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Changes in Effective Compounds and Anti-fatigue Activity Before and After Compatibility of
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[ Abstract] Objective: To preliminarily interpret the compatibility of Ginseng Radix et Rhizoma Rubra
and Rhodiolae Crenulate Radix et Rhizoma in chemical and pharmacodynamic levels, and provide theoretical
basis for its clinical application. Method: Rapid resolution liquid chromatography coupled with quadrupole-
time-of-flight tandem mass spectrometry (RRLC-Q-TOF-MS) was applied to identify and analyze the changes in
chemical components of the Ginseng Radix et Rhizoma Rubra and Rhodiolae Crenulate Radix et Rhizoma before
and after compatibility. The anti-fatigue activity before and after compatibility of Ginseng Radix et Rhizoma
Rubra and Rhodiolae Crenulate Radix et Rhizoma was detected by weight-loading swimming experiment and
determination of levels of serum urea, blood lactic acid and hepatic glycogen. Result: A total of 51 compounds
were identified in mixture decoction of Ginseng Radix et Rhizoma Rubra and Rhodiolae Crenulate Radix et
Rhizoma. Malonyl ginsenoside mRg,, mRb,, mRb,, mRb, and mRd contents were significantly decreased, while

ginsenoside Rb,, Rb,, Rb,, Rd, F, and Rg, contents were significantly increased in the compatibility mixture.

[KFEBEHE] 20191203(004)
[E£mBE] HARERHELRITRITE (20170307006YY)
[E—1EH] ZE5, W4, DY EFFST 5L, NS5 o 245 25 22 T 5%, Tel: 0431-86763993 , E-mail : jingli2017@aliyun. com
[EEEE] ey 1 oo 5, AR 254627 43 B 52, Tel : 0431-86763993 , E-mail : yuehao@sohu. com
. 87 .



526 B 13 ] HEXBAFZRS Vol. 26, No. 13
202047 H Chinese Journal of Experimental Traditional Medical Formulae Jul. ,2020

According to pharmacodynamics study, as compared with those in the blank control group, swimming time of
mice was significantly prolonged in all other groups (P<0.01) , serum urea nitrogen (P<0. 05, P<0.01) and
lactic acid (P<0. 05, P<0.001) levels of mice in the combined decoction and the single decoction groups were
significantly lowered, while liver glycogen levels were significantly elevated (P<0.05, P<0.01). The anti-
fatigue ability of the combined decoction of Ginseng Radix et Rhizoma Rubra and Rhodiolae Crenulate Radix et
Rhizoma was higher than that of the single decoctions. Conclusion: In this article, the effect enhancing
mechanism of compatibility of Ginseng Radix et Rhizoma Rubra with Rhodiolae Crenulate Radix et Rhizoma

was revealed based on the chemical changes, providing theoretical reference for the clinical application and

development of products.
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Fig. 1 Total ion flow chart of mixture decoction(a) and mixtures

(b) of various single drug decoction of Ginseng Radix et Rhizoma

Rubra-Rhodiolae Crenulatae Radix et Rhizoma
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Table 1 MS/MS data of ginsenosides in mixture decoction of Ginseng Radix et Rhizoma Rubra and Rhodiolae Crenulatae Radix et

Rhizoma(n=3)

[M-H]"/

No. EA oy AAXT I 2 MS/MS 1 J5 5 HIOF AR
[M+HCOO -
1 20-glc-Rf C,Hy,0, 6.53 -/1007.536 8 799,637,475 + +H
2 noto-R, C,HgO 1.50/1.53  931.525 8/977.534 2 799,637,475 + +H
3 Rg, C,H,0,, 13.12 -/845.501 5 637,475 tH ft
4 Re C,H,0 11.7 -/991.560 0 799,738,637,475 tH ft
5 mRg, C,H,,0,, 5.87 885.490 5/- 781,637,475 + +
6 mRf C,H,,0,, 5.31 855.489 6/- 781,637,475 ++ +H
7 Rf C,H,,0,, 13.76/17.74  799.495 9/845.505 4 637,475 +H H
8 F,/noto-R, C,H,0,, 0.26/5.03  769.474 2/815.483 9 637,475 + H
9 Ra,/Ra, CyHoO, 1.65/2.23  1209.625 4/1 255.630 0 1107,945,783,621,459 + +
10 Ra, CsoH 0005, 8.31 1239.648 2/- 1107,1077,945,783,621,459 + +
11 20(S5)-Rg, C,,H,,0,, 1.69 -/829.496 9 637,475 +H t
12 Rb, C,,H,,0,, 2.44 1107.598 4/- 945,783,621,459 H i
13 F, C,H,,0, 10.24 -/683.444 6 475 +H H
14 20(R)-Rg, C,H,0,, 0.84 -/829.494 8 637,475 +H +
15 mRb, C,,H,,0, 12.15 1193.610 6/- 1107,945,783,621,459 H +H
16 Rh, C,H,0, 2.34 -/683.439 2 459 + +
17 Re C43Hy0,, 10.39/10.24 1 077.596 3/1 123.602 1 945,783,621,459 H i
18 mRb, CyHy,0,5 0.69 1163.584 7/- 1077,915,783,621,459 H +H
19 Rb, Cy3Hy0,, 3.99/3.03  1077.589 4/1 123.594 0 945,783,621,459 H it
20 Rb, C4Hy0,, 8.35/10.24  1077.594 1/1 123.602 1 945,783,621,459 +H +
21 mRb, C 4 Hy, 0, 4.81 1163.579 9/- 1077,915,783,621,459 +H +H
22 Rd C,HpO 2.01 945.540 9/991.547 2 783,621,459 H Ht
23 mRd C4Hg,0,, 0.87 1031.542 3/- 945,783,765,621,459 +H +H
24 Rs, C4Hy,0,, 2.86/3.35  1119.598 9/1 165.605 0 1077,1059,945,783,621,459 + +H
25 Rs, C4Hy,0,, 8.4/6.86 1119.605 1/1 165.609 1 1077,1059,945,783,621,459 ++ +H
26 Rg,/Rg, C,H,,0,, 16.39 -/811.498 2 619,457 + +H
27 Rg,/Rg, C,H,0,, 10.60 -/811.493 5 619,457 + +H
28 Rk,/Rh, C,H 04 10.5 -/665.420 0 457 + +H
29 Rk,/Rh, C,H, 04 0.3 -/665.427 2 457 + +H
30 F, C,,H,,0,, 5.55 -/829.500 1 621,459 ++ t
31 Rg, C,H,0,, 4.82 -/829.499 5 621,459 + +H
32 Rg,/Rk, C,,H,,0,, 5.42 -/811.489 3 603,441 + tH
33 Rgy/Rk, C,H,0,, 8.26 -/811.491 6 603,441 + +
34 CK C,H,04 1.05 -/667.442 0 459 - +
35 Rh, C,H,04 3.3 -/667.440 5 459 - +

FE - AV R DT 5+ 0T AL <1055 H . W T AL (1~9) x10% 5 HE . 04 T AL (1~9) < 10 i, i T AL (1~9) x 107, P Mk 3E A 2 2 1 (mRg,,
mRb,, mRb,,mRb,,mRd, mRf) ; A= 7 (Ra,Rb,Rc,Rd,Re,Rf,Rg,Rh,Rs,F)(F2[).
. 90 .



26 55 134
20204F 7 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 26,No. 13
Jul. ,2020

3.1.2 4S54 5 RERE T A TR FEE5
ST LR R R A AR R A
RE KUEAFRKER KETRE . W I g
P A 26 426 3 4 B, ) Joi 3 e o o G [ M-H ) sl [ M+
HCOO | 5 F B F e S — 9 T3 7= Ak (e A A 8
AT T ARG 0 A & FH R 5 3 AR s L % 2.

U 36 [ Hi g 1] 18] &y 2. 061 min, 41 3a s, —
G A A R A m/z 125 RUESY T FIM-H]
m/z 169 it 2 COO B %, vl 1E b ¥ £ F 112 45 #4 11 52
Tk SN RFAE , m/z 151 R UHES T8 F[M-H ] 'm/z 169
Ji 2% 1A F H,0 BT A5, 13 o 5 SCmk[20 ] 19 X e
A LU o W 36 BT X R A G R B TR . 16 38
B IS R A 6. 485 min, 41 & 3b Fr /R, 0 F B T U1
M IM-H]m/z 197, H — ¢ 5 1% B b iy 8 2 H
T4 m/z 169 M-H-2CH, ], m/z 124 M—H-2CH,-
COOH |, #fEM A& & FERR AT AW, i TR
TR % C,H,, BV AT 2 W 38 T X 17 (0 4k & ) B
TR LT o

ZL S R AT R L0 R T BRI R Ry, LR
A XE 23 7 & A 300, LT B RAF B HE S T8 1
[M+HCOO |"m/z 345 >y F 08 F1) Wi b v 2 47 ot 1% 1 119
BE PR B TR, A5 R 37, 16 37 B g R ) R

2.344 min, X m/z 345 JE 4T 9 H B T3S 4 M (&
3¢), Ho B A B R R TN m/z 299, 119 il
179, m/z 299 K [M-H | W&, m/z 119 J& m/z 299 i 3 1
Aoy F R PERE S B R B m/z 179 72 H BB
AR R, 3 R OR 4 S K AT MR R MR R A
+, AT LA W 37 T X N AL A R AL SR AT .
2150 R 3 MR AL LD 5t K RO 40 50 R b i FR1E
B3 ABATT Y BRI AR X 43 BT 43 51 D 610 F1 480,
g3 5 LAAB AT 89 UE 3+ B F [TM-H ] m/z 609 Fl m/z
479 SRy K5 VA F) W A o E AT T L 0 2E R B TR IR,
A% 45 B g 45 KW 51, W 45 Y {5 B2 El
16. 662 min, X H 9% FiE% i 75+ (B 3d) #4718
J& ,m/z 301 B ESr T8 K X5 1A 40 R R A
25 0% 35 5 14 5% F [ M—-H-Rha-Glu]™, H & % i 15 ¢
BJRE L GE 5 SCERL21 IR LY DU 06 45 R 415 R
R W ST AR B IR A 44, 065 min, H T80 % 1
FEM A F (K 3e)H m/z300,299,271 F1255, i
SUROID VIS N ORI g AL TR SR
ZCHR[21 ], 0 51 B S WAL B M RAELL R R R .
LL RS A 1B RSB VI BR 4L 5 R R bk
AR ZR AT A AT A BRI A X 4 5 S 4 )
302 1286, 3 il IABATT I E 43 F & F[M-H | 'm/z
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Table 2

Rhizoma Rubra and Rhodiolae Crenulatae Radix et Rhizoma(n=3)

MS/MS data of chemical components from Rhodiolae Crenulatae Radix et Rhizoma in mixture decoction of Ginseng Radix et

[M-H]/[M+
No. 2B 27k 8/ppm MS/MS #ER BT HIF AW
HCOO ]~
36 WEFMR C,H,O; 0 169.014 2/- 151,125 H t
37 AR C,H,,0, 2.01/4.93 -/345.117 4 299,179,119 +H tH
38 BEFRLMAR C,H,,0; 1.52 197.0458/- 169,124 H f
39 Mt E-3-0-RAE N C,,H,,0,, 6.49 447.096 2 301 H +H
40 ILZEm-3-0-FFLME C,H,,0,, 13.42 447.099 3 285,151 + +
41 it FE-3-0- L ILbE T C,,H,,0,, 6.7 463.085 1 301 H +
42 B -3-0- M A BT C,,H,,0,, 2.91 447.092 0 285,151 + +
43 ZRE-3-0- AR FLRE C,,Hy 0,5 7.59 593.155 7 285 +H +
44 it R -3-0- AT C,,H,,0,, 4.97 463.090 5 301 H H
45 AHRE C,,H;,0 ¢ 6.40 609.142 2 301 +H H
46 HLTIER-7-O-FAEWE T C,,H,,0,, 1.57 447.094 0 301 H t
47 IR -3-0-EF AT C,,H,,0,, 3.2 593.149 3 285 H +
48 it xR C,H,,0, 15.61 301.030 7 178,151,121,107 + +
49 IR -3-0-R AT C,H,0, 0 431.098 4 285,257,151 H +H
50 WLz C,5H,,04 7.72 285.042 7 185,159,93 H H
51 RAELFRER C,sH,,0,, 9.81 479.103 1 300,299,271,255 H t
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Fig. 3 ESI-MS? spectrum of main chemical components in Rhodiolae Crenulatae Radix et Rhizoma
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F o AR B8 AT E] A 23,906 min B WLEE 5 m/z 431 Y U
oy F B T WE[M-H], BEAS AH X 4> 7 i i Ol 432,
B REHT R T m/z 285 () 5 R 2 R BF B T RRE
W R (FE 3h), R FE Rl AR b B R T LA R
LR L AR G SCHR 26 ], #E W g 49 A 11 45 By - B2 0
o [RIEE HE I M 0 39~44 06 46 FIGE 47 43 5] R it iz
F R L 2w -f FUB T O R AR
LUy 2% Mo - 67 250 0 1L % T - B W LM T M
E R R AN T oy i R eIV L R E
FH S B0 I3 B B T % 2, B M TR B A Bk
B W1 H I 2 3 ik 5 R R Y SCHR[27-29 ) R
1A 10 % -

T L FE AT R e R R, LAA IR
NS B AT Re(W 17) W10 AU bR E 2 B, A 935
g T AR 5 B R B A AR X 0 T AL K R 43 Ak S W
0 3% AR X U T ARHEAT LB A A L A5 1 GO ORI A 42
Wb GRS REEN R, S MARR
A $E PRI LA B T 0 S T I CK (06 34) F1 R,
(W 35) (& 1b), 5 A I WAt 0 1 BT B 16
mRg,, mRb,, mRb,, mRb, fil mRd, W [fj F & 2 F &
By " EER N & A7 A Rb,,Rb,,Rb,,Rd,F,,Rg,,CK,
Rh, Fl Rgy/Rk, , W 7 X I 3 I & A = B A A\ = iy
A Rg,,Re,20(S)-Rg,,F,,Rh,,Rg,/Rg, il Rk,/Rh,, L.
SRR EYEE AR ETENARE TR A
SRS E TR
3.2 A IR WA B O /N BRUTE Tk O B TR A B2
W ELEAA30d)E, KA S A E, SRR
2N A I WAL /IS B 8 i Tk TE) 2 G K
(P<0.01), 25 R R M, 2 Fh 45 2 77 LB ] 28 K/ B A
UK ) g ] RN BE sh T . AR S
B I WA H /N B 7 08 T Dk s ) LA i M 2
5 (P<0.05) , 2= W W Fh 25 YR A J5 £ ICH A 1) F 4
K/NER A FE UK I it R . WL 4.

3.3 B I WG B WO /N BRI I PR 3 A FLIR K
JHEARE R KO- B B2 AR IR 4R 2 30 min J& , X 4% 41/
BRI ¥ PR 2L i LR B JHF A SR K ST 2 AT A I 4
RER, 52 AA LK, G REAME I /R
I PR Z B K T2 8 B AR (P<0. 05, P<0.01) ;%
2 /N BB K 7 341 81 5 T 55 (P<0. 05, P<0.01) ;
4 AR A I VAL Y B I R IR /DN R rh L
iR 5 i (P<0.05,P<0.01) ; 25 5 0], & IF W 41 /0
A B Y e AT R AR 3 IR 2R AR K F L 2 HE R
JUE R SR B L W2 32 B 5 1R Y B DTS FE T BB
% AS [ A B 410 32 Bl ZLIR & 1 T e R AL AR

R3 ASNAEREHFBRMARRFNEWHETETDROLLE
Table 3 Comparison of HPLC relative peak area of mixtures of
various single drug decoction and mixture decoction of Ginseng

Radix et Rhizoma Rubra and Rhodiolae Crenulatae Radix et

Rhizoma
No %y’ HIFW B
3 Rg, 2.09 8.20
4 Re 1.95 6.33
5 mRg, 0.12 0.02
12 Rb, 1.21 230
13 F, 0.07 0.65
14 20(S)-Rg, 0.32 0.58
15 mRb, 0.41 0.21
16 Rh, 0.08 0.13
18 mRb, 0.21 0.12
19 Rb, 0.91 1.72
20 Rb, 0.17 0.57
21 mRb, 0.23 0.14
22 Rd 0.59 1.50
23 mRd 0.31 0.07
26 Rg,/Rg, 0.04 0.28
27 Rg,/Rg, 0.04 0.42
28 Rk;/Rh, 0.04 0.46
29 Rk;/Rh, 0.06 0.49
30 F, 0.14 0.71
31 Rg, 0.11 0.63
32 Rg,/Rk, 0.03 0.74
33 Rg./Rk, 0.03 0.51
34 CK - 0.41
35 Rh, - 0.32
36 BE TR 0.92 1.45
37 50K AT 0.56 2.12
38 BB TR 0.92 1.57

x4 FHENRAERK BN E .M FERE R MFLE R AFHEREK
ERET (F£s,n=10)

Table 4 Changes in weight loading swimming, serum urea
nitrogen, lactic acid and hepatic glycogen of mice in each group(x+

s,n=10)

. N LIREITE - I FL R iR

MO WUk
mmol-L! /mmol-L! /mmol-L-!
2 156.00+33.95 14.33+£2.79 6.57+0.70 8.63+1.03

op

495.43+110.13%>%  8.73+0.65>% 4.52+0.48%> 12.45+1.26>%

op

Jf 355.14+97.64% 10.96+1.70"  5.16+1.09" 11.09+0.99"

V5 5% 11 4L I B VP<0.05, Y P<0.015 5 4 O 4L 1L B P<
0.05,YP<0.01,

.93.
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ARGy B HE R, T4 S ML IR BT 55 R T o B BRI
54 I A, /N BT PR 28 80 A /K 743
BB W R T (P<0. 01) Fll g & 1 22 % (P<0. 05),
RPN ERWPTIE SRR TN % . Wk 4,
4 iTig

AR F M T RRLC-ESI-MS/MS BE 48 AR, % &
PEWOR A IR W AT B 2E Y o BT L 45 B S 4
RO B L A S B, Il mRg,, mRb,, mRb,, J&
kAL Sh RRFEAE WAL G W, A & 32300 b A )
G T RE TAEFEL AT W B A
SRR IEE 2 T B AR T AR A S R
H, R TE A 2 Rg, , Rb,, Rb, (4 AH X & 58 0,
ILAh N2 A Re, BIARX & BEHE NI &, 41 B &
BB NS BT Rh,, Rg,, Re, 55, 78 8
WP TR I, A SCERE L NS B Rg, B LR
JF R R 2otk 7 i3z sl B 5 B0 A A B L NS R
1 Rb, B9 42 @ AL IR 2 shifit F7 , LML BT A Ak il
T M BRI AR A SR Ak R, X ) o A2 B S R
1007 8 K SR AR 5 B A PR A A FE Y DA R P 9%
FHYEM NS B Re, WA N = NS B0 55 E Y
e BRI Z — W5 R B, 76 B R R R
T, NS B Rg, AT IE K KR 7 v e vk i Ja] 32 e
BENLERL AT [ H 9 B AR AR R s ), OF
Fil 38 2o I Y A 2 RIS M 2 R G, R R TR
95 A IR . NS AT Rh,, Rg, 76 805 P 4 1k
Ty e FIHL A Jr 1 HAT — 8 A DS 57 & AR
B 5 BL 48 Ak T RE 1 5403 DL B A RE g AT
UL, A H W AR NS 81T R R SRR G
M @8 £ 0 A2 2 A Rh,, Rk,, Rh, fll CK %5, {1 4]
N B TE 22 M 9% 57 D ik vh & HE EE AR

ERMRERE RS, NS BITA e R E T %
b, H TR R A 55 A2 BT R R AR R, a0
ANZ T ER N Z A Rb,, Rb, 1] 4 51l i 45 C-20 137 Y
1A 43~ 6 258 R0 TR AR 56 A Rd, Rd A PR 2R 5%
P77 =, dn g Rd B 5 C-20 137 B4 1 4017 2 Bl 5 1k A
Rg,, 4k 1 R, i AH X 1t 14 5, R, ilF — 20 B K % 1k
R R Rk, 5 WAL Rd i s C-3 037 1 1 43— 7 % b e
&R F,, F, it 48 C-20 137 59 1 43 F 4 %5 % 4% 1L 4 Rh, .
JE NS =B B A Re 7] B C-20 119 1 2 1
A S C-6 (L1 15> F R HE 4 i Rg, 5K Rg, , Rg,
JIi 25 C-6 37 ) B 25 W % 1k A& Rh, , 5803 38 8 B K )5 2
X Rg, #l Rg, ; Rg, i 35 C-20 3 (4 1 43 - i %5 4% 15 5]
Rh,,Rh, #F— 4 Bt K 4 i Rk, Ml Rh,. B T4 5
— MG R REMEY FAEE, MKEF

. 94 .

R L1 KT B EE AN B R O S HOR BUR &
i 1, L T BT 5 K 4 R T M i i 2 X
A PEVBCNAH [R) 25 R 42 A B A9 41 2 4 U Y pH
AT TR , & BT A pH 435 R 3. 92 Fi 4. 88, A
WA T A A R B RO R 1 1 AR R
E G L L U S R R R N S e ek s R A O
fE A .

) B Xof ok 21 5% K 38 B4R 4 o AT T 4%
Br, 56 WA L, TRk o B TR AR R AT A
W TR TR A A g A R E T e T
iz FLAT BT SR B R TR AR AN R AR I AR
FHUST T2 Bl 45 e e R JOF Hoi IR R
LA ORI TTES X E R ATE GERAS O NSt & 2
S 4T 550 K bR AR TR PR R, B R EE L R R
AR B B ), 4 UK A5 8 Bl S B W TR TR K
-, B AR T v Y L (MDA ) K, 38 Bt A AL
Sk AU L AT I AL (SOD) fiid AL A
JoE K B 36 R R I AT R R AR 8 R TR Ak
ROHA BN FRE T, A AT B 97 12 B ) R Ak
N . R H LR P B A Y I B R 2 K
AT G, AT 78 B S A R B 48 Jy T & #5 2
PEFIMY Sk B 2150 K H B A 300G Tk B 43 7 e (1 2
BUR &AL, ] gE 2 R B B kB T
S5 KB N ) S BUPk 2 B 7 B AR R 41 5 0T LA
HELT S5 K P A O S

RN S 25 R BoR , B IR A 4R B it
% 55 MR L B S 38 n 7 98532 3 ik B e R D
P14 i 28 A0 B8 AV L 375 DR 2 R0 2L IR /K - B4 A R
HET AT WL EPIR S g mas sh el T LR
SR Y B 55 1E .

AR 58 F) IR B % B, 78 4k 2 il o A8 AL R
BE b X AT 2 R 4T 5 R B AR B S5 VR R 3 AL
PEAT TR, g T LR S PR o7 4R A AR Ak
HE LT P 2 BCATL S SO 98 55 4 T B 38 5, AN A P
55 DI BE 7 1 T & B A T 4 S5 ik il R AR AL AR
O B PRI A | [ B Ay v 24 Ic AT 04 AL T AF 5 2 4L
K
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