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To accurately predict the stability of thiamine nitrate as a model drug in pharmaceutical products under uncon-
trolled temperature conditions, the average reaction rate constant was determined, taking into account the heat transfer
from the atmosphere to the product. The stability tests of thiamine nitrate in the three packages with different heat trans-
fers were performed under non-isothermal conditions. The stability data observed were compared with the predictions
based on a newly developed method, showing that the stability was well predicted by the method involving the heat
transfer. By contrast, there were some deviations observed from the predicted data, without considering heat transfer in
the packages with low heat transfer. The above-mentioned result clearly shows that heat transfer should be considered to
ensure accurate prediction of the stability of commercial pharmaceutical products under non-isothermal atmospheres.
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Table 1. Composition of the Model Formulation

Component Content (mg)
Thiamine nitrate (VBI1) 4.37
Citric acid monohydrate 483

1 mol/L Sodium hydroxide

- adequate amount
aqueous solution a

Purified water total 50 mL
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Fig. 1. The Time-course of the Model Ambient Temperature
The maximum temperature was 59.5°C. The minimum temperature was
28.7°C. The mean kinetic temperature was 46°C.
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Fig. 2. Active Ingredient Residual Ratio (In(C/C,)) versus
Time at Various Temperatures (40, 50, 57.5, 65 and 85°C)
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Table 2. k&, Values at Various Temperatures
Temperature (°C) kops (d71) r2
85 1.57X10°! 0.999
65 1.93X 1072 0.999
57.5 8.78 X103 0.999
50 3.76 X103 0.997
40 1.32X1073 0.995
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Fig. 4. The Time Courses for the Ambient Temperature, the Product Temperature, and the Estimated Temperatures of the Products
The product initial temperature was the mean kinetic temperature of the ambient temperature. (a) Product 1, (b) product 2, (c) product 3. @: Ambient tem-
perature, @: observed temperature of products, @: estimated temperature of products.

—
=
=

Residual ratio of VBI1 (%)
3 58 8 8

=
=}

Fig. 5.

(@) (b) ()
110 110
100l 100
N .
4 90 . 90 s é e
L] o ¢ u]

Q 80 p 80 O
70 70
60 60

20 40 60 8 100 120 0 20 40 60 8 100 120 0 20 40 60 8 100 120
time (d) time (d) time (d)

The Time Courses for the Residual ratio of VB1 under Model Non-isothermal Condition

(a) Product 1, (b) product 2, (c) product 3. A: Observed data, @: predicted data considering heat transfer, [1: predicted data without considering heat trans-

fer.



No. 12

1415

IZPBNTIIBMRE 25 8 U 7R WS O 8 T 50
SHEFE S N7z VBl ORAFRDERME L& —FHL T
5. LinL, AT OBILEREN NS WidE 2 12H
WTIE, MEZEZE LW ROSEEE RN 5
HeE S N7z VBl OBEFRO THEIMEIZEHRE X D /N
S0, BT OBILEENE 5IT/NE WELE 3
T, BB Z2EB L7 E VBl ORERD T
il & EREOTREEN S SITREL B>/ ZhUT,
R T O BILBER N PRI EEBIC A DB 23 T
1%, BMAEHENEROEZ & 5720, MEHRER
BRIEEEICE2IERTET, EHEE 0L EIE
NEREREOEFIEL D /NI <D, ZO/RE, &
REEZETTICEN L 2856 X0 EBEOEE G
HWENNSLSBoEEAZLGNS, LEENS>T, §i
IS THE U7z & 512 BT O BYEEER AT R I8k
(ka 737 0.001-1h~1) 1T A%tk 2 ISR BB IR
HFI 2581203, EERPOREREHET S LT
BLREEEBTOINENDDEEAOND. —H,
RN OBYERCER AR EEE K D /NS <, DDRE
B i IRE O B R & BRBEIRE D DV NS WA,
BenDEEENE W20, BEOREITZFERE |, #
HHRRIRE IR =N 5 DT, &M D2 EME TR
TFHRGRIREE T —E IR TE S N2 H Do s E N &
#eETIUT RV, Lal, BRORERBIRE SR
B RS D2 DRI 1T R E WA, BRI
BRI TRAICEET DT, ZOREE
% Eq. QICKDEHL, ZOfiziic Eq. (3)
M5 (5) & W TR DR EM 2 HEE T IUT X
WEEZS5N5. ZOZEENIEE O RNT OEILH
R, REABROEGEE EREREOEDKE
&, RAEMFEFICRDEZEEZTHDT, 5%, &
BHREREMFEDBETDH 5.

ES & O

RERECHBREOECIOALEEEZEEL
T, FFRBRIFEITORG SN2 /HITE TN HIETER
OVHROREEER L L, O FOSHEN S
EMER D DAL L ENE 2 T 2753k %Z, VBI
ERWET IV THREEL 2. T O/EE, FllE
ETHMEIE L < =L, ATHEIFFRRE FTO
EVER DAL ER L ENEZ TS 255 L THEA
ThsrLEALGND.

1)

2)

3)

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

15)

16)
17)

18)

19)

REFERENCES

Rudland S. V., Jacobs A. G., BMJ, 308, 954—
956 (1994).

Allegra J. R., Brennan J., Lanier V., Lavery
R., MacKenzie B., Acad. Emerg. Med., 6,
1098-1103 (1999).

Hogerzeil H. V., Battersby A., Srdanovic V.,
Stjernstrom N. E., BMJ, 304, 210-212 (1992) .
International Safe Transit Association, ‘‘O-
cean Container Temperature and Humidity
Study.”’: (http://www.ista.org/forms/PST
2006Issue2.pdf), cited 21 February, 2013.
Grant T. A., Caroll R. G., Church W. H.,
Am. J. Emerg. Med., 12, 319-322 (1994) .
Sanwa Paint Industry Company, Ltd.: ¢http://
www.sanwa-paint.co.jp/heatblock data.html),
cited 21 February, 2013.

Kiipper T. E., Schraut B., Rieke B., Hemmer-
ling A. V., Schoffl V., Steffgen J., J. Travel
Med., 13, 35-47 (2006) .

Haynes J. D., J. Pharm. Sci., 60, 927-929
(1971).

United States Pharmacopeia USP34/NF29:
General information/ {1150) ‘‘pharmaceutical
stability,”” United States Pharmacopeial Con-
vention, Rockville, 2011, pp. 693—694.
Kommanaboyina B., Rhodes C. T., Drug Dev.
Ind. Pharm., 25, 1301-1306 (1999).

Bott R. F., Oliveira W. P., Drug Dev. Ind.
Pharm., 33, 393-401 (2007) .

Zahn M., Kallberg P. W., Slappendel G. M.,
Smeenge H. M., J. Pharm. Sci., 95, 946-965
(2006) .

Carstensen J. T., Rhodes C. T., Drug Dev.
Ind. Pharm., 12, 1219-1225 (1986).

Okusa N., Chem. Pharm. Bull., 23, 794-802
(1975).

Okusa N., Chem. Pharm. Bull., 23, 803—-809
(1975) .

Scher M., J. Pharm. Sci., 69, 325-327 (1980) .
Terao M., Aoki K., Ueki Y., Chem. Pharm.
Bull., 30, 2971-2979 (1982).

Nakamura T., Yamaji T., Takayama K., J.
Pharm. Sci., 102, 1495-1503 (2013).
Laindler K. J., Pure Appl. Chem., 68, 149—
192 (1996).



