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Abstract

This study was investigated to determine CTLA-4 levels in the spleen tissue of rats treated with ginger oil (Zingiber officinale)
by immunohistochemical methods. For the study, 21 male Sprague-dawley rats of 250-300 g weight were used. The groups
were formed as control group, ginger 100 mg/kg group and ginger 500 mg/kg group. Histological and immunohistochemical
methods were applied to the spleen tissues taken at the end of the study. Red and white pulp, central artery, trabeculae and
vena trabecularis were found to have normal histological structure in the spleen tissue of all groups. Weak CTLA-4 immunore-
activity was detected in the red and white pulp in the spleen tissue of the control and ginger 100 mg/kg groups, and moderate
CTLA-4 immunoreactivity was detected in the ginger 500 mg/kg group. In our study, it was determined that ginger oil admi-
nistration at different doses did not cause histological changes in the spleen tissue and increased CTLA-4 immunoreactivity in
the ginger 500 mg/kg group. Based on our results, it is concluded that in order to fully explain the effects of ginger administ-
ration on the spleen, it is necessary to determine the efficacy of different doses, forms and administration forms of ginger.
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1. Introduction

The spleen, one of the organs of the immune system,
is involved in the differentiation of leukocytes and the
destruction of erythrocytes. The part of the spleen cal-
led red pulp consists of reticular connective tissue and
is rich in blood vessels. Red pulp is the area where er-
ythrocytes are stored. Platelets, granulocytes, plasma
cells and macrophages are also found in the red pulp.
Within the red pulp there are groups of white lympho-
cytes, which are called white pulp. Immunoglobulins en-
ter the circulation where the white pulp borders the red
pulp. T-lymphocytes are located around the arteries in
the white pulp. B-lymphocytes are found in lymphocyte
clusters in this region. Therefore, the spleen is an organ
with intense cell traffic.

Cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)
is a member of the CD28:B7 immunoglobulin superfa-
mily and is involved in modulating the immune system.
CTLA-4 is also known as CD152.2 Under normal conditi-
ons, CTLA-4 is present in small amounts on the surface
of effector T cells and Treg (regulatory T cell) cells and
is involved in regulating the severity of T cell activation
in the early period.? Inhibition of CTLA-4 increases cy-
totoxic T cell activation and stops Treg cell-dependent
immunosuppression.*

Research with natural products that regulate immunity
by increasing or decreasing it is gaining importance. Im-
munomodulatory agents act as immunostimulants in ca-

ses of immune deficiency and as immunosuppressants
in abnormally increased immunity. In this way, they pro-
tect the body against infections. Ginger (Zingiber offici-
nale) has been used since ancient times both as a spice
and as a therapeutic agent. The therapeutic properties
of ginger can be attributed to the fact that it has about
400 different components, mainly gingerols.>® Ginger
(Zingiber officinale Roscoe) is a member of the plant fa-
mily Zingiberaceae.® It has been suggested that ginger is
the most widely used herbal medicine in many count-
ries. Ginger is known to have many beneficial proper-
ties, including antioxidant and anti-inflammatory effe-
cts, and ginger has neuroprotective effects.'®!! Ginger
is one of the medicinal plants that are widely used in
pharmaceutical products and foods and have beneficial
effects on health. The pharmacological effects of crude
ginger extract are known. Ginger rhizome is often ad-
ded to foods as a spice or taken as a dietary supplement.
Ginger has been widely used in traditional medicine th-
roughout history.?%13

In this study, it was aimed to determine CTLA-4 levels
in spleen tissue of rats administered ginger oil (zingi-
ber officinale) by immunohistochemical methods. It is
thought that the findings to be obtained will contribute
to the determination of the dose-dependent effects of
ginger oil, which is known to have a role in immune re-
gulation, and to elucidate the mechanisms of action in
the spleen tissue.
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2. Material and Method

For the study, 21 male Sprague-dawley rats weighing
250-300 g were used. Rats were randomly selected and
placed in cages with 7 rats in each cage. Rats were hou-
sed in laboratory conditions at 50% relative humidity, 20
+ 2°C and 12:12 light/dark cycle. Rats were fed pellet
feed (22% HP and 2400 kcal). Feed and water were pro-
vided ad libitum to all animals. Groups were formed as
follows:

1. Control Group (n=7): Rats were administered 1 ml
distilled water by oral gavage for 10 days.

2. Ginger 100 mg/kg Group (n=7): Rats were administe-
red 100 mg/kg/day ginger oil in 1 ml distilled water by
oral gavage for 10 days.

3. Ginger 500 mg/kg Group (n=7): Rats were administe-
red 500 mg/kg/day ginger oil in 1 ml distilled water by
oral gavage for 10 days.

Rats were fasted for the last 12 hours of the study and
sacrificed under anaesthesia (ketamine hydrochlori-
de 75 mg/kg and xylazine 15 mg/kg, IM). Afterwards,
spleen tissues were removed and fixed in 10% formol
solution.

2. 1. Histological investigations

The tissues were blocked in paraffin by applying routine
tissue monitoring procedure. The 5 pm serial sections
taken from the paraffin blocks were stained with Hae-
matoxylin & Eosin to examine the general structure of
the spleen tissue.

2. 2. Immunohistochemical investigations

Streptavidin-biotin peroxidase method was applied to
the sections taken on slides coated with chromium alum
gelatin. After routine deparaffinisation and rehydration,
the sections were shaken in PBS (0.1 M, pH, 7.2) and in-
cubated in 3% H,O, prepared in 0.1 M PBS for 15 min. It
was then boiled in citrate buffer solution (pH: 6.0) for 10
min in a microwave oven at maximum temperature (800
watt). Then incubated with Large Volume Ultra V Block
solution (Thermo Scientific/ LOT: PHLT811) for 10 min.
CTLA-4 (Santa Cruz/ sc-376016) (1/500 dilution) primary
antibody was added to the sections and kept for 1 hour
in a humid environment at room temperature. The sec-
tions were washed with PBS and Biotinylated Goat Anti
B Polyvalent (Thermo Scientific/ LOT: PHLT811) and
Streptavidin Peroxidase solutions (Thermo Scientific/
LOT: PHLT811) were dropped onto the sections and
incubated at room temperature for 15 min each. DA-
B-H,0, (Diaminobenzidine hydrogen peroxide) (Thermo
Scientific/ LOT: HD53495) Substrate Solution was added
for chromogen application and modified Gill Ill haema-
toxylin solution (Sigma-Aldrich/ LOT: HX29596474) was
used for counterstaining. The preparations were exami-
ned under a research microscope and photographed.
Immunohistochemical examination was performed by
looking at the staining properties of the target cells and
the staining intensity of the stained target cells. In the
examination, values were given by two independent
observers according to the characteristics of no staining
(-), weak staining (+), moderate staining (++), and strong
staining (+++).%
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3. Results
3. 1. Histological results

The histological structure of the spleen tissue was deter-
mined in all groups. Red and white pulp, central artery,
trabeculae and vena trabecularis were found to have
normal histological structure (Figure 1).

3. 2. Immunohistochemical results

Weak CTLA-4 immunoreactivity was detected in the red
and white pulp in the spleen tissue of control and ginger
100 mg/kg group and moderate CTLA-4 immunoreacti-
vity was detected in the ginger 500 mg/kg group (Table
1, Figure 2).

4. Discussion

The functions of the spleen are focussed on the systemic
circulation. Therefore, it lacks afferent lymphatic ves-
sels. It consists of two functionally and morphologically
different parts, the red pulp and the white pulp. The red
pulp is a blood filter that removes foreign substances
and damaged erythrocytes. It is also a storage area for
iron, erythrocytes and platelets.” The spleen is the site
of haematopoiesis in rodents, especially in animals in
the foetal and neonatal period. It is also the largest se-
condary lymphoid organ, containing about a quarter of
the body’s lymphocytes. The spleen is the site of initia-
tion of immune responses to blood-borne antigens.*®*
This function of the spleen is fulfilled by the white pulp
surrounding the central arterioles. The white pulp con-
sists of three subdivisions: the periarteriolar lymphoid
sheath (PALS), follicles and the marginal zone.”® There
is growing interest in investigating the phytomedicinal
properties of plants and studies investigating the effects
of different plant phytochemicals on immunology and
spleen cell development are gaining popularity.’®*% In
the spleen, it has been reported that chilli pepper ca-
uses an increase in weight and leukocytes, so excessive
consumption may cause damage to the spleen.?! The ef-
fects of Crataegus aronia var. dentata Browicz extract on
spleen were evaluated by using different histochemical
methods and it was reported that 1% plant extract app-
lication did not cause any change in some carbohydrate
molecules and haemosiderin in spleen.?? In our study, it
was determined that there were no histological changes
in the spleen tissue of rats treated with different doses
of ginger oil.

CTLA-4 maintains the tolerance of peripheral T lympho-
cytes at some immune system control points such as the
programmed death-1 (PD-1) pathway, TIM-3 and LAG-3,
prevents autoimmunity and suppresses inflammation
during acute/chronic infection.?®* The CTLA-4 gene is
located in the chromosomal 233 region. It maintains
T cell homeostasis by encoding a protein that acts as a
negative regulator of T cell responses.” In the absence
of CTLA-4, fatal tissue damage occurs due to increased
activation of peripheral T cells.?® CTLA-4 is an immu-
nological checkpoint and has a central and important
role in maintaining peripheral tolerance.?”?® CTLA-4 is
homologous to CD28 but is located in the intracellular
compartment and is only minimally expressed on the
surface of resting T cells.?® The gene encoding CTLA-4
has been suggested to be a candidate gene for confer-
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Figure 2. CTLA- 4 |mmun0react|V|ty in rat spleen tissue. Control group. (a, b é) 71 group (d, e, f) Z5 group (g, , ).
CTLA-4 immunoreactivity positive cells (arrows).

Table 1.Semiquantitative scoring of CTLA-4 immunoreactivity in rat spleen tissue.

Groups Red pulp White pulp
Control + +

\Ginger 100 mg/kg + +

\Ginger 500 mg/kg ++ ++

No staining (-), weak staining (+), moderate staining (++), strong staining (+++)

ring susceptibility to autoimmunity.®® Mutations in this
gene have been associated with autoimmune diseases
such as type 1 diabetes mellitus, celiac disease, systemic
lupus erythematosus.?33

Ginger; It is a plant known to have anti-inflammatory,
antioxidant and anti-serotonin effects. It has been re-
ported that ginger may have protective functions in
arthritis, arthritis and musculoskeletal disorders. In ad-
dition, it has been stated that it induces helper T2 cells
and anti-inflammatory cytokines such as IL-4, IL-10, inc-
reases glutathione level and antioxidant enzyme activity
such as superoxide dismutase, inhibits the release of
substance P, which is a mediator of inflammation and
pain, and decreases TNF-a, IL-1B, IL-6, IL-2 and pros-
taglandin levels. In a study, it has been suggested that
ginger has positive effects in reducing pain associated
with inflammation and oxidative stress. It has also been
stated that the use of ginger can reduce muscle pain
caused by exercise.?**> In a study on mice, it has been

suggested that ginger can improve inflammation in the
airways by increasing the activation of T cells that play a
key role in immunity. In addition, it has been stated that
by regulating calcium channels, it can relax the smooth
muscles of the respiratory tract and improve asthma sy-
mptoms.3 In our study, Weak CTLA-4 immunoreactivity
was detected in the red and white pulp in the spleen tis-
sue of control and ginger 100 mg/kg group and modera-
te CTLA-4 immunoreactivity was detected in the ginger
500 mg/kg group

5. Conclusion

Spleen is an organ that has important functions in the
immune system. In studies investigating the effect of
various plants on spleen tissue, it was emphasised that
plant extracts applied at high doses would cause histo-
logical changes in spleen tissue. In our study, it was de-
termined that ginger oil application at different doses
did not cause histological changes in the spleen tissue
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and increased CTLA-4 immunoreactivity in the ginger
500 mg/kg group. Based on our results, it is concluded
that in order to fully explain the effects of ginger admi-
nistration on the spleen, it is necessary to determine the
efficacy of different doses, forms and administration for-
ms of ginger.
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