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Abstract: Previous studies reported remarkable high incidence of depression in cancer patients compared with the
general population. Colorectal carcinoma (CRC) is one of the most frequent malignancies worldwide and has been
found to be one of the malignancies with the highest incidence of patient depression. Thus, strategies that may
alleviate CRC-associated depression may significantly improve the patients’ life quality and outcome of the therapy.
Ginsenoside Rh2 (GRh2) has been reported to have therapeutic effects on various diseases. However, whether it
may also play a potential role in alleviating tumor-associated depression in CRC patients is unknown. Here, we stud-
ied the role of GRh2 in the control of depression in CRC using a mouse model. CRC was induced in mice through
orthotopic implantation. GRh2 or control vehicle was then given to the mice twice per week for 4 weeks, after which
the mice were subjected to a forced swim test (FST), a tail suspension test (TST) and a sucrose intake test (SIT). We
found that the mice that received GRh2 treatment significantly improved their behaviors in all FST, TST and SIT tests,
seemingly through decreases in the depression-associated cytokines, interleukin 6 (IL-6), IL-18 and tumor necrosis
factor-alpha. Moreover, GRh2 significantly increased survival time of the CRC-mice. Together, our data suggest that
GRh2 may alleviate tumor-associated depression in mice carrying CRC and highlight GRh2 treatment as a potential
beneficial therapy for CRC-associated depression in patients.
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Introduction the colon or rectum of the gastrointestinal tract
[4-6]. The prognosis of CRC largely results from
the presence of distal metastases or not, since
in situ cancer and cancer with invasion of lymph
nodes are both highly treatable [4-6]. However,
distal metastases of CRC to the liver, lungs or
other organs cause difficulties for treatments,
leading to poor therapeutic outcome [7-10].
Many CRC patients have been shown to suffer
from depression [11-13]. Hence, strategies to
reduce the impact of depression on the out-
come of the therapy appear to be extremely
important.

Previous studies have demonstrated the im-
mense impact of psychological distress on life
quality and illness trajectory in cancer patients.
Moreover, this emotional distress has been
entitled as “the sixth vital sign in cancer care”
[1], which requests health care providers to
attach no less importance to the monitoring of
emotional distress than to the monitoring of
“traditional” vital signs such as blood pressure
or heart rate [2]. Patients are believed to bene-
fit from early recognition and adequate treat-
ment of emotional burden and tumor-associat-
ed depression [3]. However, whether any medi-
cine could be together with individual psycho-
logical coping strategies could have significant
impact on treatment outcome for patients’
depression as well as the overall survival in
cancer patients is largely unknown.

Ginsenoside Rh2 (GRh2) is a well-characterized
component in red ginseng with potential bioac-
tivity. GRh2 and its derivatives have been
reported of potentially therapeutic effects on
various diseases, including colitis [14] and
some types of cancer [15-24], although the
Colorectal cancer (CRC) is a common malignant underlying mechanisms are largely unknown.
tumor that develops from the epithelial cells in Moreover, whether GRh2 may be an effective
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treatment for alleviating CRC-associated de-
pression has not been investigated.

Here, we studied the role of GRh2 in the control
of depression in CRC using a mouse model.
CRC was induced in mice through orthotopic
implantation. GRh2 or control vehicle was then
given to the mice twice per week for 4 weeks,
after which the mice were subjected to a forced
swim test (FST), a tail suspension test (TST)
and a sucrose intake test (SIT). We found that
the mice that received GRh2 treatment signifi-
cantly improved their behaviors in all FST, TST
and SIT tests, seemingly through decreases in
the depression-associated cytokines, interleu-
kin 6 (IL-6), IL-18 and tumor necrosis factor-
alpha, consistent with previous report [25].

Materials and methods
Animals

All experimental protocols were approved by
the Research Bureau of Hangzhou First
People’s Hospital. All mouse experiments were
approved by the Institutional Animal Care and
Use Committee at Hangzhou First People’s
Hospital (Animal Welfare Assurance). The meth-
ods regarding animals were carried out in
“accordance” with the approved guidelines.
Mouse surgeries were performed in accor-
dance with the Principles of Laboratory Care,
supervised by a qualified veterinarian. The
methods were carried out in accordance with
the approved guidelines. All efforts were made
to minimize pain and suffering. Female NOD/
SCID mice of 12 weeks of age were used in the
current study. Ten mice were analyzed in each
experimental condition.

CRC cell line

Caco-2 is a human epithelial CRC cell line [26],
which was purchased from American Type
Culture Collection (ATCC, Rockville, MD, USA).
Caco-2 cells were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM) supplemented
with 20% fetal bovine serum (Invitrogen,
Carlsbad, CA, USA).

Orthotopic implantation
Caco-2 cells were prepared in normal saline

and 10° cells were injected via s.c. in the flank
of 12-week-old NOD/SCID mice. After 6 weeks,
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the mice were euthanized and the tumors were
removed and cut into pieces of 1.5 mm in diam-
eter. Twelve-week-old female mice were used
as recipients. These mice were anesthetized
with isoflurane, and the abdomen was scrubbed
for surgery. A small incision was made parallel
to the linea alba, and the cecum was exterior-
ized. One piece of the prepared tumor was
implanted on the top of the serosal surface. A
surgical suture was used to attach the tumor to
the serosal wall without penetrating the inner
layers of the intestine. The organ was returned
to the abdominal cavity, and the abdominal wall
was closed. The analyses on mice were per-
formed 4 weeks after tumor implantation.

GRh2 administration

Ten mice were analyzed in each experimental
condition. Gastric irrigation with GRh2 (Weikeqi
Bioscience, China) was performed as has been
described previously [14, 27], and the frequen-
cy is twice per week for 4 weeks, till analyses.
GRh2 was given at 0.2 mg/kg body weight, 1
mg/kg body weight, and 5 mg/kg body weight,
respectively.

Forced swim test (FST)

Forced swim test (FST) assesses despair which
is a depressive-like behaviors comprising strug-
gling time vs immobile time. In this study, each
mouse was individually placed in a glass barrel
(height: 25 cm; diameter: 15 cm) containing 20
cm water (25°C). All the mice were allowed to
swim for 6 min and recorded by videos to score
subsequently. The immobility time, defined as
the moment when a mouse lacks other activi-
ties except for movements to keep its head
above the water, was scored during the last 4
min.

Tail suspension test (TST)

In this study, mouse tails were wrapped with
tape from the base to the tip and fixed upside
down on the hook. Sessions were recorded and
scored subsequently for the immobility time,
defined as the moment of absence of active
attempts to escape during the last 4 min.

Sucrose intake test (SIT)

1% sucrose intake was measured for 1 hour
between 19:00 and 20:00 every Monday. All
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Figure 1. The schematic of the experiment. NOD/SCID mice were subcutane-
ously injected with Caco-2 cells to form tumor. Then orthotopic implantation
of an identical size of tumor of 1 mm diameter was performed in NOD/SCID
mice to create CRC. After tumor implantation, the mice received GRh2 at
different doses for 4 weeks. The CRC-mice that received saline only were
used as controls (Control). Serum cytokine levels were measured at the end
of the experiment and the mice were subjected to 3 different behavior tests
to evaluate the levels of depression. The mice were then kept to evaluate the
lifespan without further treatment.
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Figure 2. GRh2 significantly improves the score of FST of CRC-mice. Com-
pared to control mice, GRh2 dose-dependently decreased the immobility
times in the FST, suggesting that GRh2 may have improved the status of
depression in CRC-mice. *p < 0.05. N = 10.

mice (including the control group) were deprived
of water and food 12 hours before the SIT. Mice
continued freely eating and drinking after the
test.

necrosis factor-alpha (TNF-)
in mice were analyzed using
corresponding ELISA kit (R&D
Systems, Los Angeles, CA,
USA), according to the manu-
facturer’s instruction.

Statistical analysis

All statistical analyses were
carried out using the SPSS
18.0 statistical software pa-
ckage. All data were statisti-
cally analyzed using one-way
ANOVA with a Bonferroni cor-
rection, followed by Fisher’s
Exact Test. Mouse survival
was analyzed using Kaplan-
Meier curves. All values are
depicted as mean + standard
error and are considered sig-
nificant if p < 0.05.

Results

Experimental design

In order to evaluate the
effects of GRh2 on CRC-
associated depression, we
set up a mouse model. First,
NOD/SCID mice were subcu-
taneously injected with Caco-
2 cells to form tumor. Then
orthotopic implantation of an
identical size of tumor was
performed in NOD/SCID mice
to create CRC. After tumor
implantation, the mice rece-
ived GRh2 at different doses
for 4 weeks. The CRC-mice
that received saline only were
used as controls. Serum cyto-
kine levels were measured at
the end of the experiment and
the mice were subjected to 3
different behavior tests to

evaluate the levels of depression. The mice
were also kept to evaluate the lifespan without
further treatment (Figure 1).

GRh2 significantly improves the score of FST

ELISA of CRC-mice

The serum levels of depression-associated
cytokines, interleukin 6 (IL-6), IL-18 and tumor
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We found that compared to control mice, GRh2
dose-dependently decreased the immobility
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GRh2 significantly improves
the score of SIT of CRC-mice

We found that compared to
control mice, GRh2 dose-
dependently increased the
sugar intake in the SIT, sug-
gesting that GRh2 may have
improved the status of de-
pression in CRC-mice (Figure
4).
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Figure 3. GRh2 significantly improves the score of TST of CRC-mice. Com-
pared to control mice, GRh2 dose-dependently decreased the immobility
times in the TST, suggesting that GRh2 may have improved the status of

depression in CRC-mice. *p < 0.05. N = 10.
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In order to understand the
mechanisms underlying the
GRh2-induced alleviation of
depression in CRC-mice, we
analyzed the serum levels of
depression-associated cyto-
Kines, interleukin 6 (IL-6),
IL-18 and TNF-a. We found
that compared to control
mice, GRh2 dose-dependent-
ly decreased the serum levels
of IL-6, IL-18 and TNF-«
(Figure 5). These data sug-
gest that the anti-depression
role of GRh2 may result from
reduction in the serum levels
of the depression-associated
cytokines in CRC-mice.

5 GRh2 treatment significantly
increases the survival time of
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Figure 4. GRh2 significantly improves the score of SIT of CRC-mice. Com-

CRC-mice

Finally, we investigated whe-

pared to control mice, GRh2 dose-dependently increased the sugar intake in ther GRh2 treatment may

the SIT, suggesting that GRh2 may have improved the status of depression

in CRC-mice. *p < 0.05. N = 10.

times in the FST, suggesting that GRh2 may
have improved the status of depression in CRC-
mice (Figure 2).

GRh2 significantly improves the score of TST
of CRC-mice

We found that compared to control mice, GRh2
dose-dependently decreased the immobility
times in the TST, suggesting that GRh2 may
have improved the status of depression in CRC-
mice (Figure 3).
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have an effect on the survival
of the CRC-mice. Kaplan-
Meier curves were performed,
showing that GRh2 treatment significantly
increased the survival time of CRC-mice (Figure
6), demonstrating a potential role of GRh2 in
contradicting the CRC-associated depression.

Discussion

CRC is the third leading cause of cancer-related
death in the United States, and the number of
the affected people continuously increases
with time. It has been acknowledged that
depression is a concomitant feature of CRC
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Figure 5. GRh2 significantly reduces the levels of the depression-associated
cytokines. The serum levels of depression-associated cytokines, interleukin
6 (IL-6), IL-18 and tumor necrosis factor-alpha (TNF-a) were analyzed, show-
ing that compared to control mice, GRh2 dose-dependently decreased the
serum levels of IL-6, IL-18 and TNF-a. These data suggest that the anti-de-
pression role of GRh2 may result from reduction in the serum levels of the
depression-associated cytokines in CRC-mice. *p < 0.05. N = 10.

—— Control

0.2
GRh
1 (mg/kg
5 body weight)

corticotropin-releasing factor,
or act as the fundamental
basis of the dexamethason
suppression test, in analogy
to a paraneoplastic symptom
[25, 29, 30]. Specifically, ele-
vated IL-6 plasma levels are
associated with depression in
patients in which tumor cells
can influence production of
serotonin receptor antibodies
active in central nervous sys-
tem [25, 29, 30].

Since depression is one of the
crucial factors impairing life
quality of cancer patients,
early and adequate antide-
pressant treatment is critical
to an overall supportive care.
Depression management re-
quires sufficient pain control
and psychological support as
well as use of antidepres-
sants [31]. All organic causes
of depression like metabolic

% survival

1
20

Figure 6. GRh2 treatment significantly increases the survival time of CRC-

weeks after tumor implantation

disorder, infections, drug side
effects or brain radiation sh-
ould be well evaluated be-
fore administration of phar-
macologic therapy. Neverthe-
less, an effective medical
treatment of CRC-associated
depression in patients is so
far lacking.

mice. Kaplan-Meier curves were performed, showing that GRh2 treatment

significantly increased the survival time of CRC-mice. **p < 0.01. *p < 0.05.

N = 10.

and it is possible that depression itself is a pro-
moter of tumor development or progression [1].
Hence, there is a great need to take good care
of CRC patients physiologically and psychologi-
cally, to support the medical therapy.

A dysregulated immune response has been
proposed to be a causal link between depres-
sion and cancer. Animal models suggest an
association between proinflammatory cyto-
kines and “depression-like” symptoms [28]. In
line with these notions, increased serum levels
of cytokines such as IL-6, IL-18 and TNFa are
detected in cancer patients [25, 29, 30]. These
cytokines have a demonstrative impact on the
hypothalamic-pituitary-adrenal axis and the
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In the current study, we stud-
ied the effects of GRh2 on the
depression in mice of a CRC
model. Mouse models of CRC have played an
important role in understanding CRC biology
and treatment and have long been instrumen-
tal in clarifying the pathobiology of CRC forma-
tion and inhibition. Numerous mouse models of
CRC have been developed, providing insights
into pathogenesis mechanisms, tools for dis-
covery, validation of novel therapeutic targets,
and a predictive platform in which to test new
chemoprevention strategies. Among these CRC
models induced by genetic modification, or
chemicals, orthotopic implantation has been
used to produce a model more similar to human
cancers, which was used in the current study.
Here, the implant colon cancer cell line is first
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put s.c. to the mice to form tumor and then the
resected tumor is directly placed on the serosa
of the intestine. The advantage of orthotopic
implantation is its relevance to human CRC and
the disadvantage is the highly technical require-
ment. We successfully built up the model and
used it to test the effects of GRh2 on depres-
sion of CRC-mice.

Many Chinese traditional medicine have pro-
nounced therapeutic effects on various diseas-
es, whereas their mixture manner prevents a
precise determination of the molecular mecha-
nism by which they exert their effects. GRh2 is
a purified item from Chinese traditional medi-
cine, which has been proven to have pro-
nounced therapeutic effect on various diseas-
es. However, whether it may also affect the
psychological status in CRC-patients has not
been studied. Here, we found that the mice that
received GRh2 treatment significantly improved
their behaviors in all FST, TST and SIT tests,
seemingly through decreases in the depres-
sion-associated cytokines, IL-6, IL-18 and
TNFa. Moreover, GRh2 significantly increased
survival time of the CRC-mice. Together, our
data suggest that GRh2 may alleviate tumor-
associated depression in mice carrying CRC
and highlight GRh2 treatment as a potential
beneficial therapy for CRC-associated depres-
sion in patients.
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