
Abstract. Background/Aim: Although cisplatin is an
effective anticancer drug, its toxic effects on normal tissues
limit its use. We developed a herbal formula, MH-30, with
increased fat-soluble polyphenols by improving the
manufacturing method of HemoHIM. In this study, we
examined whether the combination of MH-30 with cisplatin
exerts synergistic antitumor effect while it reduces cisplatin-
induced toxicities. Materials and Methods: MH-30 was
produced by adding the ethanol-insoluble fraction to its
extract after decocting herbs in 30% ethanol and water. We
used a melanoma-bearing mice model to investigate
synergistic anticancer effects. The NK cell activity and
cytokine levels were measured by Cr51-release assay and
ELISA. The AST, ALT, BUN, and creatinine levels were
estimated in the serum. Results: MH-30 effectively inhibited
melanoma growth in vitro. Furthermore, MH-30 had a
synergistic effect in combination with cisplatin on melanoma
growth inhibition in vitro and in vivo. In melanoma-bearing
mice, cisplatin alone decreased the activity of NK cells and
the levels of IL-2 and IFN-γ, which were effectively restored
by the combination of MH-30 with cisplatin. Combined
treatment with MH-30 and cisplatin significantly inhibited
the cisplatin-induced increase in the levels of AST, ALT,
BUN, and creatinine. Conclusion: Combination of MH-30
with cisplatin may be a beneficial anticancer treatment with
reduced adverse effects. 

Melanoma is a malignant tumor of melanocytes, and its
incidence has been increasing yearly in many countries (1).
Furthermore, anticancer therapy for melanoma is complicated
due to its resistance to chemical anticancer agents (2, 3).
Chemotherapy is commonly used to directly kill cancer cells,
however, in many cases, chemotherapy alone does not provide
a satisfactory therapeutic outcome. In other words,
therapeutically effective doses that may eliminate the tumors
will lead to serious side effects. For this reason, a combination
of chemotherapy with agents having different mechanisms of
action has been studied and clinically tested (4-12). 

Cisplatin (cis-diaminedichloroplatinum II) has been
widely utilized for the therapy of several solid cancers.
Although cisplatin has an excellent anticancer activity, its
undesirable side effects, such as bone marrow toxicity,
ototoxicity, nephrotoxicity, and hepatotoxicity limit its
clinical usage (13-16). Efforts to reduce these side effects
often have been focused on reducing the dose, frequency and
duration of cisplatin treatment. The exact cellular and
molecular mechanisms of cisplatin-induced toxicity are not
clear, but the oxidative stress caused by cisplatin has been
suggested as a key factor (17-19). When cisplatin is
administered to the human body, it accumulates primarily in
the liver and kidneys, where it leads to increased generation
of reactive oxygen species (ROS) and disruption of the
cellular oxidative defense system (18, 20, 21). Therefore,
treatment with antioxidants (as chemo-protectors) has been
evaluated to ameliorate the severity of cisplatin-induced
toxicity in various animals (22-29), however, they have not
been proven clinically effective in cancer patients, which
necessitates further research.

In many studies, natural products and traditional herbal
medicines are considered key players in pharmacology and
especially in cancer research as complementary and
alternative medicines (CAM; defined by the National Center
as a group of diverse medical and health care systems) (30-
33). Traditional herbal medicines are characterized as herbal
cocktails with multiple phytochemicals in a single formula.
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Consequently, these traditional herbal formulas have the
advantage of maximizing the therapeutic effects by
synergistically affecting multiple biological and pathological
processes.

We have previously formulated a novel herbal mixture
termed HemoHIM, which was produced by adding its
polysaccharide fraction after extracting the herbal mixture
consisting of Angelica Radix, Cnidium Rhizoma and Paeonia
Radix by hot water. We produced this herbal cocktail to
protect stem cells of the intestine and bone marrow and to
promote immune system recovery against oxidative stresses,
such as that produced by irradiation (34, 35). In our previous
studies, various activities of HemoHIM have been reported
in several in vitro and in vivo models (36-44). In addition,
HemoHIM enhances the treatment efficacy of cisplatin or
ionizing radiation in melanoma-bearing mice (45, 46).
HemoHIM decocted by hot water has low levels of fat-
soluble polyphenols, although there are reports that the fat-
soluble polyphenols exert higher antioxidant activity than the
water-soluble polyphenols (47, 48). Accordingly, we
decocted the above three herbs by 30% ethanol and hot water
to improve the antioxidant efficacy by increasing the levels
of fat-soluble polyphenols and designated the product MH-
30. Recently, we showed through HPLC analysis that MH-
30 has a higher content of fat-soluble polyphenol compounds
than HemoHIM (8.7 times higher for decursin), suggesting
that MH-30 has significantly increased protective efficacy
against ionizing radiation compared with HemoHIM (49). 

In the current study, we determined the synergistic effect
of the combination of MH-30 with cisplatin on the anti-tumor
activity without interfering with cisplatin both in vitro and in
vivo. Furthermore, we examined whether nephrotoxicity and

hepatotoxicity induced by cisplatin were mitigated by MH-
30 administration. 

Materials and Methods
Animals. Female 8-week-old C57BL/6N (H-2b) mice and Charles
River CD-1 (ICR) mice were purchased from Orient Inc. (Charles
River Technology; Seoul, Republic of Korea). The animals were
housed in specific pathogen-free conditions at a controlled
environment, 22±2˚C and 50±5% relative humidity. Mice were fed
standard animal diet and water ad libitum. The mice used in all
experiments were sacrificed by asphyxiation with CO2 gas. The
animal experiments were conducted in strict accordance with the
guidelines for the use and care of laboratory animals of Ministry of
Health and Welfare, Republic of Korea. All protocols were approved
by the Institutional Animal Care and Use Committee of the Korea
Atomic Energy Research Institute (KAERI-IACUC) and included
criteria for euthanasia to minimize suffering.

Preparation of MH-30. The herbal medicines were purchased from
the Gyeongdon Herbal Medicine Market in Seoul, Republic of Korea.
Varieties were identified by traditional classification from the
Gyeongdong Herbal Medicine Market and theses herbs are designated
as edible raw ingredients by the Korean Food Code. A mixture of
three edible medicinal herbs, Angelica Radix (root of Angelica gigas
Nakai), Cnidii Rhizoma (rhizome of Cnidium officinale Makino), and
Paeonia Radix (root of Paeonia japonica Miyabe), was decocted for
2 h at 70˚C in 30% ethanol to obtain an ethanol extract (E-I). To
obtain a water extract, sediments after extracting with ethanol were
decocted in boiling water two times (E-II and E-III). Then, a part of
E-I was blended with E-II and E-III, and the mixture was fractionated
into an ethanol-soluble fraction (Fr-II) and an ethanol-insoluble
polysaccharide fraction (Fr-I) by precipitation in 80% ethanol. MH-
30 was prepared by adding the ethanol-insoluble polysaccharide
fraction to the other part of E-I (Figure 1). The percentages of crud
polysaccharide in the final MH-30 were 35~45%. 

in vivo 34: 1845-1856 (2020)

1846

Figure 1. The scheme for producing the herbal formula MH-30.



Cells. B16F10 (Melanoma cell line; CRL-6475) and YAC-1 cell
lines (Molony virus induced leukemia; TIB-160) were purchased
from ATCC (Rockville, MD, USA) and cultured as we have
previously reported (45, 46).

Melanoma cell growth assay in vitro. The effect of cisplatin and
MH-30 on the number of viable melanoma cells was assessed by
CCK-8 (WST-8; Dojindo Lab, Kumamoto, Japan) as per the
manufacturer’s instructions. The detailed method has been
previously reported (45). 
                                                                                                              
Melanoma-injected mice model. Mice were divided randomly into
three groups of eighteen~twenty-two mice: Control, Cisplatin and
Cisplatin+MH-30. On day 1, 2×105 B16F10 melanoma cells were
inoculated subcutaneously into left femoral region of mice. Three
days after cancer cell implantation, a final concentration of 100
mg/kg body weight (B.W.) of MH-30 intubated every day until the
end of the experiment, while the control group received only water.
Cisplatin was injected intraperitoneally at 3 mg/kg B.W. on days 7,
8, 13, 14, 19 and 20 (total six injections). The experimental method
of the administration of cisplatin and MH-30 after melanoma
injection is summarized in Figure 3. Mice were monitored every
other day for tumor growth and weighted two times weekly.

Preparation of spleen lymphocytes. On day 19 after B16F10
melanoma inoculation, the spleen lymphocytes were obtained from
the spleens. The isolation method of the spleen lymphocytes has
been previously reported (45). 

Cr51-release assay. NK cell activity was measured by 51Cr-release
assay as described previously (45, 46). Briefly, spleen effector cells
were cocultured with 51Cr-sodium chromate-labeled YAC-1 target.
After incubation for 4 hours, 51Cr released in the culture supernatant

was detected by gamma counter. The lysis was calculated using the
following equation: % lysis={[CPM (experimental)–CPM
(spontaneous)]/[CPM (maximum)–CPM (spontaneous)]}×100.

Measurement of cytokines in the cell culture supernatant. To detect
IL-2 and IFN-gamma in the culture supernatant, the spleen
lymphocytes (2×106 cells/24-well) were cultured with 1 mg/ml
Concanavalin (Con) A for 1 or 2 days. The cytokine levels were
determined using an ELISA according to the manufacturer’s
instructions (http://www.bdbiosciences.com). All OptEIA™ sets
were purchased from BD PharMingen (SanDiego, CA, USA).

In vivo experimental design to assay cisplatin-induced toxicity. CD-
1 (ICR) mice were divided randomly into four groups of twelve
mice: Control, MH-30 only, Cisplatin and Cisplatin+MH-30. MH-
30 was intubated at 100 mg/kg B.W. every day for 20 days, while
the control group was administrated only water. From day 3 after
the initial oral feeding of MH-30, cisplatin was injected
intraperitoneally as described above (Figure 3). 

Histopathological examination of kidney and liver tissue. On day
17 after the initial injection of cisplatin, the kidney and the liver
were harvested and paraffin embedded following fixation in 10%
buffered formalin for 2 days. The five-micron paraffin-embedded
sections were cut and stained with hematoxylin and eosin (H&E)
for histopathological examination and observed under the light
microscope at ×200 magnifications.

Measurement of biochemical parameters. Whole blood of mice was
collected from the retro-orbital veins using heparinized capillary
tubes. After centrifugation, sera were collected, and the levels of
serum BUN, creatinine, AST, and ALT were analyzed using the
AU680 Chemistry System (Beckman Coulter, Brea, CA, USA). 
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Figure 2. MH-30 inhibits melanoma cell growth and enhanced the effect of cisplatin in vitro. The melanoma cells were seeded at a density of 7×103
cells per well. (A) At 24 h after melanoma seeding, cells were treated with various concentration of MH-30 or HemoHIM for 48 h. (B) At 24 h after
melanoma seeding, cells were treated with various concentrations of MH-30 and with or without various concentrations of cisplatin for 24 h. After
incubation, the CCK-8 solution was added to each well and then the optical density was measured. Data are presented as the Mean±SD. *p<0.05,
**p<0.01, ***p<0.005 and ****p<0.001.



Statistical analysis. The differences between the groups are presented
as mean±S.D. The significance of differences was analyzed by the
Student’s t-test using SPSS Statistic 22 (IBM, New York, USA).
Probability values of less than 0.05 were statistically significant.

Results

MH-30 enhances the effect of cisplatin on B16F10 cells in
vitro. Firstly, we examined the effect of MH-30 on the
growth of B16F10 melanoma cells and compared it with that
of HemoHIM. In our previous study, HemoHIM (100 μg/ml)
did not inhibit melanoma growth in vitro (45). As shown in
Figure 2A, treatment with MH-30 resulted in a
concentration-dependent reduction in the viability of B16F10
melanoma cells. MH-30 showed a significantly higher
inhibitory effect on melanoma growth than HemoHIM.
Therefore, we considered that the high content of fat-soluble
polyphenols in MH-30, compared with HemoHIM,
contributed greatly to the inhibition melanoma growth. 

In order to examine the synergistic effect of MH-30 and
cisplatin on melanoma growth, B16F10 melanoma cells were
cultured with MH-30 and cisplatin for 24 h. The dose of
cisplatin was chosen to be 10 μg/ml or 20 μg/ml less than
the IC50 values to observe inhibitory effects of more than
50% when treated with MH-30 and cisplatin. Figure 2B
shows the concentration-dependent inhibitory effect of both
MH-30 and cisplatin on B16F10 cells treated with one or
both drugs. The inhibition of melanoma growth was
significant at all concentrations of cisplatin in the presence
of 300 μg/ml or 500 μg/ml MH-30. The combination of 100
μg/ml MH-30 with cisplatin gave significant results only at
20 μg/ml cisplatin. These results suggest that the cytotoxic
activity of MH-30 alone or in combination with cisplatin can
be partly explained by a direct effect on melanoma, and MH-
30 does not interfere with cisplatin in vitro.

Synergistic anticancer effect of MH-30 and cisplatin in
B16F10 melanoma-transplanted mice. In the following

experiments, the antitumoral effect of MH-30 in combination
with cisplatin was explored in melanoma-bearing mice is
summarized in Figure 3. As shown in Figure 4A, the mean
tumor weight of mice receiving MH-30 (100mg/kg B.W.)
together with cisplatin (3 mg/kg B.W.) was significantly
decreased when compared with that of those receiving either
treatment alone (p<0.005 compared with cisplatin only
group). The tumor weight in the cisplatin only group was
decreased significantly to 47.16% compared to the control
mice and to 65.75% by the combined treatment with MH-30
and cisplatin. Despite growth inhibition of melanoma in vitro
(Figure 2), when MH-30 (100 mg/kg BW) was administrated
alone without cisplatin, there was no reduction in tumor
weight compared to the control group (Data not shown). This
result may indicate that the administrated dose of MH-30
was not that required to kill tumor cells directly (Figure 2A).
Photographs are shown in Figure 4B.

The enhanced anti-cancer efficacy of MH-30 in combination
with cisplatin involved NK cell activity and IFN-gamma
secretion. MH-30 itself did not directly inhibit tumor growth
in melanoma-transplanted mice, instead had a synergistic
effect with cisplatin. We, therefore, hypothesized that MH-
30 has different mechanisms for anti-cancer efficacy in
melanoma-implanted mice. Since it has been reported that it
supports the activity of diverse immune cells including NK
cells, macrophages, and cytotoxic T cells for cancer
surveillance, we next investigated the effect of MH-30 on the
cytotoxic activity of NK cell on day 19 after B16F10
injection in mice. Figure 5A shows that treatment of
melanoma-implanted mice with cisplatin alone significantly
decreased the activity of NK cells, which was restored by the
combined treatment with MH-30 and cisplatin (p<0.05).
MH-30 alone had no significant effect on the cytotoxic
activity of NK cells. 

IL-2 and IFN-gamma are known to be potent activators
for the cancer cell killing function of NK and Tc cells. To
evaluate the secretion of IL-2 and IFN-gamma in melanoma-
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Figure 3. The experimental schedule used for assessing the synergistic anticancer efficacy of MH-30 and cisplatin in melanoma-bearing mice.
B16F10 melanoma cells (2×105/mouse) were inoculated subcutaneously into the left femoral region of mice. MH-30 was given daily at 100 mg/kg
B.W. until the end of the experiment. Cisplatin was intraperitoneally injected at 3 mg/kg B.W. on days 7, 8, 13, 14, 19 and 20 (total six injections).



implanted mice, spleen lymphocytes prepared on day 19
after melanoma injection were cultured with ConA for 24 or
48 h. IL-2 levels were reduced in the cisplatin alone group,
and restored by the combined treatment with MH-30 (Figure
5B). However, the levels of IL-2 were not statistically
significantly different. Figure 5C shows that cisplatin alone
significantly decreased the levels of IFN-gamma (p<0.01
compared with control mice), which were significantly
increased in the group receiving combined administration of
MH-30 and cisplatin (p=0.08). 

Protective activity of MH-30 on the cisplatin-induced
hepatotoxicity and nephrotoxicity. It is known that cisplatin
accumulates well in the liver and kidneys, causing
undesirable side effects in these organs (13, 14, 19).
Cisplatin induces oxidative stress, which is one of the
mechanisms of toxicity. Previous studies have revealed that
MH-30 had higher superoxide anion and hydroxyl radical
scavenging activity than HemoHIM that showed protective
activity against cisplatin-induced nephrotoxicity (45). We,
therefore, examined whether MH-30 might reduce damages

induced by cisplatin. It has been reported that a minimum
dose of cisplatin inducing nephrotoxicity in rats is 5 mg/kg
body weight (29, 30). Based on this report, in this study,
cisplatin was given intraperitoneally at 3 mg/kg B.W. twice
a week for three weeks (total six injections; Figure 6A). 

Body weight loss was observed from day 9 after the first
injection of cisplatin, and there was a significant difference
between cisplatin and normal control from day 13 (Figure
6B). However, MH-30 significantly ameliorated body weight
loss in cisplatin-treated mice. In addition, the liver and the
kidney weight significantly decreased by 18.98% (p=0.002)
and 17.87% (p=0.001) in the cisplatin only group,
respectively. The group receiving the combined treatment of
MH-30 and cisplatin showed no statistically significant
decrease. 

The hepatotoxicity of cisplatin was assessed by measuring
the levels of AST and ALT in the serum, and by
histopathological examination on day 3 after the final
injection of cisplatin. MH-30 alone for 20 days did not affect
the liver function, whereas the serum AST and ALT levels in
the mice that received cisplatin only were significantly
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Figure 4. MH-30 has synergistic anticancer effects in combination of cisplatin in melanoma-bearing mice. All mice treated as described in figure 3
were sacrificed on day 22 after B16F10 melanoma inoculation. (A) The tumor weight of each group was measured. (B) Photographs of melanoma
solid tumors taken from all mice of each group. There were eighteen~twenty-two mice in each group. Data are presented as the Mean±SD. †p<0.001
compared with control group; *p<0.005 compared with only cisplatin treated group.



increased. Combined treatment with MH-30 and cisplatin
remarkably prevented the cisplatin-induced increase in AST
and ALT levels in serum (Figure 7A). Despite the significant
differences in the biochemical parameters, no
histopathological damages were observed in the liver of the
mice treated with MH-30 alone, cisplatin alone, or the
combination of cisplatin and MH-30 (Figure 7B). 

The levels of BUN and creatinine in the serum were
measured to assay for cisplatin-induced nephrotoxicity. The
mice administered with MH-30 only for 20 days did not
show any kidney dysfunction at the histopathological level
(Figure 8B) as well as at the biochemical parameters level
(Figure 8A). In contrast, cisplatin only injection resulted in
a statistically significant increase in serum BUN and
creatinine, indicating impaired renal function (Figure 8A).
MH-30 effectively blocked the cisplatin-induced increase in

serum BUN and creatinine levels. In addition, in the
histopathological examination of the kidney, cisplatin
injection led to renal tubular cell necrosis, which was
effectively reversed by the co-administration of MH-30
(Figure 8B).

Discussion

Several studies have confirmed that natural herbal medicines
may control a variety of human diseases, including tumor
(32, 50-52). Traditional medicines are herbal cocktails
containing multiple herbs in a single formula. These
formulas are usually prepared by decocting extracts with
boiling water, a traditional extraction method. In case of
decocted extracts, some chemical interactions occur between
the natural constituents that exist in the formula’s ingredient
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Figure 5. Effect of MH-30 on the cancer cell killing activity of NK cells and on the secretion levels of IL-2 and IFN-gamma in melanoma-bearing
mice. On day 19 after B16F10 melanoma inoculation, spleen lymphocytes were isolated using a Ficoll-Hypaque density gradient centrifugation.
(A) The cancer cell killing activity of NK cells was determined by 51Cr release assay as described in Materials and Methods. (B), (C) Spleen
lymphocytes were cultured with ConA (1 mg/ml). After 1 or 2 days, IL-2 and IFN-gamma in the culture supernatants were measured by ELISA as
described in Materials and Methods. There were six mice in each group. Data are presented as the Mean±SD. †p<0.05 and ‡p<0.01 compared with
control group; *p<0.1 and **p<0.05 compared with only cisplatin treated group. 



herbs during decoction. Thus, decoction may change the rate
of extraction of the active components and create new
artificial substances, which can have new pharmacological
activities. In traditional medicines, the herbal cocktail and
new substances produced by decoction have the advantage
of having the desired therapeutic effects while reducing side
effects (33). 

Previously, we have produced a novel medicinal herbal
mixture known as HemoHIM, comprising three edible herbs
(Angelica Radix, Cnidium Rhizoma and Paeonia Radix), and
have reported various effects of HemoHIM in several models
in vitro and in vivo (35-46). HemoHIM has low levels of fat-
soluble polyphenols because it is decocted with boiling water
in a traditional way. We recently developed MH-30 from the
same herbs was HemoHIM by decocting with 30% ethanol
and hot water to enhance the fat-soluble polyphenol contents
and confirmed that various fat-soluble polyphenol compounds

in MH-30 were at higher levels compared to HemoHIM (49).
Decursin contents in MH-30 were 8.7-fold higher than
HemoHIM. In our previous study, HemoHIM did not directly
inhibit tumor growth in vitro (45). Treatment with
complementary and alternative medicines (including
traditional medicine) is usually used as adjuvant instead of
conventional treatment. However, MH-30 appeared to
directly inhibit melanoma viability in a concentration-
dependent manner in vitro. Our results support the conclusion
that the fat-soluble polyphenols in MH-30 contributed to
inhibition melanoma growth. There are many reports that
decursin exhibits anticancer activity by inhibiting the Wnt/β-
catenin pathway, inducing cell cycle arrest and apoptosis, and
inhibiting VEGF-induced angiogenesis, and also by inhibiting
metastasis by targeting MMP-9 activity (53-56). In addition,
MH-30 showed a synergistic effect in combination with
cisplatin on melanoma growth inhibition in vitro.
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Figure 6. MH-30 administration prevents cisplatin-induced body, liver, and kidney weight loss. (A) The experimental schedule for assessing the
cisplatin-induced damages in vivo. MH-30 was given daily at 100 mg/kg B.W. for 20 days. From day 3 after initial oral feeding of MH-30, cisplatin
was intraperitoneally injected at 3 mg/kg B.W. twice a week for three weeks. (B) Body weight of all groups was measured once every three or four
days. (C) On day 17 after initial injection of cisplatin, the liver and the kidneys of all groups were removed, and their weight was measured. There
were twelve mice in each group. Data are presented as the Mean±SD. †p<0.1 and ‡p<0.01 compared with the control group; *p<0.05 and **p<0.01
compared with the only cisplatin treated group.



The results of the present study indicated that the
anticancer effect of MH-30 is mediated through the
restoration of the NK cell activity and the secretion of IL-2
and IFN-gamma. Many studies on enhancing the activity of
NK cells against tumor cells have been conducted (57, 58).
This is because NK cells can kill cancer cells that have
diminished MHC I expression and evade recognition of Tc
cells (57, 58). In addition, NK cells are involved in the
enhancement of the activity of various immune cells, such as
dendritic cells, Th cells and Tc cells (59). It is generally
believed that IL-2 and IFN-gamma are effective stimulators
of the activity of NK and Tc cell to lyse tumor targets.
Especially, IFN-gamma can increase the expression of class
I MHC on the surface of tumor cells to allow Tc cells to
recognize and lyse them (60, 61). The combination of
cytokines with chemotherapeutic drugs has been examined in
depth as cancer therapy in both animal experimental and
clinical studies (62). Nevertheless, the clinical usages of these

cytokines have been examined very carefully due to their
unwanted side effects and dose-limiting toxicities. Generally,
herbal cocktails containing several herbs may offer the merit
of the maximal therapeutic effects with minimal adverse
effects (33). In our present study, we demonstrated that MH-
30 administration in melanoma-bearing mice restored the
activity of NK cells as well as the cisplatin-induced reduction
of IL-2 and IFN-gamma, with no apparent side effects. These
results show that MH-30 has the potential to induce lysis of
tumor cells by Tc cells as well as NK cells via IFN-gamma
secretion in melanoma-bearing mice, suggesting that MH-30
has anti-cancer drug activities through mechanisms different
from chemotherapeutic drugs such as cisplatin. 

Although the use of high concentrations of cisplatin is
more effective in inhibiting cancer growth, the clinical use
of cisplatin is dose-limited due to its unwanted side effects
such as bone marrow toxicity, ototoxicity, nephrotoxicity,
and hepatotoxicity (15-17). To overcome side effects and
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Figure 7. MH-30 administration reduces cisplatin-induce hepatotoxicity. On day 17 after initial injection of cisplatin, serum was prepared through
clotting of whole blood collected from the retro-orbital veins and the liver was removed and fixed in 10% buffered formalin for 2 days. (A) The
levels of serum AST, and ALT were analyzed using the AU680 Chemistry System. (B) The paraffin-embedded sections (5 mm thick) were stained
with hematoxylin and eosin (H&E) for histopathological examination and observed under light microscope at ×200 magnification. The result shown
is representative from each group. There were twelve mice in each group. Data are presented as the Mean±SD. †p<0.05 and ‡p<0.01 compared
with the control group; *p<0.1 and **p<0.05 compared with the only cisplatin treated group.



drug resistance, combination chemotherapy of cisplatin with
other chemotherapeutic drugs having different mechanisms
of actions is widely reported (10, 18, 63). Moreover, the
most possible mechanism of cisplatin-induced side effects is
the increased secretion of ROS such as superoxide anions,
hydrogen peroxide and hydroxyl radicals after accumulation
in the liver and kidneys, resulting in tissue damage (15, 19).
For these reasons, many studies have examined whether
administration of antioxidants, modulators of nitric oxide,
and cytoprotectors, such as amifostine, before cisplatin
treatment ameliorates cisplatin-induced toxic side effects
(64-66). Whereas there are reports that agents causing
oxidative stress such as allopurinol or augmenting lipid
peroxidation such as gemcitabine enhance the nephrotoxicity
of cisplatin (67, 68). In a previous study, MH-30 showed
high superoxide and hydroxyl radical scavenging activity
(49). Interestingly, antioxidants and scavengers of superoxide

anion or hydrogen peroxide prevented necrosis induced by
cisplatin in vitro, whereas hydroxyl radical scavengers
partially blocked apoptosis caused by lower doses of
cisplatin (69). In addition, it has been recently reported that
decursin increased the activity of antioxidant enzymes such
as glutathione peroxidase, Cu/Zn superoxide dismutase
(SOD), and catalase, which blocked cisplatin-induced
cytotoxicity and apoptosis (70). In the current study, MH-30
administration prevented cisplatin-induced decrease of the
liver, kidney and body weight. In addition, the serum levels
of AST and ALT indicating hepatotoxicity and BUN and
Creatinine indicating nephrotoxicity were effectively
decreased by MH-30 administration in cisplatin-injected
mice. These results show that MH-30 reduced cisplatin-
induced adverse effects via antioxidant activity, suggesting
that the fat-soluble polyphenols, particularly decursin, in
MH-30 contribute to its activity.
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Figure 8. MH-30 administration reduces cisplatin-induce nephrotoxicity. On day 17 after initial injection of cisplatin, serum was prepared through
clotting of whole blood collected from the retro-orbital veins and the kidneys were removed and fixed in 10% buffered formalin for 2 days. (A) The
levels of serum BUN and creatinine were analyzed using the AU680 Chemistry System. (B) The paraffin-embedded sections (5 mm thick) were
stained with hematoxylin and eosin (H&E) for histopathological examination and observed under light microscope at ´200 magnifications. The
result shown is representative cortex from each group. There were twelve mice in each group. Data are presented as the Mean±SD. †p<0.05 and
‡p<0.01 compared with the control group; *p<0.01 compared with the only cisplatin treated group.



The present study clearly demonstrated that MH-30 in
combination with cisplatin efficiently inhibits the melanoma
growth, with no apparent undesirable adverse effects. These
findings collectively suggest that MH-30 may be used as a
safe and effective treatment for malignant tumor cells or as
a supplement during conventional chemotherapy. 
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