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Abstract: Objective To investigate the synergistic effect of Jiaoyi (J&Z#8, JY) on Gancaotan (Glycyrrhizae Radix et Rhizoma
Carbonisata nano-components, GRRC-NCs) against gastric ulcer. Methods The GRRC-NCs solution is prepared by high temperature
calcination in Muffle furnace, extracted with water and purified by dialysis. The cooked rhubarb rice and barley tiller are mixed,

saccharated and boiled to prepare Jiaoyi. Scanning electron microscope (SEM), ultraviolet-visible spectroscopy (UV-Vis), fluorescence
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spectrum (FL), X-ray photoelectron spectroscopy (XPS) , Fourier transform infrared (FTIR), X-ray diffraction (XRD) were used to
characterize Jiaoyi, GRRC-NCs and their mixtures in different proportions. The gastric ulcer model of rats was used to compare degree
of gastric ulcer, pathological changes, levels of interleukin-10 (IL-10) in the serum, tumor necrosis factor-a (TNF-a), interleukin-1f
(IL-1B), and prostaglandin E2 (PGE2), superoxide dismutase (SOD), malondialdehyde (MDA), catalase (CAT), reduced glutathione
(GSH) in gastric tissue to evaluate the synergistic effect of Jiaoyi on GRRC-NCs against gastric ulcer. Results It was inferred from
the preliminary characterization that the mixing of Jiaoyi and GRRC-NCs caused material structural changes, and the structural state
of the mixture of Jiaoyi and GRRC-NCs 1:2 was more stable. The results of animal experiments showed that compared with Jiaoyi and
GRRC-NCs alone, Jiaoyi and GRRC-NCs 1:2 mixed solution could effectively reduce gastric tissue damage, significantly reduce the
levels of IL-1B and TNF-a (P < 0.05), and significantly increase the levels of IL-10 and PGE2 (P < 0.05). Compared with the model
group, the mixed solution of Jiaoyi and GRRC-NCs 1:2 significantly increased the levels of SOD, GSH and CAT (P < 0.001), and
significantly decreased the levels of MDA (P < 0.001). Conclusion Jiaoyi has a synergistic effect on the anti-ulcer effect of
GRRC-NCs, and the anti-ulcer effect is the best when Jiaoyi and GRRC-NCs 1:2, which provides a certain experimental basis
for revealing the compatibility significance of Jiaoyi and Glycyrrhizae Radix et Rhizoma Praeparata cum Melles in
Xiaojianzhong Decoction.

Key words: Jiaoyi; Glycyrrhizae Radix et Rhizoma Praeparata cum Melle; Glycyrrhizae Radix et Rhizoma Carbonisata nano-

components; gastric ulcer; synergistic effect
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Fig. 1 Cross-sectional appearance of Jiaoyi, GRRC-NCs and their mixture with different proportions under scanning

electron microscope

B C 25

s 15 .

25 20
201 1.0 154
=15} A = ol

101 0.5 R
0.5 \7 0.5 ]

—

Dis Eos
12 I\ 2.0 \
< 0.8 \ < 13 \
1.0}
04

. 05|

0 ¢
200 300 400 500 6000 300 400
A/nm A/nm

500 660 200 300 400 500 600 200 300 400 500 600 200 300 400 500 600
A/nm A/nm A/nm

2 IR GRRC-NCs AR AEILLHIR &40 550 AT IR E
Fig. 2 Ultraviolet-visible absorption of Jiaoyi, GRRC-NCs and their mixture with different proportions
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Fig. 3 Fluorescence spectra of Jiaoyi, GRRC-NCs and their mixture with different proportions
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Fig. 4 XPS pattern of Jiaoyi, GRRC-NCs and their mixture with different proportions
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Fig. 5 Fourier transform infrared spectrum of Jiaoyi, GRRC-NCsand their mixture with different proportions
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PR, 2 923 om ! RIFSIRUSCIEEXS B T C-H i
iRz, 2 360 cm™ IRISIEXT N T C=C=0/C=C=
N/O=C=0 . 1631 cm ' AbHI P ZEIE T g2 T
C=C XHBAaHRENIIAFERT SIS, 1 383 em™! 4bHY
WSS, T C-N=0/NOs FIH L. 1147 cm™ 1R 7]
BEXTRE Y C-F BRI . 1031 em! Ab W U 04
C-N {HEFHREII SIS . T 572 cm™t Ab W i
IR AT e TR & R Bk B P S

3.1.5 J&iA. GRRC-NCs K AS[A] bR & 20 1)
MElE e 6-A Froaw, T 3 EATHIE 20
8.7, IFEM A EIEE N 0.473 1 nm, 7E 20
N 48 3 M AEAE Ty — R 55 W, T LI S A TR BE N
0.188 3 nm; 41/ 6-B A7k, GRRC-NCs FEATHf
U 26 14 29.5°, THEAS A EIFESY 0.302 6 nm,
1E 20 FIR 42 2° IAFAE T3 — R0 5508, X A% H) R
790.214nm; W& 6-C fox, 10 1IREY)EENTH
U 260 124 18.1°, THE RIS IEE N 0.490 3 nm,
TE 20 F32 34 2° IAFAE 7 — B 5508, T A% [a]
BN 0.2622nm; WK 6-D fiizs, 1:2REWEE
FT5H0E 2-Theta A 25.2°, T SR A& ]9 0.353
3nm, 7F 2-Theta i~ 31.6"Ab477E 55— 55504, it
B EA% A FE A 0.283 2 nm; W] 6-E iR, 21
RE Y EERTHE 20 M9 19.1°, THE S EEE
N 0.4655nm, TE 20 ffI24 37.6°AAFAE 5 — L5 IE,
TR IAIEE A 0.238 9 nm.

3.2 BimmESEITEh

W 7 B, RHRRZHOKER B R et
i, RESTELF. BB R B PRI IR B0 %
. PR MK, SIHRA AL as,
BN K, g R, SHERA I,
BRI KR B R A g . b i
JEBTH. KiA4. GRRC-NCs 4HA1 2 1 IREW
AT B SR Gtk i i A sz, i1 s 1
RA ARG ZOR B I, 10 2 IREWANH
PLT R L. S5 5RRM, 1 2 IREGMAIE
RORAR T H A4 252 .
3.3 BinmEiRtk R SREHINGIERTE

FHKR B AR RS B H R L& 1.
XTREZH R BRUR HBLE i, Bt R o,
B INEIR A 100%. 55X A L, BRI KR,
Him MR LR EE TS (P<0.001) . SR
PR, &40 254 K B B e AR bL 3R 1) 2 35 FRAIC
(P<0.001) o Hrh, 1:2 BEWHRIBEE %
ik 82.47%, PUlmAIRERLE, M1:2. 21 1IRA
IS ERE T A K4l GRRC-NCs 42530
E2 3l
34 BinHRIEFNE
Wi 8 Fiaw, X HEZH KRR B 2R P 5
T, LA EE R e 15 /N O & ) B R I
KILF A, bR A A 5 i B S, KR
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Fig. 6 XRD pattern of Jiaoyi, GRRC-NCs and their mixture with different proportions.
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Fig. 7 Morphology of gastric ulcer in each group
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F1 BEXRBRHERLERSZFHNEE (X+s,n=8)

Table 1 Gastric ulcer area ratios and ulcer inhibition rates in each group (X £ s,n=38)

2H 53] &g kg™ B T AR EE R % IRz IH R %

ol — 0 100.00
ot — 18.04 +6.35%# 0

FREHT 0.05 7.3842.37™ 59.11
i) 5.00 7.3943.18™ 59.05
GRRC-NCs 5.00 7.01+4.60™ 61.14
1: 1AW 5.00 6.714+3.43™ 62.80
1:2REW 5.00 3.16+2.21™ 82.47
2 1IREY 5.00 6.9845.86™ 61.32

Sxf R R #p<<0.001; SEAALLE: "P<0.05 "P<0.01

*p<0.001, FEF.

#pP < 0.001 vs control group; P <0.05 “*P<0.01 **P<0.001 vs model group, same as bellow tables.

GRRC-NCs 1 1REW

X

2 1IREW

1 2REW

8 FEARBELRETL (X200)
Fig. 8 Pathological changes of gastric tissue in each group (x 200)

YU 43 FLIE T, T0 4 M40 IR I o AT A KRR
JELF™ S Al 451, AR I M AR A, AT LA
PR I DA R ORI BE, A KL R A
B/NUITE R, BEARRRARSE L, %2 U A
B, AT LB R R A . SRAE, Y ik AR
I, B % 2 A H ) I 4 i, 2H S H AR e
HEL T A 5 ) 98 M T R 5 R K i S A
Fhast, 2545 25K R E BB S R FE 3515 21 B
EoE, P E R T4 A 41 .GRRC-NCs 41 .
101 J2 D VIREH K RE B AE DR IE 2R
oL, 286 A Rz T A R AR A R I R Y, A, TS
AR F v P18 I B 98 Kl TR A 5 K IR
IR B AT O, B — AP T REE , (847
TEAE R IR . T 1 2 2 RS WALAE DB
A, TR ZAERRZ R, FREA
SR, BOINAE TR L ESEERE, TEM
KPR, UE R IEY 5K, KM R

16, AL, ZUUKEg N, A E FER
BEXBHARE. 45REY, 12 BREWERE
PRI E ek
3.5 KR IL-10. IL-1p. TNF-o #1 PEG, 7K F/Y
=AU

FHR RIS IL-10 AIBHLF IL-1B. TNF-
o~ PGEx KL 2. 555 HRZH bUAR, ARAIZH K ER IL-
1B+ TNF-a /K FEZETHE (P<0.001) , IL-10. PGE;
KT BERIL (P<0.001) . SRR, &%
2541 IL-1B. TNF-o /K FREFL (P<0.001) , IL-
10. PGE /K F-RZETHm (P<0.001) .
3.6 X ARREBLHLF SOD. CAT. GSH. MDA 7k
a0l

HAH K E 4 4% SOD. CAT. GSH. MDA 7K
PR 3. SxFRAE, RAH KRB HAF
SOD. CAT. GSH 7K-F# 2 FL (P<0.001) ,
MDA /KF¥EZE T (P<0.001) ; HHAILA
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#£2 KB5S GRRC-NCs %A IL-10. IL-1B. TNF-ay PEG:/KFEHIEM (X+s,n=8)
Table 2 Effects of Jiaoyi and GRRC-NCs on levels of IL-10, IL-18, TNF-a and PEG:2 in rats (X £ s, n = 8)

45 FIE/ (g kg™ IL-10/(pg mL ™) IL-1B/(pg'mL™") TNF-o/(pg-mL™") PGE2/(pg mL™)
Xt HR — 49.58+6.81 136.83+31.81 96.724+19.84 94.05+8.05
FEET — 5.27 +3.88%# 451.74+71.85#* 290.711+49.06%#  32.8246.35%#
HEET 0.05 16.32+5.40™" 251.14+51.35" 179.694+25.01""  58.99+11.05™"
i} 5.00 14.77+6.00™ 253.114+27.30™ 180.244+32.69™  58.224+8.2™"
GRRC-NCs 5.00 17.94+453™ 249.96426.35™" 174.524+27.15™  65.60+8.45™"
1:1RAEY 5.00 21.09+6.15™ 238.331+49.29™ 146.484+32.13™  73.00+11.52"
1:2REY 5.00 31.90£7.76™ 200.73+42.9™ 119.654+18.98™  80.20+7.65™"
2 LIREW 5.00 20.24+5.94™ 242.204+38.75™ 158.914+433"  69.5546.55""

#=3 K45 GRRC-NCs W ARE

4A4R

f SOD. CAT. GSH. MDA 7KFHIFEM (X+s,n=38)

Table 3 Effects of Jiaoyi and GRRC-NCs on SOD, CAT, GSH and MDA levels in gastric tissue of rats (X = s, n =8)

A5 /(9 kg ™) SOD/(U mg ") CAT/(U mg™") GSH/(umol-L™) MDA/(nmol mg ')
xif R — 102.96+15.78 8.84+151 32.66+8.1 1.24+0.46
it — 69.82414.72## 4.80+1.83%# 8.47+3.33%# 4.16+0.74%
wHEET 0.05 90.83+19.21* 7.02+2.42* 21.12+5,53" 2.824+0.73™
i} 5.00 90.234+14.72" 6.414+1.93 20.15+5.52"" 2.87+£0.76™
GRRC-NCs 5.00 91.184+13.16™ 7.20+1.81" 22.524+4.03" 1.91+0.45™
1:LREW 5.00 93.964+12.93" 8.3442.23"™ 25.77+5.16™" 1.80+0.8"
1:2REW 5.00 97.98+12.86™" 8.671+0.86" 29.65+4.96"" 1.41+£0.45™
2 1RE 5.00 93.31+14.92" 8.144+158™ 23.27+4.61" 1.81+051™

Eei, HRE T4l BRiadl. GRRC-NCs 4/ 1 ¢ 1.
201 IREMAHKREHLF SOD K EET =
(P<0.01) , 1:2 KK BEHL+ SOD /K EEF
= (P<0.001) ;5 SERALLE, HE#E T4, GRRC-
NCs 4K R B HSd CAT /K5 THE (P<0.05),
114102020 1IRAMA KRR BAHLF CAT K
BETHE (P<0.01. 0.001) ; FHEAZ541K R B A
o GSH /K P EZETHE (P<0.001) , MDA /K
YR ERRK (P<0.001) , HAd1:2REMUAK
B 4230 GSH K-, MDA 7K.
4 e

WRIE, SHANE 5% ~10%MANOES
B U, FORMALE AR B, — A B
e T B F LRI HLE (EGF. PGE2 2 {R#7
W) S5HRE (BR. BEAE. OB
2B B AN~ 4 i R A B U2 AR 9K B JE K 2B
BB wom BRI T R IB X GRRC-NCs 3t B it
PP RIS B E . S5 SRR, IG5 GRRC-NCs
(VR B I T Re A RO B AL, G R
.t 2 AN IR IE S, PRI IL-1B. TNF-
o /KF, JhE IL-10. PGE2 KF, fEHEEMNT
JB2 76 A GRRC-NCs 88 A, i B Ji 46 % GRRC-

NCs it § it W[5 34 2500 H

HEPRHSEE A S RIE RS, (e 2R
YA PR T IS, U0 TL-1B. TNF-o 2%, ik B &
AR, M IL-10 A 2 28 REH0 ] B A R~ W] DA R
W RIERIR SN, o35 B Jh R A0, R, B3
JELR 3P R PGE2 A LA HILIRURH 1 56t B b 50 45
EIAEPT ST, 78RR A i ) 58 B T T R A% 5%
AR, SEER s R, 5B GRRC-NCs
AL, RIAS GRRC-NCs 1 : 2 IBE BN R %
Fhi IL-10~ PGE2 /K°F, B&#{K IL-1B+ TNF-a 7/KFs
CEEVE S SO B B Ae Il e A A R A
(1 H NS, SN 2 AR RS &, IFE
TSR AR BERIEDT, SR
(RA, Bl E AR AR AR . (HE AT DUE
HUARIIPTEE A8 R FRIR PR - SOD. GSH. GSH-PX.
CAT e4bt B B AL B — 2R B b L, ] DA
TFBEAEAL SN, o B 2B A 21 2 5% EE B
FHERISY, T MDA &% H HZE/EH TR A
A S5 7 B A P TR BB P, B BT B IR AR Y
AHEBERW I ER., 51 R, Kins
GRRC-NCs 1 : 2 IRAG R AL W3 Tt = SOD. GSH.
CAT /K°F, P&k MDA /K°F, WA S GRRC-
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NCs RA AT B2 8 i (2 28 R 7R, 3o
B AR AR 5 77, Dk A LU R AR
BeEtER .

AT, 1A 5 GRRC-NCs V&1 b i
L. GRRC-NCs Hlri 23 H A F RS,
FHEW, BT R GEFRESERMAT AR, Hilt
HEM LA 5 GRRC-NCs 1R & JERATRES|EE T 4544
AR HE—PAEBNUKREARF B, RIA R LA
MY GRRC-NCs REWRIELS R ERIA MR
TELE RNl MifkIA S GRRC-NCs 1 :2 A
VI E I AR X FR, etEReifE, 404b
P S5 tH IR e ARG b, HEDI AT B A IR 1R S
GRRC-NCs 1 : 2 IRAMIHISE T NFaE, XAl RE2
HAPERFENHEE R —.

ANFEELBI A S5 GRRC-NCs TR &l v
DL s B B A R g o, b Rie s
GRRC-NCs FIVERAE 112 BIRA B2 FRILH
BEERIPUBIZ AR 1 () vz
feta 5 HERFIES BN 1 5 3 R, PR
Bl E R S HEREEIRL N 4.4 11, TARSEER
13 BB EERC LU AN AT, 5 R AT e AN T B
8 FH ¥ GRRC-NCs & H 5 i 5 g drbe . i g4t
R, GRRC-NCs 8 H 7 o AR T H R 5 AR
Rk, HEAATEA IR . AR T2
H/EMTN, HEEWAAE. A4, KT
B B A BRI R 1R 5 GRRC-NCs [ EL A i)
W, TR R, N IRG S
H I H B A BE 5 4r 5 ARSI 19 H 1 S AR L B
SiRMER. Kitk, K165 GRRC-NCs 1 @2 FR
A Ee A AT A R /N g TR TR R R H RS LA
R —A 2%, R T 7 AR ] e A
it — 7

zi b, BRiAX GRRC-NCs Jit B 55 £ B [F
BEAAER - @ WD B % T DAHEI IR E S
GRRC-NCs B& G 9l 74 ma, Kk
55 GRRC-NCs 1 : 2 iR AWM 45 IR S T v fa
E, W T /ANE TR RS K H R
RN . XSRS GRRC-NCs IRE Y
SE K0 45 T 1 T A o o 3 T A 1) S —
WA

RBAR FIAVEH Y ERTAEF B R
SE 3k
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