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Effects of Low-Level Laser Therapy on Histological Changes of
Lingual Papillae in Streptozotocin-Induced Diabetes Mellitus in
Rats: An Experimental Study
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ABSTRACT

Background and Objectives: Diabetes mellitus (DM) is associated with structural alterations in oral tissues, in-
cluding the lingual papillae, where epithelial atrophy, fibrosis, and degeneration of taste buds may occur. Low-
level laser therapy (LLLT) has been suggested as a non-invasive therapeutic approach that may enhance tissue
repair and regeneration.

Aim: This study evaluated STZ-induced diabetic changes in rat lingual papillae and the therapeutic effect of low-
level diode laser therapy.

Methods: 21 Wistar albino rats were used. 3 Rats served as healthy controls, while diabetes was induced in 18
rats by a single intraperitoneal injection of STZ at 50 mg/kg. After confirmation of hyperglycemia (blood glucose
level >= 300 mg/dL), diabetic rats were divided into two equal subgroups: untreated diabetic rats and LLLT-
treated diabetic rats. Untreated diabetic rats were examined histologically at 2, 3, and 4 weeks after diabetes
induction. The treated subgroup received diode laser therapy three times weekly starting 4 weeks after diabe-
tes induction and was evaluated at 6, 7, and 8 weeks. Body weight and blood glucose levels were monitored
throughout the study. Tongue specimens were collected for histological and semi-quantitative evaluation.
Results: Untreated diabetic rats showed progressive histological deterioration, including epithelial atrophy, fi-
brosis, and reduced taste bud density. These changes became more pronounced with longer diabetes duration.
In contrast, LLLT-treated rats demonstrated improved epithelial thickness, better preservation of taste buds,
and reduced fibrosis.

Conclusion: STZ-induced DM caused progressive degenerative changes in the lingual papillae. LLLT promoted
histological improvement and may support tissue repair in diabetic lingual tissues.
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INTRODUCTION

Low-level laser therapy (LLLT), also referred to as
photobiomodulation, was introduced as a non-
invasive method for supporting tissue repair in the
early 1960s." Since then, LLLT has been studied
for several medical applications, mainly pain re-
duction, inflammation control, and acceleration of
wound healing.” Therapeutic wavelengths used in
LLLT are usually within the visible red and near-
infrared spectrum, commonly ranging from 600 to
1,100 nm.> Although the precise cellular and mo-
lecular mechanisms remain under investigation,
LLLT is generally considered to reduce inflamma-
tion, promote tissue regeneration, increase mito-
chondrial activity, and relieve pain without causing
irreversible thermal damage to tissues.”

Several clinical and experimental studies have re-
ported that LLLT may accelerate healing of cuta-
neous and mucosal wounds.”'*Diode lasers, in-
cluding wavelengths around 915 nm, have shown
promising effects on tissue repair and regenera-
tion.® Postoperative oral mucosal wounds may be
susceptible to infection and inflammation because
of the bacterial environment of the oral cavity.’
Previous investigations have suggested that diode
laser irradiation may accelerate epithelial repair,
reduce postoperative pain and edema, and improve
wound healing in animal and clinical models.*”
Diabetes mellitus (DM) is a common chronic dis-
ease and a major global health concern. It is char-
acterized by hyperglycemia resulting from insulin
deficiency, insulin resistance, or both.'”!" DM is
associated with systemic complications, including
peripheral vascular disease, retinopathy, nephropa-
thy, and neurozpathy, and it increases the burden of
medical care.'

In the oral cavity, DM has been associated with
delayed wound healing, infection, halitosis, fis-
sured tongue, burning mouth, recurrent aphthous
ulceration, traumatic ulceration, lichen planus, and
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other mucosal alterations.
The present study investigated the effect of STZ-
induced DM on the tongue and lingual papillae of
male albino rats, as well as the possible effect of
LLLT on diabetes-related histological alterations.
Histological and semi-quantitative assessments
were used to evaluate the extent of tissue damage
and the degree of tissue repair after laser treatment.

METHODS

Twenty-one healthy adult male albino rats were
used in this study. The animals were approximate-
ly three months old and weighed 180-200 g. All
rats were kept in plastic cages with separate venti-
lation for two weeks for acclimatization at the Col-
lege of Pharmacy, Hawler Medical University, Er-
bil, Iraq. The animals were maintained under
standard laboratory conditions, including a 12-
hour light/12-hour dark cycle, unrestricted access
to food and water, and a controlled temperature of
21-24°C.”

The study was approved by the Research Ethics
Committee of the College of Dentistry, Hawler
Medical University, on January 12, 2025, under
protocol number HMUD,2425081.

Animal Grouping and Experimental Timeline
The study included 21 male Wistar albino rats.
Three rats were assigned to the healthy control
group and did not receive STZ. The remaining 18
rats were used for diabetes induction. After confir-
mation of hyperglycemia (blood glucose level >=
300 mg/dL), the diabetic rats were divided into
two equal subgroups: untreated diabetic group (n =
9) and LLLT-treated diabetic group (n = 9). In the
untreated diabetic group, three rats were sacrificed
at each time point: 2, 3, and 4 weeks after diabetes
induction. In the LLLT-treated group, laser thera-
py started 4 weeks after diabetes induction, and
three rats were sacrificed at each time point: 6, 7,
and 8 weeks after diabetes induction.

Table 1. Animal Grouping, Treatment Allocation, and Evaluation Time Points

Control Healthy No STZ, no laser | 3 Basehnp /control
evaluation
Untreated diabetic | STZ-induced DM | No laser 9 %’ 3, aqd 4 wee ks;
rats/time point
LLLT-treated . Diode laser 6, 7, and 8 weeks;
diabetic STZ-induced DM therapy ? 3 rats/time point
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Induction of Diabetes

After overnight fasting, rats received a single in-
traperitoneal injection of streptozotocin (STZ)
(Macklin Biochemical Co., Ltd., Shanghai, China)
at a dose of 50 mg/kg to induce experimental
DM.'® This dose was selected to induce hypergly-
cemia while maintaining animal survival. After
STZ administration, rats had unrestricted access to
food and water. DM was allowed to develop and
stabilize over four days.

Blood samples were obtained from the tail tip af-
ter overnight fasting, and blood glucose levels
were measured using a glucometer (VivaChek Ino,
VivaChek Laboratories, China). Blood glucose
levels of 300 mg/dL or higher were considered
indicative of diabetes."’

Laser Treatment Procedure

Laser therapy began 4 weeks after diabetes induc-
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tion and continued during the 6-, 7-, and 8-week
evaluation periods. Before each laser therapy ses-
sion, diabetic rats were anesthetized by inhalation
of ethyl ether (Chem-Lab Diagnostics, Belgium).
A cotton ball soaked in ethyl ether was placed in-
side a closed plastic box, and rats were introduced
individually. After 4-5 minutes, when the rat was
fully unconscious, sterile tweezers were used to
gently hold and expose the tongue.

A low-level diode laser (Doctor Smile Diode La-
ser, Italy) was used to irradiate the anterior, mid-
dle, and posterior regions of the tongue with
wavelength 980nm, power 1W, energy density 10
J/em2, exposure time 120s, distance from tissue 3-
Smm. After irradiation, each rat was monitored
until full recovery from anesthesia and then re-
turned to its cage.

Table 2. The Laser Irradiation Parameters Used in this Study to Allow Reproducibility of the

Treatment Protocol

Laser type Low-level diode laser

Device Doctor Smile Diode Laser, Italy
Wavelength 980 nm

Output power W

Energy density 10 J/em?

Exposure time

120 seconds

Application site

Anterior, middle, and posterior regions of the tongue

Distance from tissue

3—5 mm

Frequency

Three sessions per week

Start of treatment

4 weeks after diabetes induction

Treatment duration

Until evaluation at 6, 7, and 8 weeks

Histopathological and Histomorphometric
Analysis

The LLLT-treated diabetic animals were eu-
thanized by intraperitoneal injection of xylazine
(10-20 mg/kg) and ketamine (80-100 mg/kg) at
the end of weeks 6, 7, and 8, whereas the control
and untreated diabetic groups were sacrificed at
the end of weeks 2, 3, and 4.'8"° Tongues were
carefully removed, sectioned longitudinally, and
fixed in 10% formalin for 24 hours. After fixation,
specimens were processed for routine histological
preparation. Tissues were dehydrated, cleared, in-
filtrated, embedded in paraffin wax, sectioned at 5
pum thickness, mounted on slides, and stained with
hematoxylin and eosin (H&E).
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Microscopic Scoring Criteria

Histological evaluation was performed using the
zigzag technique.”” This systematic microscopic
scanning method allows standardized and unbi-
ased assessment of entire histological sections.
Instead of selecting fields randomly, the observer
examined the tissue by moving the microscope
stage in a zigzag or serpentine pattern across the
entire section.

Procedure

After staining, histological slides were examined
under a light microscope at predetermined magni-
fications (e.g., X10 for general assessment and x40
for cellular details). The microscopic field was
scanned from one corner of the section to the op-
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posite side in a continuous zigzag pattern to en-
sure that all regions were evaluated without over-
lap or omission. Scoring was performed using a
semi-quantitative ordinal scale. Histological eval-
uation was performed by a blinded examiner to
reduce observer bias.

1. Fibrosis (lamina propria)

o —: No fibrosis (normal connective tissue)
o -+: Minimal fibrosis (very focal collagen
increase)

o +: Mild fibrosis

o ++: Moderate fibrosis

+++: Severe fibrosis

2. Epithelial atrophy / epithelial thickness

—: Normal epithelial thickness (no atrophy)
— +: Minimal epithelial thinning

+: Mild epithelial atrophy (mild thinning)
++: Moderate epithelial atrophy

+++: Severe epithelial atrophy (marked
thinning/disorganization)

3. Taste bud density

o —: Very low or markedly reduced taste bud
density
e — +: Minimal density (slight improvement

compared with -)

o +: Low density

o ++: Moderate density

o +++: High or near-normal taste bud density
For statistical purposes, the semi-quantitative
scoring system was converted into numerical val-
ues ranging from 0 to 4.
Statistical Analysis
Statistical analysis was performed using a semi-
quantitative scoring system for histological pa-
rameters. Fibrosis, epithelial atrophy, and taste
bud density were graded on an ordinal scale from
0tod4(—=0,—+=1,+=2,++=3, +++=4).
Data were expressed as median and interquartile
range (IQR). Because the data were ordinal and
the sample size was small, non-parametric tests
were applied. The Kruskal-Wallis test was used to
compare differences among multiple groups, fol-
lowed by the Mann-Whitney U test for pairwise
comparisons. Post hoc comparisons were adjusted
using Bonferroni correction.
Due to the small number of animals at each time
point and the semi-quantitative nature of the histo-
logical scoring, the findings were mainly inter-
preted descriptively. Scores for fibrosis, epithelial
atrophy, and taste bud density were summarized
using an ordinal scale.
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Statistical significance was considered at p < 0.05;
however, exact p-values were interpreted cau-
tiously because of the limited sample size.

RESULTS

Body Weight Monitoring and Trends

Body weight was measured using a digital elec-
tronic scale (Fujian, China) at baseline and weekly
for two months. After STZ-induced diabetes, body
weight decreased from 180-200 g to 160-180 g in
the second week. By the third and fourth weeks,
body weight stabilized at approximately 175-185
g, suggesting partial metabolic adaptation. During
the laser therapy period, body weight remained
approximately 175-190 g during the first week of
treatment and gradually increased to 180-195 g
during the second and third weeks. This may indi-
cate a possible improvement in general condition.
Histological analysis of the tongue in the control
group revealed normal architecture (Figure 1). Fil-
iform papillae (FFP) were well defined and cov-
ered by a uniform layer of keratinized stratified
squamous epithelium (EP). Fungiform papillae
(FGP) showed distinct taste buds within the epi-
thelial layer, indicating intact structural morpholo-
gy. In contrast, untreated diabetic groups showed
progressive deterioration over time (Figures 2-4).
At 2 weeks after diabetes induction, FFP appeared
atrophied and flattened (Figure 2a,b), although the
surface epithelium remained largely intact. At 3
weeks, taste bud density was reduced and subepi-
thelial collagen deposition was increased (Figure
3a,b), indicating compromised tissue integrity. At
4 weeks, fibrosis and epithelial atrophy became
more evident (Figure 4a,b). LLLT-treated diabetic
groups showed histological improvement over
time (Figures 2-4).

After 2 weeks of LLLT, taste buds were moder-
ately preserved, and only mild epithelial atrophy
and subepithelial fibrosis were observed (Figure
2c,d), suggesting early tissue repair. After 3 weeks
of LLLT, the tissue showed moderate taste bud
density and improved epithelial morphology
(Figure 3c,d). Fibrotic changes appeared reduced,
suggesting ongoing regeneration. After 4 weeks of
treatment, fibrosis was minimal and epithelial
thickness appeared closer to normal (Figure 4c,d).
However, taste bud density remained reduced,
suggesting that neuroepithelial recovery may re-
quire a longer period than epithelial and connec-
tive tissue repair.
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Control Group

papillae (FFP) appear as long conical structures covered by keratinized stratified squamous epithe-

lium (EP). In (c,d), fungiform papillae (FGP) show dome-shaped morphology with taste buds em-

bedded in the surface epithelium (black arrows). Sections were stained with hematoxylin and eosin
(H&E) and examined at X100 and x400 magnification.

Study Groups
6 weeks after diabetes induction and 2 weeks after LLLT

b

Figure 2. Histological changes in lingual papillae 6 weeks after diabetes induction and 2 weeks after
LLLT. In the untreated diabetic group (a,b), filiform papillae (FFP) appear flattened, and epithelial details
are visible. In the LLLT-treated diabetic group (c,d), moderate taste bud density is observed in the surface
epithelium (black arrows), with mild epithelial atrophy and mild subepithelial fibrosis (F). Sections were

stained with H&E and examined at X100 and x400 magnification.
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7 weeks after diabetes induction and 3 weeks after LLLT
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Figure 3. Histological features of lingual papillae 7 weeks after diabetes induction and 3 weeks after
LLLT. In the untreated diabetic group (a,b), moderate taste bud density and subepithelial collagen depo-
sition (F) are observed. In the LLLT-treated diabetic group (c,d), moderate taste bud density is main-
tained, with mild subepithelial collagen deposition and slight epithelial atrophy. Sections were stained
with H&E and examined at X400 magnification

8 weeks after diabetes induction and 4 weeks after LLLT

Figure 4. Histological changes in lingual papillae 8 weeks after diabetes induction and 4 weeks after
LLLT. In the untreated diabetic group (a,b), moderate subepithelial fibrosis and epithelial atrophy are ob-
served. In the LLLT-treated diabetic group (c,d), taste bud density remains reduced, whereas epithelial
thickness appears more stable. Sections were stained with H&E and examined at X400 magnification
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Histological analysis of the tongue in the control
group revealed normal architecture (Figure 1).
Filiform papillae (FFP) were well defined and
covered by a uniform layer of keratinized strati-
fied squamous epithelium (EP). Fungiform papil-
lae (FGP) showed distinct taste buds within the
epithelial layer, indicating intact structural mor-
phology. In contrast, untreated diabetic groups
showed progressive deterioration over time
(Figures 2-4).

At 2 weeks after diabetes induction, FFP appeared
atrophied and flattened (Figure 2a,b), although the
surface epithelium remained largely intact. At 3
weeks, taste bud density was reduced and subepi-
thelial collagen deposition was increased (Figure
3a,b), indicating compromised tissue integrity. At
4 weeks, fibrosis and epithelial atrophy became
more evident (Figure 4a,b). LLLT-treated diabetic
groups showed histological improvement over
time (Figures 2-4).

After 2 weeks of LLLT, taste buds were moder-
ately preserved, and only mild epithelial atrophy
and subepithelial fibrosis were observed (Figure
2c,d), suggesting early tissue repair. After 3
weeks of LLLT, the tissue showed moderate taste
bud density and improved epithelial morphology
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(Figure 3c,d). Fibrotic changes appeared reduced,
suggesting ongoing regeneration. After 4 weeks
of treatment, fibrosis was minimal and epithelial
thickness appeared closer to normal (Figure 4c,d).
However, taste bud density remained reduced,
suggesting that neuroepithelial recovery may re-
quire a longer period than epithelial and connec-
tive tissue repair.

Semi-quantitative Histological Analysis
Semi-quantitative analysis showed a progressive
increase in fibrosis and epithelial atrophy scores
in untreated diabetic groups over time, accompa-
nied by a reduction in taste bud density.
Compared with the control group, untreated dia-
betic rats at weeks 2, 3, and 4 showed higher fi-
brosis and epithelial atrophy scores, whereas taste
bud density scores were lower.

In contrast, LLLT-treated diabetic groups showed
lower fibrosis and epithelial atrophy scores com-
pared with untreated diabetic groups. Taste bud
density showed partial improvement following
LLLT, although complete recovery was not ob-
served within the study period (Table 1).
Histological improvement appeared greater at 8
weeks, although confirmation in a larger sample is
required.

Table 3. Semi-Quantitative Histological Scoring of Lingual Papillae

Control

DM - 2 weeks
DM — 3 weeks
DM — 4 weeks

LLLT — 6 weeks

LLLT — 7 weeks

O WlWwW|l—|O

LLLT — 8 weeks

O|l=|=[WIN—= O

NN —=[—|N| s

Note: Scores were assigned using an ordinal
scale: 0 = none/normal, 1 = minimal, 2 = mild/
low, 3 = moderate, and 4 = severe/high.

DISCUSSION

The present study showed that body weight in di-
abetic rats initially decreased after STZ induction
and then partially stabilized. This pattern may re-
flect metabolic adaptation after the catabolic ef-
fects of insulin deficiency. Similar findings have
been described in experimental models of diabe-
tes, including STZ-induced models, in which

57

body weight may decrease initially before stabi-
lizing as animals adapt metabolically.?'
Untreated diabetic rats showed progressive epi-
thelial thinning, taste bud loss, papillary flatten-
ing, and increased fibrosis over the 4-week obser-
vation period. These findings are consistent with
previous studies reporting harmful effects of
chronic hyperglycemia on oral tissues, including
delayed tissue repair, oxidative stress, and micro-
vascular dysfunction. >

Between weeks 6 and 8 after diabetes induction,
rats treated with LLLT showed improved histo-
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logical features, including reduced fibrosis and
better preservation of epithelial thickness. The
beneficial effects of LLLT have been attributed to
enhanced angiogenesis, increased adenosine tri-
phosphate (ATP) synthesis, modulation of inflam-
mation, and mitochondrial activation.2¢

These mechanisms have been supported by studies
on diabetic wound healing, including reports of
improved recovery of oral mucosal and skin
wounds in STZ-induced diabetic animals treated
with red or infrared laser irradiation.””**In addi-
tion, meta-analyses have reported that LLLT may
reduce ulcer size and accelerate healing in patients
with diabetic foot ulcers.”

Despite structural improvement, taste bud density
remained reduced after LLLT, suggesting that
neuroepithelial regeneration may occur more
slowly than epithelial and connective tissue repair.
Similar observations have been reported in diabet-
ic neuropathy research, where sensory recovery
may require longer treatment periods or additional
interventions.*

The semi-quantitative statistical analysis support-
ed the histological observations and indicated dif-
ferences among control, untreated diabetic, and
LLLT-treated diabetic groups. The reduction in
fibrosis and epithelial atrophy, together with par-
tial recovery of taste bud density following LLLT,
suggests a measurable therapeutic effect. Howev-
er, these findings should be interpreted cautiously
because the number of animals at each time point
was small.

A limitation of this study is the small sample size,
particularly the use of three animals per time
point, which may limit the generalizability of the
findings. In addition, the semi-quantitative scoring
method may introduce observer variability.

Future studies should include larger sample sizes,
detailed laser dosimetry, blinded scoring, and
longer follow-up periods to confirm the regenera-
tive effect of LLLT on lingual papillae in diabetic
conditions.

CONCLUSION

This study showed that STZ-induced DM caused
histological alterations in the lingual papillae of
the tongue, including collagen deposition, reduced
taste bud density, epithelial atrophy, and structural
tissue changes. These degenerative effects ap-
peared time-dependent and increased with longer
exposure to diabetes. LLLT was associated with
improved histological features, reduced fibrosis,
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and partial restoration of the normal architecture
of lingual papillae. The findings support the poten-
tial role of LLLT as a non-invasive adjunctive ap-
proach for reducing diabetes-related oral tissue
damage and supporting healing.
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