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Abstract Objective: To investigate whether the combination of Carthami Flos—Glycyrrhizae Radix et Rhizoma
could improve energy metabolism in the tissue of rats with blood stasis syndrome, Carthami Flos—Glycyrrhi-

zae Radix et Rhizoma on adenosine phosphate metabolism of tissues including heart, liver, spleen, lung and kidney
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were observed. Methods: The SD rats were randomly divided into 4 groups, namely blank control group, model

group, Carthami Flos group and Carthami Flos—Glycyrrhizae Radix et Rhizoma group. The blood stasis model rats
were made with cold stimulation in cold water ice bath. The blank control group and model group were given saline.
The Carthami Flos group and Carthami Flos—Glycyrrhizae Radix et Rhizoma group were given aqueous extract of
Carthami Flos and aqueous extract of Carthami Flos—Glycyrrhizae Radix et Rhizoma respectively by intragastric
administration once per day according to experimental design for 15 days. At the end of the drug administration for
12 h, the blood and tissues ( heart, liver, spleen, lung and kidney ) were obtained and hemorheology parameters of
rats were measured. The contents of adenosine triphosphate ( ATP ), adenosine diphosphate ( ADP ) and adenosine
monophosphate ( AMP ) were determined by using high performance liquid chromatography ( HPLC ) method.
Results: The whole blood viscosity and plasma viscosity were reduced in the dose group compared with the model
group. The contents of adenosine phosphate in model rats after administration of the dose group were higher than
those in model group, and the Carthami Flos—Glycyrrhizae Radix et Rhizoma group was better than that of the
Carthami Flos group ( P<0.05 ). Conclusion: Carthami Flos and Carthami Flos—Glycyrrhizae Radix et Rhizoma
herb—pair could improve the energy metabolism in rats with cold coagulation blood stasis, and the effect of Carthami
Flos—Glycyrrhizae Radix et Rhizoma was stronger than that of Carthami Flos.

Keywords: Carthami Flos; Glycyrrhizae Radix et Rhizoma; compatibility of traditional Chinese Medicine; ATP;

ADP; AMP; cold coagulation blood stasis; energy metabolism analysis; HPLC

FEEE MU TN Z MR 22U, FBUR L
2 B VR AE PR, PR LA e f AR B . 1 =
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14 2046 2046 - H R s ol s s
TH B R R 2 M A AE 246 - H & (1:1) 45 200.0
g, 735 E T 3 000 mL RSB T, 8 15 /K= i 40
min, ITPANG 3 YR, FEUK 2 h, & IR , Vel TR e 75
KB 300 mL, AENLIAE L04E - H R AR S A TR
(HHETF 2.0g - mL™" LIS ), 4 CERAE
1.5 XTHRA A B A5 B FREC ATP . ADP J¢
AMP [ X] IR 5545 10.0 mg, 53 51 & F 5.0 mL A9t &
b, PR ZEK A 25, A T ik Y4 2.00 mg + mL™
(RN} A B 5 A 5 B 2.00 mg - mL™' B ATP X I8
i BEVR 1.25 mL . ADP X B8 BEE 2.0 mL FT AMP X
W SRRV 2.5 mL, B 4G K A6 B2 10.0 mL, B il A%
£ ATP 7 250.0 pg* mL™' . ADP 4 400.0 pg - mL™" Al
AMP 4 500.0 pg -+ mL™ TR A XF BRI T BB R
TR X HE S R0 1, LU 4l K B2 i LU AR R, )
5 250 Jo e vk EE AR A 6 B S A T ATP R 250.0
125.0,62.5.31.25.6.25,1.25 pg-mL™'; ADP 2}
400.0,200.0,100.0,50.0,10.0,2.0 g+ mL™"'; AMP
9500.0,250.0,125.0.62.5,12.5.2.5 pg-mL™" ) ; 4
B, -20 CIRAFER .
1.6 SEEAd A2 BT 30 H A5 g
TR R HL A A AR T HR 4 (10 H) . 204641 (10
HO) 20k - HRdl (10 2 ), 25 (5% B 41 R A X
PR T MR AE BRER 7K 10.0 mL - kg™, 14840 E IR LT B AL
I 20.0 g kg L0 46 - H R YIHEMR LA - H
TATIM 200 g-kg's ELE 15 d, THLERIE 12
h, FH 10% 7K &5 &0 5 mL - kg 8 6 BRI R B, DR 15
JeITF IR B I i R B 2 T TR A
BLFL, S BV E TR AR A

1.7 HAZHL R H%  BURR AR &4
20,0 0 CHYAEEUK G MG FREL 0.3 ¢ THR 1Y
BEEE S # 5 mL - ¢ A TIA Y 0.4 mol - L™
) 1 SR R A R, R T KT o AT HH, 8 000
remin”' 2.0 10 min, B FIERL A 1 mol - L' BUA
AN pH £ 6.5, 7K 8 000 r* min™' B.0> 10 min,
FH 045 pum 38 BEFE 1 I5 R 08, B A 2
W VA EARAETE 4 CF 58

1.8 3% & 4 #E: Agilent TC-Cyq 8 335 #1
(4.6 mm x 250 mm, 5 wm) ; Ji shAH: pH 4 6.5 ) 20
mmol + L' NaH,PO,-Na,HPO, 2% #'¥& ( 17.6 mmol * L'
NaH,P0,-2.4 m mol * L' Na,HPO, ) - FIE£(99:1); ¥
0.8 mL - min ' HEE: 25 °C 5 KK N 254 nm;
YERERE: 20.0 plL.
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LA TR (X, pg - mL™ ) REAR AR , W T
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AMP (11572
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¥Y=55.636X+7.203 r=0.999 8
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23 fEEREE MR AT GG W R
A, 555 9 O IR 0.3 ¢ J5 & TR 8
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AT 1.0 mL, 85I “1.57 TR IR A 5% BE
VWU B, PC AR P L AN TR AR AL 2R
AN B 3 Y, H LT ARG AL A A B RE
b I, THRADIARE RIS 5 L3R 1, 5 REUR,
K LH AP ) ATP . ADP . AMP 114 2 8] g 28 34 K T
90.0% , HERA FE IR BO AT A5 I e 2K



-1392- 5 W) 4 KF 22 E ChinJ Pharm Anal 2017,37(8) ‘J‘PA

12+
3 A 50 3 B
9 40—
1
2 2
= 30|
g E
<67 = 1
20
3 10
0+ /\k
0 T T T 1 T T T ]
0 5 10 15 20 0 5 10 15 20
t/min t/min
50 C 50+ D
40— 40+
3
3
_ 30 - 30-]
g £l
: 3
20 20
2
1
2
10 1 10 -
o /\,_ ol
T T T 1 T T T 1

0 5 10 15 20 0 5 10 15 20
t/min t/min
50+
E
40-| ﬁ
304
=)
g
< 2
20
1
10+
0+
T T T 1
0 5 10 15 20
t/min

A BERR AR IR A XS BR i (adenosine phosphate mixed reference substances )  B~E. 0240 (25 X HRAL MR HRAL 214640 2146 - H B4 )] standard
heart tissue ( blank control group, model group, Carthami Flos group, Carthami Flos—Glycyrrhizae Radix et Rhizoma group ) |

1.ATP 2.ADP 3.AMP
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Fig. 1 Chromatograms of the control and standard heart tissue samples
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RO BFFE TR B A R R BEERBRE BN Y (n=9 )

Tab.1 Recovery rates of adenosine phosphate in heart, liver, spleen, lung and kidney

gz Sk B JA i . . .Jlﬂ/\i . TP -2 AR RSD
. (original quantity )/ (‘addition quantity )/ (average measured (‘average recovery
(tissues ) ( component ) . 1%
ng ng quantity )/ pg rate ) /%
o> (heart ) ATP 67.25 85.00 146.50 93.2 1.6
70.00 131.91 92.4 1.7
55.00 117.99 922 39
ADP 97.25 136.00 224.71 93.7 1.5
112.00 200.61 92.3 0.73
88.00 178.99 92.9 2.1
AMP 149.32 170.00 307.15 92.8 1.4
140.00 279.34 92.9 1.2
110.00 250.07 91.6 1.8
T (liver ) ATP 45.55 60.00 100.35 91.3 2.1
45.00 87.31 92.8 34
40.00 81.56 90.0 35
ADP 72.57 96.00 160.82 91.9 22
72.00 138.96 922 1.9
64.00 131.84 92.6 2.4
AMP 110.32 120.00 222.52 93.5 3.6
90.00 192.09 90.8 1.8
80.00 183.98 92.1 4.1
Jigt ( spleen ) ATP 17.37 30.00 45.25 92.9 32
25.00 40.25 91.5 32
20.00 35.84 923 49
ADP 30.05 48.00 74.98 93.6 1.5
40.00 66.55 91.2 3.6
32.00 59.63 92.4 33
AMP 88.95 60.00 143.24 90.5 34
50.00 135.62 93.4 1.2
40.00 126.08 92.8 1.9
Jifi ( lung ) ATP 23.05 35.00 55.45 92.6 3.8
25.00 46.25 92.8 4.5
20.00 41.20 90.8 1.8
ADP 30.76 56.00 84.81 96.5 29
40.00 66.87 90.3 2.3
32.00 59.93 91.2 4.1
AMP 95.37 70.00 158.83 90.7 2.5
50.00 141.99 93.2 1.2
40.00 132.03 91.6 33
5 (kidney ) ATP 14.10 25.00 38.84 99.0 1.0
20.00 33.67 97.8 2.8
15.00 27.85 91.7 0.73
ADP 27.15 45.00 70.15 95.6 23
32.00 56.64 922 1.8
24.00 49.40 92.7 2.2
AMP 88.73 50.00 134.59 91.7 22
40.00 125.42 91.7 1.9
30.00 115.80 90.2 1.5

24 KEE BRI R B WCBRUIR. L BT R R
(ATP } 6.25.62.5.250.0 wg*mL™, ADP 2} 10.0,
100.0.400.0 pg:mL™, AMP 4 12.5,125.0.500.0
pg-mL™) B ATP,ADP K AMP i & XF f8 & % i

20.0 wL, 205 TR 1 d SRR 6 U, M E ATP
ADP J¢ AMP {1y i i #L, o1 55 H N RSD, #£47 H )Y
KW IR 142 6 d, B RFERE 1 IR, I E ATP,
ADP J AMP Ut A2, 1155 H 8] RSD, 47 H ()4

AR S
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BRI, 45 AR BT AR B ATP ., ADP J2 AMP [y
H N H [8]4 25 B2 43 51 4 0.91% . 0.30% . 0.20% Fil
1.3%.,0.58% . 0.23%, "1 Jit & ¥ &£ ATP . ADP J2 AMP
1) H N S H RIS % B2 431 R 2.3% . 0.17% . 0.11% Fll
1.1%.1.1%.0.17%, = Jit & & & ATP. ADP J AMP
1 H N K H 1K %5 BE 73 5 1.6%.0.29% . 0.15% Fil
0.89% . 0.48% . 0.12% ; FE W kS 55 5 RLAT-

25 RoEtEiE  UREbRE MR MR A PG
O BB BB LA 4 1T T o A A U
AW, BT -80 CR R, 24 h J5 T 4 CHRUR,
PIAPLE (3% 2 00 AR 20.0 WL ; PR 2H 2L R A
FHA R 24 h J5 T 4 CRRGR, LILE (i 2 140t
FE20.0 pL; nbE R 6 I, ME A4 Z1H ATP, ADP
Jo AMP B, 2500 G h B B R4 ATP
ADP . AMP f# RSD 43514 1.1% . 1.0% . 0.62%, 2.9% .
1.7%.1.3%, 3.3% . 1.6% . 0.66%, 2.3% . 1.4% . 0.45%
J 1.6%.0.97% . 0.34% , 3 W1 2H ZUHE R S 3 V7R L 2%
HFRRE.

S AR PR DOV P IR O R il
B F 1.7 WU il s A AU A, B T 4
TP 2.4.6.8.10, 12 h, LIPLE (A3 5 FERE 20.0
w L, 7 JF 1155 45 4L 81 ATP, ADP B2 AMP (1) 7
B g5 T B 20 ATP . ADP ., AMP (1)
RSD %3 5 24 0.30% . 0.29% . 0.18%, 2.0% . 1.1%. 1.1%,
1.3%.0.57%.0.21%, 0.62% . 0.66% . 0.20% & 1.0% .
0.69% . 0.22%, 7 B 41 20 A3 3 i 5 W 7E 12 h (N TS
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FAE o

R RS M0 AR TP B O BT R A

JOBF A, He <17 Ty A A AV AR, B
T =80 CHLRAE, 00l TURAF 1.2.4.6.8 Al J5 it Uk,
PIADUE (O3 SR RE 20.0 pL, M2 I FE A 4L g
ATP ADP J AMP [ 125 S5 580 JH B il B2 21
41 B ATP, ADP, AMP /) RSD %3 Il 4 3.3%.2.2% .
1.6%,4.2% .3.5%.2.6%,4.0% . 4.2% .2.1%, 3.9%
5.0%.2.2% J% 2.9% . 4.3% . 1.8% , 5 B ZUBER 5 i
WAE 8 FIAIRRAE .
2.6 ERR RS “1.57 TR X IR IAR
YRR, A3 B ERE 20.0 WL, {5 W 1 S/N=10 I
5 ATP, ADP } AMP 1€ fBR 535120 0.114,0.125 .
0.083 pg-mL™",

HUATP ., ADP J2 AMP 119 %2 5 BIR ¥R 7 W 50l F
[ 1 d NIESEHERE 6 UK, 31T H PRS2 B 50 5 593
S2 6 d, B RHRE 1K, T H R R R, S5k
WY, ATP /9 H AT H (804G 25 B2 2 3R 1.8% Fil 2.0%,
ADP [ H N & H (8] 45 % B 49 9l b 1.6% 1 1.7%,
AMP 19 H N K H [H0KS %5 52 50 0 1.5% T 1.8%, 3
WA B R A

T ATP . ADP K AMP () 5 e FR % J3 7% W+ 40
SN[ J55 2t 3 18 Y o) R A, B VR 3
1y, $ZINRE TR T, 45 R 2, S50
7, ATP, ADP ., AMP [ % 12 PR (1) °F- 3% [l 28 3 KT
98.0% , WER FE IR IR AT 5 I e 2K

®2 BERBREEEMRAMELKE(n=9)

Tab.2 Recovery rates of the quantitative limit of adenosine phosphate

Sk N JEA . ' jJDAE . PRI S Al RSDY
( component ) ( original quantity )/ (addition quantity )/ ( averag(-? measured ( average recovery )/ %
I ng quantity )/ pg %
ATP 0.114 0.135 0.248 99.3 0.75
0.115 0.227 98.3 0.88
0.095 0.210 100.7 1.6
ADP 0.125 0.152 0.277 99.8 1.4
0.128 0.254 101.0 0.89
0.104 0.229 100.0 0.96
AMP 0.083 0.100 0.182 99.3 1.5
0.080 0.162 98.3 0.73
0.070 0.153 99.5 1.7
2.7 MR A2 B 45 4120 ATP ADP FTAMP - (P<0.05 ), SRS IRAL LS LLAELAZTAE — T

A B LR 43 B R 5 % AL
A HEPR)RE B 2L I O 2 B T

hhiHE i

ZH MLV AL A R B R A, (2T AE — TR 2 I A
AR AR BRI G & T LLAE4 (P<0.05),
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Tab.3 Parameters of hemorheology in rats
AN A RN
L ) m/(mPa-s™)  ny/(mPa*s')  5/(mPa-s") nyl (red ﬂ]]?@

it gl red c r re

Broups (10s™) (60s™) (150s") (mPa-s™) o com pressire
product ) /%
25 X REZH ( blank control group ) 10.52 £0.97 5.46 +0.69 4.03 £0.55 1.97 £0.25 56.35+0.72
FEHIXT A ( model group ) 11.76 £ 0.88"  6.85+0.72" 5.75+0.63 2.53+0.33" 58.02 +0.59
214841 ( Carthami Flos group ) 11.45+0.77 6.12 +0.48* 5.22+0.82% 221 +047% 57.85 +0.66
£14% - H 541 ( Carthami Flos=Glycyrrhizae Radix et~ 11.06 +0.57%  5.83 +0.82"* 472+0.56™  2.01+0.86"" 57.47 +0.58

Rhizoma group )
T Cnote ): T34 10 H 5 525 FIRHRAIXT 1L, "P<0.05, "P<0.01; SR IRLALLEES, *P<0.05, **P<0.01, "P<0.01; SLIAEA LA, * P<0.05, ™ P<0.01
(10 rats in each group, compare with the blank control group, "P<0.05, “P<0.01; compare with the model control group, *P<0.05, **P<0.01, **P<0.01;

compare with the Carthami Flos group, *P<0.05, #P<0.01 )

4 ER IR 525 (AR IR LH Hods, AR IR 20
441 ATP, ADP J AMP 5 7 %1% ( P<0.01 ), F W]
BERUXT BT B B RE B A B A S B AXT R 4
M, 4L 6l AN 21 46 — T REZH 1Y ATP . ADP f2 AMP

TIT e A - R S e L, ATP, ADP
K AMP &8 34 T4, $ R 2046 AT DL LA ) BE
PRI, 2046 — 21 08 FE 5 I 790 11 B A1
(R LS TE

R4 O F B GREAAKEZTHBRENSENE (peg- g, xxs,n=10)
Tab.4 Determination of adenosine phosphate in heart, liver, spleen, lung and Kkidney tissue samples
Fiih (sample ) 215 ( group ) ATP ADP AMP

i 25 O BEZH ( blank control group ) 341.05 £9.08 504.03 + 12.87 759.12 +20.31
(heart ) FERIXT B2 (- model control group ) 104.15 £4.717 355.61 +10.94" 562.34 +15.37"
£1.4E4H ( Carthami Flos group ) 177.31 + 4.12** 400.44 +11.90* 584.46+9.77*
2146 - H % 41 ( Carthami Flos—Glycyrrhizae 277.85 +6.76" 435.13 + 14.78"* 615.61 +22.00™*
Radix et Rhizoma group )
i3 25 X IR ( blank control group ) 230.63 +7.63 319.76 £ 9.40 595.41 + 12.63
(liver) HEFLNT IR 2 ( model group ) 85.73+3.97" 24234 £9.05 500.63 + 15.42"
214840 ( Carthami Flos group ) 123.50 + 4.53** 277.75 + 8.08** 527.90 + 19.80"
2146 - H %24 ( Carthami Flos—Glycyrrhizae 182.00 + 4.08"" 288.47 + 10.96" 542.67 + 12.43"
Radix et Rhizoma group )
i 25 UM BEZH ( blank control group ) 81.32+4.38 142.05 £5.58 468.84 +13.21
('spleen ) HATRG] FEZH (model group ) 63.29 +2.89” 111.17 £5.33" 443.52+9.88"
21 4£48 ( Carthami Flos group ) 73.34 £2.85% 126.22 £ 4.23** 449.27 +15.58
2146 — H % 40 ( Carthami Flos—Glycyrrhizae 75.75 +2.95" 130.55 + 6.57" 452.36 + 18.38
Radix et Rhizoma group )
it 28 X HE2H (blank control group ) 119.56 +5.18 128.29 +2.73 532.15+ 13.05
(lung) FEHINT B4 ((model group ) 87.23 +3.36" 97.35+4.55" 498.67 + 15.08"
214841 ( Carthami Flos group ) 9246 +4.73 104.78 + 4.50* 505.94 + 16.14
#LAE = L ( Carthani Flos—Glycyrhizac 96.39 + 3.46° 110.17 £ 735 513.13 + 18.30
Radix et Rhizoma group )
5} 25 IR ( blank control group ) 70.57 +3.72 136.69 + 3.24 451.13 £20.05
(kidney ) FEIINT IR ((model group ) 50.71 +3.00” 105.47 +6.75" 411.06 +8.99”

21484 ( Carthami Flos group )
2146 - H % 41 ( Carthami Flos—Glycyrrhizae

Radix et Rhizoma group )

57.53+1.47*
61.35+5.17"

116.48 + 3.89**
125.82 + 4.24*

420.78 = 16.90
425.35+16.51

H (note ) : 41 10 H5 525 FIXIRALLAR, “P<0.01; SHUAXSIRALLAL, *P<0.05, **P<0.01, "P<0.01; SLIAELLHLEL, "P<0.05, “P<0.01 (10 rats
in each group, compared with the blank control group, ~'P<0.01; compared with the model group, *P<0.05, **P<0.01, *P<0.01; compared with the Carthami
Flos group, “P<0.05, *#P<0.01)

3 tig SEREE Y Y SE 0 A R AR A LIA LE B T RE I 58 B
PUAR A BRI RS Bl B0 B R 4A , ATP 25 R DRIAIE. BB 1 7= A AEAERTR ] — B & A= i

AR S



+1396 -

5 M 4 W 22 E ChinJ Pharm Anal 2017,37(8) ‘jPA

15 WU T RE K A2 B30 o LR 2270 12 1) 1 4
PEALRE B LA R L H A DI RE , fl ot £k 40 i A A 4
FEZ IR ZF-, 5 DRSS, 4k imi A Ak AR sz 4
il , B S REREERIL S (i ATP ) & s /D, A At Y
FURRHERL (" B, 0T e =2 & Az el 7= A0
i 1004 0 . WL ZH 41 ATP ., ADP K AMP [
A A RO T LR RE AR, 2T
TR PR A B 2 80— A S bR R, T T
S B I 25 2 I 0T B AL 2B A IR O il I
IS WT AT R BRI A S L B e
Y P B PR A o il 1 A7 2 1) AL 2 — o
LTRS84 2 B I VR 1, AN AN SO0 B T 3 ik
b i AR HE AT B, I D20 , 2 0 & O JIUAE
B DRI, W0 ot 308 3 A8 2= A b A Re B4 it B K
A B DA O ik i A 0 1 e 8 AR R LI AR T R
E

AHIF 5T 41 LA T NMR A3 40 25 4 R 9% &
PR, FEBE MR T BRI P 0 1 2 %, LR, PRI
LT % K SF- 1] S 38, g f AR LT, Bravo'
YA KN IR B B, R RSP EObE 1A N 19 ATP 5 12 B
WD, ARTEHR R, 525 O IR i, JEEE
IR TR A R A I Y 3 AR 2 PR AR 1 g, O LI
ils | L2 R I M i Y BH R R R ThEC AT
AP ATP & i F R . E— 2R, %€
BEMAFIEATLAR N BE A5 B 8 et

A SCHRARE ™ 2146 (0 3 7] LATHES Langendorff
R O 2 LLH S ATP & ik, BRI 22O LI 48
PESG . R TT R4 TS E 40 AR S R s Dk e 1 A
FEHE R R, it B 8388 il A UM 2 A 1A I 1 1R 75 2 1) o
I, AT dd 2 el DR e R ST S i B A A Al
TR AL D RE T B, 24 1E e & A QI ZE AL A P S RE
FE— 5 TR AR R R T e AN 45 44 1) 522, AT
S BN G 2E 2 PR APV R V80 I AR A Y 5 43 R
BE PR mAY AT RE . BATSE RIS PCr T
AEWERRHE , AT 38 1 Lohmann FZ W {i ADP B BEALIE B
ATP, BHIE b AT k3t LW A 2 . R A 4R
TELTAE /KB A5 2 R AR B sy ARG AE 28 1) 4 10K
JEE IO BRI L ) SRR, X I A 2 A
BRI BCEEH o ABFIE LB, 45K U AR LT AL K48
WG, ETAE A BRI I Y3 AR 2 A8 A AR AR R X e
20 BRI S R AR IR A, R, £r A e i
A IE R RALARRE AL, M 2R YT sk 35 €

hhiHE i

Y IUSIE A VE FH

AWFFEE R, 45 R RREIR G , 2048 - H R4
F9 ML YU 728 2 FE AR AR T AR 20, B R AT 1T o 5
T, iR BT H AT LU S cAMP ()
i Wh O WLRE R — o 1 a3, X R
SN REME DA —E X . B
IREGE R — BT RO BT B AT LA RO
D RERFE IR RIEZERL  JEGE L O R 2 R
(EH B — BB R AR B, e
SR TR B S I 5 B A S0 S, 2046 8 T
B BRI —E BT IR AR T, P9 10 A
BIME 4 BUR A F AT B 5 WM R AL AR .
RS PR, W GRS , e — b
FERE LA A BRI & B, S BE A HEL fE ik
S FEBE LSBT R A5, LR FHAL G el
—IRABFT AT
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