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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.13, 14 Metoclopramide is a potent 
D2Receptor antagonist and binds to D2 receptors in the 
area postrema.43 We have already proved that gingerol 
can reduce the expression of DA in minks.29 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.15 
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.45 The expression of DAT is associated with 
some clinical diseases, such as Parkinson’s disease,46 
and is known to play an important role in gastrointes-
tinal physiology.47 But it has not been investigated in 
CINV so far. In this study, we have measured expression 

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 
mg·kg−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 mg·kg−1 i.g. every day (n = 10); GL: cisplatin + low-dose gingerol group, pretreated with 
gingerol 10 mg·kg−1 i.g. every day (n = 10); GM: cisplatin + middle-dose gingerol group, pretreated with gingerol 20 mg·kg−1 i.g. every day (n 
= 10); GH: cisplatin + high-dose gingerol group, pretreated with gingerol 40 mg·kg−1 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, ||P < 0.05 vs. Group GL, ¶P < 0.05 vs. Group GM. i.g., intragastrically; TH, 
tyrosine hydroxylase.
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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, GM5, GH5) 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 
mg·kg−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 mg·kg−1 i.g. every day (n = 10); GL: cisplatin + low-dose gingerol group, pretreated with 
gingerol 10 mg·kg−1 i.g. every day (n = 10); GM: cisplatin + middle-dose gingerol group, pretreated with gingerol 20 mg·kg−1 i.g. every day (n 
= 10); GH: cisplatin + high-dose gingerol group, pretreated with gingerol 40 mg·kg−1 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, ||P < 0.05 vs. Group GL, ¶P < 0.05 vs. Group GM. DAT, dopamine 
transporter; i.g., intragastrically.

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.16, 

17 Some evidences reveal that TH and DA have negative 

correlation on Parkinson disease48 and gastroparesis.49 

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 6. 

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 mg·kg−1 i.g. every day (n = 10); V: cisplatin control group, 
pretreated with sterile saline 3 mL every day (n = 10); M: cisplatin + metoclopramide group, pretreated with metoclopramide 2.5 mg·kg−1 
i.g. every day (n = 10); GL: cisplatin + low-dose gingerol group, pretreated with gingerol 10 mg·kg

−1
 i.g. every day (n = 10); GM: cisplatin 

+ middle-dose gingerol group, pretreated with gingerol 20 mg·kg−1 i.g. every day (n = 10); GH: cisplatin + high-dose gingerol group, pre-
treated with gingerol 40 mg·kg−1 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, ||P < 0.05 vs. Group GL, ¶P < 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,37 as well as amount of side effects,39 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.
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