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Quality Evaluation of Drug Substances by Thermal Analysis
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In the Supplement II to the Japanese Pharmacopoeia 13th (1999), "Thermal Analysis” has
been newly adopted as a General tests and Methods. Thus in this text, summary of the method
was explained, and then it was considered how the method can be applied to the quality evaluation

of materials such as starting materials, intermediates and active pharmaceutical ingredients.

The quality of drug substance can be specified by various physico-chemical tests and
methods. Among many test items, the method can be applied to test items such as "Description”,
"Loss on Drying" or "Water Content” and "Purity Test for Related Substances”. In the respective
test item it was explained what is the meaning of each test item for the quality evaluation of
drug substance and what types of application can be envisaged with, based on appropriate

experimental examples.

Furthermore it was also considered how the thermal analysis method is treated in the US
Pharmacopeia (USP) and/or European Pharmacopoeia (EP).
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Fig.1 Typical TG curves for the calcium oxalate

monohydrate JP reference standard.®

Table 1 Water content of calcium oxalate monohydrate
reference standard.*6

Thermogravimetry (TG) Water content by KF method

Labo. A 13.01 £0.12 %** 12.68 £0.42 %
Labo. B 12.51 £0.04 13.15+0.37
Labo. C 12.49 £0.03 —

Labo. D E— 12.46 £0.39
Labo. E 12.56 £0.04 b

Labo. F 12.61 +0.03 —
Labo. G 12.36 £0.01 —

Labo. H 12.30 £0.02 —

Labo. 1 12.56 +0.02 12.33+0.36
Aver. +SD 1249+0.12 % 12.66 £0.36 %

* Theoretical water content: 12.3 %.

** This value was omitted due to large deviation of the average
value and relatively large standard deviation, compared
with other analytical values.
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Table 2 Quality specification of drug substances and
drug products.®

No. Item No. Item

1 Name 10 Purity test

2 Structural formula or 11 Loss on drying or
Empirical formula Water content

3 Molecular formula and 12 Loss on ignition
Molecular weight 13 Residue on ignition,

4 Origin Total ash, and/or

5 Content Acid insoluble ash

6 Method of preparation 14 Special tests

7 Description 15 Tests for preparations

8 Identification test 16  Assay

9 Specific physico-

chemical values
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Fig.2 DSC curves for methosorbinil having different

crystal forms of o and B.9 Crystalline forms (&
or f) of methosorbinil and heating and/or cooling
rate for the respective measurement, {I}~{IV],
are as indicated.
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Fig.3 Infrared absorption spectra for a and § form

crystals of methosorbinil® [I]: B form, [II]: a
form, [III}: B form, preheated from 323 to 373
K, [IV]: equimolar mixture of a and B form.
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Table 3 Mass losses estimated by TG and LOD methods, and water contens determined by KF aquametry.

Mass Loss (%) by

Water Content

No.» Drugs TG AvemgeLiOSI')D' =3 by KF (%)
1 Betamethasone Sodium Phosphate 13.10 +0.24 nd 13.37 £0.06
2 Cyanocobalamin 8.63 +0.09 nd 8.79 +0.09
2' 11.71 £0.05 nd 11.69 £0.15
2" nd 13.17 £0.10 13.96 £0.18
3 Deslanoside 3.75+0.12 nd 4.42+0.12
3 7.84 £0.05 6.69 +0.34 7.44 £0.15
4 Dexamethason m-Suifobenzoate 3.17 £0.07 nd 3.14+0.12
N Disodium Edetate 9.83+£0.04 nd dif
5 9.81 £0.06 10.10 £0.05 dif
6 Folic Acid 7.57 +0.03 nd 7.65+0.10
7 Glycyrrhizinic Acid 7.06 £0.12 nd 6.33+0.12
8 G-Strophanthin 4.35 £0.07 nd 4.55+£0.30
9 Hydrocortisone Sodium Phosphate 7.44 £0.02 nd 7.28£0.04

10 Lanatoside C 7.25+0.12 nd 7.02+0.02

11 Lysozyme 5.72+0.13 4.37 £0.06 dif

12 Methotrexate 6.61 £0.27 nd 5.83 £0.06

13 Sodium Tartrate 15.40 £0.10» nd 14.15%

14 Thiamine Hydrochloride 2.99+0.07 nd 3.27+0.03

15 Vinblastine Sulfate 12.28 £0.38 nd 4.70+£0.15

a) One or two primes, on the numerals in the cell shows the individual measurements. b) Average from eight runs (n =8). ¢} Average

form two runs (n =2). nd, Not done and dif, difficult to measure.
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sulfate".!"" TG curve is separated by two steps and
DTG curve indicates two peaks, the 1st at about
50 C and the 2nd at about 120 C, respectively.
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Table 4 Test results of "Loss on drying" for vinbrastine

sulfate 12
Lot No. Exp. No. LOD by IP13 (%)* LOD by TG (%) Primary standard (NES)
1 12.15
A 2 12.48 11.6 Benzoic Acid
3 12.19 98.6%
Aver.+SD 12.27+0.18 AN
1 12.72
B 2 12.81 12.0
3 12.55 k
Aver.£SD 12,69 +0.13 T
1 12.41
c 2 12.65 121 Fig.6 Superimposed thermograms illustrating the effect
3 12.34 of impurities on DSC melting shape.?
Aver.+SD 12.47+0.16

* Conditions: 50 mg, 105 C, 2hr under reduced pressure.
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DSC curves of phenacetin and three model drugs,
doped with related substances!® (a): Phenacetin
(thermal analysis purity set by NIST), (b):
Acetaminophen, (c): Nicotinamide, (d): Ethenzamide.
Concerning three kinds of model drugs, the JPRSs
are used as pure substances, respectively.
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Fig.8 Relationship between the purity obtained and the
purity expected for phenacetin and three model
drugs, doped with related substances.!® See

explanations in Fig.7.
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