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ABSTRACT 

Directly compressed thiamine hydrochloride 

tablets formulated with single or binary blend of 
vehicles were used in this investigation. The 
change in the physical characteristics of vitamin 
tablets stored under different relative humidity 
conditions was statistically assessed and scored 
by relative ranking. Although Emcompress is 
known to accelerate drug decomposition ( 1 , 2 )  the 
results obtained with tablets f o r m u l a t m t h  this 
vehicle alone or in combination with other vehicles 
failed to show that the use of this vehicle may 
give rise to any discernible changes in the phy- 

sical characteristics of the tablets. Although 
formulations containing Celutab as the vehicle 
are chemically stable (2) the tablets 
compressed w i t h  this vehicle showed a high 

1765 

Copyright @ 1988 by Marcel Dekker, Inc. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1766 UDEALA AND ALY 

degree of change in physical chzracteristics. 
The results obtained in this study indicate tt..at 
Avicel alone or a blend of Avicel with either 
Celutab or Anhydrous lactose are suitable vehicles 

for the manufacture of thiamine hydrochloride 
taklets of high stability characteristics. 

INTRODUCTION 

The basis and fundamental aspects of chemical 

stability of solid dosage forms is now well esta- 

blished ( 3 - 6 ) .  Garrett ( 3 )  introduced accelerated 

stability testing as a reliable mathod for predi- 

cting shelf life of pharmaceutical preparations. 

Carstensen (4) reviewed different theories and 

models that explain the mechanism of drug decom- 

position. Preformulation screening programms 

designed to detect drug decomposition or/and drug 

excipient interaction have also been reviewed in 

a number of publications (5-8). Highly sophisti- 

cated analytical tools have facilitated the study 

of chemical changes in drugs contained in dosage 

forms. So far, no simple relationship has been 

designed for extrapolating the effect of ageing 

under stress conditions to the ctiange in physical 

characteristics of the stored form. Available 

published results only record the changes which 
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occur in the dosage forms as a result of ageing. 

Sangekar et a1 (9) made use of such changes in 

their application of relative ranking method as 

a statistical tool in assessing different direct 

compression formulation. Horbota et a1 ( 1 0 )  

pointed out that there is no simple relationship 

between the change in dissolution efficiency DE, 

of a given formulation and the storage conditions. 

Chowhan ( 1 1 )  also observed and reported similar 

results. 

The aim of this work was to use accelerated 

stability testing for evaluating different batches 

of direct compression tablet formulations containing 

thiamine hydrochloride. Due to the inherent insta- 

bility of the drug (12)  change in dissolution effi- 

ciency DE, was not used as one of the criteria. 

EXPERIMENTAL 

Materials: The direct compression vehicles used 

in this investigation were Avicel PH ( 1 0 1 )  Anhy- 1 

drous lactose USP', Celutab3 and Emcompress 3 

4 Magnesium stearate was incorporated in the for- 

mulation as lubricant. 
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METHODS 

Formulation and Compression of Tablets: 

Batches of powder mix containing 1 part of 

thiamine hydrochloride and 4-10 parts of a given 

single or binary blend of direct compression 

vehicle were blended in a laboratory drum mixer I 

for 15 mins. 

machine" fitted with flat punches of 3 / 8  inch 

An F3 single punch tahletting 

diameter was used for compressing the tablets. 

Each blend was compressed into 0.25g vitamin ta- 

blets and the tablets were evaluated according to 

methods which have been reported previously (13, 

14). The physical properties of the vehicles 

used and the tablets formulated with single or 

binary vehicles are given in Tables 1 and 2 

respectively. 

Moisture adsorption by Tablets: 

The technique used by Wai et a1 (15)  and 

Sangekar et a1 ( 9 )  respectively was adapted for 

the study of both the moisture adsorption iso- 

therm and moisture adsorption time profiles of 
the tablets. 

A given batch o f  tablets was divided into four 

samples out of which one was used as a control 
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under ambient temperature and humidity condition. 

The other three samples were stored under l O @ ? R H  

at 28OC, 80% RH at 35OC and 4VFW at 50°C 

respectively. 

Evaluation of Stored Tablets: 

The stored tablet samples were periodically 

assessed for changes in physical characteristics 

resulting from water uptake. The physical chara- 

cteristics investigated included hardness, disin- 

tegration time, tablet diameter, thickness and 
L 

volume. The effect of moisture adsorption and 

the storage temperature on the absolute drug 

content of a given formulation was also assessed, 

The method used for the analysis of the d m g ,  

thiamine hydrochloride has been fully reported 

else where (2). 

RESULTS AND DISCUSSION 

It has been recognised that there are legal, 

m o r a l  economic and competitive reasons as well as 

those of safety and efficiency to monitor, pre- 

dict and evaluate drug product stability ( 5 ) .  
The use of direct compression technique in 
manufacturing tablets is 
expected to produce stable drug products of therm- 
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1772 UDEALA AND ALY 

Fig .  l(a,b) Moisture Adsorption Isotherm of Thiamine Hydrochloride 
Tablets Compressed with 90.46% w/w d Celutab AHL, 
0 Avicel and I Emcompress 

olabile and moisture sensitive drugs (13). The 

stability of drugs contained in direct compression 

compacts is dependent on the moisture content of 

the vehicles used in the formulation. Moisture 

adsorption capacity of the vehicle is an important 

factor which plays a vital role in stability char- 

acteristics of the compacts. The moisture adsor- 

ption isotherms obtained for drug/vehicle tablet 

system are shown in Fig. 1 (a,b). These figures 

show that the type of vehicle used in the formula- 
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F 

5 1 0  5 1 0  15 

ig. 2(a,b) Moisture Adsorption-Time Profile of Thiamine Hydrochlorida 
Tablets Compresaed with 90.46% w/w of (a) A Celutrb,. AHL, 
0 Avicel and x Emcompress and (b) 1 : l  Binary Blends of 
A Celutab/Avicel, Celutab/AHL, 0 Celutab/Emcompress 
4 Avicel/AHL and x Avicel/Emcompresm. 

tion affected the degree of moisture adsorption. 

The van der Waal type moisture adsorption isotherm 

exhibited by each formulation was influenced by 

the vapour pressure. Fig. 2 s h o w s  moisture adsor- 

ption time profiles for the thiamine hydrochloride 

tablet batches investigated. The degree of moisture 

adsorption was influenced by the type and concena- 

tion of the complementary vehicles incorporated in 

each formulation. Both Fig. 2 and Table 3 show that 
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of all the formulations investigated, tablet batches 

formulated with Emcompress showed the least adsorp- 

tive capacity while those formulated with Celutab 

alone or a blend of Celutab with another vehicle 

showed the highest adsorptive capacity. The same 

tablet also shows that tablets compressed with 

Emcompress/Anhydrous lactose combination showed 

the least tendency for moisture adsorption. 

Moisture adsorption by tablets would generally 

affect their physical standards and absolute drug 

content for moisture sensitive drugs. Fig. 3 shows 

that the adsorption of moisture caused a decrease 

in the hardness of the tablets. The highest reduc- 

tion in hardness were recorded to those tablets 

compressed with either Celutab alone or a blend of 

Celutab and Anhyc?rous lactose USP. After five days 

storage at 50°C and 47% RH, the hardness of tablets 

compressed with 90.46 W/W of Celutab changed from 

11.26 to 0.7 MNm-2; also the tablets became soft 

and sticky. A change in tablet hardness resulting 

from moisture adsorption may be brouEht about by 

t w o  possible mechanisms. Initially the moisture 

adsorbed may actually cause an increase in hardness 

due to the binding effect of water. Then further 
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20 
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cu 
I 1 0  

fi 
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5 1 0  1 5  
Time ( D a y s  

Fig. 3 )  Effect of Storage at 35OC, 8096 RH on Hardness of Thiamine 
Hydrochloride Tablets Compressed with 90.4696 W/W of 

Binary Blends with b Celutab, A AHL, 0 
0 Avicel, 0 AHL, ]c Emcompress, b Celutab and 1 8 1  Avicel 

adsorp t ion  of moisture would b r ing  about the  enlaw 

ment of Farticks i n  the tablet m a t r i x  This w i l l  g e n e r e  

inc rease  the  su r face  a rea  and thereby weaken inter+ 

p a r t i c u l a r  bonds. It i s  also, poss ib le  t h a t  a de- 

c rease  i n  hardness was brought about by the  solvent 

e f f e c t  o f  t h e  adsorbed mois ture .  The change i n  

volume o f  t he  t a b l e t s  under t h e  s p e c i f i e d  s to rage  

condi t ions.  The i n spec t ion  of t he  d a t a  presented 
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Fig. 4: Increase i n  Tablet Volume (%) as a Function of Vehicle 
Solubility for  Different Thiamine Hydrochloride Tablet 
Formulations. 

i n  Table 3 shows t h a t  a maximum inc rease  i n  t a b l e t  

thickness  was recorded for the  t a b l e t s  formulated 

w i t h  Avicel. On the  o t h e r  hand, t a b l e t s  farrmlated 

w i t h  Anhydrous l a c t o s e  USP showed the  h ighes t  in -  

c r ease  i n  diameter. A p l o t  of t he  inc rease  i n  

t a b l e t  volume a g a i n s t  t h e  s o l u b i l i t y  o f  veh ic l e  

used i n  formulat ion is shown i n  Fig.  4, This 

agrees  with the  r e s u l t s  obtained by Sangekar e t  a 1  

(g) who pointed out t h a t  i nc rease  i n  t a b l e t  volume 
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Fig. 5 
First order Mechanism of Thiamine Decomposition in Tablets 
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is function of vehicle solubility. Table 4 shows 

that formulations prepared ?ith Emcompress, a blend 

of Emcompress with Avicel or Anhydrous lactose 

scored the highest relative ranking for overall 

performance. However, these vehicles cannot be 

recommended for the formulation of vitamin B1 

tablets, due to the hydrolytic effect of Emcanpress 

on the drug (1 .2 ) .  Fig. 5 shows that  Emcompress 

accelerated the decoaposition of the drug by inducing 

alkaline oxidation of thiamine hydrochloride to 

thiochrome. This oxidation product wab reeponeiblo 
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for the faint  yellowish oolour acquired by tablets 

storcd at varying relative humidity corrditiond. The 

reaction leading to the production o f  thiochrorne I 6  

Scheme 1 Alkaline oxidation of Thiamine 
Hydrochloride into Thiochrome, 

A t h i n  layer bbromatograyhic teohnique fully reported 

i n  previous publication (16) w a s  ueed in the identi- 

fication of the degradation product. Table 5 show6 

that the decomposition rate constant of the vitamin 

contained in the tablet increased with increasing 

concentration of Emcompress. This i s  reflected in 

the value8 of "3, TIC,$ and Tg* given i n  the same 

table. 

CONCLUSION 

The formulation factors affecting the stability 

of drugs in solid dosage forms are complicated and 

are not easily elucidated. Although adsorbed 

moisture is a major contributor to the instability 

of druqs, the results s h o w  that other formulation 
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factors such as the physico-chemical nature of 

excipients are important. 

Formulations prepared with Emcompress when 

stored under varying conditions of relative humi- 

dity showed very little change in physical charac- 

teristics. This vehicle however has a hydrolytic 

effect on thiamine hydrochloride and therefore is 

not recommended for formulation. The study 

declared that, there is no simple way of relating 

physical changes or lack of it to possible chemical 

degradation of tablet formulation under varying 

storage conditions. 
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FOOTNOTES 

1 .  FMC Corporation, Avicel department, 
Pennsylvania, USA. 

2. Shiffield Union, N.L. 07083 USA. 
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