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Predicting the Expiration Date of Tianning Drop Pill by Multivariate Linear Model and Classical
Isothermal Accelerated Tests

HONG Qingl, YUAN Xi"", WANG Youfangl, CHEN Qingweiz(l.Department of Pharmacy of the First Affiliated
Hospital of Fujian Medical University, Fuzhou 350005, China; 2.Fuzhou Institute for Drug Control, Fuzhou 350001, China)

ABSTRACT: OBJECTIVE To study the stability of ferulic acid, the main ingredient of Tianning Drop Pill, and to predict the
validity duration. METHODS The HPLC method was used to determine the content of ferulic acid. Multivariate linear model
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and classical isothermal kinetic method were used to study the influence of temperature on ferulic acid stability. The efficacy of
two methods were verified and compared with long term test. RESULTS It was found that the pyrolytic degradation kinetics of

Tianning Drop Pill fitted with the first-order kinetics. The expiration dates of Tianning Drop Pill calculated by multiple linear
model and classic isothermal accelerated tests were 21.8 months and 20.8 months, respectively. CONCLUSION The
expiration dates of Tianning Drop Pill calculated by two different methods are almost the same. Multivariate linear model can be

used for a convenient method to predict the expiration date.

KEY WORDS: Tianning Drop Pill; multivariate linear model; classical isothermal kinetic method; expiration date
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1.1 fY4s
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IR SE): AE-240 HL 1 R F(HEEE #-4E 4 2
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%, k5 20080711, 20080712, 20080713); FfE
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2.1 i gt

i :  Spherisorb-ODS C g #£(4.6 mm X 250
mm, 5pum); WEIAH: 0.1%BE R IE(A), 0.1%H%
R FHEE(B); FRJEVENE, 0~10 min, A: 97%—>93%.
10~20 min, A: 93%—50%. 20~30 min, A: 50%;
Ky 221 nm; FEdE: 30 C.
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2.2 R I

B 0.2 g, FE#FRE, & 10 mL &=,
DN G, E A 30 min A, INH RS
ZIEE, $%%4), 10 000 r-min"' 250 5 min, X2
I FIEW 20 pL, ENBAH A, il ke,
T
2.3 JFIREIEAR

il 2 C=1.632 0A+0.128 0, r=0.999 6, 7t
0.004 8~0.048 mg-mL ™" ALk 2 KL IT. Bl B 1% H
PRS2 B RSD b 1.50%, H [A]4% %% 52 RSD 24 1.80%
(n=5), FIFIE 98.10%, RSD A 2.26%. 4554
R, BRI T R A 1 e e
3 [BRINERIE
3.1 A I o 4

BOR T M, BYRata 60 Hf, 20T
10 mL 2284, B, 44l B EOREAE b 20 %)
PO, LA 100%, 1K ICE T 90, 100,
110, 120 ClHIETERA T, Hali i v e e
N EUAE, R EN 20k [ N, 43 il s HLR B
EMR B AN TSR ME S SR
(%)=(HEAR IR /22 I Z (R B ) X 100% 0 538
J5E T AN [) B () B 2 8 5 o LR 1

F1 ARBEE T AR v o E 0 RS BN TS
Tab 1 The content of feruLic acid at different experimental

temperature and different accelerated time
I i) HRE/ I HARS

T/ C

W/m &% C W/m A%
90 0 100.00 100 0 100.00
24 90.02 12 89.52
48 80.91 24 80.10
72 73.28 36 71.89
96 65.06 48 63.41
120 58.92 70 51.49
110 0 100.00 120 0 100.00
6 88.15 6 76.73
12 78.76 8 70.38
18 69.76 12 61.19
24 61.50 18 46.52
36 48.44 24 36.07
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Tab 2 The results of regression analysis

SN KL 90 C 100 C 110 C 120 °C
0 R’=0.9973 R>=0.9959 R>=0.9937 R>=0.9869
1 R’=0.9998 R>=0.9998 R>=0.9999 R>=0.999 6
2 R’=0.9965 R>=0.9933 R>=0.9934 R>=0.9873
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K, RNk 4,
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Tab 3 Regression equations at different temperatures

ZR L/ C LR T7 e r
90 1gC=-0.001 92t+2.000 -0.999 8
100 1gC=-0.004 13t+2.002 —0.999 8
110 1gC=-0.008 73t+1.999 6 -0.999 9
120 1gC=-0.018 34t+1.998 5 -0.999 6

R4 BRETBAELEK

Tab 4 Decomposition rate constant at different temperatures

mE/IC 1/Tx107° kx107 Kx107 1gK
90 2.755 1.92 4.427 23539
100 2.681 4.13 9.503 —2.0221
110 2611 8.73 20.11 -1.696 6
120 2.545 18.34 42.23 -1.374 4

FIH 4 Arrhenius 2~ 3 IgK=1gA-E/2.303R(1/T),
PLEE 4 VP A fifd 2 5 o 50 KR 280 1gK 6t 4 e B T
M FH T SATENERDE, [BEHTTFEN : 1gK=10.464 1
—4 655.08/T(R*=0.999 9). K Ji& 25 CHi AJ7 R
TS 25 “C IR FAfiR 38 1 3 5 K=6.92X 10°h ™", LA
WL B BRI 90% M A B &, KT
T HAIABOH A 20.8 H .
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(1): f(Co)—f(C)=k(T)t FI Arrhennius A (2): k(T)=
Ae TR, @)U AN (D), FILET B, 2
TCEAER I FEATT 523 5U(3): Int=In[f(Co)—-f(C) |+
E/(RT)-InA 201 B B1IR (1) PR AR 15 & — 28y ) 2 ik
e, f(C)=C. AXB)MZA: Int=In(Co—C)+E/R X
UT-InA fE3% 1 TP LS5, AR1E 2 Nl
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Tab 5 The results of multivariate linear model analysis

g/ C t/h Int In(InCo-InC) T

90 48 -3.8712 -1.5520 0.002 755

90 96 —4.564 3 —0.844 3 0.002 755
100 24 -3.178 1 -1.5056 0.002 681
100 48 -3.8712 —0.786 3 0.002 681
110 18 —-2.890 4 —-1.0214 0.002 611
110 36 -3.5835 -0.3218 0.002 611
120 8 -2.079 4 —1.046 2 0.002 545
120 24 -3.178 1 0.0195 0.002 545

FH SPSS 17.0 Gttt A}, LA Int % In(InCo—InC).
UT 4T 2 04 e mH, 43 [B1HT7FE: Int=—24.30+
0.995 X In(InCo-InC)+10 793.75 X 1/T(R*=0.998), LA
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BE. B ZIEHTRARTLBROE TEEINF ik, Bk SRAELKAERL AR 44 KOH A #ikik, Dionex

IonPac AS11-HC B HEM B F X5 5, wFhMNEX, SATEREDFTAKGE IRITLBEMNE, FHR

g Lk
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Determination of Fumaric Acid in Pharmaceutical Intermediate by lon Chromatography

LI Junrongl, YE Mingliz, ZENG Xuelingz, ZHONG Naifeiz*(l.WenIing Hospital of Traditional Chinese Medicine,
Taizhou 317500, China; 2.Shanghai Laboratory of Application and Research Center, ThermoFisher China Limited, Shanghai
210013, China)

ABSTRACT: OBJECTIVE To develop an analytical method for the determination of fumaric acid in pharmaceutical
intermediate product by ion chromatography. METHODS The determination of fumaric acid was achieved on a separation
column IonPac AS11-HC with KOH as eluent, and the detection was performed by a conductivity detection mode. RESULTS
The linear calibration was obtained over the range of 0.10-100.0 mg-L™" with a correlation coefficient of 0.999 9. The relative
standard deviations(RSD) of retention time, peak area and peak height were less than 1.05%(n=7). The detection limit of method
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