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Optimization of extraction technology of Guizhi Zhumian Capsule by orthogonal
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Abstract: Objective To optimize the extraction technology of Guizhi Zhumian Capsules (GZC). Methods Based on the analysis of
the single factor experiment results, the orthogonal test method was adopted to study the three factors including the amount of water
added, extraction time, and extraction frequency by taking the dry extract yield of the medicinal materials and transfer rate of
geniposide as indicators to optimize the water extraction process of GZC. To optimize the alcohol precipitation process of GSC, these
factors including the concentration of the medicinal materials, alcohol content, and time of alcohol precipitation were investigated. The
extracts before and after alcohol precipitation were compared by improving sleep pharmacodynamics. Results The best water
extraction technology of GZC was decocted three times with 10 times of water, 0.5 h each time. The optimal alcohol precipitation
process was to concentrate the filtrate of water extraction to 1 mL, which was equivalent to 1 g of the original medicinal materials, with
80% alcohol content and 12 h alcohol precipitation time. Compared with the negative control group, the water extract group of GZC
could prolong the sleep time of pentobarbital sodium mice and increase the sleep rate of mice under the lower dose of pentobarbital

sodium valve (P < 0.05). The water extract group and the water extract and alcohol precipitation showed a trend of shortening the sleep
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latent period of the mice with barbiturate sodium, but there was no significant difference (P > 0.05). Conclusion The

pharmaceutical efficacy of the extract before and after alcohol precipitation was different. In order not to affect the drug effect, the

water extraction process was finally selected as the best extraction process.

Key words: orthogonal design; pharmacodynamics; Guizhi Zhumian Capsule; geniposide; extraction technology; pentobarbital sodium
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B dmi 2 Dha ), AT R oHE 1 A e R AR 11
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2.1.1 B4 fF  Ulitmate XB-Cig (il K (200
mmX4.6 mm, 5pm); FHFEEN 10 uL; PLASE-/K
(12 : 88) AifishaH; frdllgk )y 238 nm; AR
N 1 mL/min; HEA 30 °C; HESHREGEHE 1
WETHEAMKT 1500,

2.1.2 RSV A RS AR EUNE 7 R
i 8.20 mg, B 50 mL KRR, 0 EEAE E
BRAE, 874, RS,

2.1.3 AR A BUKIRBOKIRBEDTS
TEMA GEIUSH) 29 0.1 g, KM E, B 50mL
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XT3 Ak 1.

2.1.6 Ao FHARAEAT B4 43 BRI
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Fig. 1 HPLC of geniposide reference substance (A), sample
(B), and negative control (C)
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0.14%, FE%E R -

2.1.8 FRmEtiLe  HURSIE R AT 0L 24 4.
6. 8. 12, 24 hilikf, WUGHFE 10 pL, ERAE T
WA, F+i+5 RSD . 455H%EMH, H RSD
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i H 100 g HE1 WAEEZGHE 0 64 8. 10 12,
14 5 &EKRI 0.5h, MIKFIRE 2 K, &K 1h. LA
FENKEWN TESR. B FHEBRAEM. |
L ATHEL, DK EXLRE VR R ECR, B K
BN, ZRE ST mEREIC, I/KE 10 £
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(2) BT =E T 100 g 5T WHEZHE
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Table 1 Influence of water addition on water extraction

3 EBUREX KRR A ST
Table 3 Influence of extraction times on water extraction
effects

BIAH HERN%  ETERERY%  GETH
1 22.67 55.05 75.01
2 28.83 67.34 93.08
3 29.67 69.29 95.78
4 31.83 68.68 97.86
5 33.17 64.56 95.90

Bgm, LA BER, HRBURECY 2 K

elfects _ \ o GAAMINGE, BT TR, B
WOKEIE GEES W FEREEN SERR g ok, MRS 1.
6 25.42 60.34 88.85 2. 3K,
s 28.17 66.49 o812 224 EZRBMREREKRELE ERRES
:2 izjz Zzzj zzfj SRS |, LR B8 T H R SO0 I6T,
o 28'25 67'57 99'20 HEMKE (A, $EHUNE] (B). F2EUREL (O
- : - NEERK R, KA Lo(3%) RFHATIERRE, ik
=2 REEE R KRR A AR T Z. W& 4. 5.
Table 2  Influence of extraction duration on water HIEAS R EW MR, 3 MFEERENZ
extraction effects MRIERMR IR BRI C GREUKED >A
REUN A/ BERY%  WTHEBEY% 28050 Omk=E) >B GREUFED, &EEANFRKFEREE
0.5 24.83 65.76 91.99 R As>Ar>A . B,>B>Bs. CG3>C>Ch,
1.0 28.00 69.82 100.00 W7 Z ot — 200, ¢ GRBUKED X2
1.5 26.42 65.25 93.81 MK Gt 2225 (P<0.05). i A (hik
2.0 26.16 64.20 92.54 &) M B (FEHUNED X 25K IR AR A Gt
25 26.42 64.72 93.36 B (P>0.05). SO RV REKIETE N
x4 KEIZEXRBLE
Table 4 Orthogonal experiment result of water extraction technologies
A Tas] A/ B/h C D (ZFH) BER/% W HHHHE /% LREVEa
1 6 (1) 0.5(1) 1(1) (1) 18.67 45.41 66.60
2 6 (1) 1.0 (2) 2(2) ) 24.67 59.57 87.61
3 6 (1) 1.5(3) 3(3) 3) 25.58 53.54 83.38
4 8 (2) 0.5(1) 2(2) 3) 24.17 56.57 84.21
5 8 (2) 1.0 (2) 3(3) (1) 28.67 64.03 97.10
6 8 (2) 1.5(3) 1(1) ) 20.83 46.88 70.87
7 10 (3) 0.5(1) 3(3) ) 29.42 66.10 100.00
8 10 (3) 1.0 (2) 1(1) 3) 22.83 53.05 79.20
9 10 (3) 1.5(3) 2(2) (1) 26.83 61.79 92.57
Ki 237.59 25081  216.67 256.27
K 252.18 26391 26439 258.48
K 271.77 246.82  280.48 246.79
R 34.18 17.09 63.81 11.69
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Table S Variance analysis of water extraction technologies
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Table 6 Verification test of water extraction technologies

TIERE  WEFIHM O HBE FHE BEM I 1FE /% WaFHHB /%
A 196.101 0 2 7.626 7 1 29.58 66.14

B 53.288 7 2 2.0725 2 29.25 67.70

C 734.200 3 2 28.5545 P<0.05 3 30.17 70.59

D (iR %) 257123 2

Foos(2,2)=19.00 Fy1(2,2)=99.00

AsBiCs, BN 10 f5 /KBTI 3 WK, BHK 0.5 he
225 IIFIRL  fRERA TR, FREXZGH 120 g
(HE1 100 g« AIHE 20 g), BIFREL SRR 20 g, AN
S EEKIRI 1 h, &M S h, WEEH KM, ZAMWE
(7K eI o S U ER HE 1 2L AR 247 0 10 fi =
KR 0.5 h, HHZKELE 3 1K, &K 0.5h, AFHFIER
5 ERZEMW, IRFEMTEEN 1.08~1.10
(60 C), HZTJE (0.08~0.10 MPa, 80 C) J§
TIRE . 7T 3 RERRE, WEHAERFHEN
29.67%, RSD A 1.57%; Ma FH R FEMEN
68.14%, RSD N 3.31%. 45% (£ 6) FIHLALR
B 25 AN TE AR E 28 G P B KB A S, Ui B K
RILZHRE. TTH.

23 EERTZ

2.3.1 WEUITERFONE 2K &K
RITZ, #HBIEASAI ZHREATEE DT, Hhik, JEW
WERAE (50 C) BiEE, FEEHEEI 10 mL FE &
W ETREE s 2 KL, B2 (0.08~0.10
MPa, 105 C) FIEEEE &, B T/REAE 1h,

WA E R, HEAER.
232 BEPLLZ0FMHabs BRI 2 KR
REZ, AEEEES, O EENRAE, =&
filskaEt, DTESE BEREL 0400, T
HERER (WEREE 0.60) NFENEIR, XFTEEDT
TEHITHE S -

TH 5 R = BETHURARR X T8 R B/ (R PR B X 5 25
M)

SR T HHBER=TER T TEX TERE/(RY
MieFH & & X JELMEE)

Bl T S5 A 5 =R/
T R/ RHE T AR X 60
2.3.3  EEPURH T2 A0

(1) IER Rk T T2 L n R 7t
DIAFE R JE T HEBE A RIS, IR
RRRFEHARTEIRE (A B ETEE (B).
FEUURE] (C), FREERM 9 h 25 (MET 100 g.
WAE 20 @), TEcHKIR L EHIS 259, KA Lo(3%)
TEAS AT RIS S Iy 2 53 » Meide tH e R T T 25
ZRNE T, 8.

TR/ T H A5 5 X 40+ 48

®7 BERIZEXRESR
Table 7 Orthogonal experiment result of alcohol precipitation
SEI A/(gmL™) B/% C/h D (IR%) E % W FH /% AV
1 0.5(1) 60 (1) 12 (1) @) 17.17 54.61 74.37
2 0.5(1) 70 (2) 24 (2) 2 15.92 55.52 76.87
3 0.5(1) 80 (3) 36 (3) 3) 16.08 60.91 81.96
4 1.0 (2) 60 (1) 24 (2) 3) 13.58 44.75 70.09
5 1.0 (2) 70 (2) 36 (3) @) 11.58 43.28 73.14
6 1.0 (2) 80 (3) 12 (1) 2) 13.17 60.01 85.93
7 1.5(3) 60 (1) 36 (3) 2) 8.83 30.68 70.22
8 1.5(3) 70 (2) 12 (1) 3) 11.08 42.72 73.96
9 1.5(3) 80 (3) 24 (2) @) 10.00 42.54 77.22
K 233.20 214.68 234.26 224.73
K> 299.16 223.97 224.18 233.02
K 221.40 245.11 225.32 226.01
R 11.80 30.43 10.08 8.29
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Table 8 Variance analysis of alcohol precipitation

FHERE  WEFTM AEE F BEM
A 23.975 5 2 1.805 6 G
B 162.132 1 2 12.210 5 G
C 20.314 4 2 1.5299 G
D (iR %) 13.278 1 2

F()>05(2, 2): 19.00 F0,01(2, 2):9900

B IEAS I B TR, 3 AN EEREN 2
MEETTRCR R EK OGS B (IREHER) >
A (GRRERE) >C (FBEIIED, FHEAF
HKPREEEAR IR AE A1>A>A;, B3>B,>B;, C;>
C>Cs, FlId T Z Rt —L i, A (W
JREWREE) . B (S mEE). C (BEDUTED X
DR BEMERW (P>0.05). ZEF0EN
BAERET T 208 AoBsCr, BIZK$ZIERIKEE 4 1 mL
A TIRZGH 1 g0 ZOSTEEN 80%, FEEDT
B 1E]) 9 12 ho

(2) BFiRE: Iz Aab 7 E ], FREXZGHS 120 g
(KET 100 g AIEE 20 ), BIFRECAEERDK 20 g, I
S FE/KIRI 1 h, ZEMW S h, WUEEHE KM, ZAMWE
RIZKVE I IE T ) 2B, 4 IR IR pI ke 1y e R 7K 4
T MKW, JERt, &S LR AR,
Wi 1 mL 257 S T IRZM 1 g, IIACEERE
BN 80%, mit b 12 h, fHIE, JEMRIEIEIRYE (—0.08
MPa, 50 C) ZAHXIEE R 1.20~1.25 (60 C),
BT (80 C) MTHRE. 173 RELRAR,
MABAFE P IME N 13.22%, RSD K 2.20%; HE T
LN 60.14%, RSD N 1.66%. 1t ILEEDT T
2. . WK 9.

24 HYFIRIFEARERNIZ
24.1 SEERZWH A

(D) HeF-PIEEARIRIHI % L b 2 BRE, FREL
WEE 50 g. #ET 250 g, $ZIBEAMKIE T EH|&AE
T-WHEKIRY (BiEOki K, 1 g 25y
TS 337 @), MfEmdky, $80 H, %H;

x9 EERIZWIERELER

Table 9 Verification test of alcohol precipitation

i HEE % HE T H AL /%
1 13.50 60.51
2 12.92 59.01
3 13.25 60.90

3 FH AR R ACIB N5y, B 4 CIKFE&H .

(2) HE+- KSR DT I ) £ . DL b 2 ik
25, MRHUAIEE 50 g, HET 250 g, $alR /KR EZ DT
T &AW KSR B DRI (FR B B4R A
WA, 1 g Zift T IRAZE 7.56 @), HRZAMTH
“24.1 (1) Wi,

2.4.2  SCEREARIHAE VRN 700

(1) B MR S0 5 1K 3 T b 2 AN B IR T (7]
SCHG . BRELELHIRNEL 40 K, FENL N 4 4, KA
PEXTHRAL CAEERERAKO . PUZGRHMEXTHRZE (M PG 2
1.51 mg/kg) Ha7-RHKIRYIZ 0.59 g/kg (EZ &
AN 2.00 gkg) a1 -REKIREEDIVIZA 0.26
g/kg (VEZEFIE N 2.00 gke), &4 10 X, %4
INREEK ig 10 mL/(kg-d), ZEZE30d. 2529 K45/
B ig 60 min J&, CAZIAIIIENIE R G K 30~
60 s H ik NBEAR, & 1E 5Pk 52 R A B bt i,
MEE 4 HINR GG T2 RN EESIEL 26 30 K, ig
15 min J5, %4/ ip REEZE 42 mg/kg,
SHEN 10 mL/kg, UABHIE S 2K 1 min R,
WSS A i B 7 LK/ Bl B2 L 22 BN AR T )

(2) KB RIS 32
25T EHA B “2.4.2 (D7 T, NRA IR ig 15 min
G, BFEANR ip REHZEERKE FFE 32
mg/kg, VESTE 10 mL/kg, ¢3¢ 30 min P &% ZH A\ R
VEL CRIE SOH 253K 1 min L E#).

(3) B2 EEIRIE RIS FIE A H %
WEEM A TRIABE A “2.42 (17 T, AERAK
ig 15 min 5, %4/ ip EHZE, IS 280
mg/kg, TESHE 10 mL/kg, PABIERSHE S 1 min
NABBR, WEESZRE S B b 22 B e R 7 R 30 11
AR

(4) Giit 7k K H SPSS 22.0 #7414,
T R R AR /) BN B 25 R 32, E D22 ) 7] e N\ B 6
BT R, R A HARTER T E SR,
SEISHHE R X 5 Fon, AR REE T E S
Wr, J7 2R ) 3E T LSD K%, 7 AR R
Tamhane’s T2 156 .

243 4%

(D) X/ RAAR BT E R0 558 (3% 10) R,
TEREK I E LY A AR Py () 5256 . R B b 22 B
FES . LR R SO, SR T
MR AH L2 25 A1/ R o &2 JE W R 22 = (P>0.05)),
BN [RI PR T 2050 /0 BR A4 I 120G B S5
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(2) XD RERZMERAEm: 2958 GR 1D R AR ISR BRI, wEd Ak 3 150
Y, & HENME | h ABRIBUEIRILR, RY] GSC SEIHE AT Ik s R I T 2.
F10 GSC NEHREMIX/NRAFRERIFNE (X £5,n=10)
Table 10 Effects of GSC different extracts on mice body mass (X £s, n =10)
filk=v) FEKC TR E AR AN 1] S35 T3 B L B T ) s L LE Z A AR VS (A 3] S
(gke™) FIIRTT R g HBIRST /g RIS &/ AR /g IR &g RIIATT R/ WU g PRI /g R /g

45

FIHEXTER 0 2191+0.86 32.57+4.48 37261255 21.86+0.79 32.58+226 36.27%£236 21.77£093 32.37£425 3596%3.18

JKIEHA 059 21.5240.68 33.074£327 35114228 21.56+0.62 32.79+2.08 34.02+256 21.46+0.76 32.87+3.49 3430+2.05

JKAREEYT 026 21.94+1.20 3133+£1.70 3594+1.67 21.78+1.19 31.33+1.54 34524150 21.68+1.18 31.43+1.51 35.04%1.94
2 EY]

HUFEPE S 0.0015 21.784+0.81 30594232 35344185 21.82+0.73 31.06+2.06 34.15+242 21.82+0.77 31.1942.30 34.44+2.07

F 11 GSC T EHEUI/ iR B FERERR 9520 (X s, n=10)
Table 11 Effects of GSC different extracts on mice direct
sleep (X £s, n=10)

Al AN gkg™") s NEESHYIE NBEZR/%

I 245 R 0 10 0 0
IKIR A 0.59 10 0 0
KRBT 0.26 10 0 0
PG T 0.001'5 10 0 0

(3) FEK R ELZAAEAR SR : 4550 (R 12)
KU, ST RAARLL, GSC /KIREZL. Huh
PEZH AR E A B B 22/ )N BRI [R] (P<<0.01);
IR BEBEYTHE LN /I BR ) B AR B () A7 2 35
HERZEWZER (P>0.05); LMMHEE, KEEEL
WZHAE K T 2 EE 249 /) BR AR N (] 380 R AL T /K S
JURBUMIA, ZREZE (P<0.01).

(4) JREL 2 R A AR S AR (R
13) £, SHHMEXRAME, GSC K$EH A .
Hby P P 2H B8 1 I B2 B2 AN R AR S BRON B 2R

F 12 GSC AN[E42 B4 %t ¥ B bk 2294 BEE AR Bt 8] 19 52 1
(X £s,n=10)
Table 12 Effects of GSC different extracts on pentobarbital

sodium sleep time (X x5, n =10)

45 FlEAgkg™) HEHR A [7]/min
IO 1k %) i 0 28.20+16.86
IR 0.59 53.50£10.17"
TSR TR ) 0.26 30.10417.18%
HhpE A 0.001 5 146.40+19.87"

L AR "P<0.05 TP<0.01; SKRWUALE:
#p<0.01, THE
"P<0.05 "P<0.01 vs negative control group; *P < 0.01 vs water

extract, same as below

R 13 GSC NEHREIX X BEL ZWE T ENERNF
Mg (X s, n=10)

Table 13 Effects of GSC different extracts on sleep rate of
sodium pentobarbital subthreshold dose (X %5, n =10)

215 B Ngkg™") s NBEZHYIE NBEZE/%

I 4 5 R 0 10 1 10
IR I 0.59 10 7 70"
KRR 0.26 10 3 30
P A 0.001 5 10 10 100™

(P<<0.05. 0.01); ZMHLLEL, KIEIIAESE L
B R 2R 77 /N RN, S8R T /K SR T
WM, HERTLEEME (P>0.05),

(5) BRI RIS 4558 (R 14)
T, SRAMEXHIRALANEL, b G RE A AE 0] B4 E
EE 24/ BRBEIR IR ) (P<<0.01); HAKHLHR
ZRTRZME (P>0.05); SR, KIREDT
ST ZH 5 /K SR B AH 4 R T L 22 /) B AR T AR
WESRAK, ERFTLEEE (P>0.05),

3 e

24553 77 1170 BRI R YT 80 FH 5 & R 251 P

FURIEME AR, R — DA Ok & T8 15

%+ 14 GSC FEHERYIX Bt Z M EER BRI RS2
(X £s5,n=10)
Table 14 [Effects of GSC different extracts on barbital

sodium sleeping incubation period (X *s, n =10)

ZH HE/(gkg™) REERRYE AR HH/min
I 1 %t 0 33.904+7.69
TKEEE 0.59 31.80+7.79
TSR TR ) 0.26 28.10+4.77
HPEPE A 0.001 5 22.80+3.71"
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RIZEE T, RIEARSESCRMN, fEKE T
ZSgh, T ERERER, RS, wT
VE R EAE USRI F 248 bR, E R 0.6, [F
B, T ERE, FRNRERR, BEE R
9040 FEREGT L2, N7 R, 5564 R h) 6
TR A RSy, RATRERR 80k 12, Rtk
TERRBGHL, R EEREREmky, HF
RO AT FERS 2R N 2 S AT, AT AR SIS 8 K
W NENTERFE/TESE, NERETHA
0.4, METHEBENEZRE S 0.6,

ARSI W 22 AH DG SRR B, DUAS[R] B A
(2 BE-7K (15185, 12 : 88, 10 :90) JNimzENAH.
HEE-/K (20 @ 80) M FREHF I THSE, 45
RULOME-/K (12 : 88) RMBNAHSEEBEML, 73 E
RV i, fRERT (aE Y, 200 2 R E 5,
HO BRI T, BRZ&HiE L OIE-K
(12 : 88) NiishHH,

PR R R R D R “AhKBIFH, 51k
VG W B2 0T, DR, AR AT
VE R S AR Sk, IR L
RIMIRECR bR, HEIRIMET A, I/KE. $F2E
W] 3 ANHER, Rk R R R T2, WAk
SEIG #1577 T 2 St /K 78 R AR R A AR
Ko, FE—B T GSC AKIREENT T &Mk, DL
WEZ 80 IR 50 T2 & B .

PAAERIFR TR, AR R T IEE—AN 4
FRELHE 2 N HRPR N S48 bR, LI H A RS AT
ZUEIOL Sy G LAY 55 AR AR BT B A T
PRI PR, ARSI R R bR 7 A 25 30 45 A AR
e GSC MIIREL T 2, 45 %EW, GSC /KM
2R E AR T KSR B DT H) , 20 AT SR R R
Ho—, PRI E AR R, Rt
KPR R R B K B 0o . =, KDL
R BRGNS B A RN, BRERE, DR
&, HEWATEekR 29l REH A s,
H2 AR

AR, ig 45 T/NRAF 24 30 d, GSC
IKFEELH KSR /N RAE 60 min 1, IR H
BEEREIRIL S SPPEX IR LR, KIBE4H RE
FEK I L LU 22 B0 BR R A 1R), LB hn i 2 Ll 22
BB R E /N RAER (P<<0.05); KIZEUIA .
IR BB 34 4 0 E2 EL 24080 R B A7 AR A

$, HEREFEMER (P>0.05). HEETIRTE IR

MPINAFAEZE S, WAL, Ak KIE T

SHE R SRR I T
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