
Abstract
The purpose of this study was to investigate the effects of capsaicin on the duodenal distribution of cyclooxygenase-1 (COX-1),  
cyclooxygenase-2 (COX-2) and Transforming growth factor β-1 (TGFβ-1) in rats. Rats were divided into two groups (n =10 in each 
group). Experimental group treated with capsaicin (1 mg/kg, subcutaneously) was injected in 10% ethanol, 1% Tween  and 80% 
distilled water everyday for a period of one week and in not injected control group. Localisations of COX-1, COX-2 and TGFβ-1 were 
observed in villus and crypt ephitelial cells, and smooth muscle cells. In conclusion, in this study, capsaicin administration was found 
to increase the release of COX-1 and COX-2, and TGFβ-1.
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Capsaicin Uygulanan Sıçanların Duodenumda COX-1, COX-2 ve 
TGFβ-1’in İmmünohistokimyasal Dağılımı

Özet
Bu çalışmada capsaicin uygulanan ratların duodenum dokusunda siklooksijenaz-1  (COX-1), siklooksijenaz-2 (COX-2) ve transforme 
edici büyüme faktörü β-1 (TGFβ-1)’in dağılımını araştırmak amaçlandı. Ratlar iki gruba ayrıldı (her grupta n=10). Capsaicin uygulanan 
deneme grubuna (1 mg/kg, subkutan yolla) %10 ethanol, %1 tween, %80 distile su karışımı bir haftalık periyot boyunca hergün enjekte 
edildi. COX-1, COX-2 ve TGFβ-1’in dağılımı villus ve kript epitel hücreleri ve düz kas hücrelerinde tespit edildi. Sonuçta, bu çalışmada 
capsaicin uygulamasının COX-1 ve COX-2 ve TGFβ-1 salınımını arttırdığı tespit edildi.
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INTRODUCTION

Capsaicin is an active component of chili peppers, which 
are plants belonging to the genus Capsicum annuum [1,2].  
In alternative medicine, it is used for relieving pains such as 
neuropathic pains, arthritis, pains after chemotherapy [3]. 
And it has analgesic effect [4,5]. It is also noted that it has 
effect on growth and development by increasing the 
release of growth factors [2,6-8].

It has been known for years that non-steroidal anti-
inflammatory drugs (NSAIDs) such as aspirin, ibuprofen, 
and acetaminophen, provide relief from fever, pains, and 

inflammation through their actions on cyclooxygenase 
(COX) enzymes [9]. COX is the enzyme that catalyzes the 
first two steps in the biosynthesis of the prostaglandins 
from the substrate arachidonic acid [10].

Two COX isozymes, COX-1 and COX-2, have been 
identified. Although both enzymes have similar functions, 
their temporal and spatial expression patterns are very 
different. COX-1 is constitutively expressed in many tissues, 
including the gatrointestinal mucosa [11]. In contrast, COX-2, 
is normally undetectable in most tissues; however, increased 
expression of COX-2 express inflammatory conditions 
of the gastrointestinal tract (e.g., inflammatory bowel 
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disease) [12].  This simple distinction, implying that COX-1 
is constitutive and COX-2 inducible in nature, has been 
questioned on the basis of evidence about the constitutive 
expression of COX-2 in normal tissues, such as brain, kidney 
and blood vessel [13]. 

Transforming growth factor-β (TGF-β) is a growth factor 
which release from almost every tissue in mammals [14]. It 
consist of three members (TGF-β1, TGF-β2 ve TGF-β3) 

[15].  
This family regulate numerous biological activities, 
including cell proliferation, differentiation, adhesion, and 
apoptosis, extracellular matrix (ECM) production, and 
early embryo development and immunity [16]. It was 
demonstrated that TGF-β localisated in villus and crypt 
epithelial cells in small intesine [17,18].

With this study, it was aimed to investigate the effects 
of capsaicin, which was found to benefits such as have 
analgesic [3] and growth promoting [6,9], on the secretion 
of COX-1 that is protective for physiological functions of 
duodenal tissues [20], COX-2 that is suppressor in pathological 
situations [21] and TGF-β1 that acts as regulatory as well as 
serving growth and development functions [16].

MATERIAL and METHODS
Animals and Experimental Design

Tissue samples were collected in compliance with an 
approved Kafkas University Institutional Animal Care and 
Use Committee Protocol (KAU-HADYEK/2014-033). 

Twenty 50 days old male Spraque Dawley rats were 
randomly divided into two groups as; experimental (n=10) 
and control (n=10).  Rats were housed in a continuously 
ventilated room at a mean temperature of 22±2°C with  
a lighting period of 12 h dark and 12 light. Animals were fed 
standard rodent chow (Bayramoğlu, Erzurum, Turkey) and 
water ad libitum. The amount of capsaicin used in our study 
was based on studies conducted by Moran et al.[22] and 
Tütüncü [23]. For the rats in experimental group, 1 mg/kg of 
capsaicin (cat no. M 2028, Sigma - Aldrich, Germany) was 
dissolved in 10% ethanol and mixed with 1% Tween (cat 
no. M 8170772100, Merck, USA) and 80% distilled water. 
Capsaicin solution was freshly prepared according to daily 
body weights of the rats and injected subcutaneously with 
an insulin injector at the same time every day for a week.  
For the rats in control group had no application.

After one week, all rats were sacrified by cervical 
dislocation method under diethylether anaesthesia and 
duodenum samples were taken. 

Immunohistochemical Procedure

For immunohistochemistry, the sections were incubated 
in 3% H2O2 for 10 min to inhibit endogenous peroxidase  
activity after undergoing deparaffinization and rehydration. 
Maximum heat was applied in a microwave for 10 min 

in citrate buffer solution to reveal antigens, after being 
washed with PBS (Phosphate Buffer Saline). Sections were 
then incubated with primary antibodies anti-COX-1 (5F6/
F4, ab695, abcam), anti-COX-2 (M-19, sc-1747, Santa Cruz) 
diluted to 1 : 200 in PBS at room temperature for one 
hour and polyclonal goat anti-TGFβ-1 (sc-90, SantaCruz, 
USA) diluted 1 : 100 in PBS. Only PBS was dripped on the 
tissues of the negative control group. Streptavidin - biotin 
peroxidase technique was used after primary antibody 
incubation. Streptavidin - HRP (Horse Radish Peroxidase) 
(Invitrogen Histostain plus Broad Spectrum (AEC) Ref. 
85.9943) was dripped on the sections, and then incubated 
at room temperature for 15 min. 3,3′-Diaminobenzidine 
tetrahydrochloride (0.5 mg/mL; Dako Corp.) was used as 
chromogen followed by hematoxylin counterstaining. 
Sections were mounted with immunoMount and examined 
by light microscope (Olympus BX51, Shinjuku, Tokyo 
Japan). Scoring was conducted using a semi-quantitative 
method [6] on an area of the sections, based on criteria of  
the percentage of stained cells and the degree of staining.  
The degree of staining was evaluated as follows; no 
reaction (-),  slight (+), moderate (++) and  intensive (+++).

RESULTS

It was observed normal histological structure in two 
groups.

COX-1 Immunoreactivity in Duodenum

While intensive cytoplasmic reaction was observed 
in villus epithelial cells and in crypt epithelial cells of 
experimental group, slight cytoplasmic reaction was 
observed in villus epithelial cells and in crypt epithelial 
cells of control group. No reaction was observed in goblet 
cells of all group. Intensive cytoplasmic reaction was 
present in smooth muscle cells of experimental group and 
slight cytoplasmic reaction was present in smooth muscle 
cells of control group (Fig. 1, Table 1). 

COX-2 Immunoreactivity in Duodenum

Moderate cytoplasmic reaction was observed in villus 
epithelial cells and in crypt epithelial cells of experimental 
group. Slight cytoplasmic reaction was present in villus 
epithelial cells and in crypt epithelial cells of control group. 
No reaction was determined in goblet cells of all groups  
and intensive reaction was remerkable in connective tissue 

Table 1. Comparison of COX-1 immunoreactivity’s degree among groups

Tablo 1. Gruplar arasında COX-1 immünoreaktivitesinin karşılaştırılması

Duodenum (COX - 1) Experimental Group Control Group

Villus ephitelial cells        +++         +

Cyript ephitelial cells        +++         +

Goblet cells          -          -

Smooth muscle cells        +++         +
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cells of experimental group and moderate reaction was 
remerkable in connective tissue cells of control group. 
While moderate reaction was observed in smooth muscle 
cells in experimental groups, slight reaction was determined 
in smooth muscle cells in control group (Fig. 2, Table 2).

TGFβ-1 Immunoreactivity in Duodenum

While intensive cytoplasmic reaction was observed 

in villus epithelial cells and in crypt epitelial cells of 
experimental group, slight cytoplasmic reaction was 
observed in villus epithelial cells and in crypt epitelial cells 
of control group. No reaction was determined goblet cells  
of all groups. While moderate reaction was determined in 
smooth muscle cells of experimental group, slight reaction 
was observed in smooth muscle cells of control group  
(Fig. 3, Table 3).

Fig 1. COX-1 immunoreactivity in rat duodenum. a: Experimental group, b: control group, Villus epithelial 
cell (long arrow), goblet cell (thick arrows), crypt epithelial cell (short arrow), smooth muscle cell (M). 
Immunohistochemistry, Bar: 100 µm

Şekil 1. Rat duodenumunda COX-1 immünoreaktivitesi. a: Deney grubu, b: kontrol grubu, Villus epitel hücresi 
(uzun ok), goblet hücresi (kalın ok), kript epitel hücresi (kısa ok), düz kas hücresi (M). İmmünohistokimya, Bar: 
100 µm

Table 2. Comparison of COX-2 immunoreactivity’s degree among groups

Tablo 2. Gruplar arasında COX-2 immünoreaktivitesinin karşılaştırılması

Duodenum (COX-2) Experimental Group Control Group

Villus ephitelial cells           ++         +

Cyript ephitelial cells           ++         +

Goblet cells            -         -

Connective tissue cell          +++        ++

Smooth muscle cells                  ++         +

Table 3. Comparison of TGFβ-1 immunoreactivity’s degree among groups

Tablo 3. Gruplar arasında TGFβ-1 immünoreaktivitesinin karşılaştırılması

Duodenum (TGFβ - 1) Experimental Group Control Group

Villus ephitelial cells        +++         +

Cyript ephitelial cells        +++         +

Goblet cells         -         -

Smooth muscle cells        ++         +

Fig 2. COX-2 immunoreactivity in rat duodenum. a:  Experimental group, b: control group, Villus epithelial cell 
(long arrow), goblet cell (thick arrows), crypt epithelial cell (short arrow), smooth muscle cell (M), connective 
tissue cell (arrow head). Immunohistochemistry, Bar: 100 µm

Şekil 2. Rat duodenumunda COX-2 immünoreaktivitesi. a: Deney grubu, b: kontrol grubu, Villus epitel hücresi 
(uzun ok), goblet hücresi (kalın ok), kript epitel hücresi (kısa ok), düz kas hücresi (M). İmmünohistokimya, Bar: 
100 µm
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DISCUSSION

Pain is the body’s message that something is wrong 
in the system. These issues of pain are not diseases of 
themselves, but are symptoms of a dysfunction in associated 
structures [24]. Capsaicin belongs to group of analgesic 
substances [4,5,25]. This effect of capsaicin was found to 
function by preventing substance P, which is expressed 
in non-myelinated nerve fibers involved in carrying pain 
sensation from periphery to the center, from reaching  
the brain [26]. Because of this feature of capsaicin, it was 
predicted to be used in the treatment of arthritis, mild pains, 
as well as neuropathic pains following chemotherapy and 
sclerosis application [3].

COX expression has focused on pathological samples [3]. 
COX-1 is a constitutive enzyme and has a homeostatic role 
in gastrointestinal mucosa protection. COX-2 isoenzyme, 
frequently undetectable in most normal tissues, but 
quickly induced by inflammatory factors [13,27,28]. COX-2 
selective agents were first approved for the treatment 
of acute and chronic pains and indications exist for the 
treatment of osteoarthritis, rheumatoid arthritis and a 
variety of musculoskeletal disorders [29,30]. 

In our study, COX-1 and COX-2 secretion was found to 
increase in capsaicin treated group. The findings support 
the view that capsaicin has a role in healing and reducing 
pains by both preventing pains sense from reaching the 
brain and increasing the release of COX-1 and COX-2.

In contrast to COX-1, it is generally believed that COX-2 is 
not present in most normal tissues, with the exaception of 
the brain [31], kidney [32], and female reproductive system [33]. 
However, some previous studies have detected COX-2 in 
other normal tissues [34-41]. In our study, in addition to the 
aforementioned studies, the presence of COX-2 expression 
was detected in the duodenal tissue in both the control 
group and capsaicin treated group.

Expression of COX-1 was found mostly in blood vessels, 
connective tissue cells, smooth muscle cells, platelets 
and only rarely in parenchymal cells. In contrast, COX-2 
was found predominantly in parenchymal cells, and only 
occasionally in resident inflammatory cells, connective 
tissue cells, endothelial cells and smooth muscle cells. 
Also, expression of COX-1 was greater than the expression  
of COX-2 in the small intestine [40]. In our study, COX-1 and  
COX-2 secretion was detected in similar cells (villus and 
crypt epithelial cells, smooth muscle cells). In addition, 
COX-2 was also identified in connective tissue cells unlike 
COX-1. In the study, COX-1 reaction intensity was seen to be 
more compared to COX-2 in cells with similar [40] reactions. 

TGF-β is a multifunctional growth factor that influences 
growth and differentiation in many cell types [42] and 
modulation of cell growth, apoptosis and differentiation 
of intestinal epithelial cells [43,44]. TGF-β protein has been 
demonstrated villus and crypt epithelial cells in small 
intesine [17,18,45]. Besides the studies mentioned in our study, 
TGFβ-1 secretion was found in villus and crypt epithelial 
cells in addition muscle tissue cells. 

Capsaicin application has been expressed to increase 
TGFβ release in various tissues [7,8]. However, no study was 
found in the literature regarding the effect of capsaicin 
application on TGFβ-1 release in the duodenum. Bakir 
and Sarı [6] stated that capsaicin application increases the 
release of PDGF-C and PDGFR-α in villus, crypt epithelial 
cells, goblet cells and muscle cells of the duodenum. In 
our study, capsaicin application was also determined to 
increase the release of TGFβ-1 in villus and crypt epithelial 
cells, and muscle tissue cells in duodenum.

As a result of our study in which we immunohisto-
chemically investigated COX-1, COX-2 and TGFβ-1 secretion 
in duodenum tissue of capsaicin treated rats, it was  
seen that capsaicin application increases the release of  
COX-1 that has a regulatory role in the gastrointestinal 

Fig 3. TGFβ-1 immunoreactivity in rat duodenum. a: Experimental group, b: control group, Villus epithelial 
cell (long arrow), goblet cell (thick arrows), crypt epithelial cell (short arrow), smooth muscle cell (M). 
Immunohistochemistry, Bar: 100 µm

Şekil 3. Rat duodenumunda TGFβ-1 immünoreaktivitesi. a: Deney grubu, b: kontrol grubu, Villus epitel hücresi 
(uzun ok), goblet hücresi (kalın ok), kript epitel hücresi (kısa ok), düz kas hücresi (M). İmmünohistokimya, Bar: 
100 µm
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tract, COX-2 that has regulatory role and functions in 
pathological and inflammatory conditions and TGFβ-1 that 
has positive effects on growth and development.
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