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Effects of stir-frying with salt-water on the in vivo pharmacokinetics of two
constituents in Buguzhi Pills in diarrhea rats due to Spleen-kidney
Yang Deficiency
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ABSTRACT: AIM To investigate the effects of stir-frying with salt-water on the in vivo pharmacokinetics of
psoralen and isopsoralen in Buguzhi Pills in diarrhea rats due to Spleen-kidney Yang Deficiency. METHODS

The model for diarrhea due to Spleen-kidney Yang Deficiency was established by intragastric administration of
Hydrocortisone Injection (15 mg/kg) and iced Sennae Folium water decoction (10 g/kg). Rats were randomly
assigned into blank group (normal saline) , Buguzhi Pills group (8 g/kg) and simulated Buguzhi Pills groups I -
IT ( salt-processed Psoraleae Fructus +raw Foeniculif Fructus, raw Psoraleae Fructus + salt-processed Foeniculif
Fructus , raw Psoraleae Fructus+raw Foeniculif Fructus, 8 g/kg) , after which blood collection was made at 0. 083,
0.17, 0.25, 0.5, 0.75, 1, 1.5, 2, 3,5, 7, 9, 12, 24 h, HPLC was adopted in the plasma concentration
determination of psoralen and isopsoralen, and main pharmacokinetic parameters were calculated. RESULTS

Psoralen and isopsoralen in the Buguzhi Pills group and simulated Buguzhi Pills group I demonstrated increased
Cc AUC,,, AUC,, (P<0.05, P<0.01), prolonged T,, (P<0.05, P<0.01) and decreased CL,, (P<

0.01) as compared with those in the simulated Buguzhi Pills group Il , and these two constituents in the Buguzhi
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Pills group displayed prolonged MRT,, (P<0.05, P<0.01). Reduced CL,,; for psoralen (P<0.05) and elevated
AUC,, for isopsoralen ( P<0.01) were observable in the simulated Buguzhi Pills group II. CONCLUSION

After Psoraleae Fructus and Foeniculif Fructus in Buguzhi Pills are processd by stir-frying with salt-water, psoralen

and isopsoralen exhibit enhanced in vivo absorption and slowed down metabolism, and thus can strengthen the anti-

diarrheal effect.

KEY WORDS: Buguzhi Pills; psoralen; isopsoralen; stir-frying with salt-water; diarrhea; Spleen-kidney Yang

Deficiency; in vivo pharmacokinetics; HPLC
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(M) HlEAFRAF ] ; Sartorius BT25S HIH, T4
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T A A RS A B 1) 5 DZTW Y e 1378 7 Ha B4
B (KRBT ERENAAARAF); ZNHW B
REfEE AL (LT TR ARIEAR);
TGL-16M A= s ZR B0 HL (CF M 4 dn ALY
ABRAT) s 28 INIENR G 4 ; NV-15C B Z AL
( LA AR AR AR ) 5 N-1100 B e 7%
RAL (Ll ZWERA R AR ) 0.5~10, 5~50,
20~200, 100~1 000 wL BiAe [ T2k KRB
(thE) HRAH],

1.2 KA L%y #Fhs (5 180301), FHE
m (HiE55 180901) W [ = I 1 i P s b 25k A
FRITEAT; /NEiE (S 170101) W HZ M Tk
WK AT BRAA |, 2 e Hh s 2 A 3 A 204
YE RIE S, AALTT AR TE SR (HE45 21805101)

MWE ZE R R ARAR, AER (M5
Y15F10C80504) FAbEIEZR (5 C12J8Q39802) .
SAMIIEE (S Y1808H46134) XfHR M4 [
MRIEN A R A R AT, 2l =98% , HIEE .
R . s Ega [ 2880 /RBHE (PR
ABRAT T KN R RZERK
1.3 #h4h  SPF 9% SD HEPER R, (R & 210~250 ¢,
T m S sh W BB AR AW, s =1
A[ES SCXK (%) 2019-0003, 523 3h 4 fdi B i
A[IES SYXK () 2015-0005, 1 3% T A0 X I &
45% ~70% . TREE 22~26 CHITHIEHREY .
2 HERE4ER
2.1 &#FMH  Agilent ZORBOX Eclipse Plus C
%R (2.1 mmX50 mm, 1.8 um); Wshi G
(A) -0.1% HER(B), BEVER (0~2 min, 95% ~
80% B; 2~5 min, 80% ~68%B; 5~8 min, 68% B;
8~9 min, 68% ~55%B; 9~14 min, 55%B); &
Wi 0.4 mL/min; IR 30 °C; &K 254 nm;
AR 5 pl,
2.2 MRS, NAFER &
2.2.1 XPREAVAR REEMEAME IR R BAME
JE O R R, PR R ST R B A3 5k
1.0290, 1.005 0 mg/mL FYI 4, 43 kG 3
i, RA A T EE 5 = W 2 5y 82.320 0,
48.240 0 pg/mL PSR, BRFMFE, RIAS (RMEHR
FF e 4> 5 82.320 0, 41.160 0, 10.290 0.,
4.116 0, 2.058 0, 0.411 6, 0.274 4 pg/mL, 5
#hEBE 2 T VR JE 4> B A 48.240 0, 24.120 0,
6.030 0, 2.4120, 1.2060, 0.241 2, 0.160 8 pe/mL),
2.2.2 WIHEKR MEMRREAERGE, &T
10 mLighfid, HEE @A Z 8, S (Fa
W N 20. 060 0 pg/mL) , BT 4 CokAH &,
2.3 HE &AL
2.3.1 fMERE ZHCER [9] ME, BgEhE
BEER A3 &, in 20% #hK (B 100 g #b A BE H
10 mLERAK) #27, [ 4 h, BT 6 &4,
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SO, KB 8.5 min, i 2 R A RS 0

R . R . R R, Bt B4
2.3.2 /NEEF ZHICE [10] WRIE, BgNE
B i &, m 20% % 7J< (ﬁ 100 ¢ /i &
10 mLERK) FE4), BRI, fREKeEm R s E T4
Mz, SOk, /'EM@&S\ MR . @
T, A B, BRUES HER, Bt, RIAS,

2.4 KAERA &

2.4.1 #MEARIL BURAME AR 12 g+3/DEHIE 12 ¢
(FMEFREAL) . ERAME AR 12 g+A /N 12 g (R4
FVERAL D) . AAME AR 12 g+3h/NEF 12 ¢ (1
PANE PR AL L) . AEANE AR 12 g+ A/ NEHIF 12 ¢
(FBIhE AR LI ), #]ak, & 1 50, & TR
Beirh, Jn 8 A% K E L 30 min, [ 2 HL
30 min, &1L, 06 £ /K EIEHEH 30 min, JE
i, AIF 2 WIEW, WURRZE E AR 0.8 g/mL,
RIS (TRREZE T I A5 b B B AL ST H AR B i L
I, 0, I gh i g R & &40 0 8 0. 134 7% |
0.133 6% .0.221 8% .0.224 4% , SFHMENEE & &
124 0. 104 4% 0. 100 9% 0. 172 5% .0. 170 5% , %4
bR & B0 58 0.032.,0.016.,0. 016 .0 ¢/mL)
2.4.2 Fignt IFEEMGEEE, B2 30 min J5 0
JKAE W 10 min, 2 JZZmuELE, EWIT R AR 2AE
1.0 g/mL, BIFS, BT UKH PR,

2.5 s, #AELAY% REENMRFE 3 4G,
BEHL M ZS AL #ME IR AL Rk h B g ST, 0,
M4, M6 X, BRzs AN IR R SeHE
FIEUE B i iV A TR s R R R A T 4
TR S (15 mg/kg) VAECE BHRE, %
Zi 14 d, WE 15 RIFUGEERAE E 457 vk F 15 K Rl
W (10 g¢/kg) DABURHEIE T, %214 d, KEFE
URZGHT 12 h PN IEAE R, AMYOK, g IR
MAERAMEREIL T . O, M4 8 o/kg F =W H
T AN Y, A S 4 T A TR K
2.6 P REHALE KERAZE, T 0083,
0.17. 0.25, 0.5, 0.75. 1. 1.5, 2. 3. 5. 7.
9, 12, 24 h ARHEH PR A BN 4 25 0.5 mL, & T
1.5 mL ﬁﬂ??%ﬁ]ﬂ’]lﬁmq:‘ 4 °C . 12 000 r/min &

TRAF
RO I HIRE I 2% B, PKOK TS R, R %
100 wL 2 1.5 mL B.0E T, IANPRER 10 wL,
Mg 400 wL, W BE 3 min, 12 000 r/min & [
W ETE W, AT, 50 wL WEEE
%, MAALHE 2 min, JWHE 3 min, 12 000 r/min &
0 10 min, B FWEW, BT 100 pL A NIEE
HERERR
2.7 FiEFER
2.7.1 TEMAE Bk, EamK+n
Pr+Xt B (RVERRZR . AR I R R R 4
H4.116 0, 2.412 0 pg/mL) . 4255 24 h M+
PR WS B, 78 “2.17 T 418 F kR I
/:“E, SR ULIE 1, HIGAT A, A o3 (T e DA B
, WIEYERI BT, RUZ L BIERLF
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1. internal standard ( chloramphenicol)
E1 &4 HPLC &ikE
Fig.1 HPLC chromatograms of various constituents

2.7.2 HKMEXREBE KEEIEAMKI00 pl,
JAKT B S 50 L, PIFRIAW 10 pL, TRA],
fig “2.57 WURNJTkAbBE, 12 “2.17 TiEiE A
NHEREIN RE DA BRSO N B AR AR (X)),
AR . AR R HE A S Ak kR (YY) HEAT IEI
I, /X AR S, AR 1, AR

t/min

2. psoralen 3. isopsoralen

010 min, J BT, BT -80 CHKAMPRIE g aiBngmE e R R,
x1 ERSGKEXR
Tab.1 Linear relationships of various constituents
% EYEpF r LM/ (pg-mL™") Ei PR/ (pg-mL™")
IR Y=0. 858 994X+0. 112 467 0.996 2 0.274 4~82.32 0.1723
SHEIRE Y=0.767 316X+0. 177 004 0.993 6 0. 160 8~48.24 0.148 6
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2.7.3 AEHE, WEREIRE SRS H i
100 wl, AR, ™, @ B B ISR (4
BIEAMIHEZE 0.823 2, 4.116 0, 65.856 0 wg/mL,
SAMVE IR 0.482 4, 2.412 0, 38.592 0 pg/mL)

®2 BHOERE. REELRE

# 50 pL LNARIER 10 pL, fERBRAERERD, FAT

54y, ¥ “2.57 WUR FIRALER, fE <217 Wifaidk
A FHEREIE 3 d, HEEHIN ., H IR R S AER
B, ZERILER 2, RIS A AR TR
t8 (n=5)

Tab.2 Results of accuracy and precision tests for various constituents (r=5)

o A g/ HP H (]
(pg-mL™") R/ (pg-ml™)  HEBREE/% JERSD/% 7SR/ (ng-mL™h)  HERRE/% RS RSD/%
AWEIEER 0.8232 0.869 7 105. 64 4.19 0.8659 105. 18 3.69
4.116 0 4.1456 100. 72 3.71 4.156 2 100. 98 3.72
65.856 0 63.061 2 95.76 3.26 62.891 0 95. 50 3.34
SHMTIRR 0.482 4 0.503 2 104. 31 6. 45 0.497 8 103. 19 5.62
2.4120 2.564 2 106. 31 3.67 2.5823 107. 06 4.59
38.592 0 36.197 3 93.79 4.90 36.172 6 93.73 4.09
2.7.4 MR BRSO BUR, b BE, RIETHRIETARILE By B AR BT
E R AR A 5 Oy, R “2.57 WURJrEE MR NARIERWGE R, [FEETHRIE AR ILE ¢,
VOLin E“zrﬁﬁé% PP R E, TH 2 ERRIEIERE . BER RN, A 25 i o B B
PR 4y, WARIE T A L A; SR = HILE = (A/B) x100% , EEFEY = (B/C) x100%
momlﬁ“zy’mTﬁ%&ﬂ,L@M¢MA ZERULFE 3, mIAIMAE AL T VA AT, TO A
TR BT R PRS A ORI N ARSI, AT, AU,
*3 ERAREREKE, ERMEKLER (n=5)
Tab.3 Results of extraction recovery and matrix effect tests for various constituents (rn=>5)
% JiAE &/ (pg-mL™") FEEL %R /% RSD/% FEJRRUL/ % RSD/%
FINEYEES 0.8232 96.902 2 4.82 101.934 0 4.91
4.116 0 97.324 2 7.1 103.263 6 3.35
65.856 0 94. 464 4 6.19 96.237 2 2.75
SEAME AR 0.482 4 101. 085 9 3.85 98.951 7 6. 00
2.4120 95.346 8 6.29 94.390 7 4.21
38.592 0 101.198 1 4.03 100. 625 1 3.34

2.7.5 RS BUK, s B R
FEGA S oy, TIRACE 4 h, # “2.5” W F Ak
AhFR, FERERRENE; BT -20 CUKFI R R
fE12h 5, EER T AR, REHME 3K,
e “2.57 TR kAL E, BERE R E M, 1

=20 C FHCE 30 d, % “2.57 iR Fkb, %
SRR B, % “2.57 TRy kA, fE
-4 CFE 12 h J5 R Hr, B2 s TaE
P, ERIE 4, MR SZF T REER

4, A

YIRS T ESR

R4 BRAREMHXBER (n=5)

Tab.4 Results of stability tests for various constituents (n=35)

Ak P AR RE

AP SRR SE P

2% AR/ (pg-mL™") FIRIE 4 h B kil 3 IR TE-20 °C FE 30 d TE-4 CTFE 12 h
B/ % RSD/% BAE/%  RSD/%  HfH/% RSD/% BAti % RSD/%
hEAER 0.8232 96. 48 3.77 94. 30 5.08 92. 61 4.79 93. 47 8.73
4.116 0 100. 94 4.90 96. 52 6.24 100. 87 7.26 98. 66 5.25
65.856 0 96. 20 3.06 103. 05 3.25 102. 67 2.91 97.86 3.51
SAMTIER 0.482 4 104. 62 5.78 102. 48 5.12 95.22 5.98 97.56 6.91
2.4120 105.70 3.94 98.93 7.04 102. 99 5.24 104.23 4.63
38.592 0 97.54 4.37 94.72 4.51 96.76 2. 40 97.24 3.50
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HHAT AR I 200, 48R IL%E5~6,

—— BN R AL
UM LI

159

gml.?)

i o M R AL
= - e
;010_ A BE AL
i
¥ 5
K
=

C T T T T \‘I

0 5 10 15 20 25

t/h

—— BT BEALIIA

_ E AV B A
;; L g 3 AN A AL
B R MRS

g l 4 n h ‘
& 2N

\ H L ]
g N 1
: T

10 15 20 25
t/h
B. BBl %
2 FBHES 2K E B 8 #h £k

Fig.2 Plasma concentration-time curves for

various constituents

M 5 AlA, SEGUANE AR LI 4 e, #h
BEAL 21, A5 L BE L T 40 A5 IR E C. .
AUC,_,. AUC,_ Tt& (P<0.01), T, JEK (P<
0.01), CL,, F&EM (P <0.01), #h & J§ A4l
MRT,, SERK (P<0.01); BN AL I 2 #h B
F2 CL,, FEk (P<0.05), i 6 alJl, S
EREAC A oA, #hEREALAL , BEHANE AR L |
HrshHFIER C,... AUC,_,. AUC,_, ThiE (P<
0.05, P<0.01), T, JEK (P<0.05, P<0.01),
CL, f&f% (P<0.01), #M& R4 MRT,, %EK
(P<0.01) ; BLRIFME AR L T4 S2AME TR R AUC, _,
T (P<0.01)

3 iR ES&ER

WEIER A RANE IR Z W o ik, W TE
JIALEE T R R R BRUAAS N R 25 B 2 R AR AR, AR SR
R, SRR A A AR R AL T 4
Feds, #MEARER S MBI A AN AR ALAL . BRI
JEAL T HbAbE IR R . RAMEIRR C,... AUC,_, .
AUC,_, T, RWIER K ae W] WAR s oWl 54
#E IR R AR /N T e 28 B ASEAEL D1 i AL T 48 b
F AR A FRER /INTHT A 41 A R AL b Bk 2
R T, . Ty MRT, , ZEH, CL,, &M%, W

x5 HEBEZEEHHNESH (35, n=6)

Tab.5 Main pharmacokinetic parameters for psoralen (x+s, n=6)

ZH Hufir AR E IR AL 4L B IR AL I AR AL T4 *hE IR AL
Crne pgemlL! 4.33+0.40 4.75+0.49 6.731. 12 9.21x0.73*
T h 7.00£1. 26 7.330. 82 9. 00£0. 00 ** 8.67+0.82*
Ty h 5.43+1.41 4.47£1.37 5.90+1.91 6.55+2. 15
MRT, _ ., h 10.45+1. 36 10.19+1.27 12. 88+2. 34 14.36+2.99
CLyp Leh™' kg™ 0. 18+0. 02 0.150.02° 0. 060. 02 ™ 0. 04x0. 01 **
AUCo.,  mg-L7'-h 47.98+5. 83 57.61x7.01 83. 14£14.39™ 112. 36+20. 41 **
AUCy.,  mg-L'-h 51.81+7.07 60. 87+8. 38 93.65+18. 06 133. 62+34. 55

. SR IEALMA HE:, * P<0.05, ** P<0.01,

x6 RIBEREZANFESY (xxs, n=6)

Tab. 6 Main pharmacokinetic parameters for isopsoralen (x+s, n=6)

28 A AN I L I AN R AL 21 AR IR AL [ 4 GGE R
C ooy pg-mL™! 1.90+0. 26 2.56+0. 13 3.2420.17* 4.86x1.07*
T s h 6. 670. 82 6.33=1.63 8.33x1.63" 9.50+1.22*
T\, h 8.24+3.54 7.76+3. 81 14.51+6.86 15.739.95
MRT, _., h 13.92+4.98 13.71£5.03 24.4129.59 26.45+13.41"
CLy Leh! kg™ 0. 25+0. 07 0.17+0.03 0. 06x0. 01 ** 0. 040. 02 **
AUC, _, mg-L™' +h 24.08+3. 86 33.90£2.71™ 46.09+3. 04 ™ 65.17+17.89 "
AUG, _ ., mg-L7'+h 29.82+9. 24 40. 838. 60 75.60£25. 14 110. 80+44. 13"

. SERIFEME I AL Heds, © P<0. 05, ™ P<0.01,

T REIIE AT AN BRI, I HE A 2 R 4
i), PEEEYMAEE, SoCRk [14] faE—2;
SEAMEIEAL T . WA g, #hEIsALd, Bl
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IPEREAT R EAEIE, DU e bR il 50 25 52
25

g5 LRk, RS R ] HPLC 00 b8 AR L
R ANE R R L A IR R AR S B R
TERA IR RIS v i i 25 4R B2, 43 e+ B i AN
AN AR i BER A 2SR #h B IR AL . 3 Rl AR
IR AL B3R 2 B oy iR N 2 B A R, TF
TRAR D £ 95 BC AT 0] PR 5 A TN I Wi iy 52 ey,
Ry 4 7 A R R 5 1R S B B SR A T 1 B
P S HE
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