P., Macdougall, I. C., & Peyrin-Biroulet, L. 
2016. Iron deficiency anaemia. The Lancet 387(10021): 907-
916. 

Lu, S. Y. 2016. Perception of iron deficiency from oral mucosa 
alterations that show a high prevalence of Candida infection. 
Journal of the Formosan Medical Association 115(8): 619-627. 

Lu, S. Y., & Wu, H. C. 2004. Initial diagnosis of anemia from sore 
mouth and improved classification of anemias by MCV and 
RDW in 30 patients. Oral Surgery, Oral Medicine, Oral 
Pathology, Oral Radiology, and Endodontology 98(6): 679-685. 

Luna LG. 1968. Manual of histological staining methods of Armed 
Forces Institute of Pathology. 3rd ed. New York: McGraw-
Hill. 

Martinez, A., Regadera, J., Jimenez, E., Santos, I., & Gargallo-
Viola, D. 2001. Antifungal efficacy of GM237354, a 
sordarin derivative, in experimental oral candidiasis in 
immunosuppressed rats. Antimicrobial Agents and 
Chemotherapy 45(4): 1008-1013. 

Mencacci, A., Cenci, E., Boelaert, J. R., Bucci, P., Mosci, P., 
d'Ostiani, C. F., & Romani, L. 1997. Iron overload alters 
innate and T helper cell responses to Candida albicans in 
mice. The Journal of Infectious Diseases 175(6): 1467-1476. 

Miceli, M. H., Dong, L., Grazziutti, M. L., Fassas, A., Thertulien, 
R., Van Rhee, F., & Anaissie, E. J. 2006. Iron overload is a 
major risk factor for severe infection after autologous stem 
cell transplantation: a study of 367 myeloma patients. Bone 
Marrow Transplantation 37(9): 857-864. 

Naderi, N., Etaati, Z., Rezvani Joibari, M., Sobhani, S. A., & 
Hosseni Tashnizi, S. 2013. Immune deviation in recurrent 
vulvovaginal candidiasis: Correlation with iron deficiency 
anemia. Iranian Journal of Immunology 10(2): 118-126.  

Naigamwalla, D. Z., Webb, J. A., & Giger, U. 2012. Iron deficiency 
anemia. The Canadian Veterinary Journal 53(3): 250. 

Niyogi, P., Pattnaik, S., Maharana, L., Mohapatra, R., & Kolet, S. 
P. 2019. An epidemiological correlation of oral candidiasis 
mice model study of an isolate from Mollugo pentaphylla Linn. 
and in silico docking approach. Iranian Journal of Science and 
Technology, Transactions A: Science 43(3): 785-799. 

Pierro, V. S. S., Maia, L. C., Primo, L. G., & Soares, F. D. 2004. 
Case report: the importance of oral manifestations in 
diagnosing iron deficiency in childhood. European Journal of 
Paediatric Dentistry 5: 115-118. 

Reichart, P. A., Schmidt‐Westhausen, A., Samaranayake, L. P., & 

Philipsen, H. P. 1994. Candida‐associated palatal papillary 
hyperplasia in HIV infection. Journal of Oral Pathology & 
Medicine 23(9): 403-405. 

Samaranayake, Y. H., MacFarlane, T. W., Samaranayake, L. P., & 
Aitchison, T. 1994. The in vitro proteolytic and 
saccharolytic activity of Candida species cultured in human 
saliva. Oral Microbiology and Immunology 9(4): 229-235. 

Sandstead, H. H., Prasad, A. S., Penland, J. G., Beck, F. W., 
Kaplan, J., Egger, N. G., & Zavaleta, A. N. 2008. Zinc 
deficiency in Mexican American children: influence of zinc 
and other micronutrients on T cells, cytokines, and 
antiinflammatory plasma proteins. The American Journal of 
Clinical Nutrition 88(4): 1067-1073. 

Steinke, H., Wiersbicki, D., Speckert, M. L., Merkwitz, C., 
Wolfskämpf, T., & Wolf, B. 2018. Periodic Acid-Schiff 
(PAS) reaction and plastination in whole body slices. A 
novel technique to identify fascial tissue structures. Annals 
of Anatomy-Anatomischer Anzeiger 216: 29-35. 

Takakura, N., Sato, Y., Ishibashi, H., Oshima, H., Uchida, K., 
Yamaguchi, H., & Abe, S. 2003. A novel murine model of 
oral candidiasis with local symptoms characteristic of oral 
thrush. Microbiology and Immunology 47(5): 321-326. 

Turner, P. V., & Albassam, M. A. 2005. Susceptibility of rats to 
corneal lesions after injectable anesthesia. Comparative 
Medicine 55(2): 175-182. 

Umbreit, J. (2005). Iron deficiency: a concise review. American 
Journal of Hematology 78(3): 225-231. 



AsPac J. Mol. Biol. Biotechnol. Vol. 29 (4), 2021     Effect of iron dextran injection on oral candidiasis 108 

Van Wyk, C., & Steenkamp, V. 2011. Host factors affecting oral 
candidiasis. Southern African Journal of Epidemiology and Infection 
26(1): 18-21. 

Walsh, T. J., Gonzalez, C. E., Piscitelli, S., Bacher, J. D., Peter, J., 
Torres, R., & Lyman, C. A. 2000. Correlation between in 
vitro and in vivo antifungal activities in experimental 
fluconazole-resistant oropharyngeal and esophageal 
candidiasis. Journal of Clinical Microbiology 38(6): 2369-2373. 

Walter, P. B., Knutson, M. D., Paler-Martinez, A., Lee, S., Xu, Y., 
Viteri, F. E., & Ames, B. N. 2002. Iron deficiency and iron 
excess damage mitochondria and mitochondrial DNA in 
rats. Proceedings of the National Academy of Sciences 99(4): 2264-
2269. 

Wang, J., & Pantopoulos, K. 2011. Regulation of cellular iron 
metabolism. Biochemical Journal 434(3): 365-381. 

Wayhs, M. L. C., Patrício, F. S. R., Amancio, O. M. S., Pedroso, M. 
Z., Fagundes Neto, U., & Morais, M. B. D. 2004. 
Morphological and functional alterations of the intestine of 
rats with iron-deficiency anemia. Brazilian Journal of Medical 
and Biological Research 37: 1631-1635. 

World Health Organization. 2001. Iron deficiency anaemia: 
Assessment, prevention, and control: A guide for 
programme managers. 114. 

Wu, Y. C., Wang, Y. P., Chang, J. Y. F., Cheng, S. J., Chen, H. M., 
& Sun, A. 2014. Oral manifestations and blood profile in 
patients with iron deficiency anemia. Journal of the Formosan 
Medical Association 113(2): 83-87. 

 


	CONFLICT OF INTEREST
	The authors declare there is no conflict of interest in this study.
	REFERENCES

