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Identification and Analysis of Harpagide Metabolites in Rats in vivo
LIU Zhen, XU Feng, WANG Jingzhe, LIU Guangxue, SHANG Mingying, CAI Shaoqing(School of Pharmaceuti-
cal Sciences, Peking University, Beijing 100191, China)

ABSTRACT OBIJECTIVE: To study the metabolites, distribution, metabolic type and the possible activity.of harpagide which is
the active component from Scrophularia ningpoensis in rats in vivo. METHODS: 4_SD frats ‘were divided into blank group (ul-
tra-pure water) and administration group (harpagide reference solution), 2 infeach group,wig, 160 mg/kg, twice a day, for 3 d.
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[2] Cuzzolin L, Zaccaron A #Fanos Vi Unlicensed and off-la- [81 BRI, MG, 2R A2 25 S vt il 5 A 25 AZ M]JL A

bel uses of drugs\in paediatrics: a review of the literature NER DA RFt, 2013:9-13.

[J]. Fundam, Clin Pharmacol ,2003,17(1):125-131. [9] FEH =25 A BR 4N w). A £ 20 98 B 568 35 [S]. 2015-
[ 3 ]\ Moigt F; Goecke TW, Najjari L, et al. Off-label use of 04-29.

misoprostol for labor induction in Germany: a national [10] T A2 2 25 3 k2 HH R ik & R 2247 [S]. 2010~

survey[J]. Eur J Obste & Gynecol & Reprod Bio, 2015, 03-18.

18785780, [11] P2 Lns T2 B ol 25 51 2 LT 150
[4] PisaFE, Cosano G, Giangreco M, et al. Prescribing prac- EZIGH]. B 4 R BAE 2 &,2015,17(2): 101-103.

tice and off-label use of psychotropic medications in

[12] HrARBEF o LR oy 23 R 24 B2 2 v [ LR} 13 B
FHZEF I P LA £,2016,54(2) : 101-103,

(131 5ie, TRA i, 5. K8 N R E RSB 2y
Il R4S B 7 vk S AR SR (0] F B AG4E B 5 42 &, 2014,
14(9) :1025-1029.

post-acute brain injury rehabilitation centres: a cross-sec-
tional survey[J]. Brain Injury,2015,29(4):1-9.

[5] riia AR i U4 25 M R SR 5 0] F B &
e 2h 5 4 & ,2015,35(24) : 2247-2250.

[6] DA =Rz EREFAFAERZESD 2011 F iR

(S, 2011-11-25. [14] i R 2T FRBEH L5 25 T 4B 5 40
(7] P REZSEA EAMAR SRR 5 A 5 S Tk HA P E % 4,2013,24(14): 1318-1520.
RIS], 2014-11-06. [15] EFF, 9 SR 4 RUE RS 0L R 324

A SR < T F1 ARFHE 4 Ve F (No.81274074) AREEFN] B B R A 2,2015,35(7):71-72.
KBRS . BEFE I PSR RIEA . iF 01082802535, L6 FRAL AR BRI 5 MBI R

E-mail : 386436070@qq.com LR AL BRI P B 25 5, 2011,22(17) : 1574-1576.
#OBAF AR  BIEE, [ L. BT 1 2 BT i . i (ke H #91:2016-06-21  f&10] H #]:2016-09-20)
010-82802535, E-mail: myshang@bjmu.edu.cn (i .x) 7%)

- 1310 - China Pharmacy 2017 Vol. 28 No. 10 tPEZ P 201745 28 555 10



0.5, 1 h of last administration; heart, liver, spleen, lung, kidney, stomach and small intestine were taken. The blood, urine, fe-
ces and other tissue solutions were prepared, HPLC-MS was conducted to detect and identify the harpagide metabolites in rats in vi-
vo and presume metabolic pathways, and PharmMapper software was used to predict metabolites activity. RESULTS: 12 harpagide
metabolites were identified in rats in vivo, the form of prototypes and metabolites were distributed in heart, liver, spleen, lung,
kidney, stomach and small intestine. The metabolic type mainly included hydrolysis, dehydration, reduction, methylation, sul-
fation, glucuronic acid binding, grade A coumaric acid binding, etc. The 12 compounds may have activities in the treatment of epi-
lepsy, amyotrophic lateral sclerosis, diabetes, stroke, etc. CONCLUSIONS: Harpagide may be effective in the form of prototypes
and metabolites. The study has provided basis for attributing the origins of metabolite, studying the effective form of S. ningpoensis

clarifying its pharmacological mechanism and processing mechanism.

KEYWORDS  Scrophularia ningpoensis; Harpagide; LC-MS; Metabolite; Metabolic pathway; Activity
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Scrophularia ningpoensis Hemsl. i) T AR , FLAG T Pt
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W], XS HAPRY  SBe i w2 G4 RN e
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2.1.1 g4 A% Kromasil 100-5 Cis(250 mmx
4.6 mm,5 pm) ; FRPHE : Zorbax SBCs; M aNAH : 47K (A)-
G (B), B B2 P (VAL ¥ : 0~10 min, 1% B; 10~
15 min, 1% ~2% B; 15~20 min, 2% ~3.5% B; 20~25
min, 3.5% B; 25~35 min, 3.5% ~6.5% B; 35~40 min,
6.5% B; 40~48 min, 6.5% ~9% B; 48~60 min, 9% ~
11.5% B; 60~70 min, 11.5% B; 70~75 min, 11.5% ~
40.5% B; 75~81 min, 40.5% B; 81~95 min, 40.5% ~
100%B;95~105 min, 100% B) ; #1:1 : 35 °C; Kol | .
280 nm; HFFERE ;10 pL; i : 1 mL/min,
2.1.2 FUEEME KL :MS'~MS® m/z 100~1 000;
B F R E] 2 30 ms; NI« 1.5 L/min; iy 4 545 75 258
B 1200 °C3 KM 7. 1.7 kV; TR 5 98.0 kV;
e KR F7 30 MPa R AR X« £ 2 F- Ui G i
2.2 MBHFRBEARHHE

PRI BT X6 B 3 i, R R ik o A, ) i o
WP 40 mg/mL A9 BT X RE SR, 25 -
2.3 HESHYH

4 H SD KEBEAL R as ML 25240 (“2.27 T
M BT BRI , BEL 2 H L ERNERISR 6 d L 4 2k
AR Fig 252, 160 mg/kg (45 2457 e AR 40 S 30 4 o )
HH E49:00.121:004% 17, %M 3 d; 25 14 Kl ig
GRFUBAEK . 250 E R RS Rk IS
KA ZHRTII PRI 28, B AR AET 4 CUKAR . 54
2 T AL
24 HmpRESLIE

HIRGZH)E 5 12 hilcdE 1 UROR BUR TR RN 2S5 , Y4
TRAETF 4 CUKFE . RIRGZ)E, millfE45250.5.1 h ip
KA S R (380 mg/kg) , 2 0o UL 8 mL . BRI iR
BB O IR BB VE NS, LA R K
e, T —30 CUKFHR IR

P45 H KRN T 4 CB0 (02420 20 em,
5000 r/min) 15 min, B35, 0 5 f5 i HY B S T vE 2R
M, B0 (B 024224 20 em, 10 000 r/min) 15 min, B |
WL NIRRT A VARSI REAE I, 10 0.45 um filfL
VBT, FERE ST

W25 R BRI S vk 4, 251 B0.5 g PRIAE S
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ZZ T, m 2 mL 509% H P52 3, BIVASH ot £ ok B R 250
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Fig 1 Cracking rule of harpagide
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W B R HESY T8 TG [M-H] M m/z 363.131 8, Tl 431
KN CsHoOwo —H G W A B m/z 201.076 3,
183.064 6. 165.063 6.,157.059 2.139.042 3, ., m/z
201.076 3 *A[M-H-glucosyl] ~, m/z 183.064 6 }[M-H-glu-
cosyl-H,0]~, m/z 165.063 6 y[M-H-glucosyl-2H,0] ", m/z
157.059 2 & [M-H-glucosyl-CH;CHO] ™, m/z 139.042 3 Ky
[M-H-glucosyl-CH;CHO-H:0O] .
2.6 BEEREFYHITEE
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Fig2 Base peak chromatogram of each sample in neg-
ative ion mode

12 RS W34 & B U ARAE , 43501 Ry iy T 7K AT 1
(RS B oC (HML) (RS KT 535 SRR A5 )
(HM2) (W AT 5 i A R R 25 5 77 ) (HM3) |
M BT T B K AR BR TR AL ) (HM4 . HM5 \HM7) I
ELF oA i H Ak ™4 (HM6 \HM12) (3 EL T /K i 5
B (HMS8) I EL KK ) (HM9 \HM10) |
I ORI S W A PR 2S5 ) (HM D)

HM1 e/ JHFIEAE rh A 2], 671 828 — 2U5%
P B R YE S T B T [M-H] K m/z 201.075 2, Tl 243
TN CHLOs AR SCRR[10] 7 ey B2 A 2L Af AL AT
1, m/z 201.075 2 Sy ELH I 25 7 4 WS ) JE B 4RI
PE LR OE v B T s BT b AT W m/z 157.135 4
[M-H-CH.CHO] ", 5 W B A RFIE 2L A% 85 - [Harp-
agide-H-glucosyl-CH.CHO] ", iz (it 11
ey B2 38 25 o R S5 T K i i I 3R (Harpa-
genin) , HM1 BEJ2& 0 B AR 4, 2 X5 iy
B30 AR A )R L SCHR AR I8

HM2 k25 245 K R FH R D 81 g A4, 1 5
— G R HE ST B T IEIM-H] O m/z 347141 3,
T 53R CioHaOse —RTIE AT WLAE 85 m/z
319.155 6., 201.113 6, 145.120 2., H 1 m/z 319.155 6
[M-H-COJ J&#E4 F 8 T3 14 2 CO TR MUITE F i3
F,m/z 201.113 6[M-H-cumaric acid] M EFHHICHIEE
AEH 1, m/z 145.120 2[Cumaric acid-H-H,O] &% &R
ARFIE TR B 1o X RBNZAB W & A & SR
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®1 WBREFEXRENNREFDREEASTER (GBFEXT)

Tab 1 Results of LC-MS analysis of harpagide metabolites in rats in vivo(negative ion mode)

BHH‘ 71/ i N N -
HMI 6267 CH.Os 2010752 149 3 157.1354.141.0559.85.8713
HM2 7475 CH.O, 3471413 -288 4 319.1556,203.1179.201.113 6,187.098 5.145.120 2
HM3 9258 CiHuOn  359.0957 -LIL 6 183.0047.175.0254.147.045 6
HM4 14158 CH.OS 2630235 152 4 2280238.195.3509,183.068 0,147.426 2
HMS 18450 CHWOS 2450115 —449 5 165.0574.121.066 4.80.527 8
HM6 18575 CyHyOs 2311237  -043 2 187101 7.154.011 7.143.116 0,130.093 0
HM7 19892 CH OS 2450108 -2.04 5 165.0547.121.0670.106.058 4
HM8 20922 CHOs  203.0855 345 2 159.1105,142.074 8,130.073 9,116.074 2
HM9 21375 CH.O. 183.0663 000 4  1212013.92.0549
HMI0 21583 CHwOs 1650576 3.64 5 147.0584.111.081 8.99.0120
HMIT 23500 CiHO; 3491137 -086 4 193.0362.,175.0274,173.082 2,129.094 7

HMI2 40.092 C H,Os 2171089 322 2

190.100 0,186.529 7,157.092 3,155.110 2,137.061 1

& i Rk
Harpagenin /N i EfE ki
8-0-courmaroyl harpagenin i kiSRRG
5,9-dehydration-harpagenin glucuronide JRil kil K SRR e
5,9-dehydration-harpagenin sulfate ki ki oK B
5,9-dehydration-7,8-dehydration-harpagenin sulfate e ENAN el G
Dihydrogen-6,8-O-dimethyl harpagenin R KA R L
5,9-dehydration-7,8-dehydration-harpagenin-6-sulfate — FRI 15 /N ZE0E KA UK BB L
Dihydrogen-harpagenin /NG K AR
5,9-dehydration-harpagenin JRIR KUK
5,9-dehydration-7,8-dehydration-harpagenin R i ok
1,2,4-trihydroxyl-4-methyl-1-acetaldehyde-cyclopentane- Rl K N, SR s
2-0-glucuronide
Dihydrogen-6-0-methyl harpagenin Sl B VM i BRI

iy L ITA M T, Hom/z 347 AT RES
yl harpagide-H-glucosyl] ~ , 8-O-courmaroyl harpagide X
JE XA AR B S HE SRR 11-12]
HEMZ AL A5 RT BE A 8-O-courmaroyl harpagenin.

HM3 2y 45 245 K BRI A DU 3 1 A 4, 6088
— i R R S B I M-H] O m/z 359.095 7,
PO L4720 CosHaOroe — BT Hh Al DL F 85 7
m/z 183.064 7,175.025 4,147.045 6, H:H,m/z 183.064 7
SRR T e T R A A R AL (176 Da) JE LA B
B, B BT TR A s R B — B mz
175.025 4 N [Glucuronicacid-H-H.O] ™, m/z 147.045 6 Ky
[Glucuronic acid-H-H.O] ™, $4) A ] 4 4k 1 92 11 45 1L 2k
FE T MRS T AR LA, i LR B
C-5 i b B 25 5 i KT AR RE R AL HE 2544 , 1 2 JE
IKIALEAE 5 9, AR 3R (F B 45 G SCHR B HE D %
PR A e B T /K S B A R R AL 7 ) 5,
9-dehydration-harpagenin glucuronide.

HM4 Sy &5 245 K BRI A DU 3 B A1y, 688
— G P B R HEST B T [M-H] o m/z 263.023 5,
W34y 7 XN CHLOS. = 9 T 3% AT L miz
183.068 O[M-H-SO:] ¥ &5+, U Bz Ak & Wy vl g A i
PRERAL RS 4 o XF EESCHR[ 1T 2 %R B 1 S0
B 2R A A L 5 P 25 1 43 I/ K B L R ALE P
25 K4 BT m/z 183[Harpagide-H-glucosyl-H.O] ™ — 2L , i
DN IZ A 7 Sy iy B T K S T ) it R T 1k
7=#) 5, 9-dehydration-harpagenin sulfate.,

HM5 HMT7 45 25 K R ZEAE B ANz P
A8, 8 — R T B BN HE D T T
W [M-H] 2} m/z 245.01, U 73 5308 ) CoHL06S
R AT, R & Tl W om/z 165.05
[M-H-SO;]” Fl m/z 121.07[M-H-SO:-CO,] . XJ FLig L
(9 2L L, m/z 165.05[M-H-SO,] 15 Wy [ 35 2k 2 i %

[8-O-courmaro-
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WEBL S P50 25 2 705K BT L) 25 ¥4 A 55 m/z 165[Harp-
agide-H-glucosyl-2H,0] —35 . M4 LA _F 854k 4 i 4 € ogff
7 HMB FHHMT 25 S e LT 0 25 2 701 7K
FRERAL 1), A% 150 F0 6 (57 YA ] e A B R TR AL
(SRS IR AR EZEE S - N R S IR o= ESY I A/ 237
PR g 1A 2 0 > 6 o7 F2 i o 0 e ) g iy R A K 1y
HMS5 4 5, 9-dehydration-7, 8-dehydration-harpagenin sul-
fate, I 1A} FR 4 /N i) HM7 8 5, 9-dehydration-7, 8-dehy-
dration-harpagenin-6-sulfate,

HMG6 25 24 K BRI HASni) 21 i ALl =4, 1
BT — R BUE R BoR S T8 T I M-H] O miz
231.123 7, W H 43§ 3K CiHaOse —ZRHE R BT 1]
UL m/z 187.101 7[M-H-CH,CHO]~ #1 m/z 143.116 0[M-H-
CH:CHO-CO:] . #4ELA FEs I T4 & SCHk[12], #EN%
{RE =¥ v] i8-8 Dihydrogen-6, 8-O-dimethyl harpagenin.

HMS Sy 75 245 K BRI AL N g HhoA: D0 280 ) (G740
TR 5 — 5% b R HE Oy 1B T M-H] R miz
203.085 5, Tl 4355 CoHie0s0 FE 57 25 TR — 50
W R A L m/z 159.110 5[M-H-CH,CHO] . H4f LA
R I G SR (12— 1 3)HE DA™ P Ay ey L
JTIAIA 5 P74 Dihydrogen-harpagenin.,

HMO 2 45 245 K BRI S DU 3 B A3, 188
— 2T R R ST T [M-H] R m/z 183.066 3,
T A3 2R CoHwO HUESS B 706 5 05 T 1 B
25 RN K 53 7 J5 I8 0 R E 1 LA % R m/z 183
[Harpagide-H-glucosyl-H.O] —%, H. 2 i i% [ v H B
TS BV T K R R 25 -CH.CHO JE B R 15 1
m/z 121.201 3. DR, I %A 7 ) 4 5, 9-dehydra-
tion-harpagenin,

HM10 2 45 25 K SRR 15 oA 21 i AL 4
T8 T — R R BoR S T8 T [M-H] K mi/z
165.057 6, W HA» 70 CoHi00s0 HfE T B IS
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ey L 2R 25 4 2 W I P 25 2 00 T /K TR Jl m/z 165
[Harpagide-H-glucosyl-2H.O]~ A #E F-28 +— %, H = %%
R8s - A] W m/z 147.058 4[M-H-H,0] , Wy L7 e Bk
¥ b C-5 M7 R 25 5 KO ide e gty . 25
B FIRE R SR HRIZ AR 1 e B TR
7K 774 5 ,9-dehydration-7 , 8-dehydration-harpagenin..
HM11 45 25 BUR W HHAGIN 3 ) A5 40 , 708
TG R HES TR TR IM-H] m/z 349.113 7,
U 34y 7 XK CHeOre G R 8§ F AT UL m/z
193.036 2[Glucuronicacid-H] . m/z 175.027 4[Glucuronic
acid-H-H:O] ~ . m/z 173.082 2[M-H-glucuronyl] ~ 1 m/z
129.094 7[M-H-glucuronyl-CO.] ", H:H m/z 173.082 2 5
WA L TR B m/z 173[Harpagenin-H-CO]™—3{,
SEAREI 22 A W ey T O AR IS R Iy 1,2,
4- PR - A- - 1- - A e 5 A e I TR AR LAY
1o oo 1.2 AN 4A BT e A A A M IR AL L 2 1
FR LA )6 BHLAR /N, DRI R IR RT g A AR AE 2467 |
FR 4 DL K45 B HED HM11 Jy 1, 2, 4-trihydroxyl-4-

OH
X QroH
| 5 N
g COOH HO W 9 JS
HO" MeO_ o OM -
EOZ%QH 0" Me 5
5,9-dehydration-harpagenin glucuronide 8-O-courmaroy! harpagenin
HM3 HM2
glucuronidation . courmaroy ‘3"@0‘\
combination dehydration combination M

Qton OHon
X
{:l(‘}) HO. hydrolysis reaction =
- RN
HO" W Owoé\ '

H R =
5 of & HO™ e &,

N X
harpagide (,0‘(\ harpagenin
X o HM1 Sty
’0‘?‘ . o’@b 4,
o€ dehydration|sulfation N
N4 58
& ()
oHQ, /~CHO 0SO4H
HO 0 , o}
HoOC nd Me Me L

1.2 4-trihydroxyl-4-methyl-1- . )
acetaldehyde-cyclopentane-2- - 5,9-dehydration-7,8-dehydration-
glucuronide harpagenin -6-sulfate

HM11 HM7

5,9-dehydration-harpagenin

) OFbh )
hydrogenation methylation methylation
E— _— _—
o] : O o}
HO" e &, HO™ Me &4

dihydrogen-harpagenin

5,9-dehydration-harpagenin

methyl-1-acetaldehyde-cyclopentane-2-O-glucuronide,

HM12 4 25 25 K SR /N AL s 28] i A
P O T RBUE R BN HESY T B e (M-H]
m/z 217.108 9, FIN S F 200 CuoHisOse “ R BHE(R R
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Fig 3 The possible metabolic type of harpagide in rats in vivo
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Tab 2 Prediction results of biological activity of harp-

agide metabolites in rats in vivo

A i) WA W
HMI Mitogen-activated protein kinase 10 I
Angiogenin TRIT ALS
HM2 Phosphatidylinositol 3-kinase regulatory subunit alpha RITEIRA
Aldose reductase IR 74
HM3 Mitogen-activated protein kinase 10 g
Insulin receptor TR HEIRA
HMS Angiotensin-converting enzyme IRSTRR
HM6 Angiogenin THITALS
HM7 Angiogenin TRITALS
Angiotensin-converting enzyme TRITHERR
HM9 Mitogen-activated protein kinase 10 IR
Angiogenin IfFALS
HMI0 Aldose reductase TRIFHERA
Glucokinase TRI7 R
HMI2 Angiogenin IRTALS
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