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ABSTRACT

Background: Diabetes mellitus (DM) is a significant healthcare problem concern worldwide 
that has different pathological effects on the body tissues and organs. A number of oral soft tissue 
abnormalities have been associated with DM by various reports. L-carnitine (LC) is an essential 
nutrient that is present in almost all animal species, microorganisms and plants.The scope of this 
study is two-fold: 1) to investigate degenerative changes in the epithelium of the diabetic rat tongue, 
and 2) to test the hypothesis that (LC) attenuates epithelial cell degeneration. 

Materials and methods:  Thirty adult male albino rats were divided into 3 equal groups: group 
I; (control group), group II; (diabetic group): diabetes was induced by a single intraperitoneal 
injection of streptozotocin in a dose of 35 mg/kg and group III; (LC) rats were treated as in diabetic 
group and injected intraperitoneally by (LC) at a dose of 300mg/kg b.w/day for 4 weeks. By the end 
of the experimental periods all animals were sacrificed and the tongue of all rats were dissected and 
processed for light and immunohistochemical examinations. 

Results: Examination of dorsal surface of diabetic rats’ tongues revealed numerous filliform 
papillae with evidently disturbed orientation and inclination. Some of them appear notched; others 
were  destructed with desquamation of its epithelial covering. Dorsal surface of rats’ tongues of (LC) 
group revealed almost normal direction, distribution and structure of the papillae and taste buds. 
Immunohistochemical examination of Ki67 expression of  the control group showed significant 
decrease in Ki67 positive immunoreactivity, indicating  less proliferative changes. While (LC) 
treated group revealed expression of  Ki67,  that statistically having no significant difference with 
control group.
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INTRODUCTION 

Diabetes mellitus is a chronic disease affecting 
all age groups and one of the leading causes of mor-
tality and morbidity worldwide1.The chronic hy-
perglycemia and attendant metabolic dysregulation 
in diabetes mellitus (DM) may be associated with 
secondary damage in multiple organ systems, espe-
cially the kidneys, eyes, nerves and blood vessels 2.

The association between DM and changes in the 
oral cavity has been  reported in both the medical 
and dental literatures. A number of oral soft tissue 
abnormalities have been associated with DM by 
various reports, with more emphasis being given 
on its relation with periodontal diseases3. There are 
strong evidence of both type 1 and type 2 diabetic 
patients having more severe periodontal disease 
than do individuals without diabetes4-8. 

Burning mouth syndromes which particularly 
affects the tongue and reported in subjects with 
undiagnosed diabetes are not related primarily to 
candida infection and almost always resolves when 
glycemic control is instituted1.Other specific condi-
tions that have been identified include geographic 
tongue, fissured tongue, median rhomboid glossitis, 
hyperplastic gingivitis, lichen planus, parotid gland 
enlargement, candidiasis, xerostomia, burning sen-
sations of oral mucosa, taste disturbances, increased 
incidence and severity of dental caries, traumatic 
ulcers, etc3.

(LC) is an essential nutrient that is present in 
almost all animal species, microorganisms and 
plants9. It is involved in many different processes 
in the human body:energy production, membrane 
biosynthesis and repair, removal of toxic substrates, 
anti-apoptotic mechanisms, transport of fatty acids 
through the internal mitochondrial membrane with 
concomitant removal of toxic by-products of fatty 
acids metabolism10,11.

(LC) levels in the body are the result of 
exogenous uptake, endogenous synthesis and 
tubular reabsorption in the kidneys12. Endogenous 
synthesis is mainly done in the liver, the kidneys 

and brain from methionine and lysine13. Its 
concentration is increased in tissues that require 
high amounts of energy, like muscles and the 
myocardium14. This justifies the decreased (LC) 
plasma level, that is 0.6% of the whole body content 
(21gr)15. Muscle cells are not able to biosynthesize 
(LC), thus exogenous (LC) is essential for muscle 
metabolism16.Meat (especially red meat), fish, 
chicken, and dairy products are rich sources of 
(LC)17.

(LC) influences carbohydrate metabolism. 
Aberrations in (LC) regulation are implicated in 
complications of diabetes mellitus, hemodialysis, 
trauma malnutrition, cardiomyopathy, obesity, 
fasting, drug interactions, endocrine imbalances and 
other disorders18.

The development of type 2 diabetes is 
accompanied by decreased immune function. It 
has been suggested that oxidative damage and 
mitochondrial dysfunction may play an important 
role in the immune dysfunction in diabetes.This 
hypothesis was tested using mitochondrial targeting 
nutrients in a diabetic rat model. Administration of 
a combination of mitochondrial targeting nutrients, 
including (LC), suggested (LC) may be effective 
in improving immune function in type 2 diabetes 
through enhancement of mitochondrial function,   
oxidative damage, and delayed cell death in the 
immune organs and blood 19.

Ki-67 protein is a cellular marker for proliferation20. 
Ki -67 protein has a critical role in cell division. This 
has been concluded from the arrest of cell proliferation 
when Ki-67 is blocked 21. Ki-67 protein is detected in 
G1, S, G2 and M phases of cell cycle, but not in G0 22. 
So it is present in all dividing cells of normal and tumor 
tissues, but absent in resting cells23. And it is expressed 
only by dividing cells, it can be used as a proliferation  
index 24.

MATERIAL AND METHODS

Thirty healthy male Sprague Dawley rats, 80 ± 5 
days old with average weight of 250 ± 50 grams old 
were used in the study divided into 3 groups.
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Experimental Groups
Group I:  control group.
Group II: diabetic group
Group III: diabetic and receive (LC)

Induction of Diabetes

Rats were fed on normal diet ad libitum , after 2 
weeks, Streptozocin (35 mg/kg) was given intraper-
itoneal in the lower-right quadrant of the abdomen 
to   groups (II, III) while the control rats instead re-
ceived the normal saline25.  After one week of strep-
tozocin injection, serum glucose and insulin levels   
of all rats were measured by retro-orbital plexus 
sampling to confirm the development of T2DM in 
diabetic and (LC) groups

L-carnitine (LC)

L-carnitine (LC) (Carnitor, Sigma-Tau, Mary-
land, USA) was administered at a dose of 300mg/
kg b.w./day intraperitoneallyfor 28 days to (LC) 
group(III, VI)26.

The Experimental protocol with designed in 
accordance with the guidelines for the responsible 
use in animals in research as a part of the scientific 
research ethics recommendation.

Measurement of Glucose and Insulin Serum Level

Non- fasting blood samples for glucose and 
insulin assays were obtained from the retro-orbital 
plexus. Retro-orbital blood was drawn in the 
morning, every week, promptly centrifuged, and 
serum was stored at−80˚C until analysis. Serum 
glucose concentration was measured by a glucose 
oxidase method, and serum insulin concentration 
was determined using a mouse insulin ELISA kit 
(Sigma - Aldrish, St louis, MO, USA).

By the end of experimental periods, animals 
of each group were sacrificed by exposure to light 
ether anesthesia. Tongues were carefully dissected 
and processed for light and immunohistochemical 
examination.

Preparation of the specimen for examination by 
Light microscopy

Specimen from all rats’ tongue were fixed in10% 
formalin saline. Paraffin blocks were prepared 
and5μ sections were stained using Haematoxylin 
and Eosin (H&E) stain.

Immunohistochemical analysis was performed 
with the avidin-biotin-peroxidase method and used 
monoclonal antibody: Ki-67 (Spring Bioscience, 
Pleasanton, California, USA).  It  is used to demon-
strate the expression of this nuclear protein, staining 
the nuclei of pro-liferating cells and highlighting all 
cells that have entered the cell division cycle. 

Cell proliferation was evaluated using the Ki-
67 labeling index (LI).The evaluation of the cell 
proliferation rate was performed using common 
percentage ratio. Five areas of greater intensity of 
immune marker expression   were selected. At least 
500 cells were counted, and the ratio between the 
number of cells that had a positively stained nucleus 
and the total number of cells was calculated 27, 28. 

RESULTS

H&E stain

Dorsal surface of the tongue of control group 
showed filliform papillae appeared sharp conical 
covered with stratified squamous epithelium with 
thin regular keratin layer. Well-formed connective 
tissue and muscle fibers running in different 
direction were also noticed (Figure 1, a). 

Examination of the tongues of diabetic rats 
revealed loss of the normal appearance of filliform 
papillae and separation of its covering keratin. Most 
of them showed flattening, loss of their characteristic 
conical shape surround elongated fungiform papilla. 
Their epithelial lining showed marked thickening 
and ill defined CT papillae (Figures 1 , b).

Dorsal surface of the tongue of (LC) group 
showed almost normal structure of filliform papillae 
including their covering epithelium and keratin . 
However there were some regions that showed short 
ill defined filliform papillae (Figure 1 , c).
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Immunohistochemical results

Control group: the normal tongue showed 

only a few cells with positive nuclear reaction and 

some endothelial cells showed positive reaction  

(Figure 2, A)

Diabetic group: showed very rare  immunoreac-
tion and many slides show negative nuclear reaction 
for Ki67 (Figure 2, B).

Diabetic group receiving (LC): showed 
positive reaction in the basal layer of the lingual oral 
mucosa (figure 2, C)

Fig. (1) Photomicrograph of the lingual mucosa. (a) control group showed stratified squamous epithelium with thin regular keratin 
layer. Well-formed connective tissue and muscle fibers running in different direction. (b)   diabetic group showed flattening 
of the conical filliform papilla and hyperkeratosis. (c) diabetic receiving  LC showed well formed filliform papillae and 
keratin layers (H&E stain 400x). 

Fig. (1) Photomicrograph of the lingua mucosa. (A) Control 
group showing positive immunoreactivity in few 
numbers of basal cells layers . (B) Diabetic group 
showing  very few or negative immunoreactivity. 
(C) LC group showing increased positive 
immunoreactivity in basal cells and connective 
tissue (Immunoperoxidase staining with the anti ki-
67, DAB chromogen 400x)
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Statistical Results

STZ injection resulted in significant increase 
(p<0:05) in all the biochemical parameters  (serum 

glucose and serum insulin ratio). While (LC) 

administration  resulted in significant decrease 

(p<0:05)  in serum glucose, serum insulin.

TABLE (1) Non fasting glucose serum levels (mg/dL) all over the period of the experiment in three groups 
of rats.

1st week before STZ 1 week after STZ 2 week after STZ 3week after STZ 4 week after STZ

Control
diabetic

Carnitine

105.2 ± 15.7
100.2 ± 15.1
111.3 ± 16.3

104.4 ±1 4.7
416.8 ± 27.3*
412.6 ± 27.5*

112.55±1 4.1
430.6 ± 28.5*
280.2 ± 13.5*#

110±15.2
422.8±23.6*
  176±12.8#

113.34±18.1
424.6 ± 26.2*
154.2 ± 15.7#

All values have been expressed as Mean ± SD. Control group(C-ve; n=10), diabetic group (C+ve; n=10), and carnitine 
group (n=10).

* Indicates significant differences from the value obtained in control negative group and # indicates significant differences 
from the value obtained in control positive group at the level of p < 0:05.

TABLE (2) Non fasting insulin serum levels (pmol/L) all over the period of the experiment in three groups 
of rats.

1st weekbefore STZ 1 week after STZ 2 week after STZ 3week after STZ 4 week after STZ

Control
diabetic

Carnitine

68±5
64±9
65±7

68±6
165±18*
169±15*

65±4
168±11*
125±15*#

66±6
170±7*
114±6#

68±7
171±14*
95±11#

All values have been expressed as Mean ± SD. Control group(C-ve; n=10), diabetic group (C+ve; n=10), and carnitine group 
(n=10). * indicates significant differences from the value obtained in control negative group and # indicates significant 
differences from the value obtained in control positive group at the level of p < 0:05.

TABLE (3) Comparison between control, diabetic and control groups according to Ki67 immunostaining 
results:	

Control diabetic LC

Mean± SD 0.067 ± 0.02  0.018 ± 0.01 0.062 ± 0.01

P1
P2

-
0.000

- 0.000

All values have been expressed as Mean ± SD. P1 showed highly significant difference between control and diabetic group. 
P2 showed highly significant difference between diabetic and LC group.
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DISCUSSION

There is no effective treatment to prevent the 
development or progression of human diabetic 
side effects. Therapeutic interventions that have 
been tried include optimal glycemic control and 
antioxidants 29. (LC) is a conditionally essential 
nutrient that plays a vital role in energy production 
and fatty acid metabolism30.

In the present study,  induction of diabetes altered 
the histological structure of the lingual oral mucosa, 
reflected atrophic changes in the lingual papillae 
of diabetic rats in the form of distorted filliform 
papillae with alteration in their normal inclination. 
That were in accordance  with those  who reported 
that after 4 weeks of diabetic induction, the tongue of 
diabetic rats revealed loss of the normal appearance 
of filliform papillae, most of them showed flattened 
with loss of their characteristic conical shape 
with evident hyperkeratosis, their epithelial lining 
showed marked thickening with many proliferating 
cells and ill-defined connective tissue papillae 31.

Examination of the diabetic group revealed 
hyperkeratosis in the form increased thickness of 
keratin layer. In accordance with our results, Rodgers 
et al., who studied the  expression of intracellular 
filaments, reported that keratin associated proteins 
and keratin complexes gene expression were 
increased in diabetic mice 18.

Diabetes induces mitochondria morphological 
alternation, diminished oxidative phosphorylation. 
It leads to fatigue and exercise intolerance. Chronic 
and acute hyperglycemia, also, deteriorate the 
mitochondria’s defense ability and increase free 
radicals. . Day by day, chronic complications will 
be developed 32.

Histological examination of (LC) treated group 
revealed normal lingual mucosa. Our results are 
in accordance with the results of the previous 
studies that (LC) protects the cell membrane and 
DNA against the damage induced by free oxygen 
radicals33. Our results are in accordance with the 
results of the previous studies.

By statistical analysis, type 2 diabetes mellitus 
induce significant increase in serum glucose and 
insulin. While (LC) administration resulted in 
significant reduction in all these parameters. It was 
reported that (LC)  plays a key role in the metabolism 
of FA by regulating its transport between the cytosol 
and mitochondria 34.It also acts as a cofactor in beta-
oxidation by facilitating long chain FA entrance into 
mitochondria. In a clinical study by Muoio et al., 
they found that supplementation in a dose of  (LC) 
2 g/day orally for 6 month resulted in  increased 
serum free (LC), decreased plasma glucose and 
insulin levels35.

Hyperglycaemia induced overproduction of 
superoxide by the mitochondrial electron transport  
chain appears to play a major role in the pathways 
leading to diabetic complications36 . (LC) with 
various agents has been shown to prevent glucose-
induced activation of the diverse pathways 
implicated in diabetic complications37.

The Ki67 nuclear antigen,  is expressed in all 
proliferating cells except those in the G0 stage 
38.Immunohistochemical examination of (LC) 
treated group revealed nosignificant difference 
in Ki67immunoreactivitycompared with control 
group. While diabetic group produced a significant 
decrease in Ki67 immunoreactivity indicating 
decreased cell proliferation. These findings were in 
agreement with Qiu Z et al., 2007 that high blood 
glucose hinders proliferation of cells39. 

Also, another study on rats with chemically 
induced diabetes showed a reduction in cell 
proliferation 3-4 weeks after the reported onset of 
the diabetic state, but with noepithelial atrophy 40. 
Jajaram  et al., 2008 who found that nuclear changes 
in both buccal mucosa and tongue dorsum were 
significantly higher in diabetic group than control 
group. This could related to cellular age in patient 
with diabetes 41. It was also explained that diabetes 
inhibited mitosis of the epithelial cells of the palate 
due to decrease in the number of S- phase cells42. 
And there was a decrease in the concentration 
of epidermal growth factor in saliva which might 
greatly affect the rate of cell division 43 .
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(LC) protects cell membrane and DNA against 
damage induced by free oxygen radicals and has 
a pivotal role in mitochondrial oxidation of long-
chain fatty acids which increase energy supply to 
the cell 44. (LC) has free radical–scavenging activity 
and ability to scavenge superoxide anion and inhibit 
lipid peroxidation, thereby conferring protection 
against damage induced by hydrogen peroxide 
(H2O2) 45-46.

This hypothesis was tested using mitochondrial 
targeting nutrients, including (LC) in a diabetic 
rat model. Reported that (LC) may be effective 
in improving immune function in type 2 diabetes 
through enhancement of mitochondrial function, 
decreased oxidative damage, and delayed cell death 
in the immune organs and blood 19.

The histological results of the current work 
supplemented by the biochemical ones strongly 
recommend (LC) as an efficient protector against 
the detrimental effects of diabetes induced by 
streptozotocin on the lingual papillae most probably 
via its antioxidant effects.
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