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Comparative study on contents and pharmacokinetics of raw and steamed
Notoginseng Radix et Rhizoma and its anti-platelet aggregation activity
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Abstract: Objective To compare the relationship of ingredients and pharmacokinetics of steamed Notoginseng Radix et Rhizoma (the
roots of Panax notoginseng) with different time (0, 2, 4, and 8 h), and accompany with its anti-platelet aggregation activity. Methods
The components with different steaming duration were determined by HPLC method. Concentration of saponins in Notoginseng Radix et
Rhizoma before and after steaming at different time points were detected by UPLC-MS/MS. Pharmacokinetic parameters of each
compound were calculated using DAS 3.2.6 software. The anti-platelet aggregation activity was measured by platelet aggregation/clotting
analyzer. Results The results showed that the steaming process reduced the contents of certain bioactive substances (NG-R;, Rg;, Rd,
Rby, and Re) and produced some new components (Rh;, Rg;, Rk;, and Rh,). Ginsenoside Rg;, deglycosylated metabolites of ginsenoside
Rb, possessed lower £, than ginsenoside Rb, that indicated the course of deglycosylation made faster absorption. Steamed Notoginseng
Radix et Rhizoma had stronger antiplatelet activity, following higher antiplatelet and anticoagulant activities with increasing steaming
durations. Conclusion The results inspire us that saponins may become more active ingredients after deglycosylation, saponins with
deglycosylated in vitro become more and more active ingredients into the blood, which could make stronger anticoagulant activity.
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BERE AT IMCIRAS N 4l B . =65 &5
W, AFE =Rt (NS SRR,
W MR, bR R R
PEYRE Y, SCERIER R, A B E1F Rg A1 Rg, 1
HAPUEIIETE, NS 21 Re it T Re =
LZEHIE R RS R (PPD) B EAEM] (i
ANZ AT Rbi« RA) Gy FEPENER C-20 A7 IR 5 AE
WMAZ B Rgy, LR AZ =R (PPT) 2 1F
HHed (B2 Ry FIAS R Rf. Rg» Re),
JEAE C-20 A7 il L, BEJSAE C-6 fr lislkE, A
Z2AF Rgy 8 Rhyo AZ AT Rh, £ C-20 At —30
KA g NS BT Rk FI RRO7 . IRBFFT R
RSB E R R A B AR, PRI
ARSI = 2T S SRR AR A e
TR Zigl tE R UE S G 2 5, DIRR =t
TR
1w
1.1 =5

AcquityTM 8 =1 Z0BAH B 1% 22 48 Acquity Xevo
TQD Jiii 24t Masslynx 4.1 3% T {Euk. Waters e
2695 T m OB %A (3 [ Waters 23] ) s Milli-Q
4K (32[E Millipore A ] ); Sartorious Bp211D
PR (f#[E Satrorius A7) ); Vortex-Genie 2 JiE
WIRA 28 (3£ Scientific Industries 237 );  Fidd
ZRESO ML SpeedVac By 4i1X (32[E Thermo
Scientific A H]); i KE#E (Sanyo); JakHs 18
ay CHEIHEDEA PR 2w D5 PAPE-T BRI/ MECR
AR/ MR E D bRt B H IR A FD .
1.2 #AmEEERF

“ LMW T, SRR R
X EEEENTMBMY =L Panax
notoginseng (Burk.) F. H. Chen [ T54ld; — L2
R, X B (165 110745-200617, Ji &40 50>98%)
Hi ot s (S 130609, iR $0>98%),
BT b [ i 2y SR e s NS AT Ry
Rb;. Re. Rd. Rf. Rgy,. Rhy. Fou Rgy MRS (G
MRZFHWA B S, TR >98%): NSE
T Rk Rhy % FE i OB S48 AR R IR A ]
fit*5 130529, 131128, JiE/340>98%); Filw]IL
Wi e FEH B RMEE IR AR, )5 100 mg
B[ =] JLAK, HiE5 720130078); KR (5mg, KIET
K, Sigma A#]).

BSIR B 1E THE. Jo/KOEE (R sk 7l

HRRAFD; LN FEE (EE Merck A#]D; R
SR (CMC-Na, [H 24 b 55 PR 2
A FPERIREN (AR A FD;
alizk (Milli-Q AB2l /K HLHI#) .

1.3 #h#)

SD KHil, HEPE, fRiE 180~220 g, K
ESEE E Y L, BV RTIE S SCXK ()
2013-0006, Z5Z4THT 12 h 25 A%EK,

2 AEEER
2.1 =EEHHERIHE

=t G7Hbxmg, 60k, fit'5 130901, &
FAERTS (rhEZGH) 2010 4R/ 55D W, AR,
3T 120 CrikZEH] 00 2 4. 8 ho FREUANIAIZE
IR A =B S, I 70% LFEIRIRELER 3 7,
R 1 hy JERRE A LRI EHRAR, PR TR AR .
22 ZEHEIREZEEMERS T
221 HIRMHI

(1) JRA X SR £ R =
1 R;» AZE1F Rb;. Rg. Rd. Rgy. Rks. Fa.
Rhy;v Rgs. Rhy. Re. Rf XS E &R, RGO
EIRIEST M 045, 0.295. 0.477. 0.234 67, 0.273 5.
1.163 5. 0.305 3. 0.227 4. 0.148. 0.2315. 0.476.
1.042 mg/mL [FJ7E A0 HE S 2%

(2) P S 2% s AN [R) Z& S N TR ) =
Lk R 20 mg, &M E, B 10mL =i+, A&
R, P47, #7453 min (B 100 Hz, IJ% 60 W)
Wi, BUARER, MEIMAREERZIE, %%,
41, 022 pm ALIEREIERE, 734N
222 {Ai4fF  Thermo Cis (il 41 (250 mm X 4.6
mm, 5 pm), 35 C; Wbl (A K
(B), BHEPEIIEF: 0~25 min, 20% A; 25~30
min, 20%~24% A; 30~42 min, 24%~46% A;
42~52 min, 46%~55% A; 52~61 min, 55%~68%
A; 61~68min, 68%~80% A; Kl 203 nm;
AR 10 s AR R 1 mL/min.

223 LMERRESE RMIMr— ke s, X
R 5 A 2 e AR [ 4 RS, DA 0
TACFAME . @ A 7K PR A

Wi=A; Wil A;

Wi Ay 43 WA SRR T BT 5 § L 23 FTRE JETRIASL, W
A 53 B IR A 6 RS AR T 2 1 5% B TR M e TR A
AR 5 0 L VA T RS, DABE A 2 4 M S 0 il
BEAR A O 3 R 5 22
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224 REEROAL  REERI “2.2.17 TR [E—
PR 10 pL, ELEHERE 5 IR, &1 RSD
BI/NT 2.00%, KGR R R AT

225 FRETEREE  REER “2.2.17 TR A
R 10 uL, 4397E 0y 2. 4. 8. 12, 24 h it
FE, Mg miA. & aisr RSD ¥/hF 1.90%, KW
FESSTAE 24 h WERGE .

22,6 EEMALE  HURZEHINT] (2 hD) R, %
“2.2.17 BT AT il AR 5 4, Do
54 RSD $/N T 2.00%, FHIAVEE LM R AT,
2.2.7  IFEEICERES RS RREL OB R A 1)

FEfb 5 40 (G5 2 b, 5 ImA =2 R
M NB BT Rbi. Rg;w Rd. Rgyw Rks. Fp. Rhy.
Rgs+ Rhy. Re. REXFIL, 4% “2.2.17 T0F Tl
HAGRIEW S, AE “2227 WOREL&AE R HERE,
THE R, F A PRI ER R 95.00% ~
105.00%, RSD J/NTF-2.00%, FHFEIKCE LU,
2.2.8 H&HNE

R HIAS RIS ) () =GRS, $& “2.2.17 TiJ7
TEHRANR AL 15 “2.2.27 TEESEHE T
FE, CATIGE 3 4. 43 v = ARSI o
KA, AR WL 1,

F1 ZEEHIRZIRAKTEEN (X £s5,n=3)

Table 1 Changes of components between raw and steamed Nofoginseng Radix et Rhizoma (X Ls,n=3)

— LA I 17 2% 1 53 i 43 $U(mg-g )

% £ B4 15 [7]/min
0h 2h 4h 8h
=tBHFR, 16.70 6.49+0.12 4.1240.08 AAH ERoh
ANZ R Rg 23.60 39.8410.75 26.1940.48 2.67£0.05 AR
NS A Re 24.80 2.61+0.05 1.63+0.02 PR A
ANZRBA RE 39.70 0.74+0.01 0.59+0.01 0.12+0.00 ERod
ANZ AT Rb, 40.70 14.73£0.28 12.05+0.24 4.25+0.08 2.61+0.04
ANZ B Re, 41.60 0.72+0.01 3.47%0.06 5.60+0.11 9.27+0.16
ANZ AT Rh, 42.10 A 1.1140.02 2.3740.04 4.584+0.08
AZ R R 43.20 2.55+0.05 2.0410.04 0.79+0.01 ERod
ANSRBHF, 48.00 AT 1.5340.02 2.9440.04 4.9440.09
ANZ A Rk 48.50 AT 7.76+0.11 14.5740.25 33.574+0.54
ANZ B Rhy 49.40 A H 24.53+0.45 40.25+0.75 127.26+1.85
ANZB4T Res 50.90 0.7740.02 1.3840.01 3.4740.06 7.154+0.14
ST — 68.45+1.29 86.40+1.55 77.03+1.40 189.38+2.91

23 =LEFEIREEFERSANFLLE
2.3.1  f BRSO VBONT N R e i £

(D) R I & R e =2
1 Ry L ANSB 2T Rg;» Re. Rby. Rgs. Rgy K
i, FH G T F e B 70 ) 6.63916.360,6.347
7.867. 8.200. 7.893 pg/mL (KR AN} HE I 259K

(2) BRI 2% s R 2 FR kR vy =2 X B
dis LT 8 pg/mL PRSI, I FH AT FE AR RS
#] 0.8 pg/mL.
232 A RINFEREE 20 HOKR, B4 4
M, o3l ig AFEZEHINTE (0. 2. 4. 8h) =Lkt
AR I RIS TR =R R T 0.5%11) CMC-Na
HHC K 25 mg/mL [ 500 mg/kg, ZA25RITARET 12
h, BERKRIRIER 025 mL 25, 4255705
F0.08. 025, 0.5, 0.75. 1. 1.5, 2. 3. 4. 6. 8.

12.24.48 h HREEH ML 0.25 mL, 5 000 r/min 5.0 5 min,
YIS, —80 CLRA7HH .
233 IMEFEAAREE R RE 100 pL KR &2y
MEFES, AN 0.8 ug/mL P A 323 10 L,
WHE 30 s, I 1 mL (AR A LA T -
12 .16 (3 2 1), #AiE 3 min, 6 000 r/min &L 5 min,
I 800 uL ¥, 45 CEOIRGESUE T, HEFERT
TN 80 uL JishAHE %, 14 000 r/min 2.0 10 min,
BCETEW, &
234 k5 ok A

(1) BRE44F: AcquityTM UPLC BEH C g %
A (50 mmX 2.1 mm, 1.7 pm), FEiR 40 C; Wi
FAHA 1 mmol/L HREIKEH (A) -ZJlif (B,
B EEVEMORL : 0~4 min, 10%~35% B; 4~8 min,
35%~70% B; 8~9 min, 70%~10% B; 9~10 min,
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10% B; AR 0.25 mL/min; HEAERE 5 ul.

(2) i scft: Wiz s (ESD g+
Jr 2R, 2 R VIR (MRMD B Bl
BRI 3.0kV; EFUEEE 150 C; HEFLTABR
50 L/h: MO FRERE 450 Cy I ARRR &
1 000 L/h: #AFIE S S bR S HONER 2; K
F DAS 3.2.6 A T H s AL 2E

®2 ZEHhEFEEH. RifF~MNHS ¥ MRM &1
RSH
Table 2 MRM parameters of main saponins, metabolites,

and digoxin in Notoginseng Radix et Rhizoma

o BET->T AT MBS flifEReEy

(m/z) \% \%
“HEF R, 1107.44—-179.01 94 64
AZEAFRb,  931.25—637.29 100 46
ANZ A Rey  783.34—621.24 52 28
NSRRI Rg  799.20—637.16 79 34
ANB BT Re  94533—160.95 90 60
NS B Rg,  783.15—637.16 76 33
Hh = 779.18—649.11 72 34

235 MR RFE BURAXTIEAAE S, T4hs
FRRRE e R BN [T S TR 5 TRV 5 ) e VR o

IR R A2 100 pl, AN SS9 B (1A
X} FE ARV 10 uL, % 42.3.37 Ty AR EE, B 20 uL
IER IR “2.3.47 TAAFRERE, TS IR R Y
PRI, DU TR IR (XD 5500 it A
WARIETRIFR LA (V) fEZetklH. =B+ Ry &
ANZE1F Re. Rg» Rb;. Rgs. Rg, [FIJH 5551
H: Y=22176X—0.0269, r=0.9989; Y=1.4473
X+0.057 1, r=09970; Y=1.137 8 X+0.0402, r=
0.997 6; Y=1.306 8 X+0.016 6, r=0.997 8; Y=
1.385 8 X40.029 3, r=0.996 2; Y=0.876 2 X—
0.004 8, r=0.994 6, LML [H 4378 0.036~6.639.
0.050~6.347. 0.050~6.360. 0.031~7.867. 0.032~
8.200. 0.031~7.893 pg/mL.

23.6 FEEFESAE AR BOKRAS ALK 100
uls N[BT B 1 VR 50 R 10 pL, JiE
IR s w8 3 AN IR IR BE 1) TR i ORI ek
YO PR BE T, A S A M Pl g e AT 80%, IR S
NEE NS B AT 3 A5 LA, R P Ak
FED, % “2.337 IR MAFARE T VEALBE, AR AL
e 6 U0k 14, SPATARER 3 4, % “2.3.47 Tk
PEBERE, 0SS T RE S AT AR TTAR, A bRUE

MERRIRIA RS, VSRR i IR, it
N (1A L2102 B T N (AN SN =1 I i+ 71
FE R I RE b RSD /NT 10%,  #itiH] RSD /M T
15%. b HERAERA L7300 88.12%~110.13%.
86.13%~114.11%. SAFFSADIRES B R EK
23.7 FEMERE  BOKRAS A 100 pL, MA
AN TR BT SR B R VR 0] B 10 L, FEC A1
w3 AN UK EE I IR, $% “2.3.37 T
FEACBE A . AT S VKR (=80 C). k.
SURRL 3 IRINR e S, SEREOR, SRR
IR T RS 120, EAHLIE FEDRR
4 F, FEURRR 3 IR AAT R REME ORFFAEE -
2.3.8 fEEHE BORR A EIMAZ100 ul, A
ANTF] R P TR o0 SRR 10w, FC S A
WL RN E IR R, $% “2.3.37 TifiuFf
AEFRJTEARBE, HERERTI, AR TR S 5 R
2 40 B P RE R T A B T K R 9 AR 0 T AR 1 L
B, THEAREURCR, AN IERIR B AT A FES 6
SRR RICE 451.22%~95.11%, RSDA3.14%~
13.81%. MR KT 50%, FFa EYke il e Bk,
239 SN BUKRA MK 100 pl, %
“2.3.37 I N IMFEACEE 7 VA, FETRE S,
ANAHBCHI SR b PSR R S B IR v
W, RERERTIN, SRR (4. R sh ARSI
TG T AR R IR R T, il
SRUETHIAR (Ao 2 IRIETHAR I (Ao/d)) THEHE
i G AT Sl I R 3 B T RV G NAP |
92.03%~114.21%, RSD 4 1.92%~13.26%.
2.3.10  ZEHIHT S R L KRR P 253 2 AR
o =HE R LASEAF Rgi» Rbyw Re Rgs.
Re, “FIZhZE LI 1, 258 ¢S 5NR 3~6. 4
RFR = b F A PO BB > (N
Z: 21 Rby BHE =N S B Rey) Ja, 3Lt B
JREAFIRD, Conax BURUR TR, R 5
NIMiLe BEAEZEHIN TR, SR B AUC g B8
AN, AT A R = O KR A
2.4 I/MEREER

K 36 2, BEHLT A 6 4l: X (0.5%
CMC-Na) 41, P UChk (25 mg/kg, B =] LA
Wh 2 Fr A O K% T 0.5% CMC-Na 1,
ek 5 mg/mL R 2 R [R) 2 A ) =B R
W (500 mg/kg) 4, %4 ig 4525, 4525 110 min )5
IRHEHC 4 mL %, & T35 044 mL 3.8% 74 1%
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‘E] 0 —— AZEH Re

& fb —— AZ 21 Re,
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= E
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C _ AZEfRg D }\% & Rg
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= AZ 21 Rb, —— AZHEF Rby
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Fig.1 Plasma concentration-time curves of steamed Notoginseng Radix et Rhizoma at time points of 0 (A), 2 (B), 4 (C),8 M) h (x £s,n=5)
#3 E=tigKARTEFEBIPANESH (X Ls,n=5)

Table 3 Pharmacokinetic parameters of raw Notoginseng Radix et Rhizoma after ig administration (X Ls, n=>5)

S A =LBHR, ANZ AT R, ANZ AT Rb, ANZEH Re AZEH Rg; ASEITF R,
AUC (o) ngh L™ 2892.904338.62 3294.28+1551.97 5226.60+285.87 945.714904.80 — —
frax h 1.000£0.306 0.85040.137 1.900+£0.224  0.800+£0.447 — —
Crax pgL™! 122.985+8.424  387.045+104.509 289.0401+8.930 116.621423.638 — —

T4 EH2h=tig RAREEBFURABHNFSH (X ts,n=5)

Table 4 Pharmacokinetic parameters of steamed Notoginseng Radix et Rhizoma at 2 h after ig administration (X s, n =5)

2 LERY) ~LE R ANZ BT Rg ANZEAT Rb, ANZEA Re ANZEF Rg ANZRBA Rg,
AUC(yy nghL™' 2943.20+1199.43 3780.901653.0 4 896.55+370.81 1 956.90+290.57 904.58+478.97  459.594453.30
fax h 0.80040.209 0.7540.00 2.40040.894 1.20+0.57 1.540.0 1.300+£0.274
Crax pgL! 84.7014£39.989  430.321£36.910 247.403+18.799 210.960+£26.664 92.9574+33.211 126.907%52.527

x5 ZH4h=tig hARETEEUHABHNFSH (X Ls,n=5)

Table 5 Pharmacokinetic parameters of steamed Notoginseng Radix et Rhizoma at 4 h after ig administration (X Ls,n =5)

ZH B SERER AZEE Rg AZEE Ry,  AZEHRe ASEH Rg NS R,
AUC g.0) p.lg'h'Lf1 — 2348.44£2094.79 2954.86+1212.80 — 4302.98+£2746.50 1415.84+1158.38
fnax h — 0.90040.379 2.000+0.612 — 1.5000.354 1.350+0.335
Chnax p.lg'Lf1 — 294.050+13.644 189.989419.592 — 229.409+21.11 207.133+15.468

Fz6 EHSh=tig hhRETERMERPANFSE (X £5,n=5)
Table 6 Pharmacokinetic parameters of steamed Notoginseng Radix et Rhizoma at 8 h after ig administration ( x Xs, n =5)

ZH wmAr, ZhBEEFR, AZEH Rg ANZEFH R, AZEFH Re ASEH Rg; NS EF Re,
AUC.,, pgh- L™ — 1 074.02+888.95 3 766.60+815.56 — 3387.861+953.35 1921.84+1 686.86
frna h — 1.0504+0.542 2.040.0 — 1.250+0.354 1.600+0.224

Chnax pgl™ — 239.26+212.43 227.82+21.04 — 332.52+66.73 318.07+95.68
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TR T, TR 2 SR AN [ R O T o
I/ 3% (PRP) FAET ML/ M 1M 2% (PPP) . 800 t/min
B0 10 min J5 W E_EJZ 0 15 PRP; K380 43 19 2
500 r/min £5.0» 10 min J5W X FZ KA PPP. HX
250 uL PPP Jii N\ PAPE-T 24 ffil/]NAR 2 4 / it 5l 522 1
DA, AL E bR HL 250 uL PRP A
WA, A8 37 CHURME i 1 min, SZRIMA
2 pg/mL %S E 25 pl W 5E I /MR e K ER AR
FRxilE 3 NMlIE, HECFYRREER. B
SPSS 16.0 il Mk, ¢ KU db AT B ab e, &
BRI, ZZ A = -bf B bl MR 4
WTE (P<<0.05. 0.001), HBEFHEZEHIFEREK,
Uil /PR EETETE . S5 R 7.

R7T HE=tEFER=EXARRAINDMREEREIFN (X £5,n=6)
Table 7 Effects of raw and steamed Notoginseng Radix et
Rhizoma on platelet aggregation in rats (X s, n = 6)

ZH ) FlE/ (mgkg ") LRI KSR SN /%

X -

Bl ] U A 25 33.45+2.14
=4 500 15.86+1.43
ZKHl2h 500 36.404+3.57"
Kl 4h 500 41.08+3.56"
i 8 h 500 44.68+2.21™

=R TP<0.05 "TP<0.001

"P<0.05 ""P<0.001 vs raw notoginseng group
3 g

HPLC-UV & —-L2 00 5 21k, B
AR e, S IO I AR, AR SR A
RPN R 2 o Z8Hd i, =B R BT (=
LRI Ry M AS I Rg;. Rd. Rb;. Re) BN
IEK, AFEHIR. 286 4h 5, — LB R
IKF B PR o T B 2R S M 7 A R A = )
(NZE1F Rgys Rgss Rhy. Fpo Rk Rhy) B
[ ZEA, KB . 2801 8 h 5, Rks. Rhy
SR, LA g R, B AN R, =
L R B ARV B, 1 PPD. PPT A G
P SR 3 = ) 7K P G

=R R RS T LA i (=
B R MANS 2 Rgi. Rd. Rb;. Re) [H/KF,
e TR R R (NS BT Rgos RgsRhys
Fov Rks Rhy), H KPRl 2 I ] (1) S AN
Ham, PR AR AT BE L 28 B URR I T PR SR ) 32
SR RN 25 i a5 R AR, B 25 N [A]
GEK:, ANZEFF Rby 1 Rd I EHEIEAR R~ NS

B Rgs £ AUC(O-oo)ijJD’ HAZSEH Rgs 5 Rb,

PEHR finax WS AR UL NBOR ARSI R, 28 =

G =P MRS P 5, HLZE I [

1, Pl R TR SCIRIFTRI], A2

S Rhy REAEXSESETEAIPHEIER, —=-Lxbin

BOERERHIHIE I T RE S A 9%, B2 Ry A

Z81F Rgs Re WHPLILMUERERMHS, =+

Hh Ji RS B A 7 W O L RO AR

PERI LR it — B0 9. SRa k], =tz

e, SRS WM v 7 A 2 B iR 1 B

7 (PPT BT BiBl A A 1 Rg, 5k Rhy D), JELL b

SEAR W Sy i, ) B S BT i

B .

RIS, PPT AU (—-LRF R
MANZRA Rg RE. Re) WA Rhy, X
Ht— DU NSRRI RKs. Rhy REEME . 7%
=PRI S R R RO R A 0T
SE
(11 FBE, Jewik, #HMH, 55 A=t ARM =L

S EAE R LS (). FRERBEEZY, 2014, 7(6):
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