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GH3 i sy X EA . IRBEE (5 pg/mL) 4. FEERAYm (4.4, 8.8, 35.2. 704 ug/mL) #H. FURNERE (10, 20. 40 pg/mL)
W, FERAEDS FIRIERE A 4R 224, R CCK-8 VAR AHAEYE /7; Western blotting £l PRL. D2R & [H3Ki&; ELISA
VARSI 3% PRL /K5 gRT-PCR ¥EK&I PRL. D2R mRNA Kik. ER  Sxiidittt, a4 (35.2. 70.4 pg/mL)
AR E TR MMQ 4iffl PRL 25 & mRNA ik, i PRL KF (P<<0.05), &3 L MMQ 4iffl D2R & A 2 mRNA 7K
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Maltol total alkaloid inhibits expression and secretion of prolactin by
upregulating dopamine D2 receptor
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Abstract: Objective To study the role of dopamine D2 receptor (D2R) on the regulation of prolactin (PRL) secretion by malt total
alkaloids. Methods MMQ and GH3 cells of pituitary adenoma were divided into control group, bromocriptine (5 pg/mL), malt
total alkaloids (4.4, 8.8, 35.2, 70.4 pg/mL), haloperidol (10, 20, 40 pug/mL), and combined administration group of total malt
alkaloids and haloperidol. Cell viability was detected by CCK-8; The expressions of PRL and D2R were detected by western
blotting; The level of PRL was detected by ELISA; The level of PRL and D2R mRNA were detected by qRT-PCR. Results
Compared with control group, malt alkaloids (35.2, 70.4 pg/mL) significantly reduced the expression levels of PRL protein and
mRNA, and the level of PRL in the supernatant of MMQ cells (P < 0.05). Malt alkaloids (35.2, 70.4 pug/mL) significantly increased
the expression levels of D2R protein and mRNA in MMQ cells. Haloperidol significantly inhibited the downregulation of malt
alkaloids on the expression levels of PRL protein and mRNA, and the expression level of PRL in supernatant of MMQ cells (P <
0.05). Haloperidol significantly inhibited the upregulation of malt alkaloids on the levels of D2R protein and mRNA (P < 0.05). The
level of PRL in GH3 cells had no change by malt alkaloids. Conclusion Malt alkaloids could inhibit the expression and secretion of
PRL in MMQ cell by upregulating D2R.
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Z4& (dopamine receptor D2, D2R) zh#125254)
IR IR 5 . REMMEEIRIT HPRL, BAYT
R, HEME SR, BEARRNMNAE,
KAVEATEZ 2 . MRS, fEE R
MR o

HR 2GR T K TR HPRL, WnASZ;
HH 7T H SRR HPRL AHSCREIRE, LI
BT A RLPEAIE HPRL &35 1L PRL KPRl K&
FiF (=609 BEARFAEMAE, BT 7230l
AR P BFEI SR, TR 2T
HPRL HVAYT . PR AT TR, &2 KIEY)
Ko A Ty ] 2 AR HPRL A7 K B PRL /K,
ARG R 22 KIRY AT i35 Bl D2R
FIKIKCPE, LR 28 B [R5 B A B4 2 2 B
MR 2. AV, SRR
BAER TR RN AR AL A0, PR BH 4
N, TFiAZEH PRL mRNA ik, /> PRL 23,
TS T AR 2 2 R LA IR 24 80 o
RhL9l,

AW AT LUK A D2R HIK B8 MMQ 48
Jlol, = D2R FRIkHIK BRI GH3 4 faty
ORI G, NN D2R F547050 J5 75 5232 28 S A0
XTSI PRL FRaA 52, DLERE D2R 7E%
ZEAIRE T PRL 1R AR
1 #RIE{EE
1.1 AR

MMQ. GH3 #fifu3s iy 5 b Ak ah G B A B,
ARHFFTBE o
1.2 Y5

AR H RN, SRBUORE MR R =
Bt 24 27 350 R 7K W 1) 324 245 0 %5 8 S K22 Hordeum
vulgare L. [RRCEAIRSE: 2227 S AR VIHiAR 7 PR 4H.
AT S PR B alifb 7702, s = A, e
380N 62.5%; HFRE (k5 35549) . FIRNERE (it
‘5 23139) i[9 3 [ Med Chem Express Al ; G4
MmiF (b5 42F1294K). DMEM sl sadt Gits
8119365) 14 F 3£ [ Gibco A 7]; CCK-8 ik & (it
5 69112500) I Biosharp A4/ K. PRL
ELISA 7 & Glit'S XPXE2DZMA3) I [ fiX {7
SEEFF AR A G R AR Total RNA Kit (4t
5 00R6934010000L.30S029) 4 F 3£ [Fl Omega A 7 ;
Revert Aid First Strand cDNA Synthesis Kit (it
00692424 ) . DNase | ( RNase-free) Kit (#t =5

00832244) Wy H 3 [E Thermo Fisher Scientific 2 ] ;
KB PRL Hifk (b5 69f1344) W EHEE Affinity
A KB D2R difk (45 00076236) 1 H EiX
ZIEAEMFARAR AT ; PRL. D2R. GAPDH 5|4
W A T A TR AR A F
1.3 FEMHE

311 B "4 MbikIEFR4E (3£ Thermo Fisher
Scientific AF]); I1X53 ZOLEE BB (Olympus
AFD; JP-K600 B R EG Hr 5240 (L5
MR A IR AT D; DYC2-24DN B KA (dbHE7N
—{X#8) " ); Mx3000P H 5% e & PCR X (£ EH%
BB ARAFD.
2 FE
2.1 fYHREEEFE

MMQ 4H R & A K T & 15% /5 4 1 id i
DMEM 5574, T 37 ‘C. 5% CO2. 100%i% /&
BRI R R, B 2~3 RAEM 1 Ik GH3 4ifiief
W REAE KT 10%A6 25 15 ) DMEM K758,
T 37 ‘C. 5% CO,. 100%JEfE K =4 h 15 5%, & 1~
2 RAAR 1 IR
2.2 CCK-8 JAH&MZHpaE

HUAL T4 B K H MMQ. GH3 2 il 2%,
LA BX10%FLEERN T 96 FLAR, THEFRAfHE%
12 ho IIAAS[RIAR FE (1) 22 25 S AR 00 (4.4 8.8, 35.2.
70.4 pg/mL), MMQ 4HffiiF & 72 h. GH3 4ilffuis &
48 h, HFLIIAN 10 uL CCK-8 ¥, W E 2 h, I
FRCIE 450 nm AL E (A fH, FEitE
YIS 77
2.3 Western blotting A#&NI4ApE+ PRL. D2R ZEH
Tk

I3 BT X BUE K I MMQ. GH3 2 i
B, PL1X1094LERh T 6 FLi, TEssrfahigas
24 he o NTHRA . HEEE (5 pg/ml) 4. LS
AW (4.4, 8.8, 35.2. 70.4 pg/mL) #H. KB4
ARG FRHE, HAR S H iR e SNSRI 9.
MMQ 4ifiuiE & 72 h. GH3 4l & 48 h, WtE4H
MBI, PR AR .

B T B K MMQ 40 i, $%Fh T
6 fLI, TEFRM T RE9% 24 ho XTIRAH NN RS 953
IRBEE (5 pg/mL) 4. FIRMEEE (10. 20, 40 pug/mL)
4. FHERAEY (352, 70.4 pg/mL) 455 E 7
EIINGERIZ); R E 5 HIRERE A 45 22
[ DN IR B 5 5 UNRIE RS s 22 27 S AR DS 9Dk
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WE I B B 4 2 4L [R) BN 0 N 22 2 6 AR D 5 9 DR Wi
B, W8 72 h JFWCEA B, SR,

BCA XA &M e Al S 2 (IRE, |AFME
SDS-PAGE 45, % PVDF . T 5%t A5k
B 1 h, JnN—Pt (PRL. D2R. GADPH), 4 C
FEIIR. TBST #lbes 3 I, IMAZIERGE
30 min, TBST % 3 K, I ECL &Ik,
SKH IP-K600 B 2= KRG i RSB I 4fr -
2.4 ELISA ZE#NZHRE E5E PRL 7K

43 B T B A KA MMQ. GH3 4 fif &
W, UL 1X10% BT 6 FLAR, AN Mk R 77
HRFR 24 h g, s i, RERE (5 pg/mL)
M. ZHEMAEY (4.4, 8.8, 352, 70.4 pg/mL)
Mo XTHRAEMAREFREE, HAR & A E R ZE A
SARRZY), MMQ AMIFE 72 he GH3 4t &
48 h, WAERANAL B, BOH iER.

B AL T35 BRI MMQ 2R B, J5Ah T
6 FLIR, TIGFRFEETFE 24 ho SR B IR 3L
RIS (5 pg/ml) 4. FIRBERE (40 pg/mL) 4H.
FHE MY (35.2. 70.4 pg/mL) 48 E FE N
NEARRRZGYD; 2228 B A Wi 5 RIRNE BRI & 45 24
R NN ZE 2 B RS HORRE RS . % F 72 h )5

WAL R, B R
F B ELISA 55 & o B 150l 2 b iE v 1
PRL 7KF-.
2.5 QRT-PCR JEHNZHAE PRL. D2R mRNA &Ri&
73 AL T B K MMQ. GH3 4t =
W, PP T 6 FLIR, TREFRMHIETR 24 ho 73 %
MR .. RS (5pg/mL) A, FHEESEYN (4.4,
8.8. 35.2. 70.4 pg/mL) 4. XFRAINIAREFRIE,
HARK AR E MGG, MMQ 41
JE 72h. GH3 41 & 48 h, WEE4Hi.
BT 80t K0 MMQ ZHfu Sk, #5016
UM, TR 24 he STRBZALIINIETRIE, R
Fas (Spg/mL) H. FURNERE (40 pg/mL) 2H. 2
SAYIBE (35.2. 70.4 pg/mL) AHA%EE BN SAA
T2 22 5F A S SRR e BRI 2 243 2 ]
N2 A FIRNERE . 5 E 72 h JEUSERAA .
FH Trizol A2 EX4H A5 RNA, ll5E 260 nm F1
280 nm 41T A {H, Ageo/Asso LLAE >1.8 BI2A RNA
WUy o 0 e 55 S AR R 6 1 B R AT 1 2 S
N, 4 % cDNA, FiLL cDNA R HGEAT PCR UM,
SIMFHINR Lo THEAEAFTRAACE, DL 272s%
EHEAT S FEARZ T LR

%= 1 PCR S|¥F5 K=K E

Table1 PCR primer sequence and expected fragment sizes

A L (5-3) RS (5°-3) PR Tbp
PRL GGTTTGGTCACAACTCCCATCCC TGGACAATTTGGCACCTCAGGAAC 141
D2R CAGTGAACAGGCGGAGAATGGATG GTGGTGGGATGGATCAGGGAGAG 149
GAPDH GACATGCCGCCTGGAGAAAC AGCCCAGGATGCCCTTTAGT 121
26 BIESH 150 — T T
3& 1] SPSS 19.0 #f One-Way ANOVA {3174 bt
100+ w2 70.4 pg mLt

0T, K FH Image J %R (A 4 AT K BE A3 AT
3 #£R
3.1 EFRAEMREIT MMQ.GH3 RAfSE ISR
N7 HEBRAAE T SRR PRL KFRRS, KA
CCK-8 y1l e 22 2 ALk (4.4, 8.8, 35.2. 70.4
pg/mlL) Xt MMQ. GH3 s 1fiszmi . 45 a0
K1 R, 23 SAEYIT MMQ. GH3 41jiniE /1
PARTE Al
3.2 EHFREWEI MMQ. GH3 4Ri_EE PRL
KFEBIF N
W 2 fras, MMQ 4if EigH, 55 R4 EL,
TRRR S AN 2E B AE Y (35.2. 70.4 ug/mL) 4 PRL
KPEFERFL (P<0.05), ZZZHF LAY (4.4, 8.8
ug/mL) 4 PRL /KFLEEEZI. GH3 4 LiE

4 MY 711%

GH3 4iifi

MMQ 411
B 1 EHFREYHEIT MMQ. GH3 4 AE HH B2 h

(x£s,n=3)
Fig. 1 Effect of malt alkaloids on activity of MMQ and

GH3cells (x+s,n=3)

b, ExHRA LR, %4l PRL KT 381k
33 EFREMEIT MMQ. GH3 4k PRL
MRNA FiXHIE T

W 3 Az, MMQ i, Sxffgitbis, w
Rass f AN 28 B, (35.2. 70.4 ng/mL) 41 PRL
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10+ —f PRL o o o o o RRE=E=====
o R 5 pgml ! e § R ————
= g4 w77 o 4.4 ng-mLt 20
g T %% 258 gmLLl1 )
2 & T w4 35.2 pgml-
o=l B - w7 55 70.4 pg mL % 15
i . z
% 44 o 1o *
1 # g5
vi[.\( 1 .
2+ x
7 T 00
* o B gLy — 5 — — — — NP
MMQ 4 i GH3 4l %2 (ugmL™) — — 4488352704 — — 4488352704

IR EEL: "P<<0.05
“P < 0.05 vs control group
2 EHFREYWEX MMQ. GH3 4iffl L% PRL 7K/

® (X+s,n=6)

Fig. 2 Effect of malt alkaloids on level of PRL in
supernatants of MMQ and GH3 cells (x+s,n=6)

1.5+ -

TREES S pgmL?

| W—SELE 44 g ML
Wﬁ 104 #1588 pgmL?
-% ' L s T 7352 g mLt
< T x w73 704 pg mL
g
£0.5
-
o
[a

0.0

GH3 41l

MMQ 411
xR L "P<<0.05
P < 0.05 vs control group
&3 FHFZEWWIT MMQ. GH3 4 PRL mRNA 7k
HIS (x+s,n=3)
Fig. 3 Effect of malt alkaloids on level of PRL mRNA in
MMQ and GH3 cells (x + 5 ,n=3)

mMRNA #ik 2 Z K (P<0.05). GH3 4ifarf, 5
SR, &2H PRL mRNA s T 548K
3.4 EFRAEVHEIT MMQ. GH3 4HRfl PRL EH
FIKHIEZ T

WK 4-A Fizn, MMQ giifurf, 584t ik,
IRBE AL A (35.2. 70.4 pg/mL) 4
PRL & £ B F% (P<0.05). 1A 4-B fiiw,
GH3 #uffuh, Sxfiedltbis, &4l PRL EALIE
BT B
35 D2R NT&EZF2EWREINFEIE PRL RiX
35.1 FIRMERE X MMQ 41 fitl PRL £ H &1k (15
M Wi 5-A B, SXTHRAAELE, HURNERE (10,
20. 40 pg/mL) ¥JA2:520 PRL Rik . WK 5-B FR,
FURNERE (20, 40 pg/mL) AT i E I8R5 X MMQ
Y PRL & #A HIHIVER (P<<0.05); 3RWRIERE
(40 pgmL) 5RFEEEHENHE, MMQ 4/l PRL
HAFRASWMRATLEEZER. WK 6 Fur, HIRNE

SR LR "P<0.05

P < 0.05 vs control group
4 EFREYWIT MMQ (A). GH3 41 (B) PRL &H
FKIZBIEN (x+s,n=3)
Fig. 4 Effect of malt alkaloids on expression of PRL in
MMQ (A) and GH3 (B) cells (x+s ,n=23)

A PRL === s == == DB PRL &= e o
GAPDH ™ ™ W === GAPDH = ——
X 10 110 .
® 08 & = R
oy "»‘?0'8 ?
% 06 =06
T 04 I * =
w0 iz 04
g 02 202
00 %00
BEE/gml)— — — — T F F 5 &
FURMERH (g ML) — 10 20 40 — — 10 20 40

AL "P<0.05; SiRFRTEA LS *P<0.05
*P < 0.05 vs control group; #P < 0.05 vs bromocriptine group
B 5 #IRIEEEX MMQ #Hffl PRL EHRIEMNFEMN
(x+s,n=3)
Fig. 5 Effect of haloperidol on expression of PRL in MMQ
cells (x+s,n=3)
PRL W0 W we &5 "0 9 "0 " W

0.8

0.6

**k #r# T
* #
0.4 T
5 T~
0.2 I
0.0- T T T T T

##l(ugmL™?) 35.270.435270.4 352704 352704 —
FORDERE(ugmL™) — — 10 10 20 20 40 40 —

PRL & AT RIA

LR (352 ngmL™D) AHE: "P<0.05 “P<0.01;
R R (704 pgmLD AHE: P<0.05 #P<0.01
P <0.05 ™P <0.01vs maltalkaloids (35.2 pg-mL™) group; *P <
0.05 #P <0.01 vs malt alkaloids (70.4 pug mL™) group

E6 XIFREYESAIKVERILEER MMQ 48R PRL
EHFRIENEM (x£s5,n=3)

Fig. 6 Effects of malt alkaloids and haloperidol on PRL
expression in MMQ cells (x+s,n=23)

BF (20, 40 pg/mL) BEMSIRISZE 2 AT MMQ 41
fi PRL 25 A RHIHIVER (P<<0.05. 001), Ejfil&E
FARAE. PRI, JRZEsa e BEamUIRIERE (40 pg/mL).
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35.2  FHIRNEEEXT MMQ 40 g L E PRL /K-F (5200
mE 7 foR, SRR, IRERSEHMEZ AL
Y% (35.2. 70.4 pg/mL) HAHM EiE PRL K75
EREK (P<<0.05); FHUIRNE i ] i 35 ek 55 27 2 2k
YImsoer PRL 43 b I/ A (P<<0.05).

353 FHIRMEEEXT MMQ 41 PRL. D2R mRNA #*
L W 8 Fw, HXTRRZHARLL, IRERELR
FHEAEYI, (352, 70.4 pg/mL) 2 PRL mRNA 7K
PR, D2R mRNA KT THE (P<0.05);
SRIE I ] S S 5 2 2 AR T PRL mRNA [
YLLK D2R mRNA 1) LIEfER (P<<0.05).

354 HIRMEEEXT MMQ 4i/il PRL. D2R A FEIX
Fsem ik 9 s, SR, SRR 4R
FHEMAEY (352, 704 png/mL) 1 PRLEHR
LR EFL, D2R EARBREA S (P<0.05);

SRR E i T RS 2 A S AR R PRL BRI R
IS BRI LK D2R 8 HRIE M EREH(P<0.05).

A 15 —
ﬁ
= #o#
‘;E 10 4 * * X
= * -+
< T
g
[ 0.5 4
-
o
o
; 91'0_ T T T
IR (ug ML) _ 5 - - - - =

— — 304704302 704
— 40 — — 40 40

F 5 (ug mL™) —
SRERE/ (ug mLY) —

*« 5513 -
15
5
£ # #
g 104 T
= . .
. W -
. T
HE
_ 5
o
o
0= T T T
RS (gml?)  — 5 _ - _ _
FHlgmly) — — — 352 704 352 704
BIRDERE (ug ML) — — 40 - — 40 40
Sxti4ltbig: "P<0.05; S5iRFEE4IE: *P<0.05

*P < 0.05 vs control group; #P < 0.05 vs bromocriptine group

7 EFREVES BIREE I EER Y MMQ 4Hf EE
PRL 7KFHISZME (X+5s,n=6)

Fig. 7 Effect of malt alkaloids and haloperidol on PRL
secretion of MMQ cells (X+s,n=6)

B 1.57
* * *
7& o T
#®
= 104 i
= L
<
pd
[
€ 051
@
N
(a)
. . 0.0- T T T
BEEpeml) 9 — 5 — — — —

— — — 304704302704
— 40 — — 40 40

F g mL™Y)
FIRNERE/ (ug ML) —

%A L. "P<0.05: HIRFRFAHLILE: *P<0.05
P < 0.05 vs control group; #P < 0.05 vs bromocriptine group
8 EHFREVRES RIRIEEZIHEEAST MMQ 28/ PRL (A). D2R (B) mRNA FIAMEM (x+s,n=3)
Fig. 8 Effect of malt alkaloids and haloperidol on mRNA levels of PRL (A) and D2R (B) in MMQ cell (x+s,n=3)

A PRI ‘e —— i ——
GAPDH s s s s - s a—
0.8 1

#
0.6 - it
0.4 . *
*
0.2
0.0 - r .
5

B (pg mLY)
E3Fl(ng mL?) 30.470.4 30.270.4
FRER g mLY)  — — 40 — — 40 40

1%

PRL & FIAX RIA

5xt i e "P<<0.05;

B DIR —— - —— e

CAPDH we  ws we ae e w

0.8
ﬁ
— * _:k_ *

o 0.6 "

=

a0 04+ # #

K

8 02+ l
N 0.0~ T T T
RS (pgml?)  — 5 — — .

— — 304704 302704
— 40 — — 40 40

F 5 (ugmLY) —
FIRER (ugml ) —

HiRpa=4 i #P<0.05

P < 0.05 vs control group; #P < 0.05 vs bromocriptine group

9 FHFREVMESEVRIEELREERN MMQ 4 PRL (A). D2R (B) BEFIEMEM (x+s,n=3)
Fig. 9 Effect of malt alkaloids and haloperidol on expressions of PRL (A) and D2R (B) in MMQ cell (x +s,n=3)
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4 tig PRL 7rib, BkZ EEH:iatk (DAT). PRL 4hr)H

PRL H AR AT FL R A0 /i, FEL@E R
Fe BT PRL A 7 (PRF) AT PRL 4141 (K 7
(PIF) 45K #4215 2 % (dopamine, DA)
I3 PRL 40 5B %, DA J2& H A 32 2 HAE
FH £ 1) PRL i (R 7 2 — 04160, Jig F B 195 24
Y33 HPRL [ — AR ERF, XR4M2 N
D2R FHI], @ik T4 DA & At FHAS DA 5
ZARGE G5 T7 R E R HPRLE, 17 H fTilk R _EiGy7
HPRL )% F 2 iR e == . <22 F R4S, 3908 D2R
W7, B TR FLA0 A L1 D2R, 1l PRL
SRR L0810, S e B R AR W, SRS T
IR, EHFKEMEEFLAEMBIIERS
D2R BN AU R, 7] 2 3 BE I HPRL A8 K
i PRL ZK°F, Fif PRL mRNA Fik91, 22K
Y& et B2 B HPRL A= 7 K B D2R FRikE6l,
feoR AT fEiE D2R KA B FLE A .

MMQ 2l AL /3 PRL, Jf k& ik D2RII,
GH3 4iffu Bt = D2R kM, K5 U2 AT s2 0645
BRI R, AR S pg/mL IRES 5 A1 40
pg/mL FURAEELLO, D2R JEN7IR A 5 R e i
D2R FKIAL, T FIRNEBE 2 —FF D2R #5577, gk
A2 512 D2R RIS A4k, (HREFH KT D2R #3)
A% D2R HIEEIER@. 2228 S A0 (35.2, 70.4
pg/mL) BEWS 3 MK MMQ 40 PRL 73k, EEH
J¢ mRNA ik, [FREE i D2R &k, SRR
VER — 350 SIRNE B n] 98 55 22 28 S AE 0 (35.2. 70.4
pg/mL) X MMQ 4l PRL ik N1 D2R #ik
() EIRVE . (EAEBRZ D2R FiAH) GH3 4iiffudr, &
B2 F0 22 25 s A PRL &5 . mRNA Fik 76
BEW ., TR RN MMQ 41 PRL
FARHHIHEIEI T, D2R KRIE T REEH] .

PP 2470815 PRL Rk 4520 D2R %
ik, NATHE R A PEAK PRL 730, [F)E 1 58
D2R FRiaM; LR & v] LUt D2R 4%,
BETT R PRL IR, fnuk 24 975 25 /5 T+
D2R, il D2R /T, 4 cAMP-PKA {55 i@
W PRL 73 ibPY, AR5 R FiRHoE—3%, &
2 R AE YR AT ] MMQ 4R PRL 383k 5701k,
AT Fil D2R Rik, R ZF LAY PRL K
WHERS D2R #VIME, D2R 5 T HHMAE
VIt PRL FEHIHIVER -

WEFLR, V52 TR ] DL B El e 4z th o 4y

fVEM R WS 5 T HPRL s #20. B Tl
D2R RAHEHL HPRL fEH, AT2iH &zt refeit
DAT RiklRY, sl LRk nlsid iM% Bax/Bel-2
FIE 0] PRL 73 WA L 2R 4 1 FE
Ik, 222 AR PRL A ELARMLE DL A oAt
TEREE S Fdt— P IRR .

g bpnd, 2 RAEYIGEN T D2R Rk,
BETSZIR PRL (65 %5 20k o SRHEAL IR SRR NI
Fo G M AEBRR TS PRL A EAAAE RN

SE R

[11 #® &, R, ZWE. &3l 5 MAE i oF 70 2t R
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[2] Wang D, Wong H K, Zhang L, et al. Not only dopamine
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