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ABSTRACT 

The degradation k ine t ics  of thiamine hydrochloride i n  
t ab le t s  d i r e c t l y  compressed with either s ingle  or binary 

vehicles was studied, The presu l t  shows that ,  tablet ted 

vitamin s tored a t  varying temperature conditions degraded 

by first order mechanism, The magnitude of the rate cons- 

tant K, w a s  dependent on the type and concentration of the 

vehicle used, The decomposition of vitamin B a t  varying 

temperatures w a s  amenable to Arrhenius treatment, The 

degradation pat tern of the vitamin in Avicel o r  binary blend 

of Avicel with another vehicle, stored a t  varying relat ive 

humidity conditions deviated f r o m  a first order mechanism. 

There w a s  indication tha t  equilibrium phenomenon is  involved 

i n  the degradation of the vitamin contained in these 

vehicles, A log-linear re la t ionship was seen to exist 

between K, and moisture content of the tab le t ,  
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1736 UDEALA AND ALY 

INTRODUCTION 

The development of direct compression excipients for 
tablet t ing during the last  25 years enables the formulator 

to conveniently produce stable tablet formulations of 
thennolabile and moisture sensi t ive drugs,  

feature  is t h a t  the active ingredients are not subjected to 
the application of binder solution or/and heat fo r  the 

purpose of drying. Drug decomposition or/and migration (1) 

may occur during d r y h g  . Richman e t  a1 ( 2  1 and Goodhart e t  

a1 ( 3 )  prepared stable glyceryl t r i n i t r a t e  tablets by d i r ec t  

compression using Avicel PH 101 and Avicel PH 102 respec- 
tively. 

The important 

The s t a b i l i t y  of vitamins has been the subject of exten- 

s ive investigations. Campbell and McLeod (4) studied the 

effect of shelf storage on the potency of some vitamins. 
The use of expiration date based on actual s t a b i l i t y  of 

multivitamin preparations w a s  suggested by these lnvesuga- 
tors  as an adequate control on the potency of the prepara- 
tions. In i t i a l ly ,  the assessment of the s t a b i l i t y  of 

vitamin in phannaceutical dosage fonns was ent i re ly  depen- 
dent on the prolonged study of the labelled content a t  room 
temperature, This is time consuming, cost ly  and not 
adaptable b modern method of predicting s tab i l i ty .  

accelerated storage t e s t s  w e r e  introduced (5). Prindel (6) 
used the accelerated storage t e s t  and found tha t  the loss of 

vitamin A was  mainly related to the complexity of the formula. 
The thennodegradation character is t ics  of l iquid vitamin 
preparations was investigated by Garett ( 5 )  who established 

the fundamental basis of s t a b i l i t y  studies. 
t o r  was ,  on the basis of lug-linear relationship between 
reaction rate constant K, and reciprocal of temperature, 

able to predict  the decomposition rate constant of vitamins 

Thus 

This investiga- D
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DEGRADATION KINETICS OF THIAMINE HYDROCHLORIDE. I. 1737 

stored a t  l o w  temperatures. A simplified graphical method 
for predicting the deccnnposition rate constant of vitamins 

w a s  introduced by Campbell e t  a1 ( 7 ) .  A similar technique 

was used by Tardif (8) in  the study of the decomposition of 
vitamin tablets. The latter showed that accelerated stabi- 

l i t y  tests are re l iab le  f o r  the purpose of predicting the 

decomposition r a t e  constant of vitamins A, B1 and C contained 

i n  different  tablet matrices and stored a t  room temperature. 

T a r d i f  ( 8 )  however, pointed out tha t  the magnitude of the 

decomposition r a t e  constant of a vitamin is greatly affected 

by the composition of the vehicle used i n  compressing the 

tablets. 

Synthetic thiamine hydrochloride (B 1 has been reported 1 
to be an unstable drug ( 9 ) .  Stone (10) had earlier shown 

tha t  thiamine n i t r a t e  has a better s t a b i l i t y  than the 

hydrochloride salt. Kassem e t  a1 (11) reported that  

thiamine disulphide is the most stable s a l t  of thiamine. 

Lhoest e t  a l  (12) using paper chromatography not only 

studied the effect of pH on the degradation of thiamine but 
also detected the degradation products. A comprehensive 

study of the kinetics of thiamine hydrolysis was carried 

out by Windheuser and Higuchi (13). These investigators 

pointed out the dependence of thiamine hydrolysis on the pH 

of the liquid vehicle. It is however, generally agreed tha t  

thiamine hydrochloride contained in sol id  dosage forms 

degrades by a first order mechanism, A n  investigation 

carried out with thiamine hydrochloride tablets direct ly  

compressed w i t h  Emcompress showed tha t  this vehicle is 
unsuitable f o r  manufacturing the tablets (141, Carstensen 
e t  a1 (15) demonstrated tha t  thiamine hydrochloride i n  

tablets compressed w i t h  A v i c e l  and stored a t  varying 
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1738 UDEALA AND ALY 

humidity conditions degraded by a pattern whereby an 
equilibrium is established. 

The objective of the present investigation was to study 
the degradation kinetics of thiamine hydrochloride i n  tablets 

compressed w i t h  d i f ferent  single and binary blend of vehicles 
The effect of the proportion of tablett ing base i n  the vita- 

min tablets on decomposition r a t e  constant of thiamine 
hydrochloride was also examined. 

EXPERIMENTAL 

Materials : 
1 

Four direct compression vehicles namely Avicel , 
2 3 3 Anhydrous lactose , Celutab and Emcompress w e r e  used in 

compressbg thiamine hydrochloride4 in to  tablets. 

Magnesium stearate5 w a s  incorporated i n  the formulations as  

a lubricant. Potassium dihydrogen phosphate , chloroform 

bromothymol blue6 and sodium hydroxide6 used f o r  analysis 
were of analytical  grade. 
Methods 

6 6 

Evaluation of powdered drug and vehicles 
The various m e t h o d s  f o r  evaluating the physical 

characterist ics of the powdered drug and vehicles have 
been fu l ly  reported i n  previous publication (16). Similar 
techniques w e r e  adopted fo r  determining the mean par t ic le  
size, true density, bulk density, packing fraction, 
moisture content and angle of repose. 

Formulation and Compression of Tablets 

The work w a s  designed to elucidate the effect of 
varying concentrations of a given vehicle/blend on some 
physical properties of the vitamin tablets. 

Manesty s i n g f e  punch tablet machine' f i t t e d  w i t h  a 3/8 inch 

A 0,250 g weight vitamin tablets w e r e  compressed on a 
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DEGRADATION KINETICS OF THIAMINE HYDROCHLORIDE. I. 1739 

f l a t  faced punches. An optimum concentration of a given 
vehicle/blend was used in  compressing tablets of highest 

possible hardness and acceptable f r i ab i l i t y .  

of the tab le t  machine was kept amstant  f o r  a given vehicle 

o r  blend of vehicles and was adjusted when a new o r  a 

different vehicle/blend was introduced. 

Evaluation of Tablets 

The set t ing 

The physical standard of the vitamin tablets compressed 

w i t h  e i t he r  single o r  binary vehicles w e r e  evaluated using 

methods similar to those described by Sakr et  a1 (171, 

effect of the storage temperature and the amount of 

moisture absorbed on the decomposition r a t e  constant of 

vitamin B i n  a given formulation was determined. The 

effect of these conditions on the physical properties of 

the tablets was also evaluated. 

Assay of Thiamine Hydrochloride 

The 

1 

A sensi t ive colorimetric method used by Oupta and 

Cadwallder (18) w a s  adapted f o r  the analysis of thiamine 

hydrochloride. 
vitamin and bromothymol blue to form a red complex, The 
absorbance of the thiamine-bmmothymol s a l t  w a s  measured 

i n  chloroform a t  420 nm, using an SP6-450 spectrophotometer. 

A calibration curve was constructed with the absorbances of 
varying concentrations of vitamin B contained in ~olu t ion .  1 
Subsequently, the concentration of the vitamin present in 

any sample was calculated by feference to the calibration 

C u r v e .  

Thenno degradation Study 

The method is based on the reaction of the 

Each of the tablet batches w a s  divided into four 

samples A,B,C and Do 

defined temperature which w e r e  28 2 2O, (ambient tempera- 

A chosen sample w a s  stored under a 
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1740 UDEALA AND ALY 

ture), 40, 60 or 70°C. The degradation of vitamin B1 in 
the direct ly  compressed tablets w a s  monitored by analysing 
the tablets f o r  thiamine hydrochloride content after a 
fixed time intervals, In  order to elucidate the relation- 
ship between the degradation rate constant of the vitamin 
and the amount of vehicle cantained in the tablet fomula- 
tion, thiamine hydrochloride tablets w e r e  compressed with 

varying concentrations of a given vehicle and stored a t  
7O0Ce 

w a s  determined prbdiCd.lym 
Humidity and Degradation of Vitamin B1 

of drugs, it w a s  necessary to determine the moisture uptake- 
t i m e  profiles and hence the adsorption isotherms for the 

drug - vehicle tablet systems. For th is  purpose, the 

technique used by W a i  et a1 (19) and S a n g e k a r  et a1 ( 2 0 )  was 

adopted, 
tablets compressed w i t h  single or binary blend of vehicles 

w e r e  divided into three samples, A, B, and C. These were 

respectively stored a t  defined temperature and humidity 
conditions which were ambient temperature and 100 X RH; 
3SoC, 80% RH and SOOC, 47% RH. 
content of the batches w a s  determined periodically. 
the effect of ageing under different  re la t ive humidity condi- 

tions on the physical properties of the tablets was also eva- 
luated. 

The thiamine hydrochloride content of the tablets 

Since moisture plays a v i t a l  role  i n  the ins tab i l i ty  

The tablet batches of thiamine hydrochloride 

The thiamine hydrochloride 
Thus, 

RESULTS AND DISCUSSION 

Direct compression is the technique of choice for mmufac- 
In the present investigation turing tablets of unstable drugs. 

therefore the direct compression technique was used for the 

manufacture of thiamine hydrochloride tablets, The physical 

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.



DEGRADATION KINETICS OF THIAMINE HYDROCHLORIDE. I. 1741 

Table 1: Some Physical Characteristics of 
Powdered Thiamine Hydrochloride and 
D i r e c t  Compression Excipients used 
to  Manufacture the Tablets. 

P a r t  Density Packing Repose Hoist 
Material Size g/cc fraction Angle Cont. 

01 range Pf  ,a 

(u)  Trueoa Bulk W/W 

Thiamine 
HC1 180.48 1,546 0.67 004366 6400 4076 

Celutab 342.58 L 7 2 0  0.683 0.397 31.58 9.75 

EkOmpmSs 280.75 2.215 0.903 0.4076 35-36 403 

a. Mean of 5 detenainations 

standards of the powdered drug and vehicles which may affect 
the physical standards of the tablets were investigated. 

results are presented in Table 1. 

f o r  either the powdered drug or vehicles used indicate that 

the drug alone has very poor flaw properties. A preliminary 

investigation also showed that the drug i s  not compressible. 

A cambination of the drug and vehicles i n  ra t ios  stated in the 

formula yielded a compressible powder mix. 

obtained showed uniformity of weight and thickness, high 

level of hardness, lower level of f r i a b i l i t y  and good disin- 

tegration. 

The 

The repose angles obtained 

The tablets 

The physical characterist ics of the vitamin tablets  
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1742 UDEALA AND ALY 

compressed w i t h  90.46% w/w of either single o r  binary blend 
of vehicles are presented in Table 2. 

It is w e l l  knawn tha t  the decomposition rate of drugs is  

affected by the storage temperature, 
cularly important for themolabile drugs such as Mamine 
hydrochloride. 
compressed into tablets w i t h  d i f ferent  vehicles degraded by 
a first order mechanism. 
resul ts  obtained by W a i  e t  a1 (19) and T a r d i f  ( 8 )  who found 

that thiamine hydrochloride contained i n  different  tablet 

matrices decomposed by a first order mechanism. 
degradation rate constant of the vitamin was obtained a t  a 

storage temperature of 7OoC. 
tha t  the magnitude of the r a t e  constant obtained w a s  

influenced by the nature of the direct compression vehicle 
used. W a i  et  a1 (19) and Tard i f  (8) investigated the 

effect of binary blend of different tablet matrices on the 

value of the degradation r a t e  constant. 

tha t  the value of the decomposition rate constant of thiamine 

hydrochloride i n  a given tablet matrix i s  mainly dependent 
on the moisture bound to the vehicle, It; f O l l a * d s  therefore 

L k t  a vel?i.cle with a high percentqe of SOUTL: l170iSI'iJrC c i l :  

generate a high degradation r a t e  constant f o r  thiamine 
hydrochloride. Figs. 1 (a-b) show that the degradation r a t e  
constant of thiamine hydrochloride is  l o w  in tablets compre- 
ssed with Avicel and Anhydrous lactose UEPP respectively. 
This amfirms that the amount of water bound to these 

vehicles is low (Table  I). Richman et  a1 ( 2 )  and Goodhart 

e t  al ( 3 )  respectively investigated the s t a b i l i t y  of 

glyceryl t r i n i t r a t e  in tablets direct ly  compressed with 

Avicel PH 101, Avicel PH 102 and Anhydrous lactose respec- 
tively. 

This factor  is par t i -  

Figs. 1 (a-b) show tha t  thiamine hydrochloride 

This is in agreement w i t h  the 

The highest 

There w a s  a lso the indication 

These workers found 

Although the l o w  w a t e r  content of these vehicles 
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1744 UDEALA AND ALY 

:b 1 

A t  ambient Temp. 

Time (days 1 

Fig. 1: Decomposition Pattern of Thiamine Hydrochloride 
$I T a b l e t s  compressed with 90.46% w/w 

AHL, A Celutab and X em compress^ 
0 Avicel, 

could have been responsible for the s t a b i l i t y  of the drug, 

these investigators attr ibuted the s t a b i l i t y  achieved w i t h  

these vehicles to hydrogen bonding between vehicle and drug, 
The re su l t  obtained i n  the present investigation show that  

thiamine hydrochloride is  unstable in tablet  compressed w i t h  

either Celutab or EmcompKess, 
high moisture content and this can obviously account f o r  the 

high degradation rate constarht of the vitamin. 
vehicle, Emcompress in contrast does not have a high 
moisture content. However, i ts  a l k a n i t y  would have been 

responsible for the higher degradation rate constant obtained 
f o r  thiamine hydrochloride tablets compressed w i t h  it, 

The former vehicle has a 

The latter 

The 

100 
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DEGRADATION KINETICS OF THIAMINE HYDROCHLORIDE. I. 1745 

f ac t  tha t  thiamine hydrochloride is unstable i n  the pH 

range of 6 - 7 (13) and tha t  Emcompress i n  the presence of 

moisture can a t t a in  t h i s  pH would give rise to the insta- 
b i l i t y  of the vitamin i n  t h i s  vehicle, There would there- 

fore be a rapid degradation of thiamine hydrochloride in 
tablets  compressed with Ekncompress. The s t a b i l i t y  parameters 

of shelf stored thiamine hydrochloride compressed w i t h  diffe- 

rent direct compression bases are presented in T a b l e  3. 

There is an exponential relationship between the degrada- 

tion r a t e  constant of thiamine hydrochloride and the storage 
temperature. This can be expressed as 

K = A exp (- E/RT) Eq. 1 

where K is the degradation rate constant; E, the activa- 
t ion energy; A, the frequency factor; R, fie gas constant 
and T the absolute temperature. Table 4 shows the values 
of b E and A calculated from the curve shown i n  Fig. 2, 

It can be seen tha t  the highest value of 
f o r  the vitamin formulated wia Avicel. 

t h e b  E obtained f o r  the drug i n  Anhydrous lactose vehicle, 
The Vitamin tablets formulated w i t h  Celutab and Emcompress 
respectively yielded 1cwA E thus indicating the ease w i t h  

which the drug degraded in these tablet matrices. 
effect of varying concentration of a given tablet vehicle on 
the degradation r a t e  constant of thiamine hydrochloride when 
the tablets w e r e  stored a t  7OoC is  shown i n  Figs, 3(a-c). 

It can be seen that  the reaction rate constant K, is depen- 
dent on the concentration C, of the vehicle i n  the formula- 
tion. 
C. Carstensen (21) had pointed out tha t  a l inear  rela- 
tionship exists between log K of tabletted drugs and the 

moisture content of the tablet. Since the vehicles used 

E was obtained 

This is  followed by 

The 

A l inear  relationship exis ts  between log K and log 
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T a b l e  4: Experimental Values of Freq. Factor A, 
and Activation Energy E, for 
Thiamine Hydrochloride T a b l e t s  Compre- 
ssed with 90.46% w/w of a Named Vehicle. 

Vehicle E 
A XIO-~ K. Cal Mol-' 

-1 degree 

Avicel 3 0 981 

AHL 60310 

celutab 63.095 

Emcompress 16.405 

~-~ ~ 

16.336 

12.286 

08.008 

11.44 

Fig, 2: Arrhenius Pot for Decomposition of 
Thiamine HC1 in Tablets Compressed w i t h  
90.46% w/w single Vehicles, 

Key as in Fig, 1. 
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1749 UDEALA AND ALY 

Time Days 

Fig. 3: E f f e c t  of varying concentrations of Different, Vehicles on 
Decomposition of Thiamine HC1 i n  T a b l e t s  compressed w i t h  
0 79.6, A 85.29, A 88,29 andO90.46% w/w of Named V e h i c l e s ,  

in the formulation of tablets may contain a certain amount 

of moisture i n  the form of "free" or ffboundff water, it may 

be reasoned therefore that the l inear i ty  established 
between log C and log K, 

of the relationship between moisture content and the degra- 

dation r a t e  constant, KO 

In Fig. 4 is rea l ly  a reflection 

Figs 5(a,b) show that thiamine hydrochloride tablets 
compressed w i t h  a blend of either Avicel o r  Anhydrous 

lactose, USP with e i ther  Celutab or Emcompress w e r e  more  

stable than those compressed w i t h  e i the r  Celutab or  Emcam- 

press alone. 

yield a binary blend of how moisture cantent and thus pro- 

vides a millieu i n  w h i c h  thiamine hydrochloride remains 

A combination of Avicel and Celutab would 
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1.0 

2.0 

?L 

8’ 3-0 
k-l 

4-0 

0.09 0.07 0.05 0.03 

Fig. 4: log K vs log C% for Decomposition of Thiamine HC1 
i n  Tablets compressed varying concentrations of 

A Celutab, 0 AHL and 0 Avicel, 

stable. The replacement of Emcompres w i t h  Avicel or/and 

Anhydrous lactose would also consti tute a vehicle within 

which the vitamin would be stable, !BIUS, Avicel and Anhy- 

drous lactose have some stabi l is ing effect arising f r o m  

their low moisture content. On the other hand, the reduc- 

tion or elimination of Emcompress i n  the blend would of 

course decrease the alkal ini ty  of the system which is the 

major cause of in s t ab i l i t y  of thiamine hydrochloride, 

compress should therefore not be used o r  i f  used, the amount 

should be limited in  the foxmulation of thiamine hydrochb- 
a e  -.ts, Table  5 aontahssune stabilityparaneters for 
thiamine hydrochloride tablets compressed w i t h  binary blend 

Em- 
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1750 UDEALA AND ALY 

r 

I I 

5 10 15 5 10 15 

Fig. 5: Decomposition Pattern of Thiamine HC1 i n  Tablets compressed 
with 90.46% w/w of vehicles and stored a t  70°C. 
Key 0 3:1, 0 1:l and b 1:3 

0 of vehicles and subjected t o  a temperature of 70 C. 

incorporation of A v i c e l  or Anhydrous lactose i n  the blends 

generally reduced the value of KO 

"he 

The physical appearance of tablets stored a t  different 

temperatures is in agreement with the resul ts  discussed so 
far. The colour of tablets compressed with Avicel o r  

Anhydrous lactose, USP remained unchanged. 

hand, tablets formulated w i t h  either Emcompress or  Celutab 

changed from white to yellow or  w h i t e  to brown, 
of colour change varied w i t h  the storage condition. 

colour change on tablets compressed w i t h  Emcompress was 

On the other 

The degree 

The 
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DEGRADATION K I N E T I C S  OF THIAMINE HYDROCHLORIDE. I .  1751 

Table 5: Some Stabil i ty  Parameters for Thiamine 
Hydrochlordde Tablets Compressed with 
90.46% w/w Binary Blend of Vehicles and 
stored a t  7OoC for Varying Length of Time, 

A v i c e l  Blends 
1:l 22-83 -21-70 302.23 

AHL 1:3 14.57 -50-03 473057 
3:l 23-86 -18.12 289.18 

1:l 62-69 -61-02 110.06 
Celutab 1:3 93-90 41.61 73-48 

3:l 41.39 -74.0 166.71 

1:l 61.144 - 9-90 112e30 
E ~ c o ~ ~ ~ s s  9 1:3 104-41 +53.70 66-08 

3:l 28-03 -58.73 246-16 

AHL Blends 
1:l 75.84 52.84 90-98 

Celutab 1:3 137.55 14.466 50-16 
3:l 110.30 31-40 62-55 

1:l 36-36 -53-52 189-77 
Emcompress 1:3 45-80 O32q57 150-66 

3:l 32.31 -52.44. 213.56 

"(8&Ks Stand for reaction rate constant of 
thiamine HC1 in tablets compressed with 
binary blends of vehicles and 
single vehicles respectively, D
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1752 UDEALA AND ALY 

Scheme I Alkaline oxidation of thiamine 
hydrochloride into Mochrome. 

probably due to alkaline oxidation of thiamine hydrochlo- 

ride to Wiochrome (22). This  i s  illustrated i n  Scheme 1. 
This oxidation product thiochrom, was diluted and 

isolated by a w e l l  established W layer and paper chroma- 

tographic techniques (22). Tablets formulated w i t h  Celutab 

developed a brown c o l a v  after a short  storage period a t  

elevated temperature. 
between the primary amine group of the thiamine hydrochlo- 
r ide  and the dextrose i n  Celutab. A similar result was 
reported by Castello and Mattocks (23) who investigated the 

reaction bebeen amphetamine sulphate and lactose. The end 

product of such browning =actions is usually 5-methyl 
hydroxyfuraldehyde, (S-MHl?). 

This w a s  probably due to interaction 

The physicalproperties of the direct ly  compressed 
tablets  stored on the shelf were monitored during a period 
of one year. 
increase in  tablet weight, thickness and diameter resulting 

from moisture uptake during t h i s  period. 

se in hardness and an increase i n  friability w i t h  hardly any 

significant change in the disintegration times of these 
tablets. 
on the vehicle rather than the hardness of the tablets. 

Table  6 shows tha t  there was a general 

mere was a decrea- 

This suggests that their disintegration depended 
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(a) 35OC, 8096 RH 

/ 

Time  (days) 

(b) at 4OoC 

Ip 
0 /I 

Y 

5 10 15 20 40 

Fig. 6: Moisture Uptake-Time Profile (a) and Moisture Adsorption 
Isotherm (b) f o r  Thiamine HCl’Tablet Systems. 
Key A Celutab, 0 AHL, 0 Avicel and X Emcompress, 

The moisture adsorption isotherm and moisture uptake - 
time profi les  of thiamine hydrochloride tablets are shown i n  
Fig. 6. Under vaxying humidity conditions, the decoraposi- 

tion of the vitamin contained i n  tablets formulated with 

either A v i c e l  o r  a blend of Avicel w i t h  another vehicle 
deviated from first order mechanism. The decomposition 

followed an equilibrium degradation phenomenon, 

pattern of degradation by thiamine hydrochloride tabletted 

w i t h  microcrystalline cellulose has been reported by 

Carstensen et a1 (15 1. These authors showed tha t  a linea- 

rity exists  between the amount of intact thiamine (A)  and 

the time t, only if the equilibrium constant (A&) ,  of 
thiamine is taken into account. Thus 

T h i s ( ~ i g  7: 

l o g ( A - b )  = - kt Eq. 2 
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DEGRADATION K I N E T I C S  OF THIAMINE HYDROCHLORIDE. I .  1755 

a t  SOOC - 47% RH 

L Time (Days 1 
4 8 12 16 

Fig, 7: Decomposition Pattern of Thiamine HC1 in 
Tablets Compressed w i t h  90.46% w/w o f 0  Avicel, 
1:l Avicel Blends withA AHL, 0 Celutab 
and b Emcompress, 

where K i s  the decomposition r a t e  constant, This expression 

was applied t o  the degradation data of thiamine hydrochlo- 

ride contained i n  a binary vehicle constituted with Avicel 

and any of the other d i r ec t  compression vehicles. 

values of k obtained are shown in  T a b l e  7. 

cent thiamine hydrochloride remaining vs per cent moisture 
absorbed is shown i n  Fig. 8, 

maximum i n s t ab i l i t y  of thiamine hydrochloride w a s  a t  a point 

when the tablets adsorbed 4.6% of the i r  weight of moisture, 
This agrees with the r e s u l t  obtained by Carstensen e t  a1 (15) 

who observed tha t  more than 5% moisture content increased 

The 

A plo t  of per  

It can be seen tha t  the 
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1756 UDEALA AND ALY 

T a b l e  7 :  Decomposition Rate Constant K, for 
Thiamine Hydrochloride in T a b l e t s  
Compressed w i t h  A v i c e l  Binary Blends and 
Stored a t  Confined Conditions- 

K X ~ O - ~  h-' For Batches Stored at 

35OC, 80% wi SOOC 47% Ri 
-~ 

A v i c e l  2 090 
A v i c e l / A H L  

1:1 4 040 
1:3 4090 
3:l 3.30 

Avicel/Celutab 
1:1 3.90 
1: 3 4.20 
3:l 3060 

Avicel/&acompress 
1:l 3.8 
1: 3 4.50 
3:l 3.10 

4050 

606 
9040 
5080 

300 
4.70 
2.70 

3090 
4.80 
3.30 

the stabi l i ty  of thiamine hydrochloride tablets f o m l a t e d  
w i t h  microcrystalline cellulose, 
Figo 8 which shows that  the s tab i l i ty  of the tablets 

increased when more than 4.696 moisture was taken up by the 
tablets. 
depend on the nature of the vehicle. 

vehicle that  retains 5Xw/w moisture would promote the stabi- 

lity of thiamine hydrochloride, 
cannot retain this amount of moisture, a particular combha- 

This is also reflected i n  

The amcnant of moisture taken up by a tablet may 
It would seem that a 

Where a single vehicle 
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‘0 
al 

rd 
c, 
Q, 
iz 

C) z 
al 
c 

5 9 0  

480 .  

1757 

0 

Fig, 8: Thiamine Hydrochloride (%I  
Retained as a F’unction of 
Moisture Conbnt of T a b l e t s .  

tion of vehicles such as Celutab and Avicel may retain the 
requisite amount of moisture that increases the stability of 

thiamine hydrochloride tablets, Fig, 9 shows that a 3:l  

combination of Avicel and Celutab provides such a vehicle, 

Fig, 9 also shows that a vehicle of low moisture absorption 
capacity such as Anhydrous lactose when blended with Avicel, 
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1758 UDEALA AND ALY 

35OC-80% RH 

L Avicel Conc. 1’) 
40 60 80 20 40 60 a0 20 

Cornplem. Excip. % W/w 
* a c a 
90 70 50 30 10 0 90 70 50 30 10 

Fig. 9: Reaction Rate Constant K, as a Function of Vehicle 
Concentration For Thiamine Hydrochloride batches compressed 
with 90.46% w/w of Avicel Binary Blends w i t h  
0 Emcompress, # AHL and A Celutab. 

yields a suitable tablet base for the formulation of thiamine 

hydrochloride. 

loride tablets compressed w i t h  AHL, Celutab, Emcompress and 

binary blends of these vehicles degraded by a first order 

mechanism. Carstensen e t  a1 (15) suggested that the degra- 

dation of t h i s  drug i n  such tablet bases should a t t a i n  

equilibrium but recognised that it is  ra ther  d i f f i c u l t  to 

detect the equilibrium phenomenon i n  such soluble systems 

such as AHL and Celutab. It would seem t h a t  for  the equili- 

brium phenomenon to occur, the vehicle must have a f f i n i t y  for 

adsorbing the drug. The soluble vehicles w i l l  now contribute 

t o  form a solid-liqued interface where the drug can be 

adsorbed, 

It is shown i n  Fig. 10 t h a t  thiamine hydroch- 

The equilibrium phenmenon may w e l l  be obvious if 
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Time (Days) 
5 10 15 20 

Fig. 10: Decomposition P a t t e r n  of Thiamine Hydrochlo- 
r i d e  in T a b l e t s  Compressed w i t h  90.46% w/w of 

0 AHL, b AHL/Celutab 
0 Celutab, 0 Emcompress and C AHL/Emcompress 

1:l Binary Blend. 

1:l Binary Blend 

the soluble vehicle and the drug w e r e  involved in some 

other physical interaction, The degradation of thiamine 

hydrochloride therefore followed a first order mechanism 

since none of the vehicles interacted physically w i t h  the 

drug, 

the amount of moisture adsorbed is  shown i n  Fig 11. 

s t a b i l i t y  parameters presented i n  Table 80 lend fur ther  

supporR to the f a c t  t h a t k  depends on the amount of moisture 

adsorbed by the vehicle, There i s  a log-linear relationship 

between the decomposition r a t e  cons t an tk  and the moisture 

content of the tablet. 

The variat ion of the degradation rate constant k, with 

The 
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I Log Moist, Cont. 
1 

0 04 0.8 1.2 1.6 

Fig. 11: log Reaction Rate C o a s t a n t  K, as a F’unction of 
log Moisture Content of Thiamine Hydrochloride 
T a b l e t s  compressed w i t h  90.46% o f 0  AHL, 
0 A v i c e l ,  0 Celutab and A Avicel/Celutab 
1:1 Binary blend. 

coNcLus1oN 

The results obtained i n  this investigation show tha t  

thiamine hydrochloride in different  d i rec t  compression 
tablet vehicles when stored a t  elevated temperature, decom- 
posed by a first order m e c h a n i s m ,  

atnenable to treatment w i t h  Arhemius equation, Thiamine 
hydrochloride i n  tablets compressed w i t h  A v i c e l  o r  a blend 
of Avicel w i t h  another vehicle showed an equilibrium pheno- 

menon during degradation, 
other vehicles irrespective of whether they are soluble or 
insoluble. 

The degradation w a s  

This was not observed w i t h  the 

The phenomenon may depend on adsorptivity of the 
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vehicle f o r  the drug and not on its solubility. 

found tha t  thiamine hydrochloride was most unstable when 
the moisture content was 4 - 6% of the tablet weight. 

agrees w i t h  resul ts  obtained by Carstensen (21). The 

reaction r a t e  constant depends on the amount of moisture 

absorbed. 
changed due t o  w a t e r  absorption. The general conclusion 

from this investigation is  tha t  either Avicel alone or a 

3 : l  blend of A v i c e l  and Celutab consti tutes a vehicle which 

is suitable fo r  the manufacture of thiamine hydrochloride 
tablets. 

It was 

This 

The physical properties of the tablets obviously 
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FOOTNOTES 

FMC Corporation, Avicel Dept, Pennsylvania USA 

Shiffield Union, NOLO, 07083 USA, 

E. Mendell Co. Inc~,  USA 

Hoffman La-Roch, Basle, Switzerland. 

E. Merk N.J. USA, 

BMI Chemicals Ltd., Poole U.K. 

Manesty Machine Ltd., Liverpool, U.K. 
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