AB ENH A Print ISSN 1110-208X.
-' Online ISSN 2357-0016

Original article

Ameliorating the Toxic Effect of the Immunosuppressive Drugs (Tacrolimus)

on Male Albino Rat Tongue by Mesenchymal Stem Cells Versus Platelet

Rich Plasma (Histological, Immunohistochemical and Scanning Electron Microscopic Study)

Amal M. Elshazly? Neama M. Taha®, Asmaa Y. Hussein ¢, Naglaa A. Sarg?

# Anatomy Department, Faculty
of Medicine Benha University,

Egypt.

® Physiology Department, Umm
Al-Qura University, Saudi
Arabia.

¢ Forensic and Toxicology
Department, Faculty of
Medicine Benha University,

Egypt.
Corresponding to:
Dr. Amal M. Elshazly.

Anatomy Department, Faculty of
Medicine Benha University, Egypt.

Email:
amal,elshazly79@yahoo.com

Received: 17 November 2022

Accepted:9 June 2024

Abstract:

Background: Toxic effects on the tongue caused by Tacrolimus
remains a major problem. Therefore, the aim of this research was to
evaluate the potential therapeutic bone marrow-derived mesenchymal
stem cells (MSCs) and platelet rich plasma (PRP) impact on tongue of
albino rat. Materials and Methods: 40 Albino male rats were divided
into four equal groups. Group | (control group) received no treatment.
Group 1l received daily subcutaneous injections of 1 mg/kg/day of
Tacrolimus for 30 days. Group Il received Tacrolimus for 30 days
then a single PRP injection. Group IV received Tacrolimus for 30 days
then a single injection of MSCs. In all groups the rats were scarified
after sixty days from the beginning of the experiment. For
demonstration of the collagen fibers, tongue sections were stained with
Mallory Trichrome and were stained with Hematoxylin and Eosin for
histological analysis. Electron microscopic scans were used in this
study and immunohistochemistry using anti- PCNA primary antibody
were used to examine the tongue. Results: Histological and
immunohistochemical examination of Tacrolimus group tongues
showed poorly defined filiform papillae, some epithelial cells appeared
degenerated with pyknotic nuclei, however tongue sections of Gr. Il
and Gr. IV showed marked tongue histological structure improvement
and up regulated expression of PCNA, compared to the Gr. Il
Scanning electron microscope supported these results. Conclusion:
MSCs and PRP have good effects in reduction of the toxic effect of
Tacrolimus administration on the rat tongue with insignificant
difference between the two methods.
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Introduction

Tacrolimus is an immunosuppressive
drug (macrolide calcineurin inhibitor)
which is effective in reduction of acute
and chronic rejection and improvement
of renal function over the long-term
post-transplant with lower risk factors.
Tacrolimus is present in the market as
intravenous injection, oral
administration and topical ointment.
Tacrolimus has been used in
suppressing the inflammation
associated with ulcerative colitis which
does not respond to high doses of
systemic corticosteroids with less side
effects @. Tacrolimus is used in
dermatology in treatment of atopic
dermatitis, erosive mucosal lichen
planus and Crohn’s disease of the
mouth @. Immunosuppressive drugs
increase the risk of cancer to a major
concern. In organ transplant recipients,
malignancy incidence is markedly
higher than in general population. Food
and Drug Administration (FDA)
advised weighing up the risks of
treatment against the benefits and they
also indicated that these agents should
not be used if the patients were
immunocompromised &%,

Tacrolimus has a wide range of drug-
drug and food-drug interactions.
Because of its variable
pharmacokinetics and narrow
therapeutic index, monitoring the drug
concentration is essential to prevent the
risk of over or under
immunosuppression ©. Side effects
include cardiac damage, infection,
diabetes mellitus, hypertension,
hepatotoxicity and nephrotoxicity ©.
Multiple studies have established the
efficacy of mesenchymal stromal cells
produced from bone marrow (BM-
MSCs) in the treatment of the oral
mucosa disorders. Stem cells are
immature or undifferentiated cells that
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may produce daughter cells with
comparable characteristics or develop
into a variety of cell types. Stem cells
are the progenitors of bodily tissue .
Furthermore,  platelet-rich  plasma
(PRP) has been demonstrated to
improve the angiogenic response of the
wounds of the oral mucosa within the
1% 10 days following surgery ©.
Consequently, this trail assessed the
potential regenerative effect of BM-
MSCs and PRP on Tacrolimus induced
oral toxicity.

Materials and Methods

Type of study: Experimental study.

The experimental animals:

This study was done at the Anatomy
department in Banha Faculty of
Medicine, started in the 26 of August
2022 to 26 of October 2022, and
conducted on 40 albino male rats with a
mean weight of 200 £ 20 g from the
animal house at Banha University's
Faculty of Veterinary Medicine. Rats
were maintained at an appropriate
temperature with a 12-hour light/dark
cycle. The animals were kept for ten
days and fed on a diet of 10% varied
vegetables, 20% dry milk, 20% yellow
maize, 50% barley, and tap water prior
to the experimental investigation.
Drugs:

The immunosuppressant drug
(Tacrolimus) was purchased from
(Prograf® — Janssen Cilag, S&o José
dos Campos, SP, Brazil) in the form of
Iml ampules each one contains 5mg
Tacrolimus.

Bone marrow derived Mesenchymal
Stem cells (BMMSCs):

BMMSCs extract was purchased from
the stem cells research unit at Histology
Department, Faculty of Medicine,
Benha University.

Labeling Of Stem Cells with PKH26



Dye: after isolation of MSCs it was
labeled with the PKH26 fluorescent
linker dye during the 4™ passage.
PKH26 is a red fluorochrome with 567
nm emission and 551 nm excitation.
Both proliferative and biological
activities are preserved in the labeled
cells. Therefore, the linker is suitable
for long-term in vivo cell tracking, in
vitro cell labeling, and in vitro cell
proliferation studies. The dye is stable
and will divide proportionally as the
cells divide. Detection of the homing
of injected cells in the rat's tongue: At
the completion of the experiment, a
fluorescence microscope was used to
identify the PKH26-stained cells in the
rat's tongue, revealing that the injected
cells had engrafted into the (Gr IV)
tongue © 19,

PRP Preparation protocol:
Extraction of blood from each rat of
the experiment was done using
vacuum tubes containing 10% sodium
citrate. A technique including two
folds centrifugation was used to
create the PRP. Group Il rats were
injected with their own platelets %,
Experimental protocol: 40 rats were
equally classified into 4 groups.
Group | (Gr. I): control group had no
treatment.

Group Il (Gr. 11): For thirty days, each
rat was injected subcutaneously with
0.2 ml of 1 mg/kg/day Tacrolimus
once daily. Rats were weighed weekly
12 This dose leads to peak plasma
concentrations of Tacrolimus of
approximately 11.2 ng/m| 319,

Group I (Gr. HI): As in group I, rats
received Tacrolimus for 30 days,
followed by a single dosage of PRP
injected into the right lateral border of
the tongue after sedating rats by ether
inhalation.  The  injection  was
administered using a 1 mL insulin
syringe with a 27-gauge, 1/2 needle
(BD Nokor).
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Group IV (Gr. IV): Rats received
Tacrolimus for 30 days as in group two
then a single dose of BMMSCs 1x10°
cells administrated by intravenous
injection at tail vein.

Sample Preparation:

After 60 days from the beginning of the
experiment, all the rats received an
anesthetic overdose (0.86 mg/kg
sodium pentobarbital intraperitoneally)
and slaughtered by cervical dislocation.
The mouths of the rats were opened
wide, and the tongues were excised
using sharp pair of scissors. Tongues
were fixed, processed, embedded in
paraffin, sectioned, and stained with
Hematoxylin and Eosin (H&E) for
histological ~ examination.  Mallory
Trichrome stain for demonstration of
collagen fibers and
immunohistochemically using anti-
PCNA primary antibody. The tongues
were examined also by scanning
electron microscope.

Histological study: Tongues were
removed, preserved in 10% formalin,
and then transformed into paraffin
blocks. By using a rotary microtome
(LEICA RM 2125, UK). These blocks
were sectioned to a thickness of 5 m,
then stained with H&E, a standard
histological ~stain, and Mallory
Trichrom (MT), a specialized stain
used to analyze collagen fibers, were
then applied to the blocks “®. Histo-
morphometric data was obtained by a
light microscope (Olympus-Bx; 4500)
coupled to a digital camera (Nikon-
Coolpix; 4500) with objective lens
magnifications of 200 and 400 to
inspect the slides.
Immunohistochemistry: Sections
(Sum  thickness) were dewaxed,
rehydrated, and washed with PBS. The
sections were incubated overnight at
4°C in a humid chamber with the
primary anti-proliferating cell nuclear
antigen (PCNA) antibody (Mouse
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monoclonal antibody, 1:200 dilution,
Ab-1 (Clone PC10), CAT. # MS-106-
R7, Lab Vision Corporation, USA) in
PBS. Thereafter, it was washed in PBS
buffer, —and  co-incubated  with
biotinylated secondary antibody (Dako
North America, Inc., CA, USA) for
lhr. at room temperature. 10 min of
Streptavidin peroxidase addition was
followed by 3 PBS washes. Using 3,
3'diaminobenzidine  (DAB)-hydrogen
peroxide as a chromogen, the
immunoreactivity was observed. The
sections were finally counterstained
with Mayer's Hematoxylin. Negative
control sections were treated without
addition of primary antibodies 7.
Under a light microscope, all slides
were examined for histological
examination and identification of the
specific brown reaction product of the
DAB substrate in the immune-stained
sections.

Morphometric study:

Image analysis software (Image j.
version 1.46) was used to calculate the
proportion of collagen fiber deposition
and PCNA immune-positive staining in
10 randomly selected 200x
magnification microscopic fields for
each specimen.

Ethical approval:

This experimental study was reviewed
and approved in accordance with the

Research Ethical Committee
Recommendations of Faculty of
Medicine, Benha University,

(Rc.42.10.2022).

Statistical analysis: SPSS version 20
was used. Using One-way analysis and
a t-test, the mean and standard
deviation (S.D) of the data were
calculated. Significance levels were
deemed at p <0.05.

Scanning  electron  microscopy:
Samples were fixed in 2.5%
glutaraldenyde in 0.1 M phosphate
buffered glutaraldehyde pH 7.4 at 4C

for 2h. The fixed samples were washed
3 times with PBS (10 min. each). After
being post-fixed in 1 % Osmic acid for
30 minutes, the samples were
dehydrated by an escalating series of
ethyl alcohol (30, 50, 70, and 90
percent) infiltrated with acetone for 30
minutes ®. Before being gold-coated
in an SPI- Module (Sputter Carbon /
Gold Coater), the samples were dried in
a Critical Point Dryer (Tousimis
Autosamdri — 815 Coate) and mounted
on aluminium stubs. At Banha
University's electron microscopy unit,
the samples were evaluated using a
scanning electron microscope (JSM-
6510 LV) (JEOL, Japan).

Results:

Histological results:

Hematoxylin and Eosin staining:
Tongue sections from the control group
(Group I) were stained with
Hematoxylin and Eosin, revealing a
normal architecture with a regular
distribution and orientation of filiform
papillae with characteristic tapering
ends, a normal amount of keratinized
stratified squamous epithelial covering,
and a thin underlying lamina propria.
The tongue muscle fibers were running
in different directions underneath the
papillae. Fungiform papillae were
coated by keratinized stratified
squamous epithelium, and their dorsal
surfaces contained well-defined barrel-
shaped taste buds (Fig., 1).

Group Il (Tacrolimus group) tongue
sections had poorly defined filiform
papillae with epithelial hyperkeratosis
and a decrease in filiform papillae
height with blunt edges. The epithelial
cells of filiform papillae showed
cellular pleomorphism and nuclear
hyperchromatism. Some epithelial cells
appeared to degenerate with pyknotic
nuclei which were surrounded by



vacuolated cytoplasm. The lamina
propria was infiltrated by inflammatory
cells. There were ill defined papillae
with epithelial hyperplasia with deeply
stained nuclei and cytoplasmic
vacuoles. Some  epithelial  cells
appeared to degenerate with pyknotic
nuclei. The taste buds showed irregular
arrangement with separated cells (Fig.,
2).

However, sections from PRP group (Gr.
I11) showed almost normal histological
of filiform papillae with regular
arrangement and shape and normal
papillary connective tissue. Epithelial
hyperplasia and hyperkeratosis were
observed with few disfigured papillae
with blunt appearance ends in- between
and a nearly normal pattern of epithelial
ridges. The fungiform papillae appeared
nearly normal with few degenerated

v, // : L Y <
Fig. (1): Photomicrograph of rat tongue dorsal
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epithelial cells. The cells of taste buds
showed almost regular arrangement
(Fig., 3).

The tongue sections from MSC rats’
tongues (Gr. 1V) showed almost normal
histological appearance of filiform
papillae and fairly normal papillary
connective tissue. Epithelial
hyperplasia and hyperkeratosis were
observed with thin keratin layer over
the stratified squamous epithelial cover.
The fungiform papillae appeared nearly
normal with few degenerated epithelial
cells having pyknotic nuclei. The cells
of taste buds showed almost regular
arrangement (Fig., 4).

One week after transplantation of
MSCs into the tongue of a rat, cells
tagged with PKH 26 exhibit significant
red autofluorescence (Gr. IV) (Fig.,5).

B 5 S

srface of (Gr. ) the con'[.i*c)l"group érrowing‘z,&): normal

architecture with regular distribution and orientation of filiform papillae with characteristic tapering ends
(black arrows), normal amount of keratinized stratified squamous epithelial covering and thin underlying
lamina propria. The tongue muscle fibers are running in different directions underneath the papillae (B):
Fungiform papilla is covered by keratinized stratified squamous epithelium and a well-defined barrel-
shaped taste bud is present on its dorsal surface (white arrow). (H&E A and B x200).

Fig. (2): Photomicrograph of the dorsal surface of the tongue of (Gr. Il) Tacrolimus group showing (A): ill-
defined filiform papillae with epithelial hyperkeratosis and an apparent decrease in the height of the
filiform papillae with blunt ends (black arrows). (B): The epithelial cells of filiform papillae show cellular
pleomorphism and nuclear hyperchromatism. Some epithelial cells appear degenerated with pyknotic nuclei
(white arrows). The lamina propria is infiltrated with inflammatory cells. ill-defined fungiform papilla with
epithelial hyperplasia. with deeply stained nuclei the taste bud shows irregularly arranged and separated
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cells (arrowhead). (H&E Ax200 and B x400).

Fig. (3): Photomicrograph of the dorsal surface of rat tongue of PRP group (Gr.I11) showing (A): almost
normal histological appearance of filiform papillae with regular arrangement and shape and fairly normal
papillary connective tissue. Epithelial hyperplasia and hyperkeratosis are observed (black arrows). with a
few disfigured papillae and nearly normal pattern of epithelial ridges. (B): The fungiform papilla appears
nearly normal with few degenerated epithelial cells. The cells of the taste bud show almost regular
arrangement in its upper surface (white arrow) (H&E A and B x200).

Fig. (4): Photomicrograph of the dorsal surface of MSC rats’ tongues (Gr. IV) showing (A): almost
normal histological appearance of filiform papillae and fairly normal papillary connective tissue (black
arrows). Epithelial hyperplasia and hyperkeratosis are observed. thin keratin layer over the stratified
squamous epithelial cover (B): The fungiform papilla appears nearly normal with few degenerated
epithelial cells. The cells of the taste bud show almost regular arrangement (black arrow) (H&E A and B
x200).

Fig. (5): Cells labeled with PKH 26 showing strong red auto fluorescence at 1week following transplantation of
(MSCs) in the rat’s tongue.



Mallory’s Trichrome stain:

Deposition of collagen fiber increased
between the muscle fibers and in the
lamina propria (Fig., 6A) in the
Tacrolimus group (Gr. 1l) compared to
the control group (Gr. 1) (Fig., 6B).
Deposition of collagen fiber decreased
between the muscle fibers and in the
lamina propria in the PRP group (Gr.
1) (Fig., 6C). In addition, the MSCs
group (Gr. IV) demonstrated a reduction
in the deposition of collagen fiber
between the muscle fibers and in the
lamina propria (Fig., 6D).

Results of Immuno-histochemical
staining:

PCNA: Histological slices of the
tongues of the controls demonstrated
moderate to strong PCNA staining
reactivity mostly in the basal and
parabasal cells of the surface
epithelium, suggesting normal
proliferation of the cells of the dorsal
surface of the tongue. All the basal
cells were positively stained (Fig., 7A).
The sections of the tongues of Gr. Il
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(tacrolimus  group) showed low
expression of PCNA in the basal layer
of the epithelium of the dorsal surface
ranging from negative to weakly
positive  staining reaction  which
indicated a decrease in proliferation of
basal and parabasal cell layers denoting
marked decrease in cell renewal and
turnover rate. Most of the basal cells
were negatively stained (Fig., 7B). The
sections of the rats’ tongues that were
treated with platelet rich plasma Gr. 111
(PRP group) showed moderately to
strongly positive PCNA expression in
the basal and parabasal cells of the
dorsal surface of the tongue. However
not all the basal cells were positively
stained (Fig.,7C). The basal and
parabasal cells of the dorsal surface of
the tongues of rats who received an
injection of stem cells, group IV MCS
group,  exhibited  moderate  to
significant PCNA expression (Fig.,
7D).

(Fig. 6): A photomicrograph of dorsal surface of the rat tongue (A): from control group (Gr. I)
showing few collagen fiber deposition in between the muscle fiber and in the lamina propria.
Notice the collagen fiber appear blue (black arrows). (B): Rat tongue dorsal surface of anterior two
thirds from tacrolimus group (Gr Il) exhibiting increase in deposition of collagen fiber (black
arrows) in the lamina propria and in between the muscle fibers. (C) The dorsal surface of a tongue
from the PRP group (Gr. I1l) demonstrates a reduction in collagen fiber deposition in between the
muscle fibers and in the lamina propria (black arrows). (D) Rat tongue dorsal surface from (MSCs)
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group (Gr. IV) demonstrates decrease in collagen fibers deposition (black arrows) in between the
muscle fibers and in the lamina propria and. (A, B, C and D Mallory’s trichrome stain x200).

A B

(Fig. 7): Photomicrograph of the dorsal surface of the anterior 2/3 of the rat’s tongue (A): from
group one (Gr. I)control group showing a positive brown nuclear immunoreaction for PCNA in
many epithelial cells in the basal and parabasal layers of the tongue mucosa (black arrows) with
few — ve nuclei and mild reaction in the lamina propria.(B) The dorsal surface of the anterior 2/3
of the rat’s tongue from group two (Gr. II) (tacrolimus group) showing a negative nuclear
immunoreaction for PCNA in epithelial cells in the basal and parabasal layers of the tongue
mucosa (black arrows).(C) The dorsal surface of the anterior 2/3 of the rat’s tongue from group
three (Gr. I1I) PRP group showing a positive nuclear immunoreaction for PCNA in many
epithelial cells in the basal and parabasal layers of the tongue mucosa with few —ve nuclei (black
arrows) and mild reaction in the lamina propria.(D) The dorsal surface of the anterior 2/3 of the
rat’s tongue from group four (Gr. IV) MCS group showing PCNA immunolocalization in the
tongue strongly positive nuclei in the basal cells and parabasal layers of the tongue mucosa (black
arrows) with few —ve nuclei (whit arrows) and mild reaction in the lamina propria. [ A, B, C and
D PCNA immunostaining, X200].

Morphometric results:

Table (1) and histogram (1) illustrate
the mean area percent of deposition of
collagen fiber in tongue sections for all
groups. In group Il, the mean area
percentage of deposition of collagen
fiber was markedly higher compared to
group I. In comparison to group 11, the
mean area percentage of deposition of
collagen fiber significantly decreased
in groups Il and 1V. The mean area
percentage  of  collagen  fibers
deposition in  group IV  was

insignificantly lower than in group Il
(Table 2 and histogram 2). The mean
area percentage of PCNA expression
was significantly lower in group I
than in group I. The mean area
percentage of PCNA expression was
significantly higher in groups Il and
IV compared to group Il. Group IV
had a higher mean area percentage of
deposition of collagen fiber than group
[11, although the difference was not
statistically significant.
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Table (1): Mean values of area percent of Mallory’s trichrom stain in the 4 groups.

Mean % + S.D Group | Group 11 Group 111 Group 1V

Masson%o 3.99 %+ 2.1 36.2% + 3 8.8% +1.2 457% +0.76

Significance With group Il With groups With group Il With group 11

p value <0.05 L 1T & 1V

P- value I versus 1l =0.000 Il versus | =0.000 111 versus 1= 0.064 IV versus | = 0.567
I versus 111 =0.064 11 versus I11=0.000 111 versus 1= 0.000 IV versus 11=0.000
I versus 1IV=0.567 Il versus IV=0.000 11 versus IV=0.360 IV versus I11=0.360

Using one way ANOVA with Tukey’s tests to identify statistically significant pairs ; statistically significant:p<0.05.

Table (2): Mean values of area percent PCNA immunoreactivity in the 4 groups using.

Mean % £S.D  Group | Group Il Group 111 Group IV
PCNA % 24.3 %+ 3.3 6.5 %=+ 0.96 18.7 %+ 1 23.3% + 2.7
Significance With group Il With groups I, With group |1 With group Il
p value < 0.05 & 1v
P- value I versus 11=0.000 Il versus 1= 0.000 Il versus | = 0.314 IV versus | =0.758
I versus 111=0.314 Il versus I11=0.01 Il versus 11 =0.001 IV versus |1 = 0.000
I versus IV=0.758 1l versus 1V=0.000 Il versus IV=0.734 IV versus 111 =0.734

Using one way ANOV A with Tukey’s tests to identify statistically significant pairs ; statistically significant:p<0.05.

Masson %
o
35 36.2
f; | Histogram (1): Mean
0 b values of area percent of
¥ Masson 15 1 collagen fibers
10 1 58 deposition in the four
5 1399 457 - groups.
e | R —
Group | Group li Group Il Group IV
Histogram (2): Showing
PCNA % mean values of area
5 percent of PCN

immunoreactivity in the

233
a1 7 four groups.
15 -
® PCNA % 10
6.5
o
0 R .

Group I Group II Group III Group IV
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Results of Scanning electron
microscope:
The control rat tongues showed

regular parallel rows of long conical
filiform papillae with tapering ends.
The papillae  showed uniform
arrangement  with  antero-posterior
inclination. Broad dome shaped
fungiform papillae having flattened
smooth upper surfaces were found in
between the filiform  papillae.
Mushroom-like fungiform papillae
were interposed in between the

In Tacrolimus group rats’ tongues, the
filiform papillae showed disorganized
orientation, inclination and markedly
desquamated filiform papillae. The
area of fusion of the papillae was short,
thin and desquamated. There were
many damaged filiform papillae some
of them showed keratinized blunt ends.
Fungiform papillae with rough upper
surfaces and ill-defined taste pores
were noted. These papillae appeared
distorted with wrinkled keratinized
epithelial covering with depressed top

numerous filiform ones with well-
defined taste orifices seen on their top
surfaces (Fig., 8).

surface. The interpapillary areas were
rough and prominent (Fig.,9).

F se  zcuv
F sampie

(Fig. 8): Scanning electron micrographs of the control rat tongue showing (A&B): regular
parallel rows of long conical filiform papillae with tapering ends. The papillae show uniform
arrangement with antero-posterior inclination. Notice a broad dome shaped fungiform papilla
having a flattened smooth upper surface. (C& D) conical shaped filiform papillae with their
tapering tips that pointed into the same direction (red arrows). Mushroom-like fungiform papillae
are interposed in between the numerous filiform ones. A well-defined taste orifice can be seen on
its top surface (yellow arrow) (SEM A X25, B X200, C&D X 500)

10
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(Fig.9): Scanning electron micrographs of Tacrolimus rats’ tongues. (A&C) The filiform
papillae show disorganized orientation and inclination and showing markedly desquamated
filiform papillae. Note the area of fusion of the papillae (red arrows) (C&D) short thin,
desquamated and damaged filiform papillae Some filiform papillae show keratinized blunt ends
(yellow arrows), fungiform papilla with a rough upper surface and an ill-defined taste pore
(green arrow), The interpapillary areas were rough and prominent. Notice the irregular shape of
filiform papillae. The fungiform papilla appears distorted with wrinkled Kkeratinized epithelial
covering with depressed top surface. (SEM A X25, B X200, C&D X 500).

The rats’ tongues of the PRP group
showed partial restoration of normal
appearance of filiform papillae with
scattered fungiform papillae. The
filiform papillae appeared nearly
normal and more regular with tapering
ends and normal interpapillary
distance. There were almost normal
fungiform papillae with depressed
surfaces and regular smooth epithelial
covering with normal appearance of
taste buds. Some filiform papillae
appeared blunt (Fig.,10)

The rats’ tongues of the MSC group
showed restoration of the near normal

11

appearance of filiform papillae with
scattered  fungiform papilla. The
filiform papillae appeared nearly
normal and more regular with tapering
ends and normal interpapillary
distance. Also, there were regular
arrangement and shape of the filiform
papillae with regular distribution of
normal fungiform papillae in-between.
The fungiform papillae appeared with
depressed surfaces and regular smooth
epithelial covering and normal taste
pits (Fig.,11).
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(Fig. 10): Scanning electron micrographs of the PRP rats’ tongues showing (A): partial
restoration of normal appearance of filiform papillae with scattered fungiform papillae (white
arrow). (B, C and D) The filiform papillae appear nearly normal and more regular with tapering
ends (red arrows) and normal interpapillary distance. almost normal fungiform papilla with
depressed surface and regular smooth epithelial covering with normal appearance of taste bud
(yellow arrow). Some filiform papillae still appear blunt (SEM A X25, B X200, C&D X 500)

& 7 50,

(Fig. 11): Scanning electron micrographs of the MSC rats’ tongues showing (A): nearly normal
restoration of normal appearance of filiform papillae with scattered fungiform papillae (white arrows).
The filiform papillae appear nearly normal and more regular with tapering ends and normal interpapillary
distance. (B, C and D) regular arrangement and shape of the filiform papillae with regular distribution of
normal fungiform papillae (red arrows) in-between. Notice a few short and thin filiform papillae almost
normal fungiform papilla with depressed surface and regular smooth epithelial covering and normal taste
pit (yellow arrow) (SEM A X25, B X200, C&D X 500).

12



Discussion:

The results of the current histological
research revealed that Tacrolimus
produces variable degrees of atrophic
changes in the epithelium and papillae of
the tongue. There was loss of the normal
shape of each tongue papilla and
degeneration of the cells of taste buds
inside it. The epithelium of the basal and
spinous cell layers showed cytoplasmic
vacuolization. Also, the epithelial cells of
the serous and mucous acini showed
marked vacuolization. Collagen fibers in
the subepithelial lamina propria of the
tongues which suffered dissociation were
seen in the group treated with tacrolimus.
Mallory’s Trichrome stained sections
confirmed the marked degeneration and
dissociation of the collagen fibers in the
tissues under investigation. This result is
consistent with prior research indicating
that oral mucositis (OM) is a common
and often severe complication of
posttransplant conditioning treatment that
results in painful oral and gastrointestinal
mucosal ulcerations ™. Karin et al. ¢%
remarked that attempts to treat graft-
versus-host disease (GVHD), such as the
use of novel combinations of
immunosuppressive drugs, may have
unintended side effects. The development
of oral lesions is hazardous. Additionally,
OM injuries may take longer to recover.
Damage to cells is the result of a
complicated cascade that begins with cell
death and the development of reactive
oxygen species, continues through
numerous phases in which biological
processes is accelerated, and concludes
with the formation of mucosal ulcers @,
Denise ®? found that treatment with
Tacrolimus is associated with increased
oral fibrous growth.

In the current study, treatment by PRP
restored the normal tongue papillae
architecture  after  treatment  with
Tacrolimus. The detected improvement in
histological and scanning electron
microscope (SEM) features agreed with
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Elsaadany et al. ® who concluded the
effects of PRP treatment in prevention of
the atrophy in tongue dorsal surface
epithelium after Tacrolimus treatment.
The presence of growth factors in PRP
that  promote  cell proliferation,
chemotaxis, differentiation, extracellular
matrix production, and angiogenesis, all
of which contribute to the healing of
radiation-induced mucositis, may explain
this therapeutic effect *?>). Marek et al.
%) determined that PRP exhibited a
unique angiogenesis and linked it to
coagulation factors and platelet activity.
Platelets can store and release numerous
angiogenic substances, as platelet-derived
epidermal growth factor (PD-EGF), basic
fibroblast growth factor (bFGF), platelet-
derived  growth  factor  (PDGF),
transforming growth factor beta, VEGF
and angiopoietins. In addition, PRP
performed a significant impact in the
recruitment, proliferation, and
differentiation of tissue-regenerating cells
@728 Maria et al. ® clinical findings
indicated that the duration of radiation-
induced OM was reduced by 72% after
using the therapy of syngeneic freshly
cultured adipose MSCs which decreased
via increasing the clinically significant
ulceration latency and accelerating its
healing; our histology data support these
conclusions.

Schmidt et al. ® discovered that bone
marrow IV transplantation and bone
marrow derived MSCs significantly
decreased the radiation-induced OM
ED50 in a single- dose model. Due to the
low quantity of PKH26-labeled BM-
MSCs transplanted into the mucosa of the
tongue in our investigation, regeneration
of lost epithelial cells by trans-
differentiation seems unlikely to be the
primary therapeutic method. Nonetheless,
the advantages of MSC seen in these
trials might be the result of paracrine
factor release and synergistic effects.
Stem cells are used to treat mouth ulcers
and wound healing by combining cell
migration and  proliferation  with
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extracellular matrix deposition,
remodeling, and angiogenesis. BM-MSCs
are self-renewing, expandable stem cells
that stimulate tissue regeneration and
wound repair by inhibiting pro-
inflammatory cytokines and stimulating
the production of soluble antiapoptotic,
proangiogenic, and antioxidant
components Y.

According to Dong et al., MSCs generate
and release several cytokines and growth
factors, including HGF, IL-11, IGF-I, and
FGF-2 2 Each of these factors promotes
cell proliferation, inhibits epithelial cell
apoptosis, or both 2 promoting mucosal
healing. Due to the flexibility of stem
cells, stem/progenitor cell transplantation
has been found in a number of
investigations ©Y to promote cancer
angiogenesis, proliferation, and
metastasis, whilst in other studies
stem/progenitor cells suppressed tumor
activity ©°.

Conclusion

There is no significant difference between
PRP and Tacrolimus MSCs in terms of
their ability to reduce the toxic effects of
Tacrolimus administration on the tongue.
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