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Abstract
Background: The carcinogenic substance 7,12-Dimethylbenz[a]anthracene (DMBA) was
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commonly used to induce tumor formation in rodents. The development of tumor may trigger
higher expression of pro-inflammatory cytokines, which in turn supports tumor progression.
In this study, we examined the efficacy of Cyperus rotundus extract (CRE) that was reported
to have anti-inflammatory properties. We focused on investigating the levels of activated T
Keywords: lymphocytes and the pro-inflammatory cytokines expressed by macrophages.

Methods: Female BALB/c were injected with DMBA subcutaneously. The DMBA exposed mice
were given CRE orally in three different doses; 63.33, 158.4, and 316.8 mg/kg. After 14 days, the

levels of activated T lymphocytes and pro-inflammatory cytokines were analyzed using flow

-Cyperus rotundus
-DMBA
-Inflammatory cytokine

-Lymphocyte T cells cytometry. Graphical analysis was done with FlowJo v10 and followed by statistical analysis.

Results: The treatment of CRE reduced the population of CD4 and CD8 T cells. The number
of activated CD4 and CD8 T cells were also significantly suppressed. The population of

-Macrophages

macrophages marked by CD11b cells was significantly reduced. Finally, the CRE treatment
suppressed the levels of TNF-a, IEN-y, IL-1p, and IL-6 expressed by macrophages.
Conclusion: Our findings suggest that CRE could be a potential agent useful in therapeutic
approaches for curing the disease caused by aberrant cells.

Introduction

Cancer is one of the leading causes of death worldwide.!
To gain further insight, researchers have been trying to
study cancer on animal models. The 7,12-Dimethylbenz[a]
anthracene (DMBA) is a chemical agent that was used to
study cancer in animal models. Previous studies revealed
that DMBA may form mammary tumors with various
routes of administration, doses, and exposure duration.?
Adenocarcinomas were observed from 3 to 7 weeks of
multiple administration of DMBA on BALB/c mouse.’
The multiplicity, latency, and incidence of the tumors were
affected by age, reproductive condition, and hormonal
status of the host.* However, the immunological perspective
from the effects of carcinogen exposure, including DMBA,
have not been studied well. Although the previous report
showed that the administration of DMBA may cause pro-
inflammatory cytokine to rise,’ its effects on lymphocytes
and macrophages were not fully understood.

Also known as ‘wounds that do not heal, cancer is
relatively hard to cure due to its ability to escape the
immune system.® Cancer patients were known to have high

levels of inflammatory cytokines. These cytokines were
closely related to cancer development by promoting the
infiltration of lymphocytes and were shown to have a bad
prognosis for cancer patients. Under normal conditions,
inflammation will be stopped when the agents causing the
disease were eliminated. However, in such cases as cancer,
inflammation becomes unregulated leading to chronic
inflammation and constitutive expression of different kinds
of cytokines. Some inflammatory cytokines were claimed
to induce anti-tumor response during the early stages of
cancer, but will eventually induce pro-tumor response
during the later stages of cancer.” Inflammatory cytokines
promote tumor proliferation, increases tumor motility,
and induces the formation of blood vessels through
angiogenesis. Therefore, cancer cells have a higher chance
to adapt and survive, because not only blood vessel carries
nutrition for tumor cells, but also allows it to metastasize to
different parts of the body.® Studies have tried to overcome
this problem by examining the effects of various herbal
extracts to inhibit these cytokines. Although there has
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been a limitation for cancer drug development, utilizing
local herbs seems to be an alternative way to develop drug.
Common Nut Sedge (Cyperus rotundus L.) is a well-known
medicinal plant in Asian countries. Typically famous as
weeds, this plant provides many anti-cancer bioactive
compounds which have been clinically proven to treat
several types of cancer cell lines, including MCE-7 (breast),
HeLa (cervix), Hep-G2 (liver), PC-3 (prostate), and HT-
29 (colorectal) cell lines by causing apoptosis.” Besides
having cytotoxic effects on cancer, CRE also has the
potential to promote anti-inflammatory response. Several
bio-compounds isolated from Cyperus rotundus were
claimed to decrease pro-inflammatory cytokines, such as
IL-1B3, IL-6, and TNF-a." Furthermore, the expression
of NF-kB and STAT3 signaling pathways are suppressed,
which allows other pro-inflammatory cytokines to be
downregulated.!" Another research also showed that CRE
significantly reduces the expression levels of IL-6 and
IFN-y in inflammatory bowel disease.'> Other nutrients
in this plant are exploited for its bioactive compound with
anti-cancer benefits."

Ethanol extract of C. rotundus has shown promising effects
in cancer, which urge this paper to rise. However, its efficacy
in modulating the immune system of DMBA-induced mice
have not been well understood. The anti-inflammatory
effects of CRE might be a potential treatment to suppress
the inflammatory cytokines, thus providing a better
prognosis to cancer inhibition. This paper aims to observe
the modulation of lymphocytes and the cytokine levels in
macrophages on mice after the administration of CRE.

Materials and Methods

Animals

Sixty female BALB/c mice aged 8 weeks old were obtained
from Gajah Mada University, Yogyakarta Province,

Week - 8

v

Vehicle

DMBA

-+

DMBA

DMBA

<+

CR1:CR2: CR3

Indonesia. . Each mouse was fed with a nutritional pellet
diet, given enough water, and morphological changes
were recorded routinely. The experimental procedures
were evaluated and proved by the Animal Care and Use
Committee of Brawijaya University (Legal number:
1152-KEP-UB). The animals were caged separately in
5 different groups and kept at a free-pathogen facility
provided by the Biology Department of Brawijaya
University. After a week of acclimatization, the animals
were randomly separated into 5 different groups (Figure
1). Group I (Vehicle): mice only received corn oil by
subcutaneous injection representing control group (n=5).
Group II (DMBA): mice were administered with DMBA
by subcutaneous injection without any herbal treatment
(n=5). Group III-V (CR1-CR3): mice were administered
with DMBA by subcutaneous injection and were treated
with Cyperus rotundus extract (CRE) orally (n=5). Not all
mice survived until the end of the study and these mice were
not counted in our data analysis. Previous studies reported
that CRE had shown significant anti-inflammatory effects
at a dose ranging from 50 to 300 mg/kg for mice models,
and slightly higher for rat models."*'® In this experiment,
we formulated the lower, mild, and higher doses of CRE
groups as 63.33, 158.4, and 316.8 mg/kg, respectively.

DMBA injection

Cancer induction was done wusing carcinogenic
substance  7,12-Dimethylbenz[a]anthracene = (DMBA)
(Tokyo Chemical Industry Co. Ltd.). After a week
of acclimatization, mice were injected with DMBA
subcutaneously near the lower-left flank of the mammary
glands. DMBA dose was given 15 mg/kg weight of mice.
The administration of every DMBA dose was diluted with
corn oil as a solvent. The injection was done weekly for 8
weeks. All mice in the vehicle group survived until the end

Day 0 Day 14
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DMBA + CRE; low, mild, and high dose

+ Sacrifice

Figure 1. Protocol of study. CR1 group (DMBA 15 mg/kg + CRE 63.33 mg/kg); CR2 group (DMBA 15 mg/kg + CRE 158.4 mg/kg); CR3
group (DMBA 15 mg/kg + CRE 316.8 mg/kg). DMBA: 7,12-Dimethylbenz[a]anthracene; CRE: Cyperus rotundus extract.
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of study. Unfortunately, we found 23.33% of mortality rate
in all mice that were exposed with DMBA.

Herb extraction

Cyperus  rotundus  rhizome (specimen  no.:
074/84A/102.7/2019) was obtained and identified by
botanists from UPT Materia Medika, Batu City, Indonesia.
Rhizome was cut into small pieces and grounded until it
became powder. Extraction was prepared by dissolving
Cyperus rotundus rhizome powder with absolute ethanol
with the proportion of 1:10 (drug: solvent, w/v) inside
an aluminum-covered flask to keep it free from sunlight.
Materials were shaken with magnetic stirrer using rotary
shaker at 1000 rpm for 24 h at 70°C. The mixture was then
filtered and evaporated using an evaporator. The Cyperus
rotundus extract (CRE) was freeze-dried at -20°C for 1
week to remove the remaining ethanol. For storage, the
extract was kept at 4°C freezer. The extract was diluted
with warm water and administered orally to mice daily for
14 days. It was worth noting that up to 316.8 mg/kg dose of
PNE did not exhibit any toxicity.

Flow cytometry

Sacrificed mice were given 70% alcohol around the
abdomen for sterile sectioning. The spleen was also isolated
from sacrificed mice and grounded in Phosphate Buffer
Saline (PBS). Homogenate was centrifuged 2500 rpm for 5
minutes at 10°C and the obtained pellet was resuspended
with 1 mL PBS. Antibody staining was done by adding cell
suspension with specific intracellular (IL-1f, IL-6, TNF-a,
IFN-y) and extracellular (CD4, CD8, CD62L, CD11b)
antibodies (BioLegend, San Diego, CA). Intracellular
antibody staining was also added with 50 uL Cytofix &

Vehicle DMBA

CR1

500 pL Permeabilization wash bufter solution (BioLegend,
San Diego, CA). Antibody staining was followed with 20
minutes incubation at 4°C and was centrifuged 2500 rpm
for 5 minutes at 10°C. The centrifuged cell suspension
was added with 400 uL PBS inside 1.5 mL microtube,
homogenized using a vortex and transferred to a cuvet
tube. The sample was followed with flow cytometry analysis
(FACS Calibur™) and data was recorded using computer.
Graphical analysis was done with Flow]Jo v10.

Statistical analysis

Statistics were performed using SPSS 25.0 software for
ANOVA test and Post Hoc Tukey HSD Test. In this study,
a value of p<0.05 was considered significant between two
different groups. All data were shown in mean * standard
deviation (SD).

Results

CRE treatment suppressed lymphocyte T cell population
The population of CD4* T cells in the DMBA group was
significantly higher than the vehicle group (p<0.01)
(Figure 2). In this study, we observed that the treatment
of CRE reduced the levels of CD4" T cells in a dose-
dependent manner. The lower dose of CRE diminished the
population of CD4* T cells to 8.4% compared to the DMBA
group (p<0.05). The mild and higher dose reduced CD4* T
cells up to 8.3% (p<0.05) and 7.7% (p<0.01), respectively.
Similarly, the population of CD8* T cells in the DMBA
group was significantly higher than the vehicle group.
Unlike CD4* T cells, the reduction of CD8+ T cells were
not obtained in a dose-dependent manner. However, each
CRE doses have very similar amount of CD8 T cells ranging
around 6.3~6.4% of the total lymphocytes (p<0.01). The
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Figure 2. The relative number of CD4* and CD8* T cells. Vehicle group; DMBA group (DMBA 15 mg/kg BW); CR1 group (DMBA 15 mg/kg
+ CRE 63.33 mg/kg); CR2 group (DMBA 15 mg/kg + CRE 158.4 mg/kg); CR3 group (DMBA 15 mg/kg + CRE 316.8 mg/kg). ***: P<0.001,
**: P<0.01, *: P<0.05. DMBA: 7,12-Dimethylbenz[a]anthracene; CRE: Cyperus rotundus extract.
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results indicate that every dose of CRE have the potential
to normalize the immense number of CD4 and CD8 T cells
after DMBA exposure.

CRE treatment inhibits T cell activation

Activated T cells in this experiment were marked by the
loss of CD62L marker on the surface of CD4 and CD8 T
cells. The population of activated CD4 T cells was higher
in the DMBA group compared to the vehicle group (Figure
3). The treatment of CRE reduced the number of activated
CD4 T cells in a dose-dependent manner. The lower dose
of CRE reduced activated CD4 T cells to 48.1% (p<0.01).
The mild and higher doses of CRE further reduced the
number of activated CD4 T cells up to 47.5% and 45.7%,
respectively (p<0.01). Activated CD8 T cells in the DMBA
group were also significantly higher compared to the
vehicle group. The lower dose of CRE does not significantly
reduce the CD8 T cells. However, the mild and higher
doses of CRE reduced the number to 46.0% and 47.1%,
respectively (p<0.01).

CRE treatment suppressed macrophage population

CD11b is a common marker used for detecting the
presence of macrophages. In this experiment, we only
observed 8.7% of CD11b* cells in the vehicle group (Figure

A) Vehicle

4). The exposure of DMBA significantly increased the
population to 22.7% (p<0.001), which is almost 3 times
fold compared to the vehicle group. The lower CRE dose
does not significantly reduce the CD11b* cells. However,
the mild and higher doses of CRE successfully reduced the
population to 17.2% and 18.5%, respectively (p<0.05). This
demonstrated that CRE treatment reduced the population
of CD11b cells in the DMBA-exposed mice.

CRE treatment inhibit TNF-« expression

Based on the previous results, we suspect that CRE may have
anti-inflammatory properties that resulted in the reduction
of lymphocyte T cells. Therefore, we examined the effects
of CRE treatment on the cytokine levels expressed by
macrophages. TNF-a is regarded as one of the main pro-
inflammatory cytokines in the immune system. The levels
of TNF-a* expressed by macrophages in the vehicle group is
around 18.9% (Figure 5). The exposure of DMBA elevated
the level of the cytokine up to 35.01% (p<0.001), which is
almost twice the amount compared to the vehicle group. No
significant difference was observed in the lower and mild
doses of CRE compared with the DMBA group. However,
at a higher dose, the CRE treatment has significantly
reduced the expression of TNF-a* to 23.7% (p<0.01).
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Figure 3. The relative number of activated CD4* and CD8" T cells. Vehicle group; DMBA group (DMBA 15 mg/kg BW); CR1 group (DMBA
15 mg/kg + CRE 63.33 mg/kg); CR2 group (DMBA 15 mg/kg + CRE 158.4 mg/kg); CR3 group (DMBA 15 mg/kg + CRE 316.8 mg/kg). ***:
P<0.001, **: P<0.01, *: P<0.05, ns: non-significant. DMBA: 7,12-Dimethylbenz[a]anthracene; CRE: Cyperus rotundus extract.

49 | Pharmaceutical Sciences, 2021, 27(1), 46-55



Immunomodulatory Effects of Cyperus rotundus Extract

A) B)
8.7
Vehicle
227
el owea 2
213 3
- __-.J/\\‘-"'-L\-»«-. - CR1 £
/\— i 8
o
CR2
- - R e T 3‘?'
£ P 18.5
o - - CR3
o ey i P
|o° |Dl ID: II:IS'l 10‘
CD11b L

*
ns
30 k¥ I 1
- o
g 20
=
[=]
E
S 104 o
i)
—
o
o_

VehicleDMBA CR1 CR2 CR3

Figure 4. The relative number of CD11b* cells. Vehicle group; DMBA group (DMBA 15 mg/kg BW); CR1 group (DMBA 15 mg/kg +
CRE 63.33 mg/kg); CR2 group (DMBA 15 mg/kg + CRE 158.4 mg/kg); CR3 group (DMBA 15 mg/kg + CRE 316.8 mg/kg). ***: P<0.001,
**P<0.01, *P<0.05. DMBA: 7,12-Dimethylbenz[a]anthracene; CRE: Cyperus rotundus extract.

CRE treatment inhibit IEN-y expression

Macrophages were known to have important roles in
inflammation. Another essential pro-inflammatory
cytokine by macrophages is IFN-y. In this experiment,
IFN-y expressed by macrophages was marked by
CDI11b'IFN-y* (Figure 6). The levels of IFN-y* in the
vehicle group is 17.3%, and the DMBA exposure increased
the amount to 39.1% in the DMBA group (p<0.001). The
administration of CRE suppressed IFN-y* levels in a dose-
dependent manner. The lower dose of CRE reduced IFN-y*
levels to 29.6% (p<0.01). At the mild and higher dose,
CRE had its highest suppression potential causing IFN-y*
being reduced to 25.8 (p<0.001) and 25.7% (p<0.001),
respectively.

Vehicle

CRE treatment inibit IL-1 expression

The levels of IL-1p secreted by macrophages were marked
by CD11b+IL-1B+. The IL-1f level in the vehicle group was
17.9% and was elevated up to 31.0% due to the exposure
of DMBA (p<0.001) (Figure 7). The treatment of CRE
significantly reduced the IL-1pB levels, although not in a
dose-dependent manner. At the lower dose, CRE was able
to reduce the cytokine level to 23.4% (p<0.05) compared
with the DMBA group. The mild and higher dose of
CRE further suppressed IL-1p levels to 22.4% (p<0.01)
and 24.4% (p<0.05). The results demonstrated that the
treatment of CRE could minimize the high levels of IL-1f
after DMBA exposure.
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Figure 5. The relative number of TNF-a* expressed by CD11b* cells. Vehicle group; DMBA group (DMBA 15 mg/kg BW); CR1 group
(DMBA 15 mg/kg + CRE 63.33 mg/kg); CR2 group (DMBA 15 mg/kg + CRE 158.4 mg/kg); CR3 group (DMBA 15 mg/kg + CRE 316.8
mg/kg). ***: P<0.001, **: P<0.01, *: P<0.05, ns: non-significant DMBA, 7,12-Dimethylbenz[a]anthracene; CRE, Cyperus rotundus extract.
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Figure 6. The relative number of INF-y* expressed by CD11b* cells. Vehicle group; DMBA group (DMBA 15 mg/kg BW); CR1 group (DMBA
15 mg/kg + CRE 63.33 mg/kg); CR2 group (DMBA 15 mg/kg + CRE 158.4 mg/kg); CR3 group (DMBA 15 mg/kg + CRE 316.8 mg/kg). ***:
P<0.001, **: P<0.01, *: P<0.05. DMBA: 7,12-Dimethylbenz[a]anthracene; CRE: Cyperus rotundus extract.

CRE treatment inhibit IL-6 expression

Inflammation is often correlated with high expression of
IL-6 cytokine. Although it may also be expressed by other
immune cells, IL-6 was primarily secreted by macrophages.
The levels of IL-6 in the vehicle group was 17.9% (Figure 8).
After the exposure of DMBA, the levels of IL-6 significantly
elevated around twice the level to 33.6% (p<0.001). Similar
to the other cytokines, the treatment of CRE affected
the expression of IL-6, although not observed in a dose-
dependent manner. The lower dose of CRE reduced the
levels of IL-6 to 23.7% (p<0.01). The mild and higher doses
of CRE further reduced the levels of IL-6 to 27.8% (p<0.05)

Vehicle DMBA

’ |17.9 |31.n

and 27.4% (p<0.05), respectively. This indicates that the
treatment of CRE may be used to normalize the levels of
IL-6 in the DMBA exposed mice.

Discussion

Polycyclic aromatic hydrocarbons (PAH) such as the
7,12-Dimethylbenz[a]anthracene (DMBA) were known
to have carcinogenic effects and was previously reported
to successfully trigger the formation of breast tumors in
animal models.'”'® Several mechanisms were proposed to
understand the carcinogenicity of DMBA from ras gene
mutation to cellular oxidative damage that was important
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Figure 7. The relative number of INF-3* expressed by CD11b* cells. Vehicle group; DMBA group (DMBA 15 mg/kg BW); CR1 group
(DMBA 15 mg/kg + CRE 63.33 mg/kg); CR2 group (DMBA 15 mg/kg + CRE 158.4 mg/kg); CR3 group (DMBA 15 mg/kg + CRE 316.8 mg/
kg). ***: P<0.001, **: P<0.01, *: P<0.05. DMBA: 7,12-Dimethylbenz[a]anthracene; CRE: Cyperus rotundus extract.
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Figure 8. The relative number of IL-6* expressed by CD11b* cells. Vehicle group; DMBA group (DMBA 15 mg/kg BW); CR1 group (DMBA
15 mg/kg + CRE 63.33 mg/kg); CR2 group (DMBA 15 mg/kg + CRE 158.4 mg/kg); CR3 group (DMBA 15 mg/kg + CRE 316.8 mg/kg). ***:
P<0.001 **: P<0.05, *: P<0.01. DMBA: 7,12-Dimethylbenz[a]anthracene; CRE: Cyperus rotundus extract.

in the progression of breast cancer.’?! To enhance
tumorigenesis, DMBA was injected to young rodents,
when mammary glands were undifferentiated and highly
proliferative??. Interestingly, tumorigenesis in mice is
strains dependent. In this study, we chose BALB/c mice
because it was reported to be more sensitive to carcinogen
substances compared to other strains.”® The administration
of DMBA on BALB/c mice caused the pro-inflammatory
cytokines expressed in CD4 T cells to rise.” Similar to this
finding, we found pro-inflammatory cytokines expressed
in macrophages had significantly elevated. The population
activated CD4 and CD8 T cells were higher compared
to the normal state. This suggests that DMBA may have
triggered the innate and adaptive immune response that
caused the activation of immunocompetent cells.

In this study, we found that CRE treatment may normalize
the population of CD4 and CD8 T cells in the DMBA
exposed mice. The treatment of CRE reduced the levels
of CD4 and CD8 T cells in a dose-dependent manner. We
also found that the ratio of CD4+ to CD8+ T cells range
from 1.33 to 1.77 in all groups. Ratios ranging from 1.5
to 2.5 is often considered normal, although it may depend
on several factors such as age and sex.* According to
Yang et al”, CD4/CD8 ratio >1.7 was associated with
worse breast cancer prognosis. Studies have shown that
a high ratio of CD4/CD8 T cells in tumors has been
linked with lymph nodes metastasis and reduced patient
survival in breast cancer.” Increased CD4 T lymphocytes
are usually correlated to lymph node metastasis, leading
the patient to a worse outcome. CD8 T cell, on the other
hand, was associated with a better outcome in breast
cancer, as it is necessarily needed for inducing apoptosis
in cancer cells.”*® This allows a better prognosis for cancer
suppression growth and development. Unlike CD4+ T
cells which were able to differentiate into many different
subsets, the CD8 T cells mainly differentiate into memory

and effector cells.”” The CD4 T lymphocyte can differentiate
into different subsets, including Th (T helper) 1, Th2, Th17,
Th22, Treg (regulatory T cells), and Tth (follicular helper
T cells).”*® The CD4 and C8 T cells can be characterized by
different cytokine profiles, have distinct surface markers,
and serves a different function in cancer development.

In the aforementioned results, it is clear that CRE reduced
the number of lymphocyte T cells. The activation of
lymphocyte T cells can be determined by the loss of CD62L
(L-selectin) expression on their surface membrane. In this
report, we found that the administration of CRE caused a
significant reduction in activated T cells. It is interesting
to note that all activated T cells were reduced in a dose-
dependent manner. CD62L is an adhesion molecule and
provides a specific binding to high endothelial venules
(HEV) on the peripheral lymph node. It was demonstrated
that naive T cells express a high level of CD62L, and
will eventually lose this marker when activated.*» When
exposed to an antigen of a particular pathogen, lymphocyte
T cells would migrate away from lymph nodes to the site of
infection. After this process, the expression of CD62L will
be rapidly downregulated. Activation of naive CD4 and
CD8 cells may turn these cells into effector cells and exert
their function at the infection site.

As part of the innate immune system, macrophages may
function as antigen-presenting cells (APC). Polarization
of macrophages involves uncommitted macrophage MO
and turns into either M1 or M2 subtypes.**** During
cancer development, macrophages tend to infiltrate
tumor microenvironment and support tumor metastasis.
These macrophages are often called as tumor-associated
macrophages™. In this report, we showed that CRE may
reduce the number of macrophages. To examine the effects
of CRE on the pro-inflammatory cytokines, we measured
several cytokines that were expressed by macrophages. We
found that CRE treatment could reduce the expression
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of TNF-a in the DMBA exposed mice. This may be
advantageous for cancer treatment since higher TNF-a
levels showed worse prognosis at the later stages of cancer.”
TNF-a is one of the main cytokines that is involved in
inflammation and tumorigenesis. This cytokine induces
cancer growth through NF-kp and AP-1-dependent
pathways, which later promotes tumor survival’*¥
Interferon-y (IFN-y) also exerts the same function and
plays an important role in tumor growth and development.
A high level of IFN-y is correlated with a more aggressive
cancer phenotype. The presence of IFN-y may upregulate
PD-1 in the tumor microenvironment. This immune
checkpoint caused cytotoxic CD8 T cells to be inactivated,
which makes it ineffective to eliminate tumor cells. The
reduction of IFN-y shows a good prognosis in cancer and
promotes cytotoxic T cells to eliminate tumor cells.*®
Interleukin 1B (IL-1B) was secreted by most cell types
and signals on cells of both hematopoietic and non-
hematopoietic originated cells. The secretion of IL-1f
generates the vast spectrum of biological responses ranging
from the effects of the central nervous to hematologic and
metabolic systems. Although IL-1p secretion is essential
for immunity, overexpression may be highly detrimental
and leads to autoimmune diseases. IL-1 should thereby
be controlled and regulated to prevent the progression of
diseases. In breast experimental mice, IL-1{ contributes to
the development and invasiveness of mammary tumors.
High levels of IL-1p were shown to have a bad prognosis in
cancer, especially in the later stages. Since IL-1{ promotes
tumor metastasis, studies revealed that inhibiting IL-1f
shows a better prognosis for survival.** Analogous to this
case, similar effects were observed on interleukin-6 (IL-6).
IL-6 was shown to have a good prognosis in the early stage
of cancer, but will eventually promote tumor development
during the later stages of cancer7. Our study revealed that
CRE significantly suppressed IL-6 in the DMBA exposed
mice. The reduction of IL-6 will inhibit tumor proliferation
and prevent the secretion of several pro-tumor cytokines
such as the interleukin-17 (IL-17).4

Based on our results, Cyperus rotundus had the potential
to promote an anti-inflammatory response in the DMBA
exposed mice. The mechanisms underlying the therapeutic
effects may be due to the inhibition of nitric oxide (NO) and
superoxide (O,") expression in a dose-dependent manner.
We suspect this may be one of the therapeutic pathways
of CRE since it was described that DMBA stimulates
tumorigenesis and inflammation by manipulating the
reactive oxygen species (ROS) pathways. Besides, CRE
was also reported to suppress the activation of NF-xB and
STAT3 signaling pathways which allows pro-inflammatory
cytokines to be downregulated." For this reason, CRE had
been noted to acquire anti-inflammatory properties and
reduce the levels of IL-1p, IL-6, and TNF-a.'*'> Other anti-
inflammatory effects of CRE were extensively studied in
many reports.

Conclusion

The carcinogenic substance DMBA had elevated the levels
of activated T cells and pro-inflammatory cytokines.
In this study, we found that the CRE treatment was able
to normalize the population of lymphocyte T cells and
suppressed CD4 and CD8 T cell activation. We also found
that CRE was able to suppress pro-inflammatory cytokines
secreted by macrophages. It is worth noting that these
reductions generally occur in a dose-dependent manner.
We suspect that CRE may have certain compounds
that were able to control and interfere with the pro-
inflammatory cytokines pathways. Our findings suggest
that CRE possessed anti-inflammatory properties and
further experiments using purified bio-compounds should
be put to investigate the mechanism.

Ethical Issues

Any experimental protocols for ethical clearance used
in our study were approved by the Brawijaya University
Animal Experimentation Ethics Committee (Legal
number: 1152-KEP-UB).

Acknowledgments

The authors thank Mr. Bambang Pristiwanto for assisting
the flow cytometry process for the experiment. This
research was funded and supported by the Laboratory of
Animal Anatomy and Physiology, Brawijaya University.
We thank our colleagues from Biology Department who
provided insight and expertise that greatly assisted the
research.

Conflict of Interest
The author declare there is no conflict of interest in this
study.

References

1. Bray E Ferlay ], Soerjomataram I, Siegel RL, Torre LA,
Jemal A. Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36
cancers in 185 countries. Cancer J Clin. 2018;68:394-
424. d0i:10.3322/caac.21492

2. Bazm MA, Naseri L, Khazaei M. Methods of inducing
breast cancer in animal models: A systematic review.
World Cancer Res J. 2018;5(4):e1182. doi:10.32113/
wcrj_201812_1182

3. Jerry DJ, Butel JS, Donehower LA, Paulson EJ, Cochran
C, Wiseman RW, et al. Infrequent p53 mutations in
7,12-dimethylbenz[a]anthracene-induced mammary
tumors in BALB/c and p53 hemizygous mice. Mol
Carcinog. 1994;9:175-83. doi:10.1002/mc.2940090309

4. Russo J, Russo IH. Experimentally induced mammary
tumors in rats. Breast Cancer Res Treat. 1996;39(1):7-
20. d0i:10.1007/bf01806074.

5. Putra WE, Rifdi M. Immunomodulatory activities
of Sambucus javanica extracts in DMBA exposed
BALB/c mouse. Adv Pharm Bull. 2019;9(4),619-23
doi:10.15171/apb.2019.071

6. Jenkins R, Barbie D, Flaherty K. Mechanisms of

53 | Pharmaceutical Sciences, 2021, 27(1), 46-55


https://doi.org/10.3322/caac.21492
10.32113/wcrj_201812_1182
10.32113/wcrj_201812_1182
https://doi.org/10.1002/mc.2940090309
https://doi.org/10.1007/bf01806074
https://doi.org/10.15171/apb.2019.071

Immunomodulatory Effects of Cyperus rotundus Extract

10.

11.

12.

13.

14.

15.

16.

17.

18.

resistance to immune checkpoint inhibitors. Br ]
Cancer. 2018;118,9-16. doi:10.1038/bjc.2017.434
Ahmad N, Ammar A, Storr SJ, Green AR, Rakha E,
Ellis IO, et al. IL-6 and IL-10 are associated with good
prognosis in early-stage invasive breast cancer patients.
Cancer Immunol Immunother. 2018;67(4):537-49.
doi:10.1007/500262-017-2106-8

Landskron G, Fuente MD, Thuwajit P, Thuwajit C,
Hermoso MA. Chronic inflammation and cytokines
in the tumor microenvironment. J Immunol Res.
2014;149185. doi:10.1155/2014/149185

Mannarreddya P, Denisb M, Munireddya D,
Pandurangana R, Thangavelua KP, Venkatesana K.
Cytotoxic effect of Cyperus rotundus rhizome extract
on human cancer cell lines. Biomed Pharmacother.
2017;95:1375-87. doi:10.1016/j.biopha.2017.09.051
Ying ], Bing X. Chemical constituents of Cyperus
rotundus L. and their inhibitory effects on uterine
fibroids. Afr Health Sci. 2016;16(4):1000-6. d0i:10.4314/
ahs.v16i4.16

Seo Y, Jeong M, Lee K, Jang DS, Choi J. Isocyperol
isolated from the rhizomes of Cyperus rotundus
inhibits LPS-induced inflammatory responses via
suppression of the NF-kB and STAT3 pathways and
ROS stress in LPS-stimulated RAW 264.7 cells. Int
Immunopharmaco. 2016;38:61-9. doi:10.1016/j.intimp.
2016.05.017

Joharis, Joshi C, Gandhi T. Eftect of Cyperus rotundus on
cytokine gene expression in experimental inflammatory
bowel disease. Iran ] Med Sci. 2016;41(5):391-8.

Kilani S, Ledauphin J, Bouhlel I, Sghaier MB, Boubaker
J, Skandrani I, et al. Comparative study of Cyperus
rotundus essential oil by a modified GC/MS analysis
method: Evaluation of its antioxidant, cytotoxic, and
apoptotic effects. Chem Biodivers. 2008;5(5):729-42.
d0i:10.1002/cbdv.200890069

Ahmad M, Rookh M, Rehman AB, Muhammad
N, Amber, Younus M, et al. Assessment of anti-
inflammatory, anti-ulcer and neuro-pharmacological
activities of Cyperus rotundus Linn. Pak ] Pharm Sci.
2014;27(6-Special):2241-6.

Soumaya KJ, Dhekra M, Fadwa C, Zied G, Ilef L, Kamel
G, et al. Pharmacological, antioxidant, genotoxic
studies and modulation of rat splenocyte functions by
Cyperus rotundus extracts. BMC Complement Altern
Med. 2013;13:28. doi:10.1186/1472-6882-13-28

Imam MZ, Sumi CD. Evaluation of antinociceptive
activity of hydromethanol extract of Cyperus rotundus
in mice. BMC Complement Altern Med. 2014;14:83.
doi:10.1186/1472-6882-14-83

Burchiel SW, De Ann PD, Gomez MP, Montano RM,
Barton SL, Seamer LC. Inhibition of lymphocyte
activation in splenic and gut-associated lymphoid
tissues following oral exposure of mice to 7, 12-
dimethylbenz[a]anthracene. Toxicol Appl Pharmacol.
1990;105:434-42. doi:10.1016/0041-008x(90)90147-m
Buters J, Quintanilla-Martinez L, Schober W, Soballa

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

V], Hintermair J, Wolff T, et al. CYP1B1 determines
susceptibility to low doses of 7, 12-dimethylbenz[a]
anthracene-induced ovarian cancers in mice:
correlation of CYP1Bl-mediated DNA adducts
with carcinogenicity. ] Carcinog. 2003;24:327-34.
do0i:10.1093/carcin/24.2.327

Balmain A, Harris CC. Carcinogenesis in mouse and
human cells: parallels and paradoxes. ] Carcinog.
2000;21:371-7. d0i:10.1093/carcin/21.3.371

Currier N, Solomon SE, Demicco EG, Chang
DL, Farago M, Ying H, et al. Oncogenic signaling
pathways activated in DMBA-induced mouse
mammary tumors. Toxicol Pathol. 2005;33:726-37.
doi:10.1080/01926230500352226

Arulkumaran S, Ramprasath VR, Shanthi P,
Sachdanandam P. Restorative effect of Kalpaamruthaa,
an indigenous preparation, on oxidative damage
in mammary gland mitochondrial fraction in
experimental mammary carcinoma. Mol Cell Biochem.
2006;291:77-82. d0i:10.1007/s11010-006-9199-2
RussoIH, Russo]. Role ofhormonesin mammary cancer
initiation and progression. ] Mammary Gland Biol
Neoplasia. 1998;3:49-61. doi:10.1023/a:1018770218022
Welsh J. Animal models for studying prevention
and treatment of breast cancer. In: Conn PM, editor.
Animal models for the study of human disease. Oregon:
Academic Press; 2013. pp. 997-1018. doi:10.1016/B978-
0-12-415894-8.00040-3

McBride JA, Striker R. Imbalance in the game of T
cells: What can the CD4/CD8 T-cell ratio tell us about
HIV and health? PLoS Pathog. 2017;13(11):e1006624.
doi:10.1371/journal.ppat.1006624

Yang X, Ren H, Sun Y, Shao Y, Zhang L, Li H, et al.
Prognostic significance of CD4/CD8 ratio in patients
withbreastcancer.Int] Clin Exp Pathol.2017;10(4):4787-
93. doi:10.1088/1742-6596/1246/1/012053

Riazi RE Ajdary S, Omranipour R, Alimohammadian
MH, Hassan ZM. Comparative analysis of CD4+ and
CD8+ T cells in tumor tissues, lymph nodes and the
peripheral blood from patients with breast cancer. Iran
Biomed J. 2015;19:35-44. d0i:10.6091/ibj.1289.2014
Macchetti AH, Marana HR, Silva JS, de Andrade JM,
Ribeiro-Silva A, Bighetti S. Tumor-infiltrating CD4+
T lymphocytes in early breast cancer reflect lymph
node involvement. Clinics. 2006;61:203-8. doi:10.1590/
s1807-59322006000300004

Mahmoud SM, Paish EC, Powe DG, Macmillan
RD, Grainge M]J, Lee AH, et al. Tumor-infiltrating
CD8+ lymphocytes predict clinical outcome in breast
cancer. J Clin Oncol. 2011;29:1949-55. doi:10.1200/
JCO.2010.30.5037

Golubovskaya V, Wu L. Different subsets of T
cells, memory, effector functions, and CAR-T
immunotherapy. Cancers. 2016;8(3):36. do0i:10.3390/
cancers8030036

Raphael I, Nalawade S, Eagar TN, Forsthuber TG. T cell
subsets and their signature cytokines in autoimmune

Pharmaceutical Sciences, 2021, 27(1), 46-55 | 54


https://doi.org/10.1038/bjc.2017.434
https://doi.org/10.1007/s00262-017-2106-8
https://doi.org/10.1155/2014/149185
https://doi.org/10.1016/j.biopha.2017.09.051
https://doi.org/10.4314/ahs.v16i4.16
https://doi.org/10.4314/ahs.v16i4.16
https://doi.org/10.1016/j.intimp.2016.05.017
https://doi.org/10.1016/j.intimp.2016.05.017
https://doi.org/10.1002/cbdv.200890069
https://doi.org/10.1186/1472-6882-13-28
https://doi.org/10.1186/1472-6882-14-83
https://doi.org/10.1016/0041-008X(90)90147-M
https://doi.org/10.1093/carcin/24.2.327
https://doi.org/10.1093/carcin/21.3.371
https://doi.org/10.1080/01926230500352226
https://doi.org/10.1007/s11010-006-9199-2
https://doi.org/10.1023/A:1018770218022
https://doi.org/10.1016/B978-0-12-415894-8.00040-3
https://doi.org/10.1016/B978-0-12-415894-8.00040-3
https://doi.org/10.1371/journal.ppat.1006624
https://doi.org/10.1088/1742-6596/1246/1/012053
https://doi.org/10.6091/ibj.1289.2014
https://doi.org/10.1590/S1807-59322006000300004
https://doi.org/10.1590/S1807-59322006000300004
https://doi.org/10.1200/JCO.2010.30.5037
https://doi.org/10.1200/JCO.2010.30.5037
https://doi.org/10.3390/cancers8030036
https://doi.org/10.3390/cancers8030036

Ramadhani et al.

31.

32.

33.

34.

35.

and inflammatory diseases. Cytokine. 2015;74:5-17.
doi:10.1016/j.cyt0.2014.09.011

Yang S, Liu E Wang QJ, Rosenberg SA, Morgan
RA. The shedding of CD62L (L-selectin) regulates
the acquisition of lytic activity in human tumor-
reactive T lymphocytes. PLoS One. 2011;6(7):e22560.
doi:10.1371/journal.pone.0022560

Gonzalez-Juarrero M, Shim TS, Kipnis A, Junqueira-
Kipnis AP, Orme IM. Dynamics of macrophage cell
populations during murine pulmonary tuberculosis.
J Immunol. 2003; 171:3128-35 doi:10.4049/jimmunol
.171.6.3128

Panni RZ, Linehan DC, DeNardo DG. Targeting
tumor-infiltrating macrophages to combat cancer.

Immunother. 2013;5(10):1075-87. doi:10.2217/imt.
13.102
Yang L, Zhang Y. Tumor-associated macrophages: from

basic research to clinical application. ] Hematol Oncol.
2017;10:58. d0i:10.1186/s13045-017-0430-2
Balkwill, F. TNF-a in the promotion and progression of

36.

37.

38.

39.

40.

41.

cancer. Cancer Metastasis Rev. 25:409-16. doi:10.1007/
$10555-006-9005-3

Wajant H. The role of TNF in cancer. Results Probl Cell
Differ. 2009;49:1-15. d0i:10.1007/400_2008_26

Wu Y, Zhou BP. TNF-a/NF-kB/Snail pathway in
cancer cell migration and invasion. Br ] Cancer.
2010;102(4):639-44. doi:10.1038/sj.bjc.6605530

NiL, LuJ. Interferon-gamma in cancer immunotherapy.
Cancer Med. 2018; 7(9):4509-16. doi:10.1002/
cam4.1700

Chung ST, Geerts D, Roseman K, Renaud A, Connelly
L. Osteoprotegerin mediates tumor-promoting effects
of Interleukin-1beta in breast cancer cells. Mol Cancer.
2017; 16(1):27. doi:10.1186/s12943-017-0606-y
Tulotta C, Ottewell P. The role of IL-1B in breast
cancer bone metastasis. Endocr Relat Cancer. 2018;
25(7):R421-34. doi:10.1530/ERC-17-0309

Murugaiyan G, Saha B. Protumor vs. antitumor
functions of IL-17. J Immunol. 2009; 183(7):4169-75.
do0i:10.4049/jimmunol.0901017

55 | Pharmaceutical Sciences, 2021, 27(1), 46-55


https://doi.org/10.1016/j.cyto.2014.09.011
https://doi.org/10.1371/journal.pone.0022560
https://doi.org/10.4049/jimmunol.171.6.3128
https://doi.org/10.4049/jimmunol.171.6.3128
https://doi.org/10.2217/imt.13.102
https://doi.org/10.2217/imt.13.102
https://doi.org/10.1186/s13045-017-0430-2
https://doi.org/10.1007/s10555-006-9005-3
https://doi.org/10.1007/s10555-006-9005-3
https://doi.org/10.1007/400_2008_26
https://doi.org/10.1038/sj.bjc.6605530
https://doi.org/10.1002/cam4.1700
https://doi.org/10.1002/cam4.1700
https://doi.org/10.1186/s12943-017-0606-y
https://doi.org/10.1530/ERC-17-0309
https://doi.org/10.4049/jimmunol.0901017

