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FiotE R E L. &0 0K ARG B Y FI4AE 3 VIP/CAMP/PKA {5 5 18 5  5 AQP3 fll AQP4 ik F| {#
P o a8 /0N R P S R B 1) A

[RER] HEAARY; Biw; BiEFRB; 0085 HEmIK(VIP) SR 8RR IR 1T (cAMP) /2 T A(PKA){F 538 # ;
/K3l iE 2 1 3(AQP3) ; AQP4

[RE4SZEE] R2-0;R22;R285.5;R289;R33 [x#wRIRE] A [XEHS] 1005-9903(2023)05-0129-08

[doi] 10.13422/j.cnki.syfjx.20222103

[P 48 KRR 4E]  https://kns.cnki.net/kems/detail/11.3495.R.20221117.1949.003.html

(M4 HR B HA] 2022-11-19 15:57:46

1

[K#mAH] 2022-08-25
[E2TB] Hl& W—# "B E S50 H (GSSYLXM-05) ; [ B8 22 B} 2 e vh Je 92 25 Ve BHIF e T 36 AR B b 55 %% 4 100 %% 4 731 H
(2019PT320005) ; H 7 44 &5 280 Gl ) 24 Ak 27 5 5 o5 BfF 7 T el 52 30 %8 P O 4 000 H (22y-2022-06) 5 T 48 R 25 58 ol %
i (zyzx-2020-zx18)
[SE—1EH]  HM PR+, D6 G B 45 4 B 1A IR #H DG 5T, E-mail : 981427544@qq. com
[EEEE] OB W, B2, WA S0, SR Y S 5 4 B 96 IR S R B 5 L E-mail : suyungszy@126. com
- 129 -



5529 B4 5 W) FEXEAFIFERE Vol. 29,No. 5
202343 H Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2023

Guiqi Baizhu Prescription Combined with Oxaliplatin Protects Intestinal Barrier of
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[Abstract] Objective: To investigate the protective effect of Guiqi Baizhu prescription combined with
oxaliplatin on the intestinal barrier of tumor-bearing mice with gastric cancer by regulating downstream
aquaporin 3 (AQP3) and aquaporin 4 (AQP4) through the vasoactive intestinal peptide (VIP)/cyclic adenosine
monophosphate (cAMP)/protein kinase A (PKA) signaling pathway. Method: The gastric cancer cell lines
MFC with a density of 1x10"/mL were prepared into cell suspension. The tumor-bearing mouse model of gastric
cancer was established by inoculating 0.2 mL cell suspension under the right axilla of mice. After successful
modeling, mice were randomly divided into 5 groups, namely, model group, oxaliplatin group (10 mg-kg™'),
and high, medium, and low-dose oxaliplatin + Guiqi Baizhu prescription groups (17.68, 8.84, 4.42 g-kg™'),
with 10 mice in each group, and the remaining 10 mice were set as a blank group. Mice in each group were
treated with Chinese medicine, oxaliplatin, or normal saline by gavage or intraperitoneal injection for 14 d. The
next day after the last dose, blood was taken from the eyeball to separate serum and take colonic samples.
Hematoxylin-eosin (HE) staining was used to observe the changes in tissue morphology. The content of D-
lactate acid (D-LA) and diamine oxidase (DAO) in the serum was determined by enzyme-linked
immunosorbent assay (ELISA). The mRNA and protein expressions of VIP, cAMP, PKA, AQP3, and AQP4
were detected by Real-time quantitative polymerase chain reaction (Real-time PCR) and Western blot,
respectively. Result: Compared with the blank group, the model group showed edema in the colonic
submucosa, disordered arrangement of intestinal glands in the mucosal layer, loss of goblet cells, infiltration of
inflammatory cells, and villus shedding. However, there were different degrees of improvement in each
administration group. As compared with the blank group, the serum levels of DAO and D-LA in the model group
were significantly increased (P<0.01). As compared with the model group, the levels of DAO and D-LA in the
high-dose oxaliplatin + Guiqi Baizhu prescription group and the level of D-LA in the medium-dose oxaliplatin +
Guiqi Baizhu prescription group were decreased (P<0.05, P<0.01). As compared with the oxaliplatin group, the
levels of D-LA in the high and medium-dose oxaliplatin + Guiqi Baizhu prescription groups were decreased ( P<
0.05) , and the levels of DAO and D-LA in other administration groups were decreased as well, but the
difference had no statistical significance. As compared with the blank group, the mRNA and protein expression
levels of VIP, cAMP, PKA, AQP3, and AQP4 in the model group were significantly decreased (P<0.05, P<
0.01). As compared with the model group, the mRNA and protein expression levels of VIP, cAMP, PKA,
AQP3, and AQP4 in each administration group were increased, and those in the high-dose oxaliplatin + Guiqi
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Baizhu prescription group were significantly increased (P<0.05, P<0.01), while the protein expression level of
cAMP in the medium-dose oxaliplatin + Guiqi Baizhu prescription group were increased (P<0.05). As compared
with the oxaliplatin group, the protein expression levels of cAMP in the high-dose oxaliplatin + Guiqi Baizhu
prescription group were increased (P<0.05), and the mRNA and protein expressions of these indexes in the other
groups were also increased but the differences were not statistically significant. Conclusion: Guiqi Baizhu
prescription combined with oxaliplatin can regulate AQP3 and AQP4 through the VIP/cAMP/PKA signaling
pathway to protect the intestinal barrier of tumor-bearing mice with gastric cancer.

[Keywords] Guiqgi Baizhu prescription; gastric cancer; intestinal barrier damage; vasoactive intestinal peptide

(VIP)/cyclic adenosine monophosphate (cAMP )/protein kinase A (PKA ) signaling pathway; aquaporin 3 (AQP3); AQP4
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1.1 400 K shy  MFC /DN RS 9 40 M bk L 4t 5
PNS-MC-20, 1 H #0354 58 4= fn B A BR A 7] .
60 H SPF ¢ B2 W1 Fh /N B, ME ME 45 2F 1K T i
18~22 g, W4 3K T H ff v 1% 25 K %% SPF 44 2h ) 5 5
L, S A A% IE S SCXK(1)2020-0001. ASHF5Y i
HR R R2E R SHMEIFIE ST, 5
2020-283,

1.2 25 HEHARTHEK20 g, FHAR10 g,
H10 g, 2710 g, Bz 6 g, i Kk 6 g, H &6 gt
TRREGYI L . T 2R R DCH R R R 2 K 2

J& 5 — BE Bt Hh 2 s W i, 28 R b R 2 KA b 2 2
= 75 IR B B S8 Y IR . T R
FHZE KR 1 h, KW 5/ KR 30 min, i
IR 25 MK, KK B 5 /N KT, 30 min, 2o
U2 2 WA T, W48 2 1.768.0.884
0.442 g-mL", 4 *CUKFERAF & D . BY A1 B
IR R 25 A FRA F] L 5 519121041,
1.3 K#  RPMI 1640 K5 37 % ( 3£ [H Gibeo 2> A, it
5 11835-030) , i 48 1ML 3% (BU N 10 2= A= 9 T/ 04
HBRAE L H S 11012-8611) ,4% Z B IR K-
21 (HE )i 7] ( Servicebio 23 @l , #t 543 5}y P1101
G1004) , TRIzol & RNA #& Bt 77 & 58 — 8F B b
DNA (cDNA ) Synthesis Kit,2xSYBR Green 5 B} ¢
It i B A 4% 20 Y (Real-time PCR) Mix (7 [
Qiagen 23 & , It 5 73 W &y 74256 .205824 ,330611) ,
T A AL (DAO) \D-FLER (D-LA) iff 5K 5 958 W% Fff
W52 2 (ELISA) I F & (VL5 JE W AE P R A R A
AL A5 40 9o MM-0228M2 .\ MM-43853M2), VIP
K I8 B 1 3(AQP3) Bk (38 = KA ], it 5 43 5
3 AF8331,AF6222) , cAMP it 1A ( 3 [ Affinity 23
"), it %5 DF7741) , PKA $i {& ( 3% [ Immunoway 2%
A, 5 YT3749) , AQP4 i 1A (36 [ GeneTex 2 ],
5 GTX133151).
1.4 Y% SKY-111Z B JG i 88 % TAE & (95 M &
% %A R A E ), SKYTH-1112 8 CO, 1H i 1% 55 46
( H A Sanyo 2% 7)), IX81 %I 5] B 4H 22 8 i Bx ( H A
Olympus A ), TEZ101-L B! #1, 7 K 5 (| 7K % B
AL A PR A T ), IMARK B g A5 40 # AL . Power
PacUniversal 8 i 3K {{ .PACHC A% 5% . S1000TM
AU 5 S AL S1000 %! CFX96TM Optics Module
Real-time PCR{¥ (3 [ Bio-Rad A Al ) o
2 Ak
2.1 AR R KON B AR AL . SR
X1 H 4 5 5E B vk /N MIFC 15 i 40 B O TE
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10% J& 4 1L 74 . 1% AUHE 4 RPMI 1640 55 2 i ip i &1 519055
L IEHCT 37 °C. 5% CO MM P k. Wesfxigy  [lel Primersequence
H K 01391 20 I T % % BE A 1107 A /miL il A 4 34 (530 K% /op
B AERE RUNE B A R R 40 i &% 0.2 mL, VIP i CAAGCCTCAGTTCCTGG 266
PR 5~7 d, Y it K g5 I B A2 4 5 mm B, 38 T GTCTGCTGTAATCGCTGG
T X R T cAMP i TGGCGGTCACTATCACTG 250
22 W sy B AU R/ BB HL 2> T AGGCACATTGCTCAGGTAG

PKA W GGATTGGAAGGTTCAGCG 288

RV BYD R AL BEA E h ARR A (R
FIEUINA AR I o AR a2 ), B A 10 H
R AR /I BURD A4 2 T8 AR LU (E 0.002 6 1545 24 1, 15
HOE VDRI E 8 10 mg- ke, T & AR T & o A5
H M 17.68.8.84.4.42 g-kg' o /N LAY HE S AR
FUE B E SRR 0.2 mL, 2525 JH 1k 14 45, 5
Ah 10 HOEH B AN RO 28 (4, 28 AR A 4
INEREA T SRR A B R K
2.3 HE &0 0 52 & 241/ R 45 b 4 2108 25 1) o A%
W5 45 41 B 5 T 4123 2 4% 22 08 I O T 1 2, G
K AL A 3 B A T O B R 2
KA oI AT HE e o, th M I % B S, B T
JeE WM MRS MIE A .
2.4 ELISA £l £ 2H /)y B iM% - DAO 1 D-LA 1Y
T i BUELISA 50 & 9 ud WD A I 55 A6 1fi v
DAO Fl D-LA ) & & .
2.5 Real-time PCR 4 Il £5 2 /)N B 45 I 2 4 v VIP
cAMP . PKA . AQP3. AQP4 mRNA ] % i85 = W
TRIzol 1 M /Mg 20 21 32 U RNA, AR 40 306 4 5t
2 I 32 ) 6 16 B K RNA 336 5% 5% 8 ¢cDNA, P4 4
Real-time PCR & 71 &5 Ut B 5 1l 48 S50 Wi 44 &R, 46 ) 3k
PRl 119 2 38 7KK, R 45 A2l 95°C FiZE 4 5 min; 95°C
A5 10 s555°C ZE{H 20 s372°CIE K 20 ;40 PDEFER,
22 T 5 i il 4R AR A5 AL C(E 3 I P9 S B R
H A 2 RBUE 8 AC FIAAC,, 15 1 27229 H il
T -3-T 2 M &0 (GAPDH) i N 2, U ok 4% 41 VIP
cAMP . PKA . AQP3 1 AQP4 mRNA A %f % i5 18 .
PCR 5| #) J¥ % £ NCBI %% 4 /% (https://www.ncbi.
nlm.nih.gov/) # & 1, I EA Y TREARA
Al GRS F IR 1,
2.6 A EN I (Western blot) K6 I 4% 2H /)N KR
25 4L 41 f VIP . cAMP ,PKA ,AQP3 il AQP4 i I
MR A5 45 i 40 40 4R U 1, AR 4 BCA
0 A R VR B B S Ak K P R AR 1 S min,
FEAEAEAE-20 °CIVKAE . 2838 SDS-PAGE &K
OB B U A ) PYDF BE LS, F & 5% A i B
3 %) = AT B 2 h, FH— B0 BV DL 101 000 F
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N it CGTAGATGAGGACTCCGAGAG

AQP3 -if ACCTTCGCAATGTGCTTCCTG 251
T GCGGCTGTGCCTATGAACTG

AQP4 - if ATCAGCATCGCTAAGTCCGTC 109
i CCAATCCTCCAACCACACTG

GAPDH  E{f GGTTGTCTCCTGCGACTTCA 238

T TGGTCCAGGGTTTCTTACTCC

VIP .cAMP .PKA ,AQP3  AQP4 Hii& , 3 1 4 °C Uk 48
I E R . H TBST YRk 3 WG B e —ufs B
W (1:5000) % @ E 2 h, 3 ECL W {0 B % 4%
Mo FIH Image JEAE 38T 2R 11 4% I KA, 5
W2 B-actin HE47 FLEE, 20 M7 B 1103 (1 AH G R 36
2.7 GiitcESr M SR JH SPSS 22.0 B F 4y B B
Tha R x£s e , A1) HL 3R O 25 S5 ARG 5
B R O 22 0 07, DL P<0.05 N 22 3 A 48t 2%
3 &R
3. XF g% 4 H R /N R4S 1 SO S 5
25 4145 i 45 R0 5 B, G B b B e Rk W R HE 51
B PR AN R B RE T K b R g8 N A I
528 LA g, A5 TR 2 8 T R b R JZ K b, 7
JZ 0 i B HE 3 25 AL, MRODR 40 B 2 AT O A R R
A MR e g BT o S A R A AN
B S T 25 i b 500 Sk 20 M A HE 5 R X R
B B T B R T 2 K iR S e AR AR i A X
F 5 BYD RN A A FH 24 0% 70 a5 2475 T D 7l s
TR M AR B, RYEAE R E . WL L
3.2 XF 5 A /N BUILIE 1 DAO Fl D-LA (9 5% 1
Hes A L BB ZH DAO Al D-LA & 7 2 % TF
F(P<0.01) ; 5EE RG]l B, 45 A 2 dl i v b i
DAO Hl D-LA & = 4R, Hor 36 & 1 25 i 57 &= 21
IfiL 35 71 A9 DAO Fll D-LA K 14 F 25 b ) i 41 D-LA
AR (P<0.05, P<0.01) 5 5 B8 vb R 4140 1t
B A 2 R R R N UL T A D-LA
B i [ A% (P<0.05) , HiAY 41 DAO Ml D-LA At A
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TE A A AL BAERIAL, COB YD A AL D. BV SN 25 ) i
A5 B YD B 0 7R 2 5 B S B R ) ek 2 (1 2 D)
B1 HEABRAFBREGRDPFHEAN MFCBEEENMNREHARRK
HEEFWHFZIE (HE,*x200)
Fig. 1  Effect of Guiqi Baizhu prescription combined with
oxaliplatin on pathological morphology of colon tissue in mice with

MFC gastric cancer (HE, x200)

P H2E R g L. Wk 2,

®2 PEBRFHRARDFAXN MFC BEMTE/NRIMEH DAO
FD-LAKIRIE (xxs,n=10)

Table 2  Effect of Guiqi Baizhu prescription combined with
oxaliplatin on serum DAO and D-LA in tumor-bearing mice with

MFC gastric cancer (x+s,n=10)

21 5 Flit/g kg’ DAO/wg-L' D-LA/ng-L’'
2 M 19.46+1.93 125.47+7.99
H 700 2 34.11+£3.66" 258.58+11.85"
LRUFE el 10x107 31.89+4.34 230.20+34.95

BYLFIEINE R 10x10°+17.68 27.74+4.91% 171.76+31.00>%

HYLFEI PR A4 10x10°+8.84  29.1244.40  184.59+11.47>%

BYPFEIAGR R EH 10x10°+4.42  31.36£2.21  239.66+6.75

s AU # U P<0.01; 5EEEA L4 Y P<0.05,7 P<0.01;
5V FIAHAL L E Y P<0.05

3.3 X% B /N R 45 s 414U VIP, cAMP,
PKA .AQP3.AQP4 mRNA F£HE/KFHFHH =
F 2 L8, B 21 /N BR 45 i ZH 4L ) VIP . cAMP |
PKA .AQP3,AQP4 mRNA % ik /K 3F B i [& ik (P<
0.05, P<0.01) ; 55 B 2] Lo 5%, Bk & FH 24 i F) it 41
VIP . cAMP ,PKA .AQP3,AQP4 mRNA 7 ik /K -
i FF 5 (P<0.05) , F Ay 41 mRNA Fik WG iF 7+ &5
MR ITGEI¥FE L. k3,

x3 HEARABESGRDAAX MFCBREAE/NREHALR S VIP.cAMP . PKA . AQP3 1 AQP4 mRNA R ik K EHEM (x+s5,n=10)
Table 3 Effect of Guiqi Baizhu prescription combined with oxaliplatin on mRNA expression levels of VIP, cAMP, PKA, AQP3 and AQP4

in colon tissues of MFC gastric cancer tumor-bearing mice (x+s,n=10)

215 Fl /g kg VIP cAMP PKA AQP3 AQP4
BRI 24 0.21=0.06" 0.24+0.33" 0.21+0.1” 0.16£0.10” 0.23+0.09>
BV F A 2H 10x107 0.45+0.13 0.610.11 0.43+0.17 0.44+0.12 0.33+0.07
R R 0 T 3R A 4 10x10°+17.68 0.66=0.06 0.75+0.15" 0.57+0.28" 0.530.15% 0.47+0.06>
SRR e a2 10x107+8.84 0.48+0.21 0.50+0.20 0.42+0.27 0.48+0.12 0.37+0.08
SRV RN AR 70 4 20 10x107°+4.42 0.49+0.39 0.47+0.28 0.34+0.19 0.36+0.28 0.32+0.08

T B AL mRNA ARG A B 15 52 4L VP<0.05,7 P<0.01; 5L 4P P<0.05

3.4 X H 9 far /N BS54 21 VIP L cAMP,
PKA.AQP3 . AQP4 & LRk Hx 4t
B, BEAYAH N A5 s 2 i VIP . cAMP | PKA |
AQP3 ., AQP4 # 11 3 ik /K °F Bl | FE Ik (P<0.05, P<
0.01) ; 5 B2 Lh %5, Bk & H 25 @ 7l i 4 VIP,
cAMP . PKA . AQP3, AQP4, It & il 25 v 7| # 41
cAMP # [ 15 1 2 7+ & (P<0.05,P<0.01) ; 5 H.7b
FEZH LA, 16 F 24 5 7] i 4 cAMP 28 [ R A T
5 (P<0.05) , Hi 420 VIP . cAMP .PKA ,AQP3 ,AQP4

EHARIWAFTAEG HERESIT2E L, W
KATE 2,
4 itit
BRMWAKELRZEAGME RS 5T,
M5 B AL AT B, AR AR S 3T
KBTI RESZ 0, A A B S RS . B 5 R
1R & P 22, H# S 5 2% a4 5 Wi, M i
BEMEESHEDRZHRHEHEE, HEAAR
J7 FLAT AL | 25 AN I oS B T AL, I rp
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R4 HARARFHRARDAAN MFCBERE/NREBHELA S VIP.cAMP.PKAAQP3 AQP4 ZEH S EHIH I (+s,n=10)
Table 4 Effect of Guiqi Baizhu prescription combined with oxaliplatin on protein expression levels of VIP, cAMP, PKA, AQP3 and AQP4

in colon tissues of MFC gastric cancer tumor-bearing mice (x+s,n=10)

215 /g kg VIP/B-actin cAMP/B-actin PKA/B-actin AQP3/B-actin AQP4/B-actin
=4 0.49+0.06 1.18+0.06 0.70+0.08 0.80£0.07 1.21+0.18
HERIZH 0.25+0.03" 0.49+0.02% 0.31+0.01? 0.32+0.04% 0.64+0.08>
BRI LH 10x107 0.32+0.07 0.63+0.07 0.43+0.07 0.43+0.08 0.70+0.12
B AR o i ) 4L 10x107+17.68 0.43+0.02" 1.02+0.06"% 0.55+0.04" 0.48+0.02% 0.89+0.08"
BAYD F A e 3R 4 4 10x107+8.84 0.37+0.10 0.69+0.09% 0.44+0.07 0.37+0.03 0.56+0.07
BAYD 0 AR 59 4 4 10x107°+4.42 0.21+0.07 0.6340.03 0.46+0.13 0.31+0.06 0.68+0.03

T 52 (4L ISV P<0.05,2 P<0.01; 5 BB 41 L4 Y P<0.05,% P<0.01; 5 B0 R4 41 b4 > P<0.05

vie WO W e 0
CAMP .-- ‘-- 19 kDa
PKA'~--“ 40 kDa

AQP3 --; -—

WO -
i

A B C D E F
2 RANBREBHAES VIP.cAMP . PKA AQP3FIAQP4EH
FKiLBk
Fig. 2 Electrophoresis of VIP, cAMP, PKA, AQP3 and AQP4

36 kDa

protein expression levels in colon tissues of mice

BEAR 25 A, R IR 25 L R AR B A
2y 5 2 UH FR A A S AN I I T R TS R N 3 LA
I I B, 3 3 Sy B 24 5 AT G B R I AR e EEC
R W AR AT AL BTG L, B I e H
AN 25 S T VIR R AE 2 N2 B
BENE R, h SR F I TR R e R B
SHAF, B D RE A . 105 B R Jr it &
AR DL 25 A0 3 I AR ) DAL, T A B kA R
A B Z D) KL, AR AR T2 ),

P R 0 R A R R A B B Y 5 E
RS INTE , S8 IL-6 . IL-18, TNF-a %5 48 it A 1~ 14 &
FR TR R A KO TR S B
B A R 58 4 B O Bt B sz S R B . VIP
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