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To explore synergistic mechanism of Buguzhi Pills based on correlation between
antidiarrheal effect and difference of ingredients before and after salt processing
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Abstract: Objective To explore the influence of salt processing on the representative decoction components of Buguzhi Pills ($M&
i #), and the correlation between the components and the antidiarrhea effect. Methods HPLC-MS was used to determine the
differences of 13 representative components in decoction of Buguzhi Pills and three simulants of Buguzhi Pills. Combined with the
different experimental groups’ results on spleen-kidney yang deficiency diarrhea model rats about their gastrointestinal hormone and
related indexes of hypothalamus-pituitary-adrenal axis, then gray correlation analysis method was used to analyze the correlation
between the ingredients and the antidiarrhea effects to determine major contributors in efficacy. Results Compared with the three
simulants, the decoction of Buguzhi pills was higher in flavonoids such as rutinum, isobavachin, neobavaisoflavone, bavachin,
corylin, isobavachalcone and bavachinin, while it was lower in volatile oils, for instance, anisaldehyde, trans-anethol and bakuchiol.
Moreover, compared with the group II and III, it was lower in coumarins like psoralen and isopsoralen. And the ingredients vary in
the antidiarrhea efficacy: The flavonoid and volatile oil were highly correlated with the antidiarrhea efficacy, whereas the coumarin

(such as psoralen and isopsoralen) had a low correlation. Conclusion After salt processing, Psoraleae Fructus and Foeniculif
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Fructus formed Buguzhi Pills, which can promote the dissolution of flavonoids and inhibit the dissolution of volatile oils and

coumarins, this may be one of the key processes in salt processing to enhance the antidiarrhea effect.

Key words: Buguzhi Pills; Psoraleae Fructus; Foeniculif Fructus; salt processing; compatibility of medicines; antidiarrheal;

HPLC-MS; spleen-kidney yang deficiency; gray correlation analysis; flavonoids; coumarin; volatile oils
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BN IE-0.1% TR KIS, 1 FEBe it 2% 0~
2 min, 5%~20%ZME; 2~5 min, 20%~32%Z.1E;
5~10 min, 32%2ZJE; 10~11 min, 32%~45%%
i 11~23 min, 45%Z.fiE; 23~31 min, 45%~90%



FED 2021FE 11 H B52% 218 Chinese Traditional and Herbal Drugs 2021 November Vol. 52 No. 21 * 6495 »

LN 31~33 min, 90%~5%Z M Kl K 254 #1 13 HRFERSWRNIER

nm; AR 0.2 mL/min; FHFEE 2 uL. Table 1 Test information of 13 representative components
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FHEFATERE M (HPLC)  H-SAMEARRAIPEREM (ESID oM AEFATERER (BST)  J-S/hEEAVERER (HPLC) K-SR/ 7 B PR
i (ESIY)  L-BNEERIERER (ESI)

1-rutinum 2-anisaldehyde 3-psoralen 4-isopsoralen S-isobavachin 6-neobavaisoflavone 7-bavachin 8-corylin 9-psoralidin
10-trans-anethol  11-isobavachalcone 12-bavachinin 13-bakuchiol A-13 components mixed reference substances (HPLC) B-13 component
mixed reference substances (ESI") C-13-component mixed reference substances (ESI") D-Buguzhi Pills sample (HPLC) E-Buguzhi Pills sample
(EST") F-Buguzhi Pills sample (ESI") G-negative sample without Psoraleae Fructus (HPLC) H-negative sample without Psoraleae Fructus (ESI")
I-negative sample without Psoraleae Fructus (ESI") J-negative sample without Foeniculif Fructus (HPLC) K-negative sample without Foeniculif

Fructus (ESI")  L-negative sample without Foeniculif Fructus (ESI")

1 #MEREAL 13 MARMERS & ENER HPLC B TIC
Fig. 1 HPLC and TIC for determination of 13 representative components in Buguzhi Pills
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XTHE A IE R A 10 mL EHF, I AR 2
Z B, AR 4r 0N 1.015.2.000.1.152.1.029.
1.031. 1.024. 1.042. 1.008. 0.817. 2.000. 1.099.
1.027. 2.000 mg/mL {5 —%F R S it £ F90 00l
R B R s R A A A OE E, 2R 10
mL 2, INMHERREEZIE, RIS EIRE S
W5 4 922.75. 35000.00. 131 328.00. 118 849.50.
2113.55. 8845.31. 10107.40. 1310.40. 5 424.88.
25 000.00. 7 583.10. 7 529.96. 208 000.00 ng/mL
(RIVR A X IR SRR VR A X IR BRI R A s
15— RBIAE R VR A 5 R IR, ARl
24 HiEARE S

WERANVE IR BN EERE, o 1 52,
43 BRI AR 20 g+ RN A 20 g LR R FIE AL
FEEE, BRI, N 8 f=/K, 127 30 min,
IR EEE 30 min, JEIE; FON6 FAEK, [EIRFEHL
30 min, ¥EiE, &3 2 RIEMR, FREZR 1000 mL,
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IE BN IR AR VR . M TR AL,
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TR e J w77 v, SRR 6 IR, AR 13 Fh X
RVERAY T . HEE. fMEIRER. OB ER.
FEANE IR SRR B E R R R AME IR A
Bl fhEAET . wMEEE . RAEER . TG
BEEELR . MBI R R I U AR
) RSD 43 54 1.12%-0.64%+0.60%-0.77%-1.13%-
0.99%-0.91%- 1.19%- 1.02%- 0.79%- 1.00%- 2.60%-
2.89%, RUMAHKEE L RIT.

254 HEEMWRAE BEHUILS 6 4y, FMEMRE,
DL “2.37 0N kil i, #% “2.17 UK
Rl R 2, SR AR, AR
13 FARRME R A T AR, AMEIER . A
fEZ. SAME IR AR B eME R S T e
B OEUEE . ANE R T AVE R E . S aliE A
SEANE PR E R #ME AR AT . MR
JR S RSD 7358 3.36% 2.91%- 1.63%-
3.66%-3.10%- 4.87%- 4.06%- 3.54%- 4.39%- 4.16%-
4.43%- 3.18%- 4.72%, FIZITIEEE MR .
255 FeoEthilse  HUE—AL I Sl S R
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Table 2 Regression equations and related parameters of 13 representative components

EMEVERE/(ngmL™)  AIWR/(ngmL™) &2/ (ngmL™)

% E A cEIN Sy & r
T Y=1354.00 X—22 020.79  0.999 7
T A Y=27.30 X-+-980.48 0.999 9
WEMEER Y=42.94 X+8 955.89 0.999 9
SRR R Y=55.13 X+57 637.80 1.000 0
SAVE AR AFKE ¥Y=3027.13 X+100 50624  0.999 5
b e 5 Y=5065.87 X+1 494 390.80 0.999 4
A s A Y=3135.28 X+823 956.55  0.999 8
WEET Y=3131.31 X+79561.05  0.999 4
e Y=2216.81 X+622970.54  0.999 0
5 TE A ik Y=174.69 X—18 625.04 0.999 9
A G2 E Y=4144.73 X+142178.79  0.999 7
WEIE AT Y=3397.58 X+452916.72  0.999 8
A T Y=14.58 X433 301.41 0.999 8

351.63~4922.75 28.96 58.44
2 500.00~35 000.00 66.97 162.10
9380.57~131 328.00 49.14 168.29
8489.25~118 849.50 41.77 147.27

150.97~2 113.55 13.74 4431

631.81~—~8 845.31 5.85 20.54

721.96~10 107.40 17.69 53.62

93.60~1 310.40 17.61 34.82

387.49~5 424.88 11.13 37.20
1 785.71~25 000.00 50.42 204.90

541.65~7 583.10 28.87 78.42

537.85~7 529.96 12.03 48.35

14 857.14~208 000.00 145.70 396.15
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SATEAFIRTE (HI# 5 0. 24 4. 6+ 8. 10, 12
24 h) BEFEHT, THE 13 FRERIER D T A
. AMEARR. FAMVEEER. FAbE R A
BOANE PR SR BEER . AME AR A ANERE T #b
HhEE. AEEMW. FAhE A EE . #ME IR
ST H R M R WS THT ALY RSD 233K 2.25%
1.89%- 1.04%- 4.06% 4.48%- 3.85% 4.55% 3.36%-
4.33%- 4.17% 4.66%- 3.52%-. 2.95%, F WAt
AVAVIRALE 24 h RS ETE R IT

2.5.6  FEEIWERIRES kSRS IE 13
FREEFR LA & B OIS CEME R 10 g+ 4/ s
H10 g, FAT 6 3, RN “2.27 TR H—X}
HRAMOE R, %M “2.37 TR 7 H R s
W, LA “2.17 BUREERE B, THEAR 13 Fi AR
MRS T HER. AMEIER. BAVEER.

FeAME R EOEEA . B E R R R AME IR A
s, AR T MR . RNEER . RAE
NEEEEEH . M e =l k. b Rl 13
TRE RIS R 2> 58 92.49% . 105.22% 96.52%

96.32%+ 88.76% - 91.87%. 92.23%. 107.89% -

103.06%- 105.13%- 89.88%-. 92.69%. 102.34%,

RSD 4354 3.50%- 2.76%- 1.29%- 2.07%- 4.60%-
3.90%- 3.14%- 5.08%- 3.27%- 4.79% 4.14% 3.25%-
5.34%.

257 FESEEIE 3% “2.37 UN kS &AM
JEFUAN 3 PP S AR, $R “2.17 TR T
BERESAT, THE 13 FARERME R (R 5T &5 2 (H Bk
Ko, gt 88 &, A E RS /KE 6.48%.
EhAME RS K E 6.17% E/NHESKE 6.87%-

TN EESKE 5.51%), SR WE 3.

#3 AEHGED 1B3HREERIPSENE (X£s,n=3)

Table 3 Determination of 13 representative components in different samples (X £ S, n = 3)

SRR B B (mgrg ™)

por T SEAME I AR b B e B AN IR A AMEIR T RAME R AME R S
AEEEAL 0.098£0.008  0.02140.000"  0.07840.003"  0.068+0.004" 0.01220.000 0.048+0.003 0.067£0.006"
BILTE  0.089£0.000  0.019£0.000  0.069£0.004™  0.0600.004  0.011£0.001 0.043£0.004" 0.05740.005
BLITS 0.095£0.001  0.017£0.001"  0.05320.000  0.05040.001*  0.00920.000  0.040£0.001" 0.04840.000**
LIS 0.094£0.004  0.018£0.001  0.0610.003  0.058+0.004  0.011£0.001  0.052£0.003 0.059£0.002

o B 22 H M HU(mg-g ) R MR E/ (mg g ™)

HhEIER FAMEER A R E T A S X T A i HhE RS
WEMER 1.347£0.009"  1.044£0.034™  0.027£0.002  0.5224+0.015™ 0.21940.007" 1.556+0.025
BT S 133620032 1.009£0.019"  0.024£0.003  0.577+0.029 0.292+0.033*"  1.587+0.136
LIS 2.21840.031 1.725+£0.023  0.01820.001™ 0.530+0.008"" 0.341+0.023°  1.590+0.028
B I 5 224440009  1.705+£0.074  0.02420.001  0.6040.026  0.400+0.020  1.637+0.094
R S HE: "P<0.05 “P<0.01

*P<0.05 **P<0.01vs simulants group III

2.6 HEEAEZMTEELDRKEIERRTRMSE
RAEEER

I SPSS 20.0 HAFRTRME AL A 3 Pk g
FUELEL A 13 R 1 & 2 AT A
RN, BRNE 3. SIS (M
Mg AE/NEEAR M, #E IR AKREIR A, =
AME IR SR R E IR R R . MR A
BT (P<<0.01), I g — & R H ik i 2
T (P<0.05), #hEEHRE. FAVEIRER. HEE
T sz 30 A v W SR BRI (P<<0.01); A4 T 57K AL
W, HANE IR B BT S (P<<0.01), FME
fEZ=. FabEIeE. aXE & i e 2 i

BRI (P<<0.01); #5400 11 SKEIEF, FHhE
JIE R RN G S M e A
AR T R e T R T A 1 B BRI
(P<<0.01), #MEHE &2 AR B =T 2 i B S PR A1
(P<0.05). HE@nSHz LR EEZET, Hi
HA— MBS,

53 MalamAatt, sMERRRFE T FAhE
BB AN G R R R A
WE T ANE T E K ANE G SR R 7
ST R, WA RN SN R
EEMEE, S OIS, FE RSN
B FAMEIRRIS ERK.
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AN IR AN IS UL R 13 PRk
BArs o AR R TR SRR R R AT
A, FHHEAFREES &' B. 5 3 Fdl
AR LG, RV RLK B A R SRR R 2 K
Sy RUHIRD, SRR R R B I . S 10T S5 A0
b, B 1S 5 2HSLEES. Bk, Y
FIFIHE R o B 3 ek
2.7 WERS SRR ST
2710 FRFRACEARTIN BRSO RN AL R 3 B HA R
SO, IRARIONGPEH 2R, SRR C &
7B BH RS R R, R T AME REALAN 3 A
A AL ABE UL it T BB EF IS TS K BRI TR A
TN I ALIR 1 BIRA . R L ETS (O AR T 3 A
AR ARG, ARSLIGERE ., . BASRE
RISCHAOTEED, BUEYE SD KR (3t 117 H, &
B FAET: 16 X, P4 101 2D ENEMRTE 3 d
5, BENLAY R 9 H, SralRt IRA . BERLAH . FHME
HZEHARMNA. B IRHE. B *hE
JIE FULH PR AN BT G AL T~TIT 2H. BRxtiR4Lsh, H
fh & H KRR B ig 45 T AT IFaTE SR (15
mg/kg), 4L 14 d BB, M 15 RIFGEEKR
B ig UKFEVS K BITR (10 g/kg), %L 14 d, 3
JRRHEEYE T o BRAT IR AR R 4, H AR AU
MEE 15 RITh, BR T ig h2h, PHMZHS T
ZEARNIBER (2 gkg), HAMINEAH . HAME
NEZH AME IR FULZE RSN IR AL T~T11 42424
A 8 ghkg 4hdh, HERAH)14d, XFHRAIREIAYZH
25T RIS AR AE B AR K

B s B R R B R E & AR
W, R IE B A K K B e WL AR
PR VS A B s s i, B R AP R s &
AT B R AR B R SR ES, e e ) A
WS bR R R, TR SRR 4y
W, AR AR INPRAE AR, B
A CREMR” , RSB BHRRER . ZIRE IR bRIE
B AT Fin-a -1 E R AR SR A B W
. Y BB B &R Cadrenocorticotrophic
hormone, ACTH). '& _FRREHZFEATINGE, 220K
I P FR BRI 2 45 SRR 4.

ARSI R AR B SR I A ATk 100, X R i AL
J 3 AN IR FUREADL S ARG B4 AR TS 25280
PREEATAH DGR 20 b, BRI 1o 5 RS VR R I 5T
BRIE, DAERIS Eh 5 38 3L .

x4 HBEIAEAFEAELGAKRMDEBHE.ACTH,
& ERRERKE (X+s,n=10)
Table 4 Levels of gastrin, ACTH and corticosterone in rats
of Buguzhi Pills and simulated Buguzhi Pills (X £ s, n =10)

i3 B/ - R/ ACTH/

(pg'mL™") (pgmL™) (pg'mL™")
it 1 151.19+31.36 744.22+57.75 228.73+33.39
A 210.81+16.47 431.64%31.25 116.36%14.48
BH 24 153.66+9.85 686.97+44.73 218.27+28.25
EAVEAE 177.04£11.78 497.34+53.72 140.79422.25
AFVERE 188.0611.31 471.05+£44.74 127.31+23.32
AWEHEAL  146.94+14.89 652.82471.93 185.47+16.64
BALTS  172.02+15.41 619.24%59.15 172.31£19.15

B S 163.10+12.69
B 5  175.07+18.29

585.01£63.12
531.69+47.53

131.741+12.86
140.54+13.21

272 JRIEEE AR DUEHWE. ACTH. B L
IR B RS RS, DR S B1E R
LLE ), RAEN T A R GG 5, 3513
EALAL IR E ]
273 A EFH LR R S8R
P LA BBE A Yim), SHEEINCN Yo(m), it
HEWREG 5 EHHINAER 2, BN Z T
5, Bl Ao(m)=| Yo(m)—Yi(m)|

KRECEHF) {Yim)} 5SFHI] {Yo(m)} HIK
R (Ko, HRE p=05 (0<p<l, —fHL
0.5), HitEAKXA Ko=[pAmxt+ Aninl/[pAmax
Aoi(m)]o
274 OREREE  OQHRRE N & Buor Rk RT3
B, ZRNFE 5. FMEIEALL 3 FhghEr g AL S
H, 5 IETEAE A OCHE bR B WA 2 DGR BE L 5y 1) 4y
N > AN IR OCBEEE>0.7); 5 ACTH X
WG 5 050 v PR R 2 S b B i S e > i IR
Pl > i g S ] FE > i IR 7 > M iR e >
SANE IR AT OCEE >0.7); 55 FREEC
TG B2 0 v R R 0 o e B i B I > M AR >
FEOT > 4B R > 0B s S > M e R 2
i > T A i > #E IR e (CGRBEE>0.7). Bk L,
ANE AL 3 ki R AL Y VS AR S R
KR MRS, 5EHERFBHRERK.
3 g

WEIERS 3 MR E T L AL, FOR
FRAFE R MR B B AR, AR & 2
e BRI I 5 58 S, EE. 2
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&5 13 MRRMRSSESIEEHBIEIRHIXIKE ST
#HR
Table 5 Correlation analysis results of the contents of 13

representative components and antidiarrheal effects

P HihE ACTH B L AR
RIS HE JCHRRE HE2 JCIRRE HE4

T 0691 3 0634 9 0759 3
Tl 7 i 0.848 1 0.635 8 0740 7
WMERRER 0.435 13 0385 12 0394 12
AAMEIRE 0.437 12 0384 13 0391 13
R EEE 0621 6 0779 6 0.824 1
b BE e B 0584 10 0892 1 0742 6
MR R Z S 0.601 7 0751 5 0.838 2
AR T 0.646 4 0.805 4 0764 2
MR E 0.635 5 0.792 5 0.709 8
S T A 0.525 11 0451 11 0.500 11

SN R & 0591 9 0.656 7 0.657 10
R A EEIREE 0595 8 0.808 3 0.698
FIE AR By 0.809 2 0626 10 0.757 4

R RS o B 0 o PRIk, b IR AT
/N R R AN R AL, R et R SR SR
J o3 TR H  JU09] 7 3 SR AN A 2R B R BT

A AL AR B o A AR
HE ALK B SRR B S T, AT REJR A
RO R ALFE P “ORBEORER 7, MR U1
OREH s @A R BB AR S 0 AN T A o X Al
RIS o3 # I8 TR T AR, PIR s J SR e
- PR R 1 RE AL o 2 Rl L b SR T 75 4 5 T
MR G HR,  BAT BRI AR L, A AR
SEPEN2L, TEHLERIAFAE, — R REFRIRR T It
FRllf SRR EEN 314, A LT S I BB, 1K
WEAR; ZRABFECE TR EH RN, 2
RIEVEF A THEAE T, gkm et , $Em
R G R, N 0S8, SRR > 5
HEACRANE B 5k, X T et Eh A A B SR R
Tt BRI

HRARAMENE T ZIRHFH . HE 1T 54
B, AME IR AR T 5 AR BB A By
NIRRT IRER S B W PR, R
FTREAN : OFR A T ZALHE /K Rl R A f S 7
FEERK R, AN IRAREARIR . R A5,
RINEF BRI S AN i A A A R R A AN
M3 FERDHI LA, BeE LA R R BT,

M “RER” KT “ERBUKIR ", R E 4
IfRE, AT E TR AR R AR AN R B
RN @R R F AR AN AR 2R ORI A B
WEY), EhRRE T 1 iR AT RESCHOT PR I & B
RS, GFR I 71 T AT i H A 18 3 4 I A M
H (AN AL B AE A — IR A R T A A SE 1k
BUER AR, HuKem i AT Y 2 4
B IS AL, W A B8 A BE R Bl 1 BE /N
MRS IR S & o SRR B R IR AT fiE
IR TR A GA, E TR TR
SR 3 KT AERIE, AME AR S5 )E 5/
AR, A R Z AN AN R R S = PRI

SR A AMFE RS B o 5 AN R LR UL
AR LG, AR LR R A R T A
A e AT A i 5 BRI, T RES Sh A I RE P iR
B RO S 8, KSR S VRS S TR BE
ENEEEESI NI A E e el PN i DI

WEFCUER, 7 T BAT S kB 020,
AR S B A A R IR
IR i FR AT SR B 1 3RS AR LS 245 R TR A A e
U, XGRS R ORI T I 25 R IE A — B 4h
B IR R A R AT B R AR 2 — 224, N A
o DA QT A iR T 7 P S O T O A R o
At B Wi sl AR 25200 AH G 7 Bl R
SRS 5 5 25RO G L, #E R SRARy
K2, BERRBE AT IR AT AT IR 5 1k
TSE R R Eh R A RO A BB i, e
REBEASE Y B, S A SR BT, AT RE
Fe 5 A IS F AT R 3 E AR 22—

AR H A BRI AN AR, AN IR
PEARSER, KT (AR R AR
AR RE A AN E HE B sy, B R AR AN
BEAR, ESIETEMEMRBER DN, KRG SR E
ARRAT R, 2P BAMEHE AU
SR RINE ARG, SRR N AR
AR PRABALRG AR S F FEAME AL P e 7R N L A
Lt 20 32 2 sh SRR 22 A
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