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Research on the effects of Paconiae Radix Alba on the
tissue distribution of six aconite alkaloids in Aconiti
Radix Cocta based on transdermal administration’

YANG Hua-sheng, LI Xiao-li, WEN Li-zhen, TAN Li-xia, ZHAN Shan—-lan, WU Lu

( Jiangxi University of Traditional Chinese Medicine,, Nanchang 330004, China )

Abstract Objective: To investigate the effects of Paeoniae Radix Alba on the tissue distribution of six aconite
alkaloids in herb couple of Aconiti Radix Cocta—Paeoniae Radix Alba after transdermal administration in rats.
Methods: The Aconiti Radix Cocta gel and Aconiti Radix Cocta combined with Paeoniae Radix Alba gel were
continuously administered to SD rats of SPF grade for five days, respectively. Tissues of skin, brain, heart, lung,
liver, spleen and kidney were collected at 4, 8 and 20 h after transdermal administration. Samples were extracted
by ethyl acetate and six aconite alkaloids including aconitine ( AT ) , hypaconitine ( HT ) , meaconitine ( MT ) ,
benzoylaconine ( BA ), benzoylhypaconine ( BH ), and benzoylmesaconine ( BM ) in each tissue were determined by
LC—MS/MS method. Data were analyzed using SPSS software to compare tissue distribution of six aconite alkaloids
based on t—test. Principal component analysis ( PCA ) and partial least squares discriminant analysis ( PLS-DA )
were used to identify the changes of six aconite alkaloids content in tissues of skin, brain and heart. Results: In
Aconiti Radix Cocta group, the six aconite alkaloids were mainly distributed in skin, followed with liver, spleen,
lung and kidney, while low in brain and heart. The distribution of BM and BA in the skin tissue was significantly
increased after compatibility, but in the heart and brain tissue, the distribution of 3 kinds of mono ester alkaloids i.
e. BM, BA and BH were significantly reduced. At the same time, the contents of the diester—type alkaloids of MT,
HT and AT showed a downward trend in every tissue when Aconiti Radix Cocta compatibility with Paeoniae Radix
Alba. Based on the distribution of 6 alkaloids in skin, heart and brain, PCA could directly classify the Aconiti
Radix Cocta group and compatibility group. The PLS-DA indicated that Paeoniae Radix Alba could influence the
distribution of 6 alkaloids in skin, heart and brain, and the effect sequences of 6 alkaloids from large to small were
as follows: HT, AT, MT, BM, BH, BA; MT, AT, BA, BH, BM, HT; AT, BH, BA, HT, MT, BM, respectively.
Conclusion: The compatibility of Paeoniae Radix Alba could decrease the toxicity of Aconiti Radix Cocta, and
promote the absorption and distribution of partial mono—ester aconite alkaloids at the administration site such as
skin, meanwhile, reduce the distribution of the six aconite alkaloids in brain and heart, which was beneficial to
lower the toxicity of the Aconiti Radix Cocta in central nervous system and cardiovascular system.

Keywords: Paconiae Radix Alba; Aconiti Radix; compatibility; transdermal administration; tissue distribution
aconite alkaloids ; LC-MS/MS; PCA ; PLS-DA
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Fig. 1 Ion current chromatograms of skin tissues
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ZRBHEEMRER 6 MEMEAEXRARPHINT (n=3)

Tab.1 Distribution of six aconite alkaloids in different tissues of rat at various time points after transdermal administration

Fit 5354 ( mass fraction )/(ng+ g ™)

22 A 4h 8h 20h
( component ) (tissue )
7B Z 7B V7 7B Z

BM JeJtk (skin) 590.66 + 126.43" 217.51 + 66.35 640.00 + 92.97 47328 +190.23  80.47+20.88  87.13+21.16
Ji% ( brain ) 1.80+£0.72 5.82+2.92 5.00+1.24 8.90 + 3.34 0.60 +0.07" 2.79+0.30
DJE (Cheart ) 5.43+1.77 3522+ 12.17 55.27 +30.68" 125.12 + 18.66 1.16 £0.29 52.06 + 16.04
B ( kidney ) 114.70 + 10.57 105.74 +7.49 216.20 + 81.30 230.03+12.00  150.20+72.46  131.73 +43.02
JEWE (liver ) 41.93 £4.16 43.92 +9.39 100.33 +39.79 150.07 + 32.85 114.87+13.73 12097 + 12.43
Jiti (lung ) 42.20+21.18 52.17 +1.80 64.73 £22.08 82.85 +7.82 61.80 +2.09 61.78 +8.24
JLE (spleen ) 65.07 £ 15.97 4757273 175.27 +93.33 217.28 + 1.07 54.67+16.06  66.48 + 14.95

BA JZJk (skin) 101.73 +25.25 47.96 +3.67 115.53 +27.98 105.77 + 44.40 18.61 £5.07 19.32 +3.88
it ( brain ) 0.12 £0.04" 1.57+0.73 0.68 £0.17° 2.62+1.15 - 2.64 +0.45
L E Cheart ) 0.93+041" 8.63 +2.37 11.69 +5.73" 27.95 +3.48 _ 10.99 +2.43
B (kidney ) 20.35+1.84 18.49 + 1.67 45.26 +16.56 4520+2.92 33.93 +16.96 27.28 +9.19
FFIE (liver ) 6.97+0.76 8.96 = 3.00 20.21 +10.55 29.42 +10.36 18.47 +0.99 21.66 +2.30
Jiti (lung ) 8.41+3.18 9.55+0.68 15.95 +5.99 17.28 £0.92 12.32£0.74 11.08 £ 1.26
JGE (spleen ) 12.09 +2.65 9.00 + 0.86 38.49 +20.42 4224 +4.52 11.47 +3.82 12.49 +2.82

BH JeJtk (skin) 65.27 + 13.63 40.46 + 8.59 77.47 £ 17.51 94.94 + 44.54 12.90 +3.85 14.62 + 4.01
Ji% ( brain ) 0.19+0.10° 1.08 £0.53 0.66 +0.25 3.45+1.03 = 0.53+0.25
LJIE Cheart ) 0.91+0.34" 7.65 +3.65 9.63 +4.96° 24.27 +3.58 = 9.94 +3.10
B ( kidney ) 29.49 £2.79" 20.16 +2.84 51.30 + 13.05 50.81 +2.12 36.24 + 13.85 30.64 £ 4.21
JFIE (liver ) 7.82+0.71 7.68 +0.52 15.38 +7.30 23.11 +8.22 17.85 + 1.21 17.24 + 1.76
Jiti (lung ) 8.70 + 4.14 8.53+0.23 15.61 +6.08 18.76 £ 0.07 13.20 +0.69° 11.84 £0.13
JEE (spleen ) 16.87 £ 6.07 9.64 +0.93 38.47 £ 13.92 4321 +4.64 13.43 £5.45 16.62 +0.86

MT Bk (skin ) 14.79 £ 0.99 73.35  16.6 3547 +5.16 205.08 +39.92 36.00 = 4.70 41.07 +6.37
Ji%i ( brain ) 1.23+0.53 1.26+0.59 1.76 £0.77 420+2.14 0.99 +0.12 2.75+£1.06
DI Cheart ) 3.51+091 7.07 +2.79 7.90 +2.66° 17.84 +2.30 = 12.92 +3.46
B (kidney ) 471+091" 61.36 +2.30 39.58 +22.96 61.46 + 6.53 28.59+15.37  54.68+10.86
HFRE (liver ) 3.92+0.35 13.34 +3.66 14.45 +7.41 27.29 + 6.68 3.15+1.48" 26.32 +3.83
Jiti (lung ) 9.75+2.70" 30.82 + 1.44 20.61 +12.99 39.00 + 1.04 16.69 + 8.08 21.61 £3.43
JGE (spleen ) 15.48 +8.42° 38.75£3.21 52.69 +32.79 78.78 +5.96 29.15 +10.99 42.22+5.55

AT JeJk (skin) 7.75+0.45" 39.09 + 6.97 18.88 +4.11" 121.15 £ 22.74 19.11£3.12 21.27 +2.48
Ji% ( brain ) 1.10 £0.08 1.20£0.53 0.98 +0.46" 2.51+0.17 0.87 +0.32 1.15+0.45
LJJE Cheart ) 2.42+0.81 4.25+1.96 433 +149" 10.46 « 1.58 - 6.85+2.48
B HIE ( kidney ) 243+1.33" 34.80 + 6.23 21.69 + 11.08 35.89+5.59 19.41+9.18 3533+ 1.50
JHE (liver ) 2.71+0.34° 7.99 + 1.86 9.09 +4.17 19.18 +4.71 2.37+0.38" 17.78 +1.79
Jiti (lung ) 6.07+1.79" 18.81 + 1.36 13.21 £7.67 2276 +3.17 11.67 £4.70 14.35+2.34
JEE Cspleen ) 9.78 +5.39 21.20 +3.60 33.79 £ 19.42 43.44 +6.01 19.77 £ 9.64 24.23 £2.83

HT F2Jk (skin) 50.40 +3.56 222.43 +41.16 99.67 +19.89" 497.00 + 42.18 103.07 £8.33 11041 +11.92
Ji&§ ( brain ) 6.01+0.17 10.56 + 3.04 6.96 + 1.46 2290+ 11.23 438+1.01" 12.19£2.18
S (heart ) 12.34 + 6.48 34.94 +12.60 31.73 £12.73° 62.39 +11.24 1.08 +0.38" 51.55 +15.63
B (kidney ) 40.90 +9.28" 206.13 +24.33 163.30 + 70.75 211.34+36.89  139.70+6540 203.85+33.14
HFIE (liver ) 33.13+1.60" 55.69 +7.71 56.53 +27.76 100.22 + 15.22 16.19  1.04™ 98.92 +6.10
Jili (lung ) 37.80 +4.52" 112.08 +3.75 84.67 +38.94 140.50 + 27.61 68.60 +18.08  90.82+12.72
JGE (spleen ) 81.20 + 32.56 139.85 +22.55 220.00 + 102.23 230.44 + 17.79 11560 +65.09  167.73 +5.87

7 (note ) : Z—)11 54 ( Aconiti Radix Cocta group ), ZB—HlJI[ % — 47540 ( Aconiti Radix Cocta—Paeoniae Radix Alba group ), *p<0.05, *¥p<0.01; “="
P P

FRAETREMBR ( below the LOD )

2.7.3 PCA MIPLS-DA 73 #r il Il 5 28 f 45 25, AELA b o A5 p 56ath b, o — 20 N 32 800 20 A i
('principal component analysis, PCA ) Flf i/ — 3¢ K
9l ¥ (partial least quares discriminant analysis, PLS—

AR S

2 1E B RS 504 5 25 1 1) RO DDA G, [
I, )15 B B 2 ER B e O TR, IR,
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DA ) Z5G TR Toxt 6 /TR 20 A= Wil e Kz JHk S i 4
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RRFAE AR HAE, 43 3 54T PCA F1 PLS-DA 4381,
PCA F 4553 0] AL, 78 B2 R 0 e A 25 3 41
A N U TR R N A el ST K = o N D B o P o
VLIS S 4 b, TG 6 A~ 9 e B2 Bk L0
WE AL A T2 . WA R A BRI
VIP ( variable importance plot ) P A1, Bz Bk H 3 /> ALK
RIA= 6, HT . AT MT A9 VIP K F 1, 5 B X g 7Y
ARG DX A3 B ATLZE AN | 2 B R A A BTk TR
LA UL R g IR i — 2 R B AR B A= )
il 28 R WA AT )40 D 500 R T B TR B A Bk A A 580
SR FREUh “UkEE” 5 O HE 2 MT AT, BA . BH
) VIP KT 1, [FEF, ZEf 202 AT BH, BA % VIP
KF 1, Rl R R AT £E.0 BE il 21 b i
VIP 8K, L B A5 RR IR B RS T 3R A A
Yot , A2 AT FECNE L2 53 A0, Rl B R T
PRI A WA S AT L 3 T BES 1 S B AT RIS
ODWE PR TR . PCA ULIE 2, VIP WL 3,
3 itig

H AT, B X1 5 — AT 25 % B AR WL A B Y
Z R O IREFAESN 45 2k A, T B AR 1 245 30) - b
FERM, L 25 IBARSEFE R 25 oA A HE
AR EE N R, Y2 W, 25955 ff i)z
TG R B, 2 R T 20 A W S A AT
A, 100 11 A 2454 3= 2 2k /N T o B2 A B A
ML, P L T T FE AT S5 2R RGN, P, 28 12 45
255 CUIREE 25T A3 AT B 5532 BEASI]  [R]Ast B ik
W 25 IR E 25 42 e BB e T e fl 2 Ak
WYrltedb, i Rz Bk A A G 5 11 AR 25 2 P Al e 1

Befk (PLS-DA) L2

1.2 " 1

1 0.8
S~

Ros & 0.6
& 0.6 =

> 0.4 0.4

0.2 0.2

0 0

HT AT MT BM BH BA MT AT

Var ID (Primary)

A. 2k (skin) B, OHE Cheart ) C. Jigi ( brain )

3 HAST VIP B
Fig. 3 VIP plot of distribution in tissues

hhiHE i

2L (PLS-DA)

Var ID (Primary)

5 M 4 W 22 E ChinJ Pharm Anal 2017,37(6) ‘jPA

A
. classl

Befik (PCA-XD - class2

6 ///— \

4 -

e DN
o i . ‘ 1 |
- -2 & . ]

-4 l//
_6

8 -765-4-3-2-101 234567
t[1]
B

» classl

A (PCA-XD : olased

t[2]

cooo oooo
mmﬂiNéNﬂi@m
\\\\\\\\\\1//////////

-1 -9 -7 -5 -3 -1 1
t[1]

3 5 7 9 11

C

* classl

B (PCA-X) . classz

0
b

9 -7 -5 -3 -101 3 5 7
t[1]

©

A. Ik (skin) - B..BJJE Cheart ) C. i ( brain )

Class 1: )11 5320 ( Aconiti Radix Cocta group ) Class 2: )11 12 — (425

21 ( Aconiti Radix Cocta—Paconiae Radix Alba group )

2 HLAHT PCA E

Fig.2 PCA plots of distribution in tissues

FEAERN S S50 Ty AR BOR 22 57, IR, 2R 243 A%

ANFELIR FEE YRR NIRRT SUE . AR SO e

1B A BEITFEH S — EATRCILXS 6 NEEELAE Mrisi

SyA R, 2 R I R S SRR A
ARSI ST A R R WY, 1 5 BE AL AT A2 2

T EAEE T AR 0% BM L BA [ 7E KRR 43 A, T WL

P AR A= W BT e R 2 2 i oA s sl b, R T 2

BeAh AT HAT “H 50w VR, W SE 45 2R 5 AR PR

% (PLS-DA)
1.2
1
KR 0.8
S~
8 0.6
~ 0.4
0.2
0
BH BM HT AT BH BA HT MT BM

Var ID (Primary)



‘J PA 25 ¥ 4 #F 22 E  ChinJ Pharm Anal 2017,37(6)

1037 -

GIE RN [ ket Sy TR S S ES P o I R
Hh AR AU A W OURE AR A P R R e o3 S R
“PEFEM” ARV, PTRES FIAT TR AT 251 5 B XU
[RIVEE Y/ ) 5 A= o O M (1R = G = L e e a
kA 5,

il 12 Hh A= U B S A 08 o SRR, &
FRINNZ OBEREPE L ARSI R
NS ECAT AT B T A= 0 e o E i ZH 2 53 A1
W SER A ATEA R YRR ScikiiaE
ATt R P- BiEE 1 ( P—glycoprotein, P—gP ) FJEEY), H.
RE P AR ALK KT P-gp 28 1AM EIVE T PR,
Iy — FATECAT T BESZ IR P—gp HTE P, AITTS2 06 AT
SEREIE I TE PR 22 R GE AT TS B IR
Ho JasefbsE i, %% ] Western Blot. RT-PCR 45 J7
IERTIE RN P-gp HEHAYFRIR, LUK MDR1a Z:[H 1Y
s, E—D B 2 - EATECRALS]

S 3 Hk
(1] Afrar, 2l S B AT RIE R E T R SR IPLEL L ) ). 42

Pz, 2007, 22(2): 144

LI JJ, PENG C. The synergistic action and mechanism of the
compatibility of Radix Aconiti Preparata and Radix Paeoniae Alba
[J]. West China J Pharm Sci, 2007,22(2): 144
AT, R AL NS AT AT Y A PR -5 25 B 5
EHTLY ] PEEZG2E T, 2003, 21 (12): 2013

LI JJ, WANG L, PENG C. The analysis of the modern clinical
application and pharmacological research of the compatibility of
Radix Aconiti preparata and Radix Paeoniae Albal J . Chin Arch
Tradit Chin Med, 2003, 21 (12 ): 2013

AT, O M AR TN 5 S AT R AT 2 RS (L
TRTF R RERAE AT SR B IRLRIBT S [ ) ). o ek,
2009, 34(22): 2937

LI JJ, PENG C, JI JY. Mechanism study of action on compatible using

[3]

of total alkaloids of Radix Aconiti Praeparata and total glycosides or
polysaccharides of Radix Paeoniae Alba therapy on rheumatoid arthritis
inrats[ J ]. China J Chin Mater Med, 2009, 34 (22 ): 2937

BRIGET , 0, SN, 45 LR B IRIMGE AT i B 98 1T 5 1A
BEAEXT 6 Fhe T A= Pyl =y iR 24 B2 iy se i [0 ). 2243,
2016,41(5): 948

LI XL, WU L, WU WG, et al. Effects of combined administration

[4]

of Paeoniae Radix Alba on local pharmacokinetics of six aconite
alkaloids by skin microdialysis in vivo[ J ]. China J Chin Mater
Med, 2016, 41 (5 ): 948

Tt RS, AR E , 25 W S B AATXT 6 T 3k ALY hk
2R RN L) ). P2l 2015, 37 (9): 1917

YANG HS, LIANG BW, LI XL, et al. Percutaneous absorption of six

[5]

[6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

aconite alkaloids due to combining use of prepared aconite and peony
[J]. Chin Tradit Pat Med, 2015,37(9): 1917
AE SO A5 L, A, AT B 14 XU 2 A= i P D2
BN L) . T EPEBEZG5 AR, 2014, 34 (18 ): 1537
XIONG WH, ZHENG Q, HU S, et al. Effect of compatibility with
paeoniflorin on the accumulation of diester—typealkaloids of Fuzi in
rat’s body[ J ]. Chin Hosp Pharm, 2014, 34 ( 18 ): 1537
SREAR, A4, TR, 4. AAT R IE R AN Y4
TRFFE LT | RIRWIBITE ST 4 , 2012, 24 (8 ): 1040
ZHANG LF, LI XJ, WANG YF, et al. Tissue distribution of total
glucosides of paeony in normal rats [[J 1. Nat Prod Res Dev, 2012,
24(8): 1040
TV BRI AR 2 - - T KRB [T ] b2y
5ilfIA, 2013,29(4): 53
WANG P. To Investigate the quantity—effect—toxicity relationship of
aconitine transdermal drug delivery[ J ]. Pharmacol Clin Chin Mater
Med, 2013,29(4): 53
SEB, WK, GRS SC AE RIS — EATRCA AT 241 28 B I
s [ ] P Sess )2k, 2015, 21 (13 ): 1
WU L, LUO YM, LIANG BW, et al. Effect of compatibility of
Paeoniae Radix Alba and Aconiti Radix Cocta on transdermal
permeation role of paeoniflorin[ J |. Chin Exp Tradit Med Form,
2015,21(13):1
LIN CC, CHANTY, DENG JF. Clinical features and management of herb—
induced aconitine poisoning[ J ]. Ann Emerg Med, 2004, 43(5): 574
XUHE, TEREAR A 2 A B S o O LR R VR B o F
BHEEARSHE R ) ] i ERARR S, 2009, 24 (6): 398
LIU Y, ZHANG SW, ZHOU L, et al. The toxicity of aconitum alkaloids
on cardiocytes and the progress of its research using the methods of
molecular toxicology [ J]. Chin J Forensic Med, 2009, 24 ( 6 ): 398
N, S Se e, TR, 4. HPLC-QTOF-MS il KO E R i
9 ISP A [ ] 23RS, 2015, 35(3 ): 414
ZHANG XL, WU XF, WANG K, et al. Determination of 9 aconitum
alkaloids in Fengshi Gutong capsules by HPLC-QTOF-MS[ J ].
Chin J Pharm Anal, 2015, 35(3): 414
FETE, AT, BB, A5, UPLC-MS 3L 1 b o 3 4~ 1% 3k Al
MR Ay ke [ ). 2500 2ka8 , 2012, 32(5): 868
CUI P, YANG L, XIONG AZ, et al. Quantification of three
acontine—type diester alkaloids in Xiaozhong tablets by UPLC-MS
[ J]. Chin J Pharm Anal, 2012, 32(5 ). 868
BUETT, Dy IR AR, 45 5 HPLC LIRS F e 6 Fh
T A A ) A [ ). 2500283, 2011, 31(2): 217
HUANG ZF, YI JH, CHEN DA, et al. HPLC specific chromatogram
of Radix Aconiti Praeparata and determination of six esteric alkaloids
[J]. Chin J Pharm Anal, 2011, 31(2): 217
CHAN K, LIU ZQ, JIANG ZH, et al. The effects of sinomenine on
intestinal absorption of paeoniflorin by the evened rat gut sac model
[ J 1. J Ethnopharmacol , 2006, 103 ( 3 ): 425

(A=3CF 2016 4F 6 J 25 HkH)

AR S



