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ABSTRACT

Introduction: Transforming growth factor-beta (TGF-f) is considered as a regulator of cells’ growth and differentiation. Ki-67
is a broadly known nuclear protein accompanied by cell growth as well as division. Colchicine is a traditional mitotic inhibitor
used in treating several diseases.

Objectives: To assess Colchicine administration outcome on the histology of filiform papillae with the TGF-f and Ki-67
immunohistochemical expression.

Design: Forty male albino rats (200-250gm) were employed in the study. Animals were assigned equally as two groups,
Control Group: received no drug and Colchicine treated group: received Colchicine (3mg/Kg/day) for 7 days. After sacrifice,
processing of tongue specimens was done, then the slides were stained by Hematoxylin and Eosin, anti-TGF-f and anti-Ki-67.
Area% of positive TGF-f and number of Ki-67 positive cells were statistically analyzed.

Results: Histologically, Colchicine treated group showed shortened and narrowed simple conical filiform papillaec with
increased interpapillary areas. The epithelial covering revealed some dark hyperchromatic nuclei and vacuolations. Thickness
of lamina propria and connective tissue (CT) cores were reduced with few fibroblasts, dilated and congested blood vessels. The
papillae of Colchicine group showed wide distribution of strong intensity positive TGF-B immunoreactivity in both epithelial
and CT cells, in addition to low intensity few positive Ki-67 basal and parabasal cells with rare positive CT cells. Statistical
analysis showed highly significant increase in positive area% of TGF-B and highly significant decrease in Ki-67 positive
epithelial as well as CT cells in this group when compared to the control.

Conclusions: Colchicine induced degenerative histological changes in filiform papillae, in addition to a highly significant
increase of TGF-3 and a highly significant decrease of Ki-67 immunohistochemical expression.
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INTRODUCTION only published recently. It is required for heterochromatin
organization®.. The Ki-67 average level in proliferating
cells is similar whatever the cell type is. Its level in a
cell depends on the cell-cycle phase.[ Ki-67 is degraded
constantly in GO as well as G1 and is constantly formed
from S phase beginning till the end of mitosis.!"

Transforming growth factor-beta (TGF-B) is a widely
expressed cytokine from the superfamily of activins and
bone morphogenetic proteins.[! Its signaling provides
useful means of controlling cell behavior. It has a role in
affecting TGFB-correlated cytokines as in proliferation and

differentiation of cells, and tissue regeneration.™ The use of many medications results in alterations

The immunoreactivity of TGF-B was increased in in the expression of some markers. Some drugs caused
hepatic parenchyma in Carbon tetrachloride induced liver decreased expression of Ki-67 in different tissues such as
fibrosis.®! Intermediate and chronic cyclophosphamide- Cladribine, a cytostatic drug which leads to apoptosis,*
induced cystitis lead to high-intensity immunoreactivity of and an immunosuppressant and antiproliferative drug
TGF-B1 in the urothelium as well as the detrusor smooth Rapamycin.”! In addition to Anastrozole which inhibits
muscle.! estrogen synthesis,!'” and recently the anti-hepatitis virus

The Ki-67 protein is a noticeable marker of drug, Sofosbuvir.'!! Additionally, Colchicine was able to
proliferation used in pathology. It was first identified as increase TGF-Blin the periodontal ligament fibroblasts
an antigen in proliferating cells’ nuclei. In contrast to its that was dose-dependent except at the low dose of 0.1 ug/
diagnostic significance, the results of its functions were ml.2
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Colchicine, found in autumn crocus plant, blocks
or represses cell division by inhibiting mitotic spindles
development during the division of nuclei. Under normal
conditions, the cell uses its spindle fibers to arrange
chromosomes then copy them, and divides into new
daughter cells, where each one has a set of chromosomest'?!.
Colchicine binds to microtubules ends and inhibits their
polymerization. It is a famous anti-mitotic drug which
inhibits mitotic cells from entering metaphase.!'*!

Colchicine has been used in treating many diseases
like acute gouty arthritis, Behcet’s syndrome, familial
Mediterranean fever, cirrhosis, psoriasis, necrotizing
vasculitis, scleroderma, sarcoidosis and amyloidosis.!!*!
The frequent adverse effects of Colchicine are fatigue,
headache, pharyngo-laryngeal pain, respiratory and
thoracic mediastinal disorders, diarrhea, abdominal cramps
and lactose intolerance. Other rare but toxic side effects
include: nausea, vomiting, diarrhea, dyspnea, cardiac
depression, shock, bone marrow depression, multiple
organ failure, and renal damage.['"!

Thus, the objectives of the current study were to
evaluate Colchicine administration influence on the
histology of simple conical filiform papillae, in addition to
TGF-P and Ki-67 immunohistochemical expression.

MATERIALS AND METHODS

The study was approved by “Research Ethics
Committee” Faculty of Dentistry, Ain Shams University
(FDASU-RecIR022315).

Animals

The sample size calculation depended on a previous
research.l'”7 G. Power program 3.1.9.2 software was utilized
with input parameters: effect size (0.925), power of 80%
for Independent-samples t-test with 5% significant and
95% confidence interval. The sample size was calculated
as 20 rats per group.

Forty Wistar male adult albino rats (200-250gm) were
utilized in the research. Animals were kept in “Medical
Research Center” animal house of Ain-Shams University
and housed in sterile circumference with standard diet and
tap water. Rats were maintained under good ventilation
during the whole experimental period.

Rats were assigned into two groups (20 rats in each
group):
Control Group: Rats were given no drug.

Colchicine treated group: Rats received 3mg/Kg/
day Colchicine (Colchicine tablets, 500 mcg, EIl-Nasr
Pharmaceutical Chemicals Co., Egypt). The tablets were
ground into powder, dissolved in distilled water, then
orally given by gastric tube for seven successive days.!"”

Specimen preparation

Rats were sacrificed by ketamine over dose and
their tongues were dissected immediately. The tongue

specimens were fixed in 10% phosphate buffered formalin
for two days then processed. Slides with four um sections
were stained by Hematoxylin & Eosin (H&E),!"! TGF-3
and Ki67 immunohistochemical stains.

TGF-f Immunohistochemical staining

Endogen peroxidase blockage was done by sections
immersion for Smin in 30% hydrogen peroxide, absolute
ethanol and phosphate buffered saline (PBS), washed
3 times in PBS (5min each). Heat mediated antigen
retrieval with Tris/EDTA buffer was done. For background
blockage, sections were placed in normal goat serum
1:30 diluted in PBS for an hour, incubated with primary
antibody (Rabbit monoclonal Anti-TGF-f) at dilution 1:50
in PBS in a humid chamber overnight at 4°C. Application
of a secondary antibody at dilution 1:100 in PBS (Goat
Anti-Rabbit Immunoglobulin G Antibody, Peroxidase
Conjugated) for an hour. Then, sections were dipped in
PBS, hydrogen peroxide and diaminobenzidine for 5Smin,
led to brown benzidine precipitates creation, localizing the
expression of TGF-f.1!)

Ki-67 Immunohistochemical staining

Endogenous peroxidase blockage was performed using
3% hydrogen peroxide in distilled water for Smin. The
antigen retrieval was done by heating in microwave, in
10mM citric acid for 2 times (4min each). Sections were
incubated with normal goat serum for 30min at room
temperature, then with a primary antibody at dilution
1:50 (Rabbit monoclonal Anti-Ki-67 antibody) at 4°C
overnight. Sections were washed with buffered saline, then
45min incubation in NovoLink Polymer detection system.
Brown color was developed after sections incubation
in 3-3-diaminobenzidine tetrahydrochloride (1mg/ml)
in a Tris-buffered solution, with hydrogen peroxide, for
5min(®20,

TGF-p and Ki-67 immunostained sections were then
counterstained by Hematoxylin, dehydrated in ethanol,
followed by clearing with xylene.

Histomorphometric analysis

From each specimen, three sections for each
immunohistochemical staining were assessed with
selection of five equal representative fields/section of
simple conical filiform papillac. Each selected field, with
an area 0.6 mm?, was captured at a magnification (x200).
Histomorphometric analysis was done by image J software.
In TGF-B immunostained sections, the areas of interest
were only selected. 8-bit monochrome type conversion and
color threshold for the images were done, finally area%
of TGF-p positive reaction was measured. While for Ki-
67 immunostained sections, images brightness adjustment
was performed to inspect only the positive cells. Then,
binary and watershed for each image were selected,
dividing adjacent cells that identified as one. At last, the
number of Ki-67 positive epithelial and connective tissue
(CT) cells were measured automatically.
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Statistical Analysis

Obtained results of area% of TGF-f positive reaction
and number of Ki-67 positive epithelial and CT cells that
expressed as cells/mm? were analyzed by SPSS. Data
were given as mean * standard deviation and ranges.
Data were checked for normality by tests of Kolmogorov-
Smirnov and Shapiro-Wilk. Independent-samples t-test
of significance was performed to compare between two
means. 95% confidence interval and 5% margin of error
accepted. P-value <0.001 (highly significant), P-value
<0.05 (significant) and P-value >0.05 (insignificant).

RESULTS
H&E results

Simple conical filiform papillae were seen at the
anterior part of anterior two thirds of rat’s tongue. In
control group of this study, the papillae appeared as
conical pointed projections that were regular in shape,
size and orientation. Papillae were covered with stratified
squamous epithelium of normal cell layers and regular
orthokeratin. Thin lamina propria and CT cores, which
were projected deeply into the epithelium, revealed well-
formed dense fibrous CT with numerous spindle-shaped
fibroblasts and collagen fiber bundles (Figures la,b). In
Colchicine treated group, the papillae appeared shortened
and narrowed with increasing in the interpapillary areas in
some regions. The epithelial covering revealed basal and
parabasal cell layers with dark hyperchromatic nuclei,
numerous intracellular vacuolations, and covered by
separated and torn orthokeratin. The thickness of lamina

propria and CT cores was noticeably reduced, in addition
to a decreased number of fibroblasts as well as dilated and
congested blood vessels in some regions (Figures 1c,d,e).

TGF-f immunohistochemical results

Control group showed low intensity few positive
TGF-f immunoreactivity in the epithelial and CT cells
(Figure 2a). Meanwhile, the other group revealed wide
distribution of strong intensity positive immunoreactivity
in both epithelial and CT cells (Figure 2b).

Ki-67 immunohistochemical results

Control group demonstrated markedly detected high
intensity positive Ki-67 immunoreactions in nearly all
basal, some parabasal and few prickle cells with some
positive CT cells (Figure 2c¢). However, the other group
showed low intensity few positive basal and parabasal cells
with rare positive CT cells (Figure 2d).

Statistical results

Area% of TGF-p

Colchicine group presented a statistically high
significant increase in positive area% of TGF-B than
control (Table 1, Figure 3).

Number of Ki-67 positive cells

Colchicine group revealed a statistically high significant
decrease in Ki-67 positive epithelial and CT cells number
than control group (Table 1, Figure 3).
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Fig. 1. Photomicrographs of simple conical filiform papillae showing; control group: (a)- Regular conical projections with normal orthokeratinized stratified
squamous epithelium (Ep) and well-formed dense fibrous CT. (b)- Normal epithelial covering with basal (B), prickle (PC), granular (G) and keratin (K)
cell layers. Normal CT with numerous fibroblasts (Fb) and collagen fiber bundles. Colchicine group: (c)- Shortened and narrowed papillae covered by
orthokeratinized stratified squamous epithelium (Ep) with increased interpapillary (Ip) areas in some regions and apparently narrowed CT. (d)- Epithelial
covering with dark hyperchromatic nuclei (N) in basal and parabasal cells, numerous intracellular vacuolations (V), separated and torn orthokeratin layer (K).
CT with decreased number of fibroblasts (Fb) (e)- Some regions showed dilated and congested blood vessels (BV) (a & ¢; H&E, x200). (b, d & e; H&E, x400).
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Fig. 2. (a)- Control group: Low intensity few positive TGF-f immunoreactivity in the epithelial (black arrows) and CT (red arrows) cells (b)- Colchicine group:
Wide distribution of strong intensity positive immunoreactivity in epithelial (black arrows) and CT (red arrows) cells (a & b; Anti-TGF-f antibody, x200). (c)-
Control group: High intensity Ki-67 positive immunoreactions in nearly all basal (B), some parabasal (Pb) and few prickle cells (PC) with some positive CT
(red arrows) cells. (d)- Colchicine group: Low intensity few positive basal (B), parabasal cells (Pb) and prickle cells (PC) with rare positive CT (red arrows)
cells (¢ & d; Anti-Ki-67 antibody, x200).
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Fig. 3. Bar charts showing; comparison between groups according to area% of TGF-f and number of Ki-67 positive epithelial and CT cells.
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Table 1: Comparison between the groups according to TGF-f area% and number of Ki-67 positive epithelial and CT cells

Colchicine

Control group (n=20) aroup (n=20) t-test p-value
Mean + SD 5.64 £ 1.57 27.54 +3.82
TGF-p area% -23.697 <0.001**
Range 2.98-8.65 20.23-34.36
i- iti Mean + SD 275.00 = 34.46 83.00 +27.90
Kl' 67 posmve 19367 <0.001%*
epithelial cells Range 227-323 31-120
) ) Mean + SD 60.00 + 10.93 18.00 +3.09
Ki-67 positive CT cells 16.534 <0.001**
Range 44-78 13-25

Data are expressed as Mean + SD using: Independent Samples t-test. **p-value <0.001 indicates highly significant difference

DISCUSSION

Colchicine, a tricyclic alkaloid, has terminal half-
life from 20 to 40 hours and bioavailability from 24%
to 88%. It has a wide range of clinical usage including:
familial Mediterranean fever, chronic cutaneous vasculitis,
Behget’s disease, initial and recurrent pericarditis.?

In this study, simple conical filiform papillae in rats
received oral high dose Colchicine for short duration
showed epithelial and connective tissues histological
changes. Our results agree with Takeda et al.,”* who
demonstrated that after Colchicine treatment, basal as
well as suprabasal layers of epithelium in and surrounding
circumvallate papillac contained condensed nuclei.
Some epithelial cells enclosed vacuoles containing
debris of cytoplasmic organelles. In addition, rat testis
after Colchicine administration were examined and
showed interstitial edema with fatty degeneration and
spermatogoneal cells lining degeneration in some
seminiferous tubules.?*! Furthermore, testis of rats in an
earlier study showed Sertoli and Leydig cells degeneration
with germinal epithelium irregular division and spermatid
cells vacuolar degeneration.?¥ It has been documented that
the liver in rats received Colchicine revealed hepatocytes
with deeply stained shrunken nuclei and some showed
foamy appearance, as well as small hemorrhagic areas
in the intestine.l'] Moreover, it has been observed that
Colchicine induced hepatotoxicity with histopathological
changes as pyknosis of hepatocytes nuclei, intracellular
vacuolation and central vein dilatation®. Bekheet!!”
noticed dilated and congested sub-capsular blood vessels
in spleen after treatment with Colchicine.

Concerning torn and separated keratin layer observed
in the present research, it was documented that Colchicine
affected the junctions between the epithelial cells where
some cells showed broken desmosomes resembling half
desmosomes which might explain our finding.*?

In our results, the epithelial vacuolations that were
detected may represent a sign of cellular response to injury
which could be related to mitochondrial damage induced
by Colchicine. Mitochondrial damage results in reactive
oxygen species (ROS) accumulation and oxidative stresses
as ascertain by a previous study.?® This explanation come
in accordance with Abbas et al.,?”) who detected increased
number of cytoplasmic vacuolations and degenerated

mitochondria in rat testis after high dose of Colchicine
administration, and reported significantly lower values in
Vardenafil co-administration with Colchicine group. It has
been documented that Vardenafil administration during
ischemia—reperfusion injury in testis and ovaries reduced
cell damage by the reduction in oxidative stress which
represent a crucial role in its cytoprotective action®?”!
Furthermore, local Colchicine administration in earlier
studies disturbed the endogenous antioxidant defense
mechanism in rat brain, leading to oxidative stress and
free radical-induced toxicity. The oxidative stress was
attenuated by using several agents with antioxidant
property.B0-34

The hyperchromatic nuclei presented in the current
research agrees with an earlier research, recorded that
Colchicine could induce neuronal apoptosis in both adult
and developing rat brains, presenting apoptotic cells with
extreme chromatin condensation and apoptotic bodies
formation, in addition to their positive staining with
In-situ end-labeling of nuclear Deoxyribonucleic acid
(DNA) fragmentation.* As well as a previous publication
documented an obvious increase in positive apoptotic cells
after colchicine administration in taste buds of circumvallate
papillae, some basal and suprabasal cells in trench wall
besides dorsal epithelium.??’ Another study by Norma
et al B demonstrated apoptosis in the mouse duodenal crypt
enterocytes after Colchicine administration. Additionally,
significant rise in caspase 3 was found, indicating activated
apoptotic pathway in hippocampus and cortex in rats
received Colchicine as shown in a previous work, which
attributed Colchicine-induced apoptosis to oxidative-
nitrosative stress and mitochondrial dysfunction.*?

The changes in lamina propria and CT papillae observed
in this work could be attributed to an increase in matrix
metalloproteinases (MMP), degrading the extracellular
matrix that indicates the antifibrotic effect of Colchicine.
A previous study revealed a significant increase in MMP1
expression in human periodontal ligament fibroblasts
subjected to Colchicine than the control.'? Furthermore,
Colchicine induced a significant elevation in collagenase
(MMP1) as well as stromelysin 1 (MMP3) levels with
no influence on synthesis and activation of gelatinase A
(MMP2) and tissue inhibitors of MMPs (TIMP) in human
skin fibroblasts.’”? However, it has been recorded that
TIMP 1 expression was decreased in cultured hepatic
stellate cells received Colchicine.P®
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Regarding the inflammatory state as blood vessels
dilation presented in the current experiment, the oxidative
stress and ROS released from damaged mitochondria
trigger inflammation through secretion of pro-inflammatory
cytokines.®*  Another study displayed significant
elevation of inflammatory mediators at rat hippocampus as
well as cortex with Colchicine.*

In this research, the wide area% of positive TGF-$
immunoreactivity with strong intensity in both epithelial
and CT cells in Colchicine group that showed statistically
significant higher values than the control coincides with the
results of Nahm ez a/.,!'?! investigating human periodontal
ligament fibroblasts that was subjected to Colchicine
at different time intervals. They supposed that TGF-B
expression is probably sensitive to microtubules disruption
induced by Colchicine. In addition, an experiment reviewed
that ROS can influence the signaling of TGF-p, increasing
its expression and activation from the latent complex.[*"
As well as, it has been recorded that signaling pathway of
TGF-B is a vital component of oxidative stress-induced
damage, activating the antioxidative mechanisms of the
cells.[*

The epithelial and CT reductive changes of Colchicine
in our study could be related to Colchicine-triggering
apoptosis as mentioned earlier or reduction in cell
proliferation. Herein, the inhibition of cell proliferation was
statistically analyzed by significantly decreased number of
ki-67 positive epithelial and CT cells in Colchicine treated
group than the control. This is parallel to the results of
Bekheet,[' who recorded that Colchicine group revealed
a significant decline in Proliferating cell nuclear antigen
(PCNA) immune positive splenic parenchymal cells.
Colchicine led to cell cycle arrest at G2/M phase by using
Muse Cell Analyzer and the percent of cell populations
in GO/G1, S as well as G2/M in human breast cancer cell
linet3,

The antimitotic effect of Colchicine could be explained
by its ability in reducing microtubule density, suppressing
the microtubules dynamics in mitotic spindles and inhibiting
microtubule polymerization that resulted in arresting
cell division at metaphase.***?7 Additionally, it has been
suggested that ROS generated with Colchicine induced
cancer cell arrest and apoptosis.[*) Moreover, the inhibition
of cell proliferation may be indirectly influenced by the
increase in TGF-f expression. A previous study indicated
that at cellular level, the stimulation of TGF-B induces
cytostasis of nearly all normal epithelial cells together with
certain mesenchymal cell types.*”? It has been stated that
TGF-B is involved in growth inhibition in all normal cell
types.[*] Furthermore, recent studies indicated that TGF-3
has a crucial effect in intermediating cell dormancy and it
can induce cellular senescence which is irrevocably form of
cell cycle arrest, under certain conditions.***% At last, Baba
et al. B documented that TGF-f acts as a tumor suppressor
at initial onset, plays an important action for eliminating
malignant cells by decreasing cells proliferation and their
differentiation, inducing apoptosis. However, at a late

stage of malignancy, TGF-B promotes tumorigenesis by
enhancing transformation of cells and metastasis.

Although Colchicine in this work induced oxidative
stress, apoptosis and inflammation, several studies
confirmed its direct antioxidant, antiapoptotic and anti-
inflammatory effects.’>% This conflict of findings could
be attributed to the higher Colchicine dose used in our
study than the latter mentioned ones.

CONCLUSIONS

Colchicine was able to induce degenerative changes
in the filiform papillac of albino rats histologically.
This was accompanied by highly significant increase
of TGF-B besides highly significant decrease of Ki-67
immunohistochemical expression.

ABBREVIATIONS

TGF-p: Transforming growth factor-beta; H&E:
Hematoxylin & Eosin; PBS: phosphate buffered saline;
CT: connective tissue; ROS: reactive oxygen species;
MMP: matrix metalloproteinases; TIMP: tissue inhibitors
of MMPs.
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