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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-
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Fig. 4. TH immunostaining expression in area postrema and ileum.

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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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-! 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, lIP < 0.05 vs. Group GL, §P < 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

B 0.02 -

0.01 -

Optical density

0.00 -

Area Postrema

8V
8M
8 GL
8GM
o GH

Ileum

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.



