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Establishment of mathematical model for four natures of Chinese materia
medica in pathological state and verification on Xiaochaihu Decoction
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Abstract: Objective To establish and initially verify the mathematical model for the four natures of Chinese materia medica (CMM)
in pathological state. Methods The combustion enthalpy of Xiaochaihu Decoction (XD) and the in vivo metabolites in mice with
cold syndrome before and after treatment was measured using HR3000 Digital Calorimeter, and the enthalpy changes of the in vivo
metabolite in mice on drug combinations with or without XD were calculated and analyzed. The cold-heat properties of CMM were
judged, and the mathematical model established by the first law of thermodinamics was validated. Results The combustion enthalpy
of the treatment and model groups of “mice with cold syndrome” was calculated. The Scutellariae-Bupleurum and
Scutellariae-Bupleurum + Licorice groups were identified as cold property drugs, XD, Ginseng-Ginger-Jujube-Pinellia, Ginseng-
Ginger-Jujube-Pinellia + Licorice, and Scutellariae-Bupleurum + Ginseng-Ginger-Jujube-Pinellia groups were heat property drugs,
and Licorice group was flat property drug. Conclusion The cold or heat changes of body by drug combinations with or without XD
could be reflected accurately by the mathematical model of the four natures of CMM in pathological state. The model could be used to
quantitatively reflect the four natures of the compound CMM.
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Fig. 1 Energy changes of body in pathological state by drugs treatment
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£1 PRAEREESR (x+s,n=10)
Table 1 Body weight differences of mice (x +s,n=10)

4151 R TS

AR (B
INEE 20.13+1.66  20.18+1.78
ge-x 20.18+1.40  17.44+1.12
£-2-H-K 19.704+1.12  20.01+0.88
e 19.78+1.09  16.92+0.94
BB+ F-S-H-A 19.56+1.17  20.13+0.92
£-Z-H R+ 19.574+1.26  19.90+1.43
SR A 19.82+1.15  19.41+1.08
R 20.38+1.31  17.41+1.34

R2 INERAR BB AT EREHREMIEE

Table 2 Combustion enthalpy of extracts
from XD and drug combinations

415 Jii lg  AT/IC AHp,/ (g7
NEETH 1.0031  1.088 —16 483.31
e 1.0019  1.065 -17 026.31
2-Z-H A 1.0013  0.978 -15897.99
e 1.0010  1.190 -15291.31
SeR+E-2-H-A 1.0021  1.040 -16 367.28
L-B-H-R4+HHE 10022 1.016 -16 159.91
G-+ 09789  1.033 -16 768.93

%3 BIIBEIRABRRRRRBSE=IRERSE (x£5,n=10)
Table 3 Combustion enthalpy changes of in vivo metabolites in mice with cold syndrome
before and after treatment (; +s,n=10)

RN =25
o

AT/ C AHuns (g7 AT/ C AHpen/ 0:g7Y)
NEEER 0.971+0.027 1510.87+110.73 0.99140.025 —794.57+ 97.42
PIRS 0.936+0.023 —4781.13+132.27 0.972+0.008 —1930.41+ 93.09
L-Z-H K 0.940+0.001 —-1544.83+ 84.79 0.992+0.006 —709.33+ 52.96
e 0.95240.017 -1459.82+ 52.62 0.981+0.045 -984.12+ 80.23
Se-B+E-Z-H - 0.980+0.034 -1 450.65+117.07 0.979+0.016 —674.95+ 70.78
L-Z- A+ 0.97140.011 —1225.51+104.65 0.990+0.003 -986.23+ 4.99
Lo+ 0.991+0.013 -2 702.03+115.14 0.984+0.026 1 638.85+106.45
A 0.982+0.004 -5761.92+ 62.47 0.990+0.021 —6 263.08 +188.11
it 1.007 +0.059 —6228.70+199.21 0.961-+0.001 —6601.70+ 37.29

HR PG A= PSS RS E AL SQ (B AT, 4
SQ>0 Bl Qn>Q. I, W ysettrhzy; SQ<<o RfI
Qn<<Qe I, W h#tErhzy; SQ=0 ! Qu=Q. I,
WA 2. [FEIRTHER TR T . K

Fd HE 4 a5, NG Qu<<Qe, TIHIWIN
SO A PNEZIMAL; S-S Qa>Qer I
FEVEAL; -5 Qu<<Qe» W HIWT A FAME
2idl; HEA SQ EBLT%, AT H A
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R4 NEPHREHRAER I NRANR SRR TERSER (x+s5,n=10,T=25 C)
Table 4 Combustion enthalpy changes of in vivo metabolites of XD and drug combinations in mice
with cold syndrome (x+s,n =10, T=25 C)
415 AHp 1 (397 AHw /(397 AHyien ! (397 Q./(g™h SQ/(@-gh

/NEEH —16 483.31 1510.87+110.73 —79457+ 9742 12865 -1 313.004147.20™
PPN —17 026.31 -4781.13+132.27 -1930.41% 93.09 -12865 2 050.00+159.40"
L-Z-H-K —15 897.99 —1544.83+ 84.79 —709.33+ 5296 12865 —778.90+ 97.40”
H —15291.31 —-1459.82+ 52.62 —984.12+ 80.23 -12865 17.59+ 33.94™
R-K+8-5-H-R -16367.28  —1450.65+117.07 —674.95+ 70.78 12865 -1376.70+132.80"
F-Z-H-R A —16 159.91 —1225.514+104.65 —986.23+ 499 -12865 -1083.00+ 77.53™
e+ H R —16 768.93 —2702.03+115.14 1638.85+£106.45 —12865 436.90+156.70"
Y -5761.92+ 6247 —6263.08+188.11 —12865 840.00+177.20
A —6228.70£199.21 -6601.70%& 37.29 -—12865 34.561+14.46

LRI TP<0.01
P < 0.01 vs model group
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5t (P<0.05), M5/NERBA. #-5-H-24 1k
AR AT B 2 55 285 + H 4 5 /NS
D S-S A+ RS RY . E-5-H -

RAHE, £-5-H- A+ HEg, R4 PR
BB AR EEESR (P<0.0D), MS5H
T RIS AR T B =R .

gE R e Sl SO 25 25 1AL
P AR R BE ARk, AT RIS v 25 25 PR AR T
R
3 g

A S 7E BT IR AT A ST LR A 24 1Y
PEE AR, BRI/ NS H 7 Ik A 2 2 PE I
Mo H/NSETZ sk e AT b 2 DO PRI 9T 45 R,
FRI LM RIEIR S HCARER) SQ LI 27, K
PR W 5S84 . -2 H AU FEE 258, /I
S B--H Y, B, B
Se-Z A F YU REZ ), B RAUS P25,
At e L AT A o] 7 NIV ER ke e
HEHIGTE T B i R ) IE Ak RIS, ARSI
HHAT T 9EUE /N RS, R 2ial /s RS R 2L
ANERE) SQ M, WoOR T HREMERAE, H/MNRUHIL T %
URRAS, ATnshynEiissh. SR, R4 SQ {HfE
S BRFEIE 2 PR, EIANRE S PEIX 23 P07 537
“gEr b 7, RUSHAG AR, |
T 5 BRI R ST I DR 2R A Cn 2 )R 2R
WEER R MR RS, M e tn 2 A
FE B VERIRR TR bR, o AAGE I 3 ) S 5656 DY
PRI AEY) SO A HER I . A R B TIRIR,
MRS TR (EER, B DU SE B 5T 5 IR T
Fah Ak, gy U PRA A JE A 1) TR EHIE
VU VPO R N — 2D BT EEEs g5 1l



« 74 ¢ %% Chinese Traditional and Herbal Drugs 3£ 45% %5 18] 201441 A

Hh 24 52 A5 P R 2R o O R N A
o, JLTFERBR LM 252 5 M e @y i
IRZ PR 2T BRI P R 2 R D I B
A& o I, N AEE) ) 2 kA T 25 1Y
PEREAC AT, SEHLE BRSO L b 25 DU Dy
BLA R v 24 Dk o3 2R = AT S o AR LA A
5o SOAEIEFHUARI 2Pk o3 REak L2 XA
[l BEALAEA T 2RI AT 5, e 28 SIS B 5
I I RATT 2 E A RER

STk
[1] K. Py R 22 oo ok & [3]. B

[21 % &, FA&M. SR 2t ReE J SE A A IR
Br [3]. #rah B2, 2002, 20(4): 39-41.

[B1 7 . R BT[] WL
2224, 2000, 24(4): 73.

[4] AR, )IBH. [3]. P E b2y U Al )
SR —— NSRS 250 Gl e L R ml
2, 2001, 17(11): 60-64.

[5] JAERAE, WAL HAN, S YR A ) )
BT —— BN [ M 2 R R R AR LR ().
Hhi 2, 2004, 35(11): 34-36.

[6] M/ i 2y PER SRS [J]. P2y, 2008, 39(4):
481-484.

(71

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

RHEES, M /NELL PO S R B 25T 5T R 1 N
HER [ W 252454, 2005, 21(4): 291-293.
SElE R, DU AR RN B (0] BARE
2R7K, 1996, 46(6): 179.

FRAAY, SRR, P APA e e BT 0] W
VU EE, 2000, 16(2): 46-47

R, RS R E 3] BRI A S0
&, 2004, 13(22): 2943-2945.

TIXRIE, BRAR TG, XSO, 38 AR i R A o 00) 5
e HRUABIEST [J]. B, 2008, 29(11):
1536-1538

AR, PTG, DAY, G5 P2 IUARER IS B
RS REST 8 SEIRREST [0]. P4 A0l Kok BR
£, 2009, 30(5): 624-627

£ F,F M DESERHIINGIKNH S 2 BT ).
KAF R B 2K 2440, 2006, 22(1): 81-82.

Mo g NSERBEIBUR I FIE R HERE [J]. RS 2,
2002, 28(6): 373-375.

M F AFRSHZERAE R [D]. K
51 R 2 K2, 2010.

AN, £ OB, EdE. hERFRIE S S
[M]. &b W Rl: AR AL, 2003.

BRI e . B 25 1 27 U 00 T8 e B LI R N R AR [3].
Wb B 2B 2% 4R, 2004, 6(1): 32-33.

Vg omE, KO, TR, 55 Rl gk
I [J]. "hEE2h, 2012, 43(11): 2107-2100



