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Effect of Radix Astragali and Aconiti Lateralis Radix Preparata on intestinal
absorption of six kinds of alkaloids in Aconiti Lateralis Radix Preparata

KONG Xiao-giang', JIANG Qie-ying®, LUO Yun', LIANG Xin-li', HUANG Guo-yong', JI Miao-miao', LIAO

Zheng-gen', HUANG Xiang-mei’

1. Key Laboratory of Modern Preparation of Chinese Meteria Medica, Ministry of Education, Jiangxi University of Traditional
Chinese Medicine, Nanchang 330004, China

2. Experimental Animal Science and Technology Center, Jiangxi University of Traditional Chinese Medicine, Nanchang 330004, China

3. Xinyu Municipal Hospital of Jiangxi Province, Xinyu 338000, China

Abstract: Objective To study the effect of Radix Astragali and Aconiti Lateralis Radix Preparata on the intestinal absorption of the
three kinds of monoester-type alkaloids (benzoylthioate, benzoyl neostearine, and benzoyl aconitine) and three kinds of diester-type
alkaloids (hypaconitine, neaconitine, and aconitine) in Aconiti Lateralis Radix Preparata. Methods The rat duodenum, the jejunum,
and the ileum were selected to study the intestinal segment. The apparent permeability coefficient (P,,,) was used to evaluate the effect
of Radix Astragali on the Py, of six kinds of alkaloids in Aconiti Lateralis Radix Preparata. Results When Aconiti Lateralis Radix
Preparata and Radix Astragali was 3 ' 1, Radix Astragali can significantly reduce the dipeptide alkaloid P,,, in the duodenum and
ileum and reduce the monoester-type alkaloid P,,, in three kinds of intestinal segments; When Aconiti Lateralis Radix Preparata and
Radix Astragali was 1 : 1, except in the ileum, Radix Astragali can significantly reduce the Py, of the diester-type alkaloid; When
Aconiti Lateralis Radix Preparata and Radix Astragali was 1 @ 3, Radix Astragali can significantly reduce the P,,, of the
monoester-type alkaloid (except the parenteral) and significantly reduced the P,,, of the three diester-type alkaloids. Conclusion
Radix Astragali can inhibit the absorption of aconite alkaloids, and its inhibition effect is different due to different compatibility ratios,
types of alkaloids and intestinal segments.
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TC AL 98 153 A2 A% G b 24k 7 vk v sl T
B2 MRS Z N 2, A RIFH R
WL ANSHB K . HiZ 25 AT Bk i) oot wg vk
Mgt VaIr mRoapeas, s, g
(R I TR, A T R L7 2800 ] I AL 2
YER, WA A 2 o DR 24 B 20 SR W
ST ] A 5 T IRAT () 24 ) ) L 249k BE A 4 AT
JY RGN, MBI . 5 E-Pr1 ki 254
PR AL P, W90 W B ] DL 2 PRI T
(R PERT B TAT R4 B A W, AL AR R AR
AR A T RS SR R 2 R B 1 S B,
FH I % S SRR RS 2L A= Ak % Sl 87 % Sk
B3, XA AR A B R Y,
WA UEREIX 6 PRV SN 5, 5 585 K-
BT LA S 25 53 75 SN o FE A R v g W fic
TR H TG T B 2 SR A g i
WIS AR, B S Sk Rk LA
Weahitia ¥, HAMEEA [ P-FEEE (P-gp).
FUETN 2585 11 (BCRP). £ 241} 25 1 (MRP2)
S50 (3 P450 i (CYP450) 25t
F W B0 T, BT A e S
P-gp~ BCRP. MRP2 4R FIERIE A P-gp HRH
S ERY SO THL, BT R S AN S
(41 P-gp» BCRP. MRP2 %) FlIfiy CYP450 1))
Y, T RANHER S AR T AMERT CYP4A50 (AR T ik
AR, e A 2 AL T, AT
T B H i PG B I 208 R S0 23 M A AR B
THERAEM RERL. NS H BRI XA AR
WIRRAE /N i [ WAk B (R R SR, (3 A 56+
TRONS B 7 i RS e (RIS AR . Ay 1 B
PR T IR I F I B b R BT R, A
WEHE % S XTI T 6 Ah 32 B o) W B 1) 5%
W, P AR EE LRI AT SR S 2%

1 #8
1.1 48§

Sigma3-18K & =y B0l (321 Sigma 2
F]D; BS124S MHL7 3 R-F (Sartorius 22 7)); H
WK CGAERMY B RARD; SZ-97 A8 —
HEAUKZE LA s UL
C R L BA G A A R A ) ) Agilent 1290-AB
QTRAP4500 — FPULAT-2 M 2 T BRI A,
Be I3 (RGN FIBEEAERS . AEAE . ESI
BUE DR -2 TS o A s A s o

12 iK%

BTN GIES 20150601) FERHE (itS
161213) M AYLHTLR 25 AR AR, FFH
VLV BE 25 R AE R A L HAR 8, T ABERY
SLIBFEY) 3k Aconitum carmichaeli Debx. [ 1A
SN, B SR R R A I S
Astragalus membranaceus (Fisch.) Bunge FPJHE A H:
I o 0T B ORI E 5 Sk 5. (415 B-016).
T 1 Sk 5 (5 B-009) 2 F K Sk S ik
(JiL55 B-010). R Z3kAk (A5 C-023). B %3k
(5 X-011) A3 GitS W-006) 406 F B4l
WRRHEDRIA R AR, FiESHU=98%: W
WA = 2 2 Oh 2[RI HIE R AR E R T
FErputy, #it%5 BCTG-0912); L JiE (faifdl, 7
Merck 2] ); K AMAEK; HARFII A - Hrati.
1.3 ¥

SD Ki, HEvE, fABiE (200£200 g, VL7Y
B 25 K 2E S S Y R L PR, B IES
SYXK (i) 2014-0008.

2 HiE
2.1 MiF. HERBUWIREIE

I3 IR — 2 M S R RO, 129 30 min
Jeis A3 10 FERACIMP IR SR 2 Ik, RN
1h, &JF2 WIEH, wk4s, BT, 202k
TAREUY AN B FEFREU . HPLC VRSB 158U &
FAPRTL A0 4.56% SRS EY), 0.40%; 3 EER
)& B 9K 0.098%- 3 T 0.431%.

22 BREIHEE

2.2.1 Krebs #1)Hl#5  FREX CaCl, 0.28 g, 43N
DRI AR ;. FEFRE NaCl6.9 gv KC10.35 g,
MgSO,*7H,0 0.29 g. NaH,PO, 0.16 g #1 NaHCOs;
2.1 g, INZEVR/KEAR G S5 H AR CaCly R 28 (2
g) IRA, AWKEHRZIL, %H.

222 M. EEAHREIIECE] AL BRI
THEEU 033 g, N Krebs WAL 500 mL ¥ ;
BFHBEEE T D 1. 1030 30 1 4 A E I RREL
AHNY. 755 2 ) N Krebs 5 AC % 500 mL
W S AL AE 2 TR A TR

2.3 SRR EARENGI &

KRR CHHERIK), 10%KE 5 (3.4
mL/kg) ip BRI, ¥R UITFIE, sy~
¥Rl (EEEHT] 1 om ATFAEIN 10 cm).
(PEBHATT 15 cm A TP RN 10 cm). [Flg (FEH
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Ui 20 em AT EEL 10 em), FUKA T Krebs WL
AR, X HRE, —umHAEHLE, Hask
IR N I B AT RS T Ak, ) — iR 4L
THURE T, o 5 2% ACHCRE 11 1) i o ¥ 3
Krebs E 5 2 mL, 1EAZAER. K5k iR
EURON 10 mL 2525 Kerbs R 1, AR
A T RE 2R R . RN BEEION 37 CKif
BArp AT 1 he SERREE S, KmEERCH,
AVKV I Krebs WHEBE 2 I, BEZ A RGIE FI
250, WM, IEI R AR KR .
2.4 BAERBERTD 6 MEYHEMEE ST
2.4.1 OO FEOS TR AR IR A R FR I
IR PR IR S Sk 2 RO % S Jid . 2R PR Y
SR RSl BT Sk 5 SRR R
rAE T 10 mL BT, s amE- &k (18
D MR ZIEE, SIS EIR AL 302, 354,
300, 307 313. 326 pg/mL SR 20 5 EEL
T O R T IR — 32 10 mL B, N £
BERZIE, IR 57 21.14, 53.10, 24.00.
21.49. 1.25. 1.63 pg/mL J& &5 . PRI
TE LR AN A E T 10 mL &, H S
7 R R R B A Ao R B PR S IR IR 1 1 R 28X
MG R T 25 mL ST, RSB R 205, Hl
TR A 136.8 pg/ml SRR = 2 2 BE, 7
B S AR IR = % R BRECE T 100 mL &=,
CIEWREEZIEE, HIK 27.36 ng/mL W FREIRER
Ly F 2
242 PRI A EE RS 100 L N
% EIE

0 1 2 3 4 5 6

RN TR AR IY 5 1 T B
4

ANWFRE 20 pl, #8JE 1 min, #ZCMA 0.1 mL
Z/KIWJE 1 min, 1 mL BSFR L WBE3R € 3 min, HU I
I, EE 2K, AIF 2 I BIEBIRS), B EIEW
AT, 40%LNEKEH 200 L &H, 12 000
r/min &0 3 min, 20 pL B3GR

243 @G LIRS (1D @GS ik ke
4 Agilent Zorbax Eclipse Plus Cig #£ (100 mm X 2.1
mm, 3.5 um), WK (A -F 0.1%HRII LG
WK (B), BREVEME: 0~4 min, 5%~40% B; 4~
5 min, 40% B; 5~5.1 min, 40%~5% B; 5.1 ~7 min,
5% B; AR E 0.4 mL/min; FEiE 30 'C, #EFEE
SuL. (2) JUilssff: RAHWWIZE B T1IE (ESD
HEATIE B A, A AR 22 B W Rl (MRMD,
B (IS) 5.5 kV; B TR (TEM)
550 C; KA1 (CUR) 4 241.352kPa (35 psi);
%< (GS1) 4 344.75 kPa (50 psi); Aibhhni
S (GS2) A 310.275kPa (45 psid, TR NZ
B VRS (MRMD, H T b s s
hy 2 T S B m/z 540.3~590.3 7% FE R Sk
JZ B, miz 5544~604.4. ZK LK SKIERE miz
542.4~574.4. B30 miz 572.4~632.0. Z3kJR
i m/z 586.2~646.0+ K%Lk m/z 556.4~616.0.
2.4.4 SiAETREEESR ST A
W FNERE AR & 6 FREETLZE Bl &
XTI bR ) UG ZER . 6 IR SR i
XTI BEIRRE AT b, 88 i e AN
PIAROS HR U T2 5 T4 Algs RO 1, 2%
FE I U 2% Sk i okt VA IS ) 2 4.40 min, 2K FH BT

BRI A EE

(=}

&0

e

VR BERHE b
2 1 |4

0 1 2 3 4 5 6 0 1 2

t/min

5
7
5&6 f@;
4 5 6 4 s

0 1 2 3 6

IR R - IR PR SRR 3-OR PR S SRS 4-DR PRI SRS 5% SKAm 6- 1% KA 7-1K 5 Sk

1-lappaconite hydrobromide 2-benzoylmesaconine 3-benzoylaconine 4-benzoylhypacoitine 5-mesaconitine 6-aconitine 7-hypaconitine

1 RREAGEE
Fig.1 LC/MS chromatography
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S B IS ) 2 3.99 min, 2 PR Sk S HY U4
I [A] 4 4.245 min, K5 S0 H I 1] 4 5.18 min,
T S IS ) Ay 4.86 min, 12 SKBs HE A IS 1] Ay
517 min. FHMERE . FHRNT AR 76
ol i 75 A= DTS A5 %o B R P B 1) 2 1 I B 6
PG A YIRS X B IR SRR U4 1 1
W ISP ) — 350, 2% 1 o B R P s R U i ) I
e, Mk T,

2.4.5  FrifEfhZe bl 0o R S BRI

(RITR A X6 IS A 459 20 pl, IIAE 100 pL Krebs
W, 4% “2.4.27 TV N R S R AR B A
HEFEME , SR IR Sk i 2R PR 2 3k
L N RS STy R € E D S A R B A €
SKBak Py TR o AR (1) S0 A B A R AR AR (X0,
VAU P AR (YD, ZxiilbruEihds . AR/
CRTE (W=1x7) BEAT ek ME R A1 b h £y
Fio W 1. ARYEEIELL SIN=10, P45 E R 2>
514 0.880. 2.210. 1.000. 0.896. 0.052. 0.068 ng/mL.

R1 6 MEMWAEYIFIEMEEERE

Table 1 Standard curve regression equation and linear range of six kinds of alkaloids

EX/L EERg s 22 kY5 Fl/(ngrmL ™)
2 R IR 1 3K Ji ek Y=0.626 X+0.055 7 0.999 5 0.880~94.680
2 R R T 2 3K D ek Y=0.361 X+0.226 0.999 7 2.214~254.880
2 R 1 3K D Y=0.287 X+0.016 4 0.999 7 1.000~108.000
IR ST Y=0.681 X+0.001 29 0.999 3 0.895~96.714
B ST Y=0.852 X+0.023 2 0.999 2 0.052~5.616
L St Y=1.75 X+0.010 5 0.999 8 0.065~7.824

2.4.6 FRIECRIAL: B 100 pL Krebs ¥, 1%
“2.4.57 TR J75453 R F R S Sk, R
T 2 Skl S FR G 2 Skl VK Sl T 2 Skl
L SIAFAC TSI L 2 1 (1,760 4.420. 2.000.
1.791. 0.104. 0.136 ng/mL). =W E 5514
(26.400.66.300.30.000.26.865.1.560.2.04 ng/mL ).
T TR IR FE ) ) 4 (78.900. 198.900+ 90.000- 80.595
4.680. 6.120 ng/mL) [FIFFEM, %8 “2.4.27 T
NI ERRE S, AN TCRIRIE 5 AFEAS, HEREI
FE, PAMFA A HX 100 pl Krebs 1, %M
“24.27 WURIERCELSE, A NS FE VR
XS HE i £V, RS UL PEREAT S AMFEA ST,
SAFFENDPEETHIAR ;AR TR B 2 Fh st
T35 MG A AR O AR SRR DR o 5
FEUES ey TR R P SR Ik R
PG SKIEIR . R P SK R VRS Skl BT Sk
R SR~ A B I e 3 7 81.24%~94.08%
(RSD 4.88% ~ 8.87% ). 83.20% ~ 95.07% (RSD
4.28%~829%) 86.66%~98.10% (RSD 5.64%~
12.53%)+ 76.09%~97.79% (RSD 4.77%~12.77%)-
81.35%~94.67% (RSD 4.937%~8.04%)+ 76.91%~
94.08% (RSD 9.44%~7.38%).

2.4.7 REERK B 100 pL Krebs W, 1% “2.4.6”
TR 75443 S C 2R P R 2 Sk D, 2R R
SKIRB 2R RS S R RS T Sk
B3 d% . Ty SRR A, A R

WRE S ANFEAR, ESE 3d, W HRREE A 1
d WIESERE 3 Ik, DIAS RS R, R BRI
SR A ERr Sk B R G Sk RO I
15 S T SRBRUR S S BRI T A RS 5 B2 (1) RSD
M 6.92%-6.16%-6.13%+9.74%- 6.79% 8.38%;
H [ADRS 2 BE 1) RSD 23051 4 7.82%- 8.31%~ 7.42%-
7.56%- 8.89%. 7.98%.
2.4.8 LN HL 100 uL Krebs ¥, % “2.4.2”
TR T AT PAR PR SS , 53 I NAH VR 500 R
it 85 20 uL. PIFR 20 pL F1 40% LS5 7K 160 pL,
FCHIEAG s & 3 AN IRBE R ah i, &FFh
FUEIREETAT 5 AMEARZAT 04T 53 B Y i &k
JEE (RITR A X0 FE S i 28V, B B BRI B PAT 5 ANFE
ARIAT AT LABRERD ST BRI FEIY 2 AN [R] AL B 7 7%
I3 BT A 20 A e TR ) LU AR E SR O o 45 SR
P % S ity 2 T 5 Sk J s 2% PRI % 3k S
Bols S SR B SR S P B RSB A
98.63%~103.65% (RSD 3.47%~7.27%)+ 96.66%~
99.46% (RSD 1.10%~4.23%). 99.87%~101.23%
(RSD 3.70%~8.42% ). 89.33%~98.34% (RSD
8.10%~5.49%) 94.89%~102.69% (RSD 4.36%~
4.82%). 9.56%~104.52% (RSD 4.41%~6.12%).
2.5 HuEALIE

ARSI BRI R WIBIE R (P cm/s) PRHY
G I BMCRE S, o - im0 Sl 2 v LR R 4
A E SPSS 21.0 BHTELEE, BRI X 5 Foie
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Popp=dQ/drX 1/AX 1/C,
dO/de Ky LI RN N 25kis B, C i BERIBA R R &)
MG R R BE, A 9l AR

3 FR
30 HEMNMWFHREREXSKEBEREME
R 4z ) 2 i

AR PR R R P O S s £ AN [ B
WV SE A R IR 2, w4k, i
BT, A PR S Sk IR 3 N B MR )
AR, LA 3 0 I, SRR Sk

JRARAE 3 N BOOBCE 2 8> (P<0.01)5 -
TR 103 I, R EERS Sk R R A
Jir (RIS 35 FRAEE. (P<<0.05. 0.01).
32 EEXFEHRBHN S KRR R WL a0
T EON R HHT 2 Sk R AN R B g
RN 2, T4, B, RS kIR
B 3 MBI R -2 3 L LI, R
HIIRT Sk 3 MBI 598> (P<<0.05.
0.01); MPF7-HEE 1 2 31, KHEEHS L+
BRI iU > (P<<0.05. 0.01).

R2 HARWNEREURSKFEEMEREN S KRBEFRBBRRWSERMTME (X Ls,n=5)

Table 2 Effect of Radix Astragali on apparent osmotic coefficient of benzoylthioate aconitine and benzoyl neostearine in different

intestinal segments (X *s, n=15)

Y1) o R R IR SR Pypy/(X 107 emres™) IR R R S P/ (X107 emes™)

- (mgmL ") 5% &7 E)i7] + 5 = 7]
i 18 1.15£035  1.02+0.18  0.78+0.20 1.23+£0.35 1.06+0.15 0.76+0.21
WT+3E 18+6 0.56+0.17"  0.70+0.13"" 0.40+0.14"  0.62+0.17" 0.74%0.15" 0.41+0.13"

18418 0.76£0.10  0.824+0.18  0.66+0.11 0.90+0.13 0.93+0.17 0.73+0.13
18454 0.67+0.07°  0.64+0.10" 0.60+0.07 0.78+0.08"  0.7610.14 0.66+0.09

4R TP<0.05 TP<001, FE[F

"P<0.05 ""P<0.01 vs aconite group, same as following table

33 ERMFERESLKFEREAEMERITEIFm
B PN R % S S/ T AN [ i RS ) s i 25
B3, Al S rabbie, RmETEn, ZRH
B3 JERATE 3 MBS N, L -
T3 I, RIS SRR 3 AMEBIA >
(P<0.01); M2 1 13 I, ZRHFBES Kb
AR O R > (P<<0.05. 0.01).
34 BEREINXRELWEEARRE R WIS 0
TCRON IR S (e A (7] o B MR S P s i 25 SR AL,
23, ", SRR, EA R RS S
3 MBI R, B 3 01 I
UL 23, R SEAE 3 MBS 2 Pk
b (P<0.05. 0.01); P72 121 B, K3k
Tl E -+ R A S i SR 2 k> (P<<0.054 0.01),

3.5 EEXHE LA RS EX IR Y a9 =2

BN BT S B LR A () i B R A P 5 i 45 2R
W 4, w50, S4B, AT Bk
WAE 3 BB A R, e
30 1IN, B SRR T AR M A ] R i ek
(P<0.05); M2 13/ 1011, Bk
BAE 3 AN B B> (P<<0.05. 0.01).
3.6 HEEX B LA RS EX RSB 220

B RO 1 SRR A ) i B L ) 5 i 5 5 DL 3
4, wE1, ST, B EE, Sk 3
BUmB IS TR, Horp B 3 L1,
5 e AE T 48 W A B oo 2 ad b (P<
0.05. 0.01); MPFF-FE 13 /11 1, 53k
18 3 M By 23> (P<<0.05. 0.01).

®3 HARMERBLLRHIRESLBARRBRRNSERNNZIE (X x5,n=5)

Table 3 Effect of Radix Astragali on apparent osmotic coefficient of benzoyl aconitine and hypaconitine in different intestinal

segments (X *s,n=15)

yil pl B JLEEFIH%%%JE@Z Pp/(X 107 cms ™) VR Py (X 107 cmes )
- (mgmL) 5% &l 7] + =15 &7 7]
i 18 1.15£035  1.03£0.20 0.78+0.21 1.74+0.31 1.88+0.45 1.954+0.53
M7+ 18+6 0.55+0.17"  0.624£0.09" 0.40+0.13" 1.13£024"  1.2340.15" 1.04+0.34"
184+18  0.76£0.10  0.8140.17 0.67£0.10 1.04£0.32" 1.05+£0.43" 1.324+0.37
18454  0.65+£0.08° 0.66+0.11"  0.60£0.07 1.184£0.18"  1.024£020" 1.28+0.21
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R4 HERWHSKWEANELBERRBRRWSERGHIFE (X £s,n=5)

Table 4 Effect of Radix Astragali on apparent permeability coefficient of neaconitine and aconitine in different intestinal

segments (X *s,n =5)

y1ml ol %3 P,/ (X 107 cmes ™) 15 S Popy/(X 107° cms ™)
(mgmL™) T4 7] Ellj7] ===l 7] Eilj7]
b7 18 1.7440.62 1.554+0.38 1.5540.63 2.1940.54 1544047 13742041
T+ 1846 0.85+023"  1.13£0.30 0.81+0.14 0.96+024"  130+043  0.78+0.22"
18+18 0.53+0.18"  0.65+0.147 0.56+0.17"  0.74+£026"  0.82+0.117 0.77£0.30
18454 0.7740.16"  0.79+0.177  0.77£0.14" 0.67+0.11"  0.61£0.09™ 0.5540.11""
4 iTig K PERAETT R AR 5T CYP3A4. CYP2B6.

901 D IR S 2 IR AR DG, — e
B, MEAVERSER, S R RIMES) S Papy
Ko WEREW, M Py KT 1X10° cn/s B, 24
YRS e B TR G 6 R RS o v
AR, AL S R RIR 6 FlAEMIIRIT) Py IR
FIX107° cm/s, BEWIFE TR 6 A Dl 1 R34
SR, 6 P AR A G, HAS SR
3O B 6 RS R BLS
W, BRI 25 B R VR T TG L, I B T BRI 6 A
JEIN ) Papps  MNTTITIE S HC 21 BN 22 6 1) A FH B AT R
WA R B KT, fE— e B Bl R b1 5
T, M AT B PR R 0 R

HREARFI AT, 75 3 Flm B BB R BRI A
YIRS AR, 7E & i BOW R AL A ik
(IS e s R i, ANAE 25 W Bk i Y
AW IR W R . B RGN, A
27 g 5 KU 28 A i B ) L R o ok 1 Sk
BRI S R TESE V24 22 74N, AEAIFGE A 1
FE KB, YI6e 2 PO B A= P i«
I S 4l R I S TS XU TR 7R A A W
VR ISR T PR R B AR . CATIEUR B CYP450
fif§F1 P-gp. BCRP. MRP2 Z54h 2545512 (R L [R]
W2 S S A A Y TR, R LR IGEE N I A
R, HARPERGSRIE D, 52 BN AR,
TR PR R XU AR ik sz 21 CYP450 BRI AMHE
IS PRI SRR, T B NS XU 7R AR Ak )
WA 1 FH o T e AL A i, R W3 B T e TR
I CYPAS0 AN SN2 Wy i A i 4 sl B2
YR PR o

TR, BTN WL RN TR
TEERSS, BECRE, AT Re N P-gp,
MRP1 F1 MRP3 [ FIRIAK Y BT i
FHH CYP3A4. P-gp. MRP2. MRP3 ({15 1 %ik

P-gp. MRP1. MRP2 I MRP3 % ({1141, ifi
b7~ 2B Lk CYP450 g F1 P-gp. BCRP. MRP2
LML IS AL R R, Rk . B
SRS TURAE T FE R RE A B R B A A
WD Jo A, AR BE 1 AERe BOLR 7T g
IR EAERE T CYP4S0 BEFI /M2 ik ia ki 3k o
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