Yonago Acta medica 2016;59:100-110 Original Article

Effect of Gingerol on Cisplatin-Induced Pica Analogous to Emesis Via Modulating
Expressions of Dopamine 2 Receptor, Dopamine Transporter and Tyrosine
Hydroxylase in the Vomiting Model of Rats

Weibin Qian,*f Xinrui Cai, Yingying Wang,§ Xinying Zhang,i Hongmin Zhao,ll Qiuhai Qian,} Zhihong Yang,J
Zhantao Liuy and Junichi Hasegawa*

*Division of Pharmacotherapeutics, Department of Pathophysiological and Therapeutic Science, School of Medicine, Tottori Universi-
ty Faculty of Medicine, Yonago 683-8503, Japan, fAffiliated Hospital of Shandong University of Traditional Chinese Medicine, Jinan
250011, Shandong, China, $Shandong Academy Occupational Health and Occupational Medicine, Shandong Academy of Medical Sci-
ences, Jinan 250002, Shandong, China, §Jinan Shizhong People’s Hospital, Jinan 250002, Shandong, China, [[Hebei Province Cang-
zhou Hospital of Integrated Traditional and Western Medicine, Cangzhou 061000, Hebei, China and §Pharmic Department, Medical
College of Qingdao University, Qingdao 266021, Shandong, China

ABSTRACT distribution of D2R, DAT and TH in the area postrema
Background  Gingerol, the generic term for pungent  and ileum were measured by immunohistochemistry
constituents in ginger, has been used for treating vom-  and quantitated based on the image analysis, and the ex-
iting in China. We are going to investigate the mech-  pression of DAT and TH in the area postrema and ileum
anisms of inhibitive effect of gingerol on cisplatin-in-  were measured by RT-PCR. The weights of kaolin eaten
duced pica behaviour by studying on both peripheral and  of the remaining rats were observed in every 6 h contin-
central levels, and the effects of gingerol on homeostasis ~ uously for 72 h.
of dopamine (DA) transmission: dopamine D2 receptor ~ Results The weight of kaolin eaten in rats induced by
(D2R), dopamine transporter (DAT) and tyrosine hy-  cisplatin was significantly reduced by pretreatment with
droxylase (TH). gingerol in a dose-dependent manner during the 0-24
Methods The antiemetic effect of gingerol was inves-  h and 24-72 h periods (P < 0.05). Gingerol markedly
tigated on a vomiting model in rats induced by cisplatin ~ improved gastric emptying induced by cisplatin in a
3 mgkg™! intraperitoneal injection (i.p.). Rats were ran-  dose-dependent manner (P < 0.05), and exhibited effec-
domly divided into the normal control group (C), simple  tive dose-dependent inhibition on the increase of expres-
gingerol control group (CG), cisplatin control group  sion levels of D2R and TH and the decrease of expres-
(V), cisplatin + metoclopramide group (M), cisplatin +  sion levels of DAT in both the ileum and area postrema (P
low-dose gingerol group (GL), cisplatin + middle-dose < 0.05).
gingerol group (GM) and cisplatin + high-dose gingerol =~ Conclusion Gingerol is effective on cisplatin-induced
group (GH). In observation period, rats in Groups C and ~ emesis in rats possibly by inhibiting central or peripheral
V were pretreated with sterile saline 3 mL i.g; rats in  increase of DA by inhibiting D2R, TH and accelerating
Group CG were pretreated with gingerol 40 mgkkg™' i.g;  DAT.
rats in Group M were pretreated with metoclopramide
2.5 mgkg! i.g; rats in Groups GL, GM and GH were ~ Key words dopamine 2 receptor; dopamine transport;
pretreated with gingerol 10, 20 and 40 mgkg™' i.g. for 3  gingerol; tyrosine hydroxylase; vomiting
days, respectively. Cisplatin (3 mgkg™, i.p.) was admin-
istered one time after each treatment with the antiemetic It is generally accepted that nausea and vomiting (eme-
agent or its vehicle except the Groups C and CG. The  sis) are components of protective mechanism by which
the human body defends itself against ingested toxins.!
OLIESPOl However, chemotherapy-induced nausea and vomiting
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Accepted 2016 February 5 sociated with cancer treatment? that causes extreme dis-
Abbreviations: 5-HT3, 5-hydroxytryptamine 3; C, normal control ~ comfort and seriously impairs quality of patients’ life.?
group; CG, simple gingerol control group; CINV, chemothera-  Despite significant progress in the management of nau-
py-induced nausea and vomiting; D2R, dopamine D2 receptor;  ¢oq and vomiting associated with chemotherapy, these
DA, dopamine; DAT, dopamine transporter; GH, cisplatin + high- . . .. .
dose gingerol group: GL, cisplatin + low-dose gingerol group: side effects continue to limit the effe(.:tlvene.ss of. cancer
GM, cisplatin + middle-dose gingerol group; i.g., intragastrically; therapy and weaken the quality of life of its victims.*
i.p., intraperitoneal injection; M, cisplatin + metoclopramide ~ Cisplatin is one of the most effective and currently avail-

group; SP, substance P; TH, tyrosine hydroxylase; V, cisplatin con- ~ able chemotherapy agents. But it is also one of the most
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reasons on both acute and delayed emesis if anti-emet-
ics are not given.> ® A lot of evidences are proved that
cisplatin can lead many adverse events such as CINYV,
nephrotoxicity and peripheral neuropathy.” Therefore,
the control of nausea and vomiting is critical for the pa-
tient’s quality of life and perception of chemotherapy.

Vomiting is caused by noxious stimulation directly
or indirectly on the vomiting center such as gastrointesti-
nal tract, vestibular system, chemoreceptor trigger zone,
and higher centers in the cortex and thalamus. The nerve
impulse takes place when receptors are activated, and
transfer to the vomiting center, so emesis is initiated.®
% The chemotherapy-induced emesis is developed via
peripheral and central systems, which are independent
relatively, and many neurotransmitters have been impli-
cated in the pathogenesis of vomiting.!® ! Biochemical
signaling of emesis is much more diverse than previous-
ly believed.'> More recently, dopamine (DA) is believed
to be a major player in the motivational aspects of nau-
sea and vomiting. The homeostasis of DA transmission
is mainly controlled by three regulatory elements: do-
pamine D2 receptor (D2R), DA transporter (DAT) and
tyrosine hydroxylase (TH). D2R, one receptor of DA, is
known to activate the chemoreceptor trigger zone in the
area postrema of the fourth ventricle floor. This results
in efferent impulses to the medullary vomiting centre,
which initiates vomiting.'> * DAT, a Na*/Cl~ dependent
plasma membrane protein at nerve endings, can rapidly
reuptake DA, and determine the intensity and duration
of DA transmission.”” TH, the rate-limiting enzyme for
DA synthesis, participates in the regulation of intra- and
extracellular DA levels.!o- 17 However, studies of D2R,
DAT and TH were mainly concentrated in Parkinson’s
disease, obesity and so on.'820 And researches of D2R,
DAT and TH on vomiting have not been involved.

Rats do not vomit. Instead, anticancer drugs induce
kaolin ingestion behavior “pica” in rats, and it is evaluat-
ed as an index of nausea/vomiting.”! Yamamoto et al.??
have reported that kaolin intake induced by anticancer
drugs in rats is related to their clinical emetogenic po-
tential. In the present study, we investigated the effect of
gingerol on cisplatin-induced kaolin intake, which is an
index of nausea/vomiting in the rat.

Ginger, a classical traditional Chinese herbal medi-
cine known as Zingiber officinale Rosce, has been used
for treating vomiting for 2000 years in China. It is a
common food for cooking for years in East Asia. Some
evidences have proved that ginger has effect on vomit-
ing, post-operative nausea and vomiting and CINV.23-2
Studies with experimental animals (dogs and rats) have
shown that the various extracts of ginger and the ginger
juice possess anti-emetic effects against CINV. Gingerol
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is the generic term for pungent constituents in ginger.?® It
has been reported to inhibit contraction of isolated guin-
ea-pig ileum by acting on 5-hydroxytryptamine 3 (5-
HT3) receptors and this is presumed to be related to its
antiememtic activity.?” During our previous research, we
have already proved that gingerol has effects on vomit-
ing induced by cisplatin in minks, as well as prevented
the high expressions of DA.?% 2 But, the antiemetic
mechanism of gingerol remains unclear, and there are
few reports on the study of the homeostasis of DA trans-
mission. Based on our previous studies above, we have
guessed that gingerol can adjust the abnormal expression
of DA in vomiting by inhibiting synthesis or accelerating
degradation of DA.

Therefore, in this study, we are going to investigate
the mechanisms of inhibitive effect of gingerol on cis-
platin-induced pica behaviour by studying on both pe-
ripheral and central levels, and the effects of gingerol on
homeostasis of DA transmission: D2R, DAT and TH.

MATERIALS AND METHODS

Animals

Adult male Wistar rats weighing 200 + 20 g were pur-
chased from Shandong University Laboratory Animal
Shelter (Jinan, China). Rats were housed in individual
cages under controlled environmental conditions (22 +
2 °C relative humidity 40—-60%, 12 h dark/light cycles,
food and water ad libitum). Animals were used in the
present study in accordance with the guidelines of the
Shandong University Institutional Animal Care and Use
Committee. All studies were performed with approval
from the committee (2014012-KY).

Reagents

Gingerol (Xi’an Realin Biotechnology, Xi’an, China)
was dissolved in 1% tragacanth. Cisplatin (Qilu Phar-
maceutical, Jinan, China) was prepared in normal saline
at 70 °C followed by gradual cooling to 40 °C and was
administered immediately. Metoclopramide (Qilu Phar-
maceutical, Jinan, China). Anti-D2R, anti-DAT, anti-TH,
and goat anti-rabbit antibody were obtained from Beijing
Bioss Biological Technology, Beijing, China.

Kaolin was prepared according to the method of the
literature,?® with minor modifications. Kaolin (Tianjin
Kemiou Chemical Reagent, Tianjin, China) was mixed
with 7% gum arabic (Tianjin Guangfu Fine Chemical
Research Institute, Tianjin, China) in distilled water to
form a thick paste. The mixture was placed in a tube
and partially dried in a dryer. The mixture was extruded
from the tube, cut into a column of the same size as that
for normal feed pellets, and dried completely in a dryer.
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Animal experiments

105 rats were randomly divided into the following 7
groups: normal control group (C, n = 15), simple gin-
gerol control group (CG, n = 15), cisplatin control group
(V, n = 15), cisplatin + metoclopramide group (M, n =
15), cisplatin+ low-dose gingerol group (GL, n = 15),
cisplatin+ middle-dose gingerol group (GM, n = 15) and
cisplatin + high-dose gingerol group (GH, n = 15). In ob-
servation period, rats in Groups C and V were pretreated
with sterile saline 3 mL i.g.; rats in Group CG were
pretreated with gingerol 40 mgkg™' i.g.; rats in Group M
were pretreated with metoclopramide 2.5 mgkg™ i.g;
rats in Groups GL, GM and GH were pretreated with
gingerol 10, 20 and 40 mgkg™' i.g. for 3 days, respec-
tively. Gingerol was dissolved with 1% tragacanth. In
the second night, rats have a 12 h fast. On the third day,
cisplatin (3 mgkg™!, i.p.) was administered 30 min after
each treatment with the antiemetic agent or its vehicle
except the Groups C and CG. After administration of
cisplatin, rats numbered 1 to 5 in each group were sacri-
ficed to measure the gastric emptying 6 h later.

The weights of kaolin eaten of the remaining rats
were observed in every 6 h continuously for 72 h. To
measure the kaolin consumption during a 72 h period,
the remaining kaolin in the container and kaolin spilled
in the cage were collected, dried, and weighed every 6 h.

Dosages of drugs were calculated based on body
surface area. Adult patients take metoclopramide, gin-
gerol, cisplatin 30 mg, 200 mg and 35 mg per day, re-
spectively. The body surface area conversion coefficient
from humans to rats is 0.018. Because drug metabolism
is not exactly the same between human and rat, we uti-
lized 3 different doses of gingerol to evaluate its efficacy.
The concentrations of gingerols administered were cal-
culated based on body surface area. Adult patients take
gingerols at a dose of 200 mg per day, and the average
weight of an adult is 60 kg. The body surface area con-
version coefficient from humans to rats is 0.018; thus the
normal dose (medium dose) of gingerols administered
to rats was 20 mgkg™'. In order to evaluate the dose-de-
pended effect, we use three different doses group. The
high dose is double the medium dose, and the low dose
is half the medium dose.

The remaining rats were sacrificed 72 h after ad-
ministration of cisplatin. Tissues from the area postrema
as well as the ileum were removed from rats. The rats
were placed in a stereotaxic frame (stoelting, Wood
Dale, IL) with their head positioned vertically according
to the Rat Brain Atlas by Paxinos and Watson.?! Stereo-
taxic coordinates of the area postrema: 0-3 mm lateral
to midline, 4.4-4.8 mm posterior to interaural line,
13.68-14.08 mm posterior to bregma.
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Measurements of gastric emptying

Gastric emptying was adapted from the literatures with
some modifications.’? 33 Briefly, after a 12 h fast, rats
numbered 1 to 5 in each group were given 2 mL of the
phenol red solution (0.5 mg/mL) mixed with 1.5% meth-
ylcellulose via gavage. Thirty minutes after the feed-
ing, the rat was rapidly sacrificed under pentobarbital
anesthesia. The entire stomach was carefully isolated,
ligated just above the cardia and below the pylorus, and
removed. The amount of phenol red in the stomach was
determined by measuring the absorption at 560 nm us-
ing a spectrophotometer (Shenhua instrument and meter
factory, Shanghai, China). The percentage of gastric
emptying was defined as the ratio between the amount
of phenol red recovered from the stomach and the
amount of phenol red ingested into the stomach (1-the
amount of phenol red recovered from the stomach/ the
amount of phenol red ingested into the stomach).

Immunohistochemistry of D2R, DAT and TH
Tissues from the area postrema as well as the ileum
were removed from rats for immunohistochemical anal-
ysis of D2R, DAT and TH. The ileum was excised at a
distance of 20 cm from the pylorus. The samples were
fixed in 10% buffered formalin at 4 °C for 24-48 h.
This was followed by cryoprotection for 12—18 h at 4 °C
using 30% sucrose or until the samples equilibrated. The
samples were sectioned (4 um thick) using a freezing
microtome (ASpZr35) and standard immunohistochem-
ical procedures were used to visualize D2R, DAT and
TH protein. Sections were washed 4 x 10 min in PBS (pH
7.4) at room temperature and were blocked with 10%
normal goat serum. Sections were then incubated with
anti-D2R, anti-TH or anti-DAT (Beijing Bioss Biolog-
ical Technology, Beijing, China) overnight on a shaker
at room temperature. Following washing (4 x 10 min)
with PBS, sections were incubated for 2 h with goat an-
ti-rabbit antibody. Finally, sections were washed (3 x 10
min) in PBS, transferred onto gelatin-coated slides. Tis-
sue processed without the primary D2R antibody, DAT
antibody of TH antibody served as a negative control.
Adjacent sections were mounted onto plus-coated slides
and stained using Neutral Red (0.5%), washed through a
series of increasing alcohol concentrations, cleared with
xylene and coverslipped with Neutral Blasam.

Five fields from every section were randomly se-
lected for examination using an Olympus CKX41-32PH
microscope equipped with an imaging system (Olympus
Optical, Japan). The distribution and staining of positive
expression of the area postrema and ileum tissue were
observed under 200 light microscopes. The optical den-
sities were measured by Image-Pro Plus v 6.0 software
(Media Cybernetics, Rockville, MD).
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RT-PCR of DAT and TH

To measure mRNA expressions of DAT and TH in
the area postrema and ileum tissue, the tissues in rats
were quickly immersed in RNAlater and stored at —80
°C. The total RNA was sequentially extracted using
TRIZOL Reagent (Sigma-Aldrich, St. Louis, MO) ac-
cording to the manufacturer’s instruction. The RNA
was treated with DNase (DNAfree, Ambion, Austin,
TX) in order to remove contaminating genomic DNA,
followed by phenol, chloroform extraction and ethanol
precipitation. Total RNA was assessed for purity using
the NanoDrop system. Total RNA was performed in a
two-step procedure as described by Power SYBR Green
PCR Master Mix kits (Applied Biosystems). Briefly, in
the first step, cDNA was prepared from 500 ng RNA
by reverse transcription in a final volume of 20 puL in a
thermal cycler (Tgradient 96, Whatman Biometra, Nie-
dersachsen, Germany). The samples were incubated at
37 °C for 60 min and 95 °C for 5 min. The cDNA was
stored at —20 °C. The rat-specific primers for the genes
of PPT, NEP and beta-actin were designed using Prim-
er Premier 5.0 (Premier Biosoft, Palo Alto, CA). The
primer sequences are shown in Table 1. Primers were
synthesized by BioAsia Corp. (Shanghai, China). In the

Table 1. The sequence of each PCR primer

second step, quantitative real-time PCR was performed
on the LightCycler apparatus (Roche Diag Diagnostics,
Mannheim, Germany) using Power SYBR Green. PCR
Master Mix kits (Applied Biosystems). The reaction
was conducted with an initial denaturing at 95 °C for
10s, and then involved 40 cycles of 55 °C 10 s, 72 °C
15 s, and terminated by a cooling step 30 s at 40 °C. A
melting-curve analysis was performed to confirm the
absence of primer dimmers in specific PCR products.
The efficiency of RT-PCR was assessed with serial di-
lutions of a sample of cDNA from the normal control
group. Each experiment was performed in duplicate and
the data were analyzed using LightCycler Software 4.0
(Roche Diagnostics). Beta-actin mRNA was used as the
housekeeping gene, and all data are represented relative
to its expression as fold change from control group.

Statistical analysis

All statistical analyses were performed using SPSS 17.0
software (SPSS, Chicago, IL). Data were expressed as
mean + S.E. Analysis of variance (ANOVA) was per-
formed when more than two groups were compared.
Values of P < 0.05 were considered statistically signifi-
cant.

Gene Forward Reverse

Beta-actin 5’- GAGGGAAATCGTGCGTGAC -3’ 5’- GGACTCATCGTACTCCTGCTTG -3’
TH 5- GTGTTTCAATGCACCCAGTAT -3’ 5’- GTCCAATGTCCTGGGAGA -3’

DAT 5- CTGCTCTACTTCAGCCTAT -3’ 5’- GCATGGTAGCTGTGATCC -3’

DAT, dopamine transporter; PCR, polymerase chain reaction; TH, tyrosine hydroxylase.

RESULTS

Pica induced by cisplatin

As shown in Fig. 1, rats dosed with vehicle followed
by cisplatin had two distinct periods of pica behaviour.
There was an initial acute phase in 24 h after adminis-
tration with cisplatin. After this period there was a de-
layed phase last near 48 h in Group V. Metoclopramide
significantly inhibited the pica response during 24 h
following cisplatin injection (P < 0.05). However, there
was no significant decrease of kaolin eaten during 2472
h. Gingerol dose-dependently decreased the weight of
kaolin eaten induced by cisplatin during the 72 h ob-
servation period with significant decreases on each of
the three test days (P < 0.05). And simple gingerol did
not significantly induce the pica behavior, there was no
significant difference in the weight of kaolin eaten with
Group C.
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Gastric emptying

Gastric emptying was significantly delayed after admin-
istration with cisplatin. As shown in Fig. 2, the percent-
age of gastric emptying was significantly decreased in
Group V compared with Groups C and CG (P < 0.09),
and the delayed gastric emptying was significantly im-
proved after the treatment with metoclopramide and
gingerol in comparison with Group V (P < 0.05). Meto-
clopramide had better effect than low-dose and mid-
dle-dose gingerol (P < 0.05). Gingerol improved gastric
empting in a dose dependent manner (P < 0.05).

D2R, TH and DAT immunostaining expression in
area postrema and ileum

D2R (Fig. 3A), TH (Fig. 4A) and DAT (Fig. 5A) staining
intensities (Red-brown deposits indicate positive stain-
ing) were mainly situated in the mucosa and submucosa
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Fig. 1. Pica induced by cisplatin.

Rats had two distinct periods of eating kaolin in the cisplatin
groups, and Ginger significantly decreased the weight of kaolin
eaten induced by cisplatin during the 72 h observation period.
Metoclopramide significantly decreased the weight of kaolin eaten
during 24 h following cisplatin injection, but there was no signifi-
cant decrease in the pica during 24-72 h. C: normal control group,
pretreated with sterile saline 3 mL every day (n = 10); CG: simple
gingerol control group, pretreated with gingerol 40 mgkg-!i.g.
every day (n = 10); V: cisplatin control group, pretreated with ster-
ile saline 3 mL every day (n = 10); M: cisplatin + metoclopramide
group, pretreated with metoclopramide 2.5 mgkg-! i.g. every
day (n = 10); GL: cisplatin + low-dose gingerol group, pretreated
with gingerol 10 mgkg-! ig. every day (n = 10); GM: cisplatin +
middle-dose gingerol group, pretreated with gingerol 20 mg-kg-!
i.g. every day (n = 10); GH: cisplatin + high-dose gingerol group,
pretreated with gingerol 40 mgkg-! ig. every day (n = 10). i.g,
intragastrically.
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Fig. 2. Gastric emptying.

C: normal control group, pretreated with sterile saline 3 mL every
day (n = 5); CG: simple gingerol control group, pretreated with
gingerol 40 mg-kg-! i.g every day (n = 5); V: cisplatin control
group, pretreated with sterile saline 3 mL every day (n = 5); M:
cisplatin + metoclopramide group, pretreated with metoclopra-
mide 2.5 mgkg-! i.g. every day (n = 5); GL: cisplatin + low-dose
gingerol group, pretreated with gingerol 10 mgkg-! i.g. every day (n
=5); GM: cisplatin + middle-dose gingerol group, pretreated with
gingerol 20 mgkg-! i.g. every day (n = 5); GH: cisplatin + high-
dose gingerol group, pretreated with gingerol 40 mgkg-1 i.g. every
day (n =5). *P < 0.05 vs. Group C, £P < 0.05 vs. Group CG, 1P <
0.05 vs. Group V, §P < 0.05 vs. Group M, IIP < 0.05 vs. Group GL,
9P < 0.05 vs. Group GM. i.g., intragastrically.
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of the ileum as well as in the neurons of the area postrema.
Compared with Group C and CG, there were more D2R,
TH and less DAT immunoexpressions detected in Group
V. Metoclopramide and gingerol had significant effect
on the expression of D2R, TH and DAT in both the area
postrema and ileum. Gingerol markedly suppressed
the amount of D2R and TH detected and increased the
amount of DAT detedted in a dose-dependent manner (x
200).

Mean optical density values of D2R, TH and DAT
are showed in Figs. 3B, 4B and 5B, respectively. The
photographs generated were quantitatively analyzed the
optical density of D2R, TH and DAT by Image-Pro Plus.
D2R and TH expressions significantly increased after
treated with cisplatin while DAT expressions decreased
(P < 0.05). Metoclopramide and gingerol had significant
reducing effect on the elevated expressions of D2R, TH
and elevation effect on the increased expressions of DAT
in both the area postrema and ileum (P < 0.05). The
increase of D2R, TH expressions and decrease of DAT
expression in the area postrema and ileum induced by
cisplatin was significantly inhibited by gingerol in a dose
dependent manner (P < 0.05). Metoclopramide had bet-
ter effect than low-dose and middle-dose gingerol on the
expression of D2R (P < 0.05); had better effect than low-
dose gingerol and weaker effect than high-dose gingerol
on the expression of TH (P < 0.05); had weaker effect
than high-dose gingerol on the expression of DAT (P <
0.05) both in the area postrema and ileum.

mRNA expression of TH and DAT in area postrema
and ileum

As shown in Fig. 6, TH mRNA expression in both area
postrema and ileum in Group V was significantly in-
creased while DAT decreased compared to that in other
groups (P < 0.05). Metoclopramide and gingerol could
decrease TH mRNA expression (P < 0.05) and increase
DAT mRNA expression (P < 0.05). Metoclopramide
had better effect than low-dose gingerol (P < 0.05). Gin-
gerol decrease TH mRNA expression and increase DAT
mRNA expression in a dose dependent manner in both
area postrema and ileum (P < 0.05).

DISCUSSION

Nausea and vomiting are complex protective mecha-
nisms. However, when these symptoms recur frequently,
they can significantly reduce the quality of life and can
also be detrimental to health.>* Chemotherapy can be a
life-prolonging treatment for many cancer patients, but
it is often associated with profound nausea and vomiting
that is so distressing.?> Despite advances in anti-emetic
therapy, chemotherapy-induced nausea and vomiting
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still poses a significant burden to patients undergoing
chemotherapy.’® Metoclopramide, as a clinical drug of
D2R antagonists, has effects on vomiting and gastroin-
testinal diseases.’’ It is reported that metoclopramide,
given in doses of 10 mg, has been shown to an effective
prophlaxis against vomiting.®® However, a recent me-
ta-analysis showed no statistically significant amount
of extrapyramidal symptoms, dizziness, headache, or
sedation with this dose of metaclopramidel.*® Tradi-
tional Chinese medicines have attracted attention due
to their distinctive biological activities without toxicity
and/or side-effects.*® Gingerol has been shown to be
effective antiemetics on both acute and delayed emesis
in our previous studies.*" #? In this study, the amount of
consumption of kaolin was significantly reduced after

administration with gingerol compared with the con-
trol group during the whole 72 h. And gingerol has a
dose-dependent effect. Therefore, we had investigated
the antiemetic efficacy of gingerol on cisplatin-induced
vomiting model of rats. In this study, gastric emptying
was significantly delayed after administration with cis-
platin and the delayed gastric emptying was significantly
improved after the treatment with metoclopramide and
gingerol. Gingerol improved gastric empting in a dose
dependent manner.

Dopamine receptors, specifically D2 and D3, are
known to play a role in nausea and emesis, most likely
through inhibition of adenylate cyclase,*> which alters
the amount of cAMP within neurons located in the
area postrema.44 D2R, one receptor of DA, is known
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Fig. 3. D2R immunostaining expression in area postrema and ileum.

A: Immunohistochemistry expression of D2R in area postrema and ileum. The figures above (C1, CGl, V1, M1, GL1, GMI1, GH1) show
the expression in area postrema. The figures below (C2, CG2, V2, M2, GL2, GM2, GH2) show the expression in ileum. B: Mean optical
density values of D2R. The photographs generated were quantitatively analyzed the optical density of D2R with Image-Pro Plus. C: nor-
mal control group, pretreated with sterile saline 3 mL every day (rn = 10); CG: simple gingerol control group, pretreated with gingerol 40
mgkg-1 i.g. every day (n = 10); V: cisplatin control group, pretreated with sterile saline 3 mL every day (n = 10); M: cisplatin + metoclopr-
amide group, pretreated with metoclopramide 2.5 mgkg-! i.g. every day (n = 10); GL: cisplatin + low-dose gingerol group, pretreated with
gingerol 10 mg: kg i.g. every day (n = 10); GM: cisplatin + middle-dose gingerol group, pretreated with gingerol 20 mgkg-! i.g. every day (n
= 10); GH: cisplatin + high-dose gingerol group, pretreated with gingerol 40 mgkg-! i.g. every day (n = 10). *P < 0.05 vs. Group C, P <
0.05 vs. Group CG, P < 0.05 vs. Group V, §P < 0.05 vs. Group M, IIP < 0.05 vs. Group GL, P < 0.05 vs. Group GM. D2R, dopamine
D2 receptor; i.g., intragastrically.
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to activate the chemoreceptor trigger zone in the area
postrema of the fourth ventricle floor. This results in
efferent impulses to the medullary vomiting centre,
which initiates vomiting.'> '* Metoclopramide is a potent
D2Receptor antagonist and binds to D» receptors in the
area postrema.*> We have already proved that gingerol
can reduce the expression of DA in minks.?’ In this
study, the expressions of D2R was increased after inject
with cisplatin in both the mucosa and submucosa of the
ileum as well as in the neurons of the area postrema.
Metoclopramide and gingerol had significant effect on
the expression of D2R in both the area postrema and il-
eum. Gingerol markedly suppressed the amount of D2R
detected in a dose-dependent manner. We have got the
consistent conclusion with our previous study that gin-

gerol can significantly inhibit cisplatin-induced vomiting
by improve the increased D2R expression on both area
postrema and ileum.

DAT, a Na*/Cl~ dependent plasma membrane pro-
tein at nerve endings, can rapidly reuptake DA, and de-
termine the intensity and duration of DA transmission.'?
It is extensively distributed in peripheral and central ner-
vous system and participated in many physiological pro-
cesses. K Lemmer has proved that DAT can up-regulate
the expression of DA in neuroendocrine gastrointestinal
tumor cells.¥ The expression of DAT is associated with
some clinical diseases, such as Parkinson’s disease,*¢
and is known to play an important role in gastrointes-
tinal physiology.*’ But it has not been investigated in
CINV so far. In this study, we have measured expression
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Fig. 4. TH immunostaining expression in area postrema and ileum.

A: Immunohistochemistry expression of TH in area postrema and ileum. The figures above (C3, CG3, V3, M3, GL3, GM3, GH3) show
the expression in area postrema. The figures below (C4, CG4, V4, M4, GL4, GM4, GH4) show the expression in ileum. B: Mean optical
density values of TH. The photographs generated were quantitatively analyzed the optical density of TH with Image-Pro Plus. C: nor-
mal control group, pretreated with sterile saline 3 mL every day (n = 10); CG: simple gingerol control group, pretreated with gingerol 40
mgkg-1i.g. every day (n = 10); V: cisplatin control group, pretreated with sterile saline 3 mL every day (n = 10); M: cisplatin + metoclopr-
amide group, pretreated with metoclopramide 2.5 mgkg-! i.g. every day (n = 10); GL: cisplatin + low-dose gingerol group, pretreated with
gingerol 10 mgkg-! i.g. every day (n = 10); GM: cisplatin + middle-dose gingerol group, pretreated with gingerol 20 mgkg-! i.g. every day (n
= 10); GH: cisplatin + high-dose gingerol group, pretreated with gingerol 40 mgkg-1i.g. every day (n = 10). *P < 0.05 vs. Group C, 1P < 0.05
vs. Group CG, 1P < 0.05 vs. Group V, §P < 0.05 vs. Group M, lIP < 0.05 vs. Group GL, JP < 0.05 vs. Group GM. i.g., intragastrically; TH,
tyrosine hydroxylase.
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of DAT to evaluate the mechanism why gingerol can im-
prove vomiting by regulating the abnormal expression of
DA. DAT mRNA expression in both area postrema and
ileum in Group V was significantly decreased compared
to that in other groups. Metoclopramide and gingerol
could increase it. Gingerol increase DAT mRNA expres-
sion in a dose dependent manner in both area postrema
and ileum. And the expression of DAT has positive cor-
relation with DA.

Except D2R and DAT, we have also analyzed TH
to explore the mechanism of DA and vomiting. A lot of
enzymes are involved in the metabolism of the DA. TH,
the rate-limiting enzyme for DA synthesis, participates
in the regulation of intra- and extracellular DA levels.'®
17 Some evidences reveal that TH and DA have negative

correlation on Parkinson disease*® and gastroparesis.*’

In the present research, we measure the expression of
TH by both immunohistochemistry and RT-PCR. The
results illustrate that metoclopramide and gingerol could
decrease TH immunostaining expression and mRNA
expression. By considering the similar changes of D2R
and TH, we have inferred that gingerol has effect on
D2R, TH and DAT to regulate the abnormal expression
of DA on the treatment of vomiting induced by cisplatin
in rats.

In present findings, gingerol has showed efficacy
effects on vomiting induced by cisplatin. Gingerol could
efficiently reduce DA expression by inhibiting synthesis
and accelerating decomposition by adjusting mRNA
associated with DA, such as D2R, DAT and TH. On
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Fig. 5. DAT immunostaining expression in area postrema and ileum.

A: Immunohistochemistry expression of DAT in area postrema and ileum. The figures above (C5, CG5, V5, M5, GL5, GMS5, GHS5) show
the expression in area postrema. The figures below (C6, CG6, V6, M6, GL6, GM6, GH6) show the expression in ileum. B: Mean optical
density values of DAT. The photographs generated were quantitatively analyzed the optical density of DAT with Image-Pro Plus. C: nor-
mal control group, pretreated with sterile saline 3 mL every day (n = 10); CG: simple gingerol control group, pretreated with gingerol 40
mgkg! i.g. every day (n = 10); V: cisplatin control group, pretreated with sterile saline 3 mL every day (n = 10); M: cisplatin + metoclopr-
amide group, pretreated with metoclopramide 2.5 mgkg-! i.g. every day (n = 10); GL: cisplatin + low-dose gingerol group, pretreated with
gingerol 10 mgkg-! i.g. every day (n = 10); GM: cisplatin + middle-dose gingerol group, pretreated with gingerol 20 mgkg-! i.g. every day (n
= 10); GH: cisplatin + high-dose gingerol group, pretreated with gingerol 40 mg-kg-! i.g. every day (n = 10). *P < 0.05 vs. Group C, £P <
0.05 vs. Group CG, P < 0.05 vs. Group V, §P < 0.05 vs. Group M, IIP < 0.05 vs. Group GL, P < 0.05 vs. Group GM. DAT, dopamine
transporter; i.g., intragastrically.
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Fig. 6. Changes of mRNA expression of TH and DAT in area postrema and ileum.

Levels of TH and DAT against beta-actin mRNA expression are shown in the above histogram. The left-side graphs show the expression
in area postrema. The right-side graphs show the expression in ileum. C: normal control group, pretreated with sterile saline 3 mL every
day (n = 10); CG: simple gingerol control group, pretreated with gingerol 40 mgkg-! i.g. every day (n = 10); V: cisplatin control group,
pretreated with sterile saline 3 mL every day (n = 10); M: cisplatin + metoclopramide group, pretreiallted with metoclopramide 2.5 mg-kg-!
i.g. every day (n = 10); GL: cisplatin + low-dose gingerol group, pretreated with gingerol 10 mg-kg * i.g. every day (n = 10); GM: cisplatin
+ middle-dose gingerol group, pretreated with gingerol 20 mg-kg-! i.g. every day (n = 10); GH: cisplatin + high-dose gingerol group, pre-
treated with gingerol 40 mg-kg-! i.g. every day (n = 10). *P < 0.05 vs. Group C, £P < 0.05 vs. Group CG, P < 0.05 vs. Group V, §P < 0.05
vs. Group M, IIP < 0.05 vs. Group GL, 4P < 0.05 vs. Group GM. DAT, dopamine transporter; i.g., intragastrically; TH, tyrosine hydroxy-

lase.

the other hand, the effect of gingerol showed stronger
effects than metaclopramide on expressions of DAT and
TH when using at the higher dosage. According to that
metaclopramide is a clinical drug of D2R antagonists
on emesis,”’ as well as amount of side effects,’ we
speculate that gingerol has more comprehensive effects
than metaclopramide on emesis and vomiting, while
gingerol can regulate the abnormal expression of DA by
inhibiting synthesis and accelerating decomposition by
adjusting mRNA or enzymes associated with DA, such
as D2R, DAT and TH.

Nevertheless, the reason why gingerol can modulate
expression of D2R, DAT and TH not only in the ileum
but also area postrema remains unclear. Because the
mRNA levels were changed, it might be modulated in
the transcriptional step or others. This research might be
partly proved the effect on cisplatin-induced pica analo-
gous to emesis via modulating expressions of D2R, DAT
and TH in the vomiting model of rats. For the further
more study of underlying molecular biological mech-
anisms, we will use the Western blot method combine
with RT-PCR method in the next experiment.

Acknowledgments: This work was supported by National Natural
Science Foundation of China (81273702).

The authors declare no conflict of interest.

REFERENCES

1 Percie du Sert N, Rudd JA, Apfel CC, Andrews PL. Cispla-
tin-induced emesis: systematic review and meta-analysis of
the ferret model and the effects of 5-HT(3) receptor antago-
nists. Cancer Chemother Pharmacol. 2011;67:667-86. PMID:
20509026; PMCID: PM(C3043247.

2 Sun CC, Bodurka DC, Weaver CB, Rasu R, Wolf JK,
Bevers MW, et al. Rankings and symptom assessments of side
effects from chemotherapy: insights from experienced patients
with ovarian cancer. Support Care Cancer. 2005;13:219-27.
PMID: 15538640.

3 Roscoe JA, Morrow GR, Colagiuri B, Heckler CE, Pudlo BD,
Colman L, et al. Insight in the prediction of chemotherapy-in-
duced nausea. Support Care Cancer. 2010;18:869-76. PMID:
19701781; PMCID: PMC3017350.

4 Maru A, Gangadharan VP, Desai CJ, Mohapatra RK,
Carides AD. A phase 3, randomized, double-blind study of
single-dose fosaprepitant for prevention of cisplatin-induced
nausea and vomiting: results of an Indian population subanal-
ysis. Indian J Cancer. 2013;50:285-91. PMID: 24369195.

5 Lindley CM, Bernard S, Fields SM. Incidence and duration of
chemotherapy-induced nausea and vomiting in the outpatient
oncology population. J Clin Oncol. 1989;7:1142-9. PMID:
2787840.

6 De Mulder PH, Seynaeve C, Vermorken JB, van Liessum PA,
Mols-Jevdevic S, Allman EL, et al. Ondansetron compared
with high-dose metoclopramide in prophylaxis of acute and
delayed cisplatin-induced nausea and vomiting. A multicenter,
randomized, double-blind, crossover study. Ann Intern Med.
1990;113:834-40. PMID: 2146911.

7 Furukawa N, Kawaguchi R, Kobayashi H. Use of high-dose
cisplatin with aprepitant in an outpatient setting. Eur J Cancer
Care (Engl). 2012;21:436-41. PMID: 21883567.

8 Becker DE. Nausea, vomiting, and hiccups: a review of mech-
anisms and treatment. Anesth Prog. 2010;57:150-6; quiz 157.

108



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Gingerol ameliorates cisplatin-induced pica

PMID: 21174569; PMCID: PMC3006663.

Guyton AC HJ. Textbook of Medical Physiology. Philadel-
phia, Pa: Elsevier; 2006.

Grunberg SM, Hesketh PJ. Control of chemotherapy-induced
emesis. N Engl ] Med. 1993;329:1790-6. PMID: 8232489.
Herrstedt J. New perspectives in antiemetic treatment. Support
Care Cancer. 1996:4:416-9. PMID: 8961471.

Hesketh PJ. Understanding the pathobiology of chemothera-
py-induced nausea and vomiting. Providing a basis for ther-
apeutic progress. Oncology (Williston Park). 2004;18:9-14.
PMID: 15510975.

Axelsson P, Thorn SE, Lovqvist A, Wattwil L, Wattwil M.
Betamethasone does not prevent nausea and vomiting in-
duced by the dopamine-agonist apomorphine. Can J Anaesth.
2006;53:370-4. PMID: 16575035.

Corazza G.R TM. Levosulpiride for Dyspepsia and Emesis:
A Review of its Pharmacology, Efficacy and Tolerability. Clin
Drug Invest 2000;19:151-62.

Gainetdinov RR, Caron MG. Monoamine transporters: from
genes to behavior. Annu Rev Pharmacol Toxicol. 2003;43:261-
84. PMID: 12359863.

Jaber M, Dumartin B, Sagne C, Haycock JW, Roubert C,
Giros B, et al. Differential regulation of tyrosine hydroxylase
in the basal ganglia of mice lacking the dopamine transporter.
Eur J Neurosci. 1999;11:3499-511. PMID: 10564358.

Jones SR, Gainetdinov RR, Jaber M, Giros B, Wightman RM,
Caron MG. Profound neuronal plasticity in response to inacti-
vation of the dopamine transporter. Proc Natl Acad Sci USA.
1998;95:4029-34. PMID: 9520487, PMCID: PMC19957.

Park SW, He Z, Shen X, Roman RJ, Ma T. Differential action
of methamphetamine on tyrosine hydroxylase and dopamine
transport in the nigrostriatal pathway of mu-opioid receptor
knockout mice. Int J Neurosci. 2012;122:305-13. PMID:
22329540.

Pruett BS, Salvatore MF. Nigral GFRalphal infusion in aged
rats increases locomotor activity, nigral tyrosine hydroxy-
lase, and dopamine content in synchronicity. Mol Neurobiol.
2013;47:988-99. PMID: 23321789; PMCID: PMC4037235.
Lindblom J, Johansson A, Holmgren A, Grandin E,
Nedergard C, Fredriksson R, et al. Increased mRNA levels of
tyrosine hydroxylase and dopamine transporter in the VTA
of male rats after chronic food restriction. Eur J Neurosci.
2006;23:180-6. PMID: 16420427.

Takeda N, Hasegawa S, Morita M, Matsunaga T. Pica in rats
is analogous to emesis: an animal model in emesis research.
Pharmacol Biochem Behav. 1993;45:817-21. PMID: 8415820.
Yamamoto K, Nakai M, Nohara K, Yamatodani A. The an-
ti-cancer drug-induced pica in rats is related to their clinical
emetogenic potential. Eur J Pharmacol. 2007;554:34-9. PMID:
17109847.

Sharma SS, Kochupillai V, Gupta SK, Seth SD, Gupta YK.
Antiemetic efficacy of ginger (Zingiber officinale) against cis-
platin-induced emesis in dogs. J Ethnopharmacol. 1997;57:93-
6. PMID: 9254112.

Pongrojpaw D, Chiamchanya C. The efficacy of ginger in pre-
vention of post-operative nausea and vomiting after outpatient
gynecological laparoscopy. J Med Assoc Thai. 2003;86:244-
50. PMID: 12757064.

Vutyavanich T, Kraisarin T, Ruangsri R. Ginger for nausea
and vomiting in pregnancy: randomized, double-masked, pla-
cebo-controlled trial. Obstet Gynecol. 2001;97:577-82. PMID:
11275030.

Jiang SZ, Mi SZ, Wang NS. [Survey of chemical constit-

109

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

uents of gingerol]. Tradit Chin Drug Res Clin Pharmacol.
2006;17:386-389. In Chinese.

Abdel-Aziz H, Windeck T, Ploch M, Verspohl EJ. Mode of
action of gingerols and shogaols on 5-HT3 receptors: binding
studies, cation uptake by the receptor channel and contraction
of isolated guinea-pig ileum. Eur J Pharmacol. 2006;530:136-
43. PMID: 16364290.

Qian QH, Yue W, Chen WH, Yang ZH, Liu ZT, Wang YX.
Effect of gingerol on substance P and NKI receptor ex-
pression in a vomiting model of mink. Chin Med J (Engl).
2010;123:478-84. PMID: 20193490.

Qian QH, Yue W, Wang YX, Yang ZH, Liu ZT, Chen WH.
Gingerol inhibits cisplatin-induced vomiting by down regu-
lating 5-hydroxytryptamine, dopamine and substance P ex-
pression in minks. Arch Pharm Res. 2009;32:565-73. PMID:
19407975.

Saito R, Takano Y. [Easy method for emesis using rats]. Nihon
Yakurigaku Zasshi. 2006;127:461-6. PMID: 16880696. Japa-
nese.

Watson C and Paxinos G. The rat brain in stereotaxic coordi-
nates. the 5th edition. Academic Press.2005; 149-154.

Yin J, Chen J, Chen JD. Ameliorating effects and mechanisms
of electroacupuncture on gastric dysrhythmia, delayed emp-
tying, and impaired accommodation in diabetic rats. Am J
Physiol Gastrointest Liver Physiol. 2010;298:G563-70. PMID:
20093561.

Yang K, Qiu BY, Yan J, Yang YX, Zhang T, Chen X, et al.
Blockade of p38 mitogen-activated protein kinase pathway
ameliorates delayed gastric emptying in streptozotocin-in-
duced diabetic rats. Int Immunopharmacol. 2014;23:696-700.
PMID: 25445962.

Palatty PL, Haniadka R, Valder B, Arora R, Baliga MS. Gin-
ger in the prevention of nausea and vomiting: a review. Crit
Rev Food Sci Nutr. 2013;53:659-69. PMID: 23638927.

dos Santos LV, Souza FH, Brunetto AT, Sasse AD,
da Silveira Nogueira Lima JP. Neurokinin-1 receptor antag-
onists for chemotherapy-induced nausea and vomiting: a sys-
tematic review. J Natl Cancer Inst. 2012;104:1280-92. PMID:
22911671.

Marx W, Ried K, McCarthy AL, Vitetta L, Sali A,
McKavanagh D, et al. Ginger-Mechanism of Action in Che-
motherapy-induced Nausea and Vomiting: A Review. Crit Rev
Food Sci Nutr. 2015:0. PMID: 25848702.

Mikami H, Ishimura N, Fukazawa K, Okada M, Izumi D,
Shimura S, et al. Effects of metoclopramide on esophageal
motor activity and esophagogastric junction compliance in
healthy volunteers. J Neurogastroenterol Motil. 2016;22:112-7.
PMID: 26507875.

Carlisle JB, Stevenson CA. Drugs for preventing postop-
erative nausea and vomiting. Cochrane Database Syst Rev.
2006:CD004125. PMID: 16856030.

De Oliveira GS, Jr., Castro-Alves LJ, Chang R, Yaghmour E,
McCarthy RJ. Systemic metoclopramide to prevent postop-
erative nausea and vomiting: a meta-analysis without Fujii’s
studies. Br J Anaesth. 2012;109:688-97. PMID: 23015617.

Tsai WH, Wu CH, Cheng CH, Chien CT. Ba-Wei-Di-Huang-
Wan through its active ingredient loganin counteracts sub-
stance P-enhanced NF-kappaB/ICAM-1 signaling in rats
with bladder hyperactivity. Neurourol Urodyn. 2015. PMID:
26287995.

Qian Q, Chen W, Yue W, Yang Z, Liu Z, Qian W. Antiemetic
effect of Xiao-Ban-Xia-Tang, a Chinese medicinal herb reci-
pe, on cisplatin-induced acute and delayed emesis in minks. J



42

43

44

45

46

W. Qian et al.

Ethnopharmacol. 2010;128:590-3. PMID: 20097280.

Qian Q, Chen W, Guo C, Wu W, Qian W, Li S. Xiao-Ban-
Xia-Tang inhibits cisplatin-induced pica by down regulating
obestatin in rats. J Ethnopharmacol. 2011;135:186-93. PMID:
21396996.

Sanger GJ, Andrews PL. Treatment of nausea and vomiting:
gaps in our knowledge. Auton Neurosci. 2006;129:3-16.
PMID: 16934536.

Hyde TM, Knable MB, Murray AM. Distribution of dopa-
mine D1-D4 receptor subtypes in human dorsal vagal com-
plex. Synapse. 1996;24:224-32. PMID: 8923662.

Lemmer K, Ahnert-Hilger G, Hopfner M, Hoegerle S, Faiss S,
Grabowski P, et al. Expression of dopamine receptors and
transporter in neuroendocrine gastrointestinal tumor cells.
Life Sci. 2002;71:667-78. PMID: 12072155.

Holzer P, Holzer-Petsche U. Tachykinins in the gut. Part II.

110

47

48

49

Roles in neural excitation, secretion and inflammation. Phar-
macol Ther. 1997;73:219-63. PMID: 9175156.

Mezey E, Eisenhofer G, Hansson S, Harta G, Hoffman BJ,
Gallatz K, et al. Non-neuronal dopamine in the gastrointesti-
nal system. Clin Exp Pharmacol Physiol Suppl. 1999;26:S14-
22. PMID: 10386249.

Miller JE, Hafzalla GW, Burkett ZD, Fox CM, White SA.
Reduced vocal variability in a zebra finch model of dopamine
depletion: implications for Parkinson disease. Physiol Rep.
2015;3. PMID: 26564062; PMCID: PMC4673629.

Zheng LF, Song J, Fan RF, Chen CL, Ren QZ, Zhang XL, et
al. The role of the vagal pathway and gastric dopamine in the
gastroparesis of rats after a 6-hydroxydopamine microinjec-
tion in the substantia nigra. Acta Physiol (Oxf). 2014;211:434-
46. PMID: 24410908.



