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YINLRE T WLSER RS, MG T 56 S K0 a0 K R B A S W IR IS s (W 5 2% 5258 SR e X L H 2554k £ 1%
MEAE CAch). BT IIH] . S48l (BaCly). BIGah. B LIRE (Ado JrEtE I HEhusshf+mER . B8R KibiizZ
PR R CT S U0r (P<0.05), 5-HMF [WHB2E S TS0 (P<0.0D). KEb5e 2 02 0 SRS i, 2
BT, BaCl, 51 MSRE MRS, XHT Adr SR ERAT (P<0.05). £ HZKME S-HMF KE~4E, gl
G L ar R 4s, FROL S-HMF X B4R S - DL RLR., AT e e oK 38 2@ T o s i ) kil 2 —, - JCHLIAT
RE-55 SLU R 5 W P HUL N, 2 A4R B B IR R RE A %

KB WS K WS ZHE; S-HMF: BEBHEEIL N 24 B EREGZA

HEFES: R2855 NERERD: A XEHRS: 0253 -2670(2017)01 - 0149 - 06

DOI: 10.7501/j.issn.0253-2670.2017.01.021

Content of polysaccharide and 5-hydroxymethyl furfural (5-HMF) in Codonopsis
Radix after cooked with rice and its impact on rabbit gastrointestinal smooth
muscle in vitro
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Abstract: Objective The effect of Codonopsis Radix was significantly different before and after being cooked, and to study the
content of polysaccharide and 5-hydroxymethyl furfural (S-HMF) in Codonopsis Radix after cooked with rice and its impact on rabbit
gastrointestinal smooth muscle in vitro. Methods Before and after being cooked, the content of polysaccharide and 5-HMF were
determined with phenol sulfuric method and HPLC. BL-420F bio-functional experiment was applied to observe the impact of
Codonopsis Radix processing with rice on rabbit gastrointestinal smooth muscle in vitro. Tests showed that acetylcholine (Ach),
neostigmine, barium chloride (BaCl,), atropine, and adrenaline (Adr) intervened the relaxation of rabbit gastrointestinal smooth muscle
in vitro. Results The content of polysaccharide was significantly lower than pieces after cooked with rice, and the content of 5-HMF
was significantly higher. After processing it can further excite spontaneous activity of gastrointestinal smooth muscle in vitro. It can
enhance bowel neostigmine and BaCl, caused intestinal excitement and tension, objecting Adr caused intestinal relaxation. Conclusion
5-HMF was abundantly produced after Codonopsis Radix cooked with rice, caused excitability contraction on rabbit gastrointestinal
smooth muscle in vitro, reproducing 5-HMF effect of gastrointestinal smooth muscle in vitro. It may be one of the material basis of
Codonopsis Radix cooked with rice enhanced spleen. Its mechanism may be its collaborative control of N,R and R results.
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W2 N RERRMEY) 562 Codonopsis pilosula
(Franch.) Nannf. #A{t5 2 C. Pilosula Nannf. var.
modesta (Nannf.) L. T. Shen 5¢)1|%% C. tangshen
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WEFERE); # AL WA (Ach, #t'5 6YZBF-AG,
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Ky CRASTIRMBAL TARFT D R (FEK)
R THEBERAF, fit5 20131101); L5 H
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FH P4 R K2 B R 242 S I o ST e e it
2 FHiE
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R BB S MRS S AR 1.2 ¢
SRVE TR, IMAZERK 30 mL, 70 CilEmHe
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RFEE 1 mL, BB 100 135 AR S s
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TR Ry 0 ARV NN 5% 289 1 mL,
PEAY, WG R 5 mL, $#55), WHIEER)E
WK 15 min, KA EE T 490 nm P AKARI 2
WERE O AP, DURTATRE bR R IR IS
AR (XD, AN HAER (V), efilbauEihsk, 153
A5 FE K Y=79.087 X—0.025 4, #=0.9992, £
Xof HE SR 2B E 1.74~10.46 pg/mL 5 4 {5 B
EEPER R ARHEARTE 2T 2 Bk, %
LR AR 20 R 5

2B = 2 W T R P X R IR/ 2R R
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2.3 #SH 5-HMF g g
231 iA@Y Kromasil Cig (150 mm X
4.6mm, 5um) SelNO. 22208, KiillykK: 284 nm,
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TBNAH 3% O s AR E ) 1 mL/min, FEif 25 °C,
HERESE 10 pL,

2.3.2 SO BOECH] RS EPREL S-HMEF X 5.0
mg T 50 mL &, IHEERZIE, Y. K
BEL 1 mL EASE 10 mL S e TR A
0.01 mg/mL %f MW, vk, #&H.

233 fEadlg RS AREOE 20 B RKE
SIARRMBESIRA AR 0.2 ¢ Kidh, KEEBHHE
50 mL, s, A 30 min, ¥4, fMNERE,
g, SH.

24 RBMBHEIEMRESEEBHITEMNK N
AN

24.1 SEWEH 1 000 mL 4 KB NaCl 8.0
g.KC10.2 g.MgCl, 0.1 g. NaH,PO,4 0.05 g. NaHCOs
1.0 g« CaCl, 0.2 g. #%HH 1.0 g, ZEMWH/AKINE 1000
mL (CaCly # e Ho A IRl TR A I N 2818 /K
k2 Ja, BRI, 5 PR A A Eh it
T, REIATHE AR P IIN N A B AN
feE) M,

2.4.2  5-HMF JOKIPRTE 52 20 (1D #R
I 1 mg 5-HMF, Hl & [RIEACH | mg/mL 5-HMF [¥)
RE, M. () IS AR RS % 2 g,
1500 mL FEE, R 30 min, A, AR,
eI, WURKAFET, HE REBHEEET5E
251 g 2. B4 CAIAE & M. IRIEEROR
AR 2 KPR fE %2 S-HMF [,
KW AR 6254 S-HMF K&, FLL 5-HMF
(AR, ORISR G % S A o &
5-HMF AHR IR B2 (253, H DA ECBOK IS T G 5 200
FHREAKE M i IUE . &H.

243 ZFRBW BB & KL
AR 24 h, PR EGH AERESOAE, WMIdHIE, HUE
AT 1+ R A2 10 em, S EDROMKIR & BB .
INONIT B IS R AR, PRI & R e s A
ZE BT 2 em X 3 em B Y,

2.44 S5-HMF BABHIHTIG %20 KR e is 8 i r
WLzt (1) e Ry VR & B
A, ATEIRSFIE S (37.040.5) °C, 22181
NI AN/, WAl —BL, M5 48,
Hop—£ e 1 L < F, MO 20mL &%
WIS ) o B —umiE Bk Jy 3 geas, LA
2 g fififo $1JF BL-420F “EMHLAESEIG R Y8, ¥k
D¥reds SR GIER, FFBOsEKE IER S,

O — BB LW iR M2k, TFAGT AN ) ik
% 5-HMF. AN R E S-HMF #3582 Rk
W3 225U, LA T H 24 Ach (1X107° mol/L). ¥
W EH (0.15 g/mL) BaCl,(10 mg/L) - Bl 4E i (0.015
g/mL) Fl Adr (0.15 g/mL). (2) KI5 5%52
WEB IR 05 3 min EH BOE ) 4k,
B2 B R BE N 0.1 mg/mL (RIS T 5 56 524
W 0. 2. 2. 4. 8. 164 32 pL CKIHT G %S 25
KRR ESY )04 04 0.01. 0.02. 0.04. 0.08. 0.16
mg/L. (3) 5-HMF K52 253 S0 7 ik,
0% 3 min 1EH HBOS S IHE, W TR E A 0.1
mg/mL 5-HMF 253 0. 10. 10, 20. 40. 80 uL (£
R E Sy )4 04 0.05, 0.1, 0.2, 0.4, 0.8 mg/L),
FERANZETAIRE 1 min, 0% B4Rk S84k .
BT UL RSN E A% ST S-HMF ER N 1
gmL (EZy) WS 0. 5.4, 5.4, 10.8. 21.6,
432 pL (B WAHYS T 5 5-HMF 2 itk gy
B4 04 3.05. 7.1, 14.2. 28.4. 56.8 pg/L; Kibiv
ZA T 5-HMF 2 it 2 739320 04005, 0.1+
0.2, 0.4. 0.8 mg/L).
245 GuiliEeR SRS R X +£5 2R, BLIBM
SPSS Statistics 20 AL, R FE 7 Z= 04T
TEATRLS o
3 &R
3.1 RBRASKREESKFIUMLE
B 2~4 mm, RARERG, Wik
Ff, ROBEER, RGN, PIRSE A6
R, BRRHRNESEHS KRS E
bRt R, Wil g, BIRmEiit s
Mth, BURKFFRIER®. WE 1.

1 RBRRFMRDRESREHR
Fig. 1 Samples of Codonopsis Radix and Codonopsis Radix

cooked with rice
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32 REBRMBIEEZHEENLE
WA G R 2R, KICHTE S 2P
ez R % (P<0.05. 0.01), ZERILE 1.
3.3 HEXKMHIE S-HMF 2 #9 L
DL 5-HMF 0 B (kA o B AR bR L U1

FRME AP AR, ZehlbrdEdh g, 15 R0 F
Y=4 491 X—246.11, r=0.994 3, F£W 5-HMF
7E 0.06~0.14 pg W2 RIFHILERXR. K
KPJE 5-HMF [FamaEs 8% (P<0.01). 45
R 1.

£1 REXMBIFEESHEN 5S-HMF EAILLER (X +5,n=10)
Table 1 Contents of Codonopsis Radix polysaccharide before and after processing (X £s, n=10)

Sk BEWE% 5-HMF/%
WBUA K5 S0 WS Kb 5E S0

1 32.80+1.47 29.53+0.71" 15264124 206.60+10.25"
2 33.10+1.86 28.5940.78" 11.88£2.08 181.75+ 9.23”
3 32.11+1.52 26.274+1.84" 1220+1.97 182.35+12.66™
4 38.99+0.94 36.91+0.42" 8.3042.01 176.30+ 8.74"
5 35.05+3.51 27.94+1.12" 9.034+2.22 177.65+£13.69”
6 41.66+1.80 37.344+1.43" 9.33+1.79. 178.58+11.02"
7 4133+1.92 37.16+1.28" 11.45+2.01 192.314+13.56"
8 42.28+2.17 34.43+2.17" 14.1242.03 201.65+11.05"
9 46.93+2.14 42.4242.20" 9.35+2.14 186.32+£14.26"
10 39.65+2.50 35.80+2.15" 12.334£2.42 174.62+ 8.69"
53S0 R TP<0.05  P<0.01

P<0.05 "P<0.01vs Codonopsis tangshen

34 5-HMF ERSKMBIEMNRESAEHTE
AILE 5h B9 220

340 MFAEZKRE S KA EEHLLE H
K200, SRR WS B R AR T
WU B e (P<<0.05. 0.01), L3S0
AIAHLL, Kb 5E 2ot B W P WUk Boli 4 e H
SOMMBA S, gk s N2

3.4.2 5-HMF KooK fafER tei k3]
W, S5 RAIAIEL, S-HMF %8544 8 i~F- 1 WU B
A BB (P<<0.01), BEFEFIEEK,
Tk AWk . FEF 5-HMF 1650 B FE A o2 1) 3
SRR B R FEE O, TR (A IS N
B, RORIDTE S0 B A I UV BB 1 FH B
LA AR DT

3.43 T HZX 5-HMF. %2 SOk SE 5
W Ach. BriHIH]. BaCl, BEWS XAy B A -0
WUBCAE, BaIHGah . Adr REBSHIHIES A 17 74 DL
4, Ach 6 5S-HMF T J5, A0 KR -t
LK I 7= A R 5 s BTG b 2 MOSZARBE TSR, Bl
FEaES S-HMF G, AR R SR UL
Sk I B . $ER S-HMF X 586 B 4
WUk TS M 2K . 5-HMF Al

2 RBMAPDRERSWREBEREEMNELE N
(X £s,n=5)

Table 2 Effects of Codonopsis Radix and Codonopsis Radix
cooked with rice on smooth muscle contraction from rabbits

invitro (X £s,n=15)

a7 e | omm 7wk
(mgL™) (mg'L™)

M0 2.076+0.121 X 0 2.008+0.035

W% 001 197810113 KIS 001 2.904+0.215"
0.02 1.964+0.135 0.02  3.305+0.194%
0.04 2.206%0.116" 0.04 2.936+0.285"
0.08 2.235%0.176 0.08 2.977£0.135™
0.16 2237+0.124" 0.16 2.933+0.122%

R4 *P<0.05 #P<0.01, K

“P<0.05 "P<0.01 vs control group, same as below

Kb vt 2 3 et W E AW T B . BaCl, 3
o B AR, ST Ade BTEURT I LER K, 42
7N 5-HMF HEKKE 50 200 B 44 8 1 LA X m) i
B WL 4.
4 g

2 B S mIERTT R, AR (AR B SRZE)
HEE): “ LG, SRR, A RDOREK,
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£33 5-HMF. RERARMESHREBETBNKLERZIE (X s, n=5)

Table 3 Effects of 5-hydroxymethyl-fufural, Codonopsis Radix, and Codonopsis Radix cooked with rice on smooth muscle

contraction from rabbits in vitro (X £, n=5)

g P e a7 e | oam 7™ o
Pl 5-HMF 2L 5-HMF il L 5-HMF il

X i 0 2.00840.008 | X 0 2.072£0.092 | X} H# 0 2.076+0.095
5-HMF 0.05 2.70240.089" | 3% 3.05 2.072£0.092 | KW S 0.05 2.242+0.069"
0.10 3.404+0.162% 7.10 2.11640.026 0.10 2.651+0.026"
0.20 3.593+0.133% 14.20 2.486+0.117% 0.20 3.060+0.052%
0.40 3.696+0.042% 28.40 2.945+0.026" 0.40 3.424+0.146"
0.80 3.457+0.173% 56.80 3.241+0.160% 0.80 3.560+0.184"

x4 ITEABRERSRAWESHREBATRIEERIZIE (X £s,n=5)
Table 4 Effect of tool medicine combined with Codonopsis Radix or Codonopsis Radix cooked with rice on smooth muscle

contraction from rabbits in vitro (X £, n=5)

ikl WLk Ji/g 4157 Wik Ji/g
papiit 2.000£0.005 BaCl, 2.387+0.147"
5-HMF 2.702+0.089 BaCl,+5-HMF 0.705+0.040%
e 2.072£0.092 BaCl,+ %% 1.428+0.035"
Kb 5i % 2.24240.069 BaClL,+ K3t 0.959 £0.0414
Ach 3.348+0.160" BT 1.65540.040%
Ach+5-HMF 2.636+0.010 BT FG %+ 5-HMF 1.671£0.044%
Ach+3% 4.832+0.227" FATHE i + 5 5 1.707+0.098"
Ach+KIp3E 5 2.92740.090** R4 it 4K kb 38 2 1.647+0.054**
i 2.975+0.045" Adr 1.562+0.144"
B 4 5-HMF 0.549+0.098% Adr+5-HMF 3.14740.166%%
B+ 5 2.034+0.052" Adr+3 5 1.959+0.047"
B+ KIS % 5 0.771£0.024 Adr+2KIb 58 2 2.601+0.0854*

xR AL #P<<0.01; 5 5-HMF 4104 “4P<<0.01; 558 S41LEE: "P<<0.01; 5KIb58 341 L *4P<<0.01, 5-HMF [t 4 0.05 mg L™,

TS RANSSESFIEA SN 5-HMF 24 0.05 mg-L™!

#Pp <0.01 vs control group; ““P < 0.01 vs 5-HMF group; “P<0.01 vs Codonopsis tangshen group; **P < 0.01 vs Codonopsis tangshen cooked with rice

group, dose of 5-HMF, Codonopsis tangshen, and Codonopsis tangshen cooked with rice are 0.05 mg-L ™' (standard by 5-HMF)

RRLWARSR” TS FET NS, AL
LRy 365 2, B B A
PR LR ARSI LU S5 2 ), AR
PAE BRI 535 ZE R R D, 1 5-HMF
W0, HEMSE SR LU, 85 2 Hn] feiiid
P2 S N AL AR S 5-HMF, 3K 25 305 3C
(/{591 R Gl

P Ge il e DL AR IR SEUESE 56 S bl Ay
Ja WL T ke, AL e ) Tk il A 2
BAERNLEDEATE . AP RN, WS
MHEHILT 5-HMF (7R, FAEAES Mgt
FHERY S-HMF 8 HASHNIREE S SO

B, KIS REW T SR B4Rk 1,
GES TS KIS MG S-HME 5 25 58 0 (1) 52 56 25
B, R S-HMF J& 58 2K W0 M i (M o) 30 5
I Rl 2 — .

Ach J& M ZRBI7], Ach B 5-HMF i
Jei s BN R ARTHE IUK A B s ;
BTFE A2 M SZARBEWTFR, FTHE SIS S-HMF {48 H
Jei s WA F R BRI A4 B . i
7 5-HMF 0 K e BT 4 sk 1 tise i 5 M
SAATC . IR ARG G N, 22N,
SR A E I W, B S S-HMF A8
Jei s WEAE] TS W WO 5k D) BRI
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KW 5-HMF X8 i~ WL AR H vl eS8 i
HITEgr Ny 3244, AT ASE8T 0 (0 B AR R s 6 %,
S5 SCHR, S-HMF BT RE NI Ny 24k, 0%
5-HMF f£if AchE %&i&, Sl Ach /b, FHK A
BT MAA L, L cEK SRR, BaCl, B
AR TE, PRIk e EEREEE, M
5-HMF #8145 5 2 61 Pt BaCl, BT T Lo =
25 EIRER Ade AREIR U0 5 L 2 44
FRIAT S, Adr S/ UUUIS L1 BB A
ROemai &, AR, Hksh Vi i A4
MG 5N, AIAE By S AT DL S - LET
5K, 5K, S-HMF RS 5235005 Adre X
PN e, B ARk, g s
Wizs). $é~ 5-HMF AEH TR 5590 B 5 FIR =
RESZ AT %,

HARE RS, KIBHTE 2 BEHE9R T Ach [
YER, (HXSRBTFE AT Adr AN, 565K
ST HUHT A BRI BaCl, X 8 i~ WU 4 i 4k
M, ABABL 5-HMF MK e 2ER B, KD
J5 WA A B R S AR R E ) 5-HMF 1R
Fa#ham B30 KPR 5 20t H i i
Wi e IEaE S 5S-HMF /e i gh 3L, i
VEZZ L 0D e S R YA

Zr b, ARSI S RN S KIS G DIk T
oAy, LIRS RN 5S-HMF (& kK AR L,
KIGHI G 50200 i~ LA FH 2 No 324461 B
B R e AR SL R A 4 R
S 30k
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