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ABSTRACT

The degradation kinetics of thiamine hydrochloride in
tablets directly compressed with either single or binary
vehicles was studied. The presult shows that, tabletted
vitamin stored at varying temperature conditions degraded
by first order mechanisme The magnitude of the rate cons-
tant K, was dependent on the type and concentration of the
vehicle usedes The decomposition of vitamin 81 at varying
temperatures was amenable to Arrhenius treatment. The
degradation pattern of the vitamin in Avicel or binary blend
of Avicel with another wvehicle, stored at varying relative
humidity conditions deviated from a first order mechanism.
There was indication that equilibrium phenomenon is involved
in the degradation of the vitamin contained in these
vehicles. A log-linear relationship was seen to exist
between K, and moisture content of the tablete.
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INTRODUCTION

The development of direct compression excipients for
tabletting during the last 25 years enables the formulator
to conveniently produce stable tablet formulations of
thermolabile and moisture sensitive drugse. The important
feature is that the active ingredients are not subjected to
the application of binder solution or/and heat for the
purpose of dryinge. Drug decomposition or/and migration (1)
may occur during dryinge. Richman et al (2) and Goodhart et
al (3) prepared stable glyceryl trinitrate tablets by direct
compression using Avicel PH 101 and Avicel PH 102 respec-
tivelye.

The stability of vitamins has been the subject of exten-
sive investigations. Campbell and McLeod (4) studied the
effect of shelf storage on the potency of some vitaminse.

The use of expiration date based on actual stability of
multivitamin preparations was suggested by these investiga-
tors as an adequate control on the potency of the prepara-
tions. Initially, the assessment of the stability of
vitamin in pharmaceutical dosage forms was entirely depen-
dent on the prolonged study of the labelled content at room
temperature., This is time consuming, costly and not
adaptable to modern method of predicting stability. Thus
accelerated storage tests were introduced (5)., Prindel (6)
used the accelerated storage test and found that the loss of
vitamin A was mainly related to the complexity of the formula.
The thermodegradation characteristics of liquid vitamin
preparations was investigated by Garett (5) who established
the fundamental basis of stability studies. This investiga~-

tor was, on the basis of log-linear relationship between
reaction rate constant K, and reciprocal of temperature,

able to predict the decomposition rate constant of vitamins
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stored at low temperatures. A simplified graphical method
for predicting the decomposition rate constant of vitamins
was introduced by Campbell et al (7). A similar technique
was used by Tardif (8) in the study of the decomposition of
vitamin tablets. The latter showed that accelerated stabi-
lity tests are reliable for the purpose of predicting the
decomposition rate constant of vitamins A, 31 and C contained
in different tablet matrices and stored at room temperature.
Tardif (8) however, pointed out that the magnitude of the
decomposition rate constant of a vitamin is greatly affected
by the composition of the vehicle used in compressing the
tabletse

Synthetic thiamine hydrochloride (Bi) has been reported
to be an unstable drug (9). Stone (10) had earlier shown
that thiamine nitrate has a better stability than the
hydrochloride salt. Kassem et al (11) reported that
thiamine disulphide is the most stable salt of thiamine.
Lhoest et al (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 wvehicle. It is however, generally agreed that
thiamine hydrochloride contained in solid dosage forms
degrades by a first order mechanism. An investigation
carried out with thiamine hydrochloride tablets directly

compressed with Emcompress showed that this vehicle is
unsuitable for manufacturing the tablets (14). Carstensen

et al (15) demonstrated that thiamine hydrochloride in
tablets compressed with Avicel and stored at varying
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humidity ceonditions degraded by a pattern whereby an
equilibrium is establishede.

The objective of the present investigation was to study

the degradation kinetics of thiamine hydrochloride in tablets

compressed with different single and binary blend of vehicles

The effect of the proportion of tabletting base in the vita-
min tablets on decomposition rate constant of thiamine

hydrochloride was also examined.

EXPERTIMENTAL

Materijals:

Four direct compression vehicles namely Aviceli,
Anhydrous lactosez, Celutab3 and Emcompress3 were used in
compressing thiamine hydrochloride4 into tablets.
Magnesium stearate5 was incorporated in the formulations as
a lubricante. Potassium dihydrogen phOSphateG, chloroform6
bromothymol blue6 and sodium hydroxide6 used for analysis
were of analytical gradee
Methods

Evaluation of powdered drug and vehicles

The various methods for evaluating the physical
characteristics of the powdered drug and vehicles have
been fully reported in previous publication (16). Similar
techniques were adopted for determining the mean particle
size, true density, bulk density, packing fraction,
moisture content and angle of repose.

Formulation and Compression of Tablets

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

A 04250 g weight vitamin tablets were compressed on a
Manesty singje punch tablet machine® fitted with a 3/8 inch
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flat faced punches. An optimum concentration of a given
vehicle/blend was used in compressing tablets of highest
possible hardness and acceptable friability. The setting
of the tablet machine was kept comstant for a given vehicle
or blend of vehicles and was adjusted when a new or a
different vehicle/blend was introducede.
Evaluation of Tablets

The physical standard of the vitamin tablets compressed
with either single or binary wvehicles were evaluated using
methods similar to those described by Sakr et al (17). The
effect of the storage temperature and the amount of
moisture absorbed on the decomposition rate constant of
vitamin 81 in a given formulation was determined. The
effect of these conditions on the physical properties of
the tablets was also evaluated.
Assay of Thiamine Hydrochloride

A sensitive colorimetric method used by Gupta and
Cadwallder (18) was adapted for the analysis of thiamine
hydrochloride. The method is based on the reaction of the
vitamin and bromothymol blue to form a red complex. The
absorbance of the thiamine-bromothymol salt was measured
in chloroform at 420 nme using an SP6-450 spectrophotometere.
A calibration curve was constructed with the absorbances of
varying concentrations of vitamin 81 contained in solutione.
Subsequently, the concentration of the vitamin present in
any sample was calculated by feference to the calibration
curve,
Thermo degradation Study

Each of the tablet batches was divided into four
samples A,B,C and D. A chosen sample was stored under a
defined temperature which were 28 1_20, (ambient tempera-
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ture), 40, 60 or 70°C. The degradation of vitamin 81 in
the directly compressed tablets was monitored by analysing
the tablets for 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 contained in the tablet formula-
tion, thiamine hydrochloride tablets were compressed with
varying concentrations of a given vehicle and stored at
70°C. The thiamine hydrochloride content of the tablets
was determined periodicallye.
Humidity and Degradation of Vitamin B1

Since moisture plays a vital role in the instability
of drugs, it was necessary to determine the moisture uptake -
time profiles and hence the adsorption isotherms for the
drug -~ vehicle tablet systems. For this purpose, the
technique used by Wai et al (19) and Sangekar et al (20) was
adopted. The tablet batches of thiamine hydrochloride
tablets compressed with single or binary blend of wvehicles
weyre divided into three samples, A, B, and Cs These were
respectively stored at defined temperature and humidity
conditions which were ambient temperature and 100 % RH;
35°c, 80% RH and 50°C, 47% RH. The thiamine hydrochloride
content of the batches was determined periodically. Thus,
the effect of ageing under different relative humidity condi-
tions on the physical properties of the tablets was also eva-
luated.

RESULTS AND DISCUSSION

Direct compression is the technique of choice for manufac-
turing tablets of unstable drugse. In the present investigation
therefore the direct compression technique was used for the
manufacture of thiamine hydrochloride tablets. The physical
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Table 1: Some Physical Characteristics of
Powdered Thiamine Hydrochloride and
Direct Compression Excipients used
to Manufacture the Tabletse

Part Density Packing Repose Moist

Material Size g/cc fraction Angle Cont.
range = Pf oA
(u) True Bulk w/w

Thiamine

HC1 180.48 1.546 0467 0.4366 64,0 4.76
Avicel 82499 1.502 04355 04236 40,0 2,50
AHL, USP 185,07 1.683 04559 04332 40,0 0,35
Celutab 342,58 106720 04683 0.397 31,58 9.75

Emcompress 280475 24215 06903 044076 35.36 4.3

Qe Mean of 5 determinations

standards of the powdered drug and vehicles which may affect
the physical standards of the tablets were investigateds. The
results are presented in Table 1. The repose angles obtained
for either the powdered drug or vehicles used indicate that
the drug alone has very poor flow properties. A preliminary
investigation also showed that the drug is not compressible.

A combination of the drug and vehicles in ratios stated in the
formula ylelded a compressible powder mix. The tablets
obtained showed uniformity of weight and thickness, high

level of hardness, lower level of friability and good disin-
tegratione The physical characteristics of the vitamin tablets
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compressed with 90.,46% w/w of either single or binary blend
of vehicles are presented in Table 2.

It is well known that the decomposition rate of drugs is
affected by the storage temperature. This factor is parti-
cularly important for thermolabile drugs such as thiamine

hydrochloride., Figse. 1 (a~b) show that thiamine hydrochloride

compressed into tablets with different vehicles degraded by
a first order mechanism., This is in agreement with the
results obtained by Wai et al (19) and Tardif (8) who found
that thiamine hydrochloride contained in different tablet
matrices decomposed by a first order mechanisme. The highest
degradation rate constant of the vitamin was obtained at a
storage temperature of 70°C. There was also the indication
that the magnitude of the rate constant obtained was
influenced by the nature of the direct compression vehicle
usede Wai et al (19) and Tardif (8) investigated the
effect of binary blend of different tablet matrices on the
value of the degradation rate constant. These workers found
that the value of the decomposition rate constant of thiamine
hydrochloride in a given tablet matrix is mainly dependent
on the moisture bound to the vehiclee. It follows therefore
thzt a vehicle with a high percentege of bound moisture will
generate a high degradation rate constant for thiamine
hydrochloride. Figse 1 (a=b) show that the degradation rate
constant of thiamine hydrochloride is low in tablets compre-
ssed with Avicel and Anhydrous lactose USP respectively.
This confirms that the amount of water bound to these
vehicles is low (Table 1), Richman et al (2) and Goodhart
et al (3) respectively investigated the stability of
glyceryl trinitrate in tablets directly compressed with
Avicel PH 101, Avicel PH 102 and Anhydrous lactose respec-
tively. Although the low water content of these vehicles
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Fige 1: Decomposition Pattern of Thiamine Hydrochloride
in Tablets compressed with 90.46% w/w 0 Avicel,
® AHL, A Celutab and X Emcompresse

could have been responsible for the stability of the drug,
these investigators attributed the stability achieved with
these vehicles to hydrogen bonding between vehicle and druge.
The result obtained in the present investigation show that
thiamine hydrochloride is unstable in tablet compressed with
either Celutab or Emcompress. The former vehicle has a
high moisture content and this can obviously account for the
high degradation rate constaht of the vitamine. The latter

vehicle, Emcompress in contrast does not have a high
moisture contente. However, its alkanity would have been

responsible for the higher degradation rate constant obtained
for thiamine hydrochloride tablets compressed with it. The
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fact that thiamine hydrochloride is unstable in the pH

range of 6 = 7 (13) and that Emcompress in the presence of
moisture can attain this pH would give rise to the insta-
bility of the vitamin in this wvehicle. There would there-
fore be a rapid degradation of thiamine hydrochloride in
tablets compressed with Emcompress. The stability parameters
of shelf stored thiamine hydrochloride compressed with diffew
rent direct compression bases are presented in Table 3.

There is an exponential relationship between the degrada-
tion rate constant of thiamine hydrochloride and the storage
temperaturees This can be expressed as

K = A exp (- 4 E/RT) Eqe 1
where K is the degradation rate constant; 4 E, the activa-
tion energy; A, the frequency factor; R, the gas constant
and T the absolute temperature. Table 4 shows the values
of A E and A calculated from the curve shown in Fig. 2.
It can be seen that the highest value of E was obtained
for the vitamin formulated with Avicel. This is followed by
thel E obtained for the drug in Anhydrous lactose vehicle.
The vitamin tablets formulated with Celutab and Emcompress
respectively yielded low) E thus indicating the ease with
which the drug degraded in these tablet matrices. The
effect of varying concentration of a given tablet wvehicle on
the degradation rate constant of thiamine hydrochloride when
the tablets were stored at 70°C is shown in Figse. 3(a=c¢)e
It can be seen that the reaction rate constant K, is depen-

dent on the concentration C, of the vehicle in the formula-
tione A linear relationship exists between log K and log

Ce Carstensen (21) had pointed out that a linear rela-
tionship exists between log K of tabletted drugs and the
moisture content of the tablet., Since the vehicles used
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Table 4: Experimental Values of Freq. Factor A,
and Activation Energy A E, for
Thiamine Hydrochloride Tablets Compre-
ssed with 90.46% w/w of a Named Vehicle.

. -3 E
Veh -
ehicle A X10 K. Cal Mol 1
degree™ !
Avicel 3.981 166336
AHL 66310 124,286
Celutab 63,095 084008
Emcompress 16,405 11.44
1,0 ‘l,
o]
70°C
60°¢
240} A 40°c
X Ambient

Fige 2: Arrhenius Pot for Decomposition of
Thiamine HCl in Tablets Compressed with
90.46% w/w single Vehicles.

Key as in Fige. 1.
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Fige 3: Effect of varying concentrations of Different, Vehicles on
Decomposition of Thiamine HCl in Tablets compressed with

in the formulation of tablets may contain a certain amount
of moisture in the form of "free'" or '"bound" water, it may
be reasoned therefore that the linearity established
between log C and log Ke In Fige 4 is really a reflection
of the relationship between moisture content and the degra-
dation rate constant, K.

Figs 5(a,b) show that thiamine hydrochloride tablets
compressed with a blend of either Avicel or Anhydrous
lactose, USP with either Celutab or Emcompress were more
stable than those compressed with either Celutab or Emcom-
press alonee A combination of Avicel and Celutab would
yield a binary blend of how moisture content and thus pro-
vides a millieu in which thiamine hydrochloride remains
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140}

log C%

F 2

0.09 0607 0.05 0.03

Fige 4: 1log K vs log C% for Decomposition of Thiamine HC1l
in Tablets compressed varying concentrations of
A Celutab, o AHL and @ Avicel.

stable. The replacement of Emcompres with Avicel or/and
Anhydrous lactose would also constitute a vehicle within
which the vitamin would be stable, Thus, Avicel and Anhy-
drous lactose have some stabilising effect arising from
their low moisture contente. On the other hand, the reduc-
tion or elimination of Emcompress in the blend would of
course decrease the alkalinity of the system which is the
major cause of instability of thiamine hydrochloride. Em-
compress should therefore not be used or if used, the amount
should be limited in the formulation of thiamine hydrochlo-~
ride tablets, Table 5 contains some stability parameters for
thiamine hydrochloride tablets compressed with binary blend
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Fige 5: Decomposition Pattern of Thiamine HCl in Tablets compressed
with 90.46% w/w of vehicles and stored at 70°€C.
Key 0 3:1, @ 2:1 and A& 1:3

For personal use only.

of vehicles and subjected to a temperature of 70°C. The
incorporation of Avicel or Anhydrous lactose in the blends
generally reduced the value of K.

The physical appearance of tablets stored at different
temperatures is in agreement with the results discussed so
fare The colour of tablets compressed with Avicel or’
Anhydrous lactose, USP remained unchanged. On the other

Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/25/12

hand, tablets formulated with either Emcompress or Celutab
changed from white to yellow or white to brown. The degree
of colour change varied with the storage condition. The

colour change on tablets compressed with Emcompress was
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Table 5: Some Stability Parameters for Thiamine
Hydrochloride Tablets Compressed with
9046% w/w Binary Blend of Vehicles and

1751

stored at 70°C for Varying Length of Time.

Complemen— KX1g-4 % C?ange t%
tary Vehicle Ratio h™ in
i 100 (1-KB)*  (h)
KS
Avicel Blends
1:1 22.83 ~21.70 302,23
AHL 1:3 14657 ~50,03 473457
3:1 23,86 -18,12 289,18
1:1 62469 -61,02 110,06
Celutab 1:3 93,90 -41.61 73448
3:1 41.39 =74 4,0 166471
1:1 610144 = 9,90 112,30
Emcompress S 1:3 104,41 453,70 66408
3:1 28,03 =58,73 246416
AHL Blends
1:1  75.84 52484 90,98
Celutab 1:3 137455 14,466 50416
3:1 110,30 31,40 62455
1:1 366436 =53,52 189477
Emcompress 133 45.80 =32,57 150.66
3:1 32431 =52,44 213456

‘KB&Ks Stand for reaction rate constant of
thiamine HCl1l in tablets compressed with
binary blends of wvehicles and
single vehicles respectively.
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CH m}q \Ej/ " eck e - ﬁmﬂ

CH CH2 COH

Scheme I Alkaline oxidation of thiamine
hydrochloride into thiocChrome.

probably due to alkaline oxidation of thiamine hydrochlo-
ride to thiochrome (22), This is illustrated in Scheme I.

This oxidation product thiochrome, was diluted and
isolated by a well established thin layer and paper chroma-
tographic techniques (22). Tablets formulated with Celutab
developed a brown colour after a short storage period at
elevated temperature. This was probably due to interaction
between the primary amine group of the thiamine hydrochlo-
ride and the dextrose in Celutabe A similar result was
reported by Castello and Mattocks (23) who investigated the
reaction between amphetamine sulphate and lactose. The end
product of such browning reactions is usually 5-methyl
hydroxyfuraldehyde, (5-MHF).

The physical properties of the directly compressed
tablets stored on the shelf were monitored during a period
of one yeare. Table 6 shows that there was a general
increase in tablet weight, thickness and diameter resulting
from moisture uptake during this periode There was a decrea-
se in hardness and an increase in friability with hardly any
significant change in the disintegration times of these
tablets. This suggests that their disintegration depended
on the wvehicle rather than the hardness of the tablets.
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(a) 35°%, 80% RH (b)__at 40°%
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Isotherm (b) for Thiamine HCl Tablet Systems.
Key A Celutab, O AHL, O Avicel and - X Emcompress.

The moisture adsorption isotherm and moisture uptake -
time profiles of thiamine hydrochloride tablets are shown in
Fige 6« Under varying humidity conditions, the decomposi-
tion of the vitamin contained in tablets formulated with
either Avicel or a blend of Avicel with another vehicle
deviated from first order mechanisme The decomposition
followed an equilibrium degradation phenomenone. This(;ig 73
pattern of degradation by thiamine hydrochloride tabletted
with microcrystalline cellulose has been reported by
Carstensen et al (15). These authors showed that a linea-
rity exists between the amount of intact thiamine (A) and
the time t, only if the equilibrium constant (As), of
thiamine is taken into accounte. Thus

log (A= Ap) = =~ kt Eqe 2
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Fige 7: Decomposition Pattern of Thiamine HCl in
Tablets Compressed with 90.,46% w/w of @ Avicel,
1:1 Avicel Blends with 4 AHL, 0 Celutab
and § Emcompress,.

where K is the decomposition rate constante This expression
was applied to the degradation data of thiamine hydrochlo-
ride contained in a binary vehicle constituted with Avicel
and any of the other direct compression vehicles. The
values of k obtained are shown in Table 7. A plot of per
cent thiamine hydrochloride remaining vs per cent moisture
absorbed is shown in Fige 8. It can be seen that the
maximum instability of thiamine hydrochloride was at a point
when the tablets adsorbed 4.6% of their weight of moisture,
This agrees with the result obtained by Carstensen et al (15)

who observed that more than 5% moisture content increased
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Table 7: Decomposition Rate Constant K, for
Thiamine Hydrochloride in Tablets
Compressed with Avicel Binary Blends and
Stored at Confined Conditionse.

Kx10'3 h~ For Batches Stored at

35%, sox RH  50°C 47% R

Avicel 2090 4650
Avicel/AHL '
1:1 4,40 646
1:3 4 .90 9,40
3:1 3.30 580
Avicel/Celutab
1:1 3,90 3.0
1:3 4420 4470
3:1 3660 2470
Avicel/Emcompress
1:1 3.8 3690
1:3 4650 4,80
3:1 3.10 3030

the stability of thiamine hydrochloride tablets formulated
with microcrystalline cellulose. This is also reflected in
Fige 8 which shows that the stability of the tablets
increased when more than 4.6% moisture was taken up by the
tablets., The amount of moisture taken up by a tablet may
depend on the nature of the vehicle. It would seem that a
vehicle that retains 5% w/w moisture would promote the stabi-
lity of thiamine hydrochloride. Where a single vehicle
cannot retain this amount of moisture, a particular combina-
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Fige 8: Thiamine Hydrochloride (%)
Retained as a Function of
Moisture Content of Tablets.

tion of wvehicles such as Celutab and Avicel may retain the
requisite amount of moisture that increases the stability of
thiamine hydrochloride tablets. Fige 9 shows that a 3:1
combination of Avicel and Celutab provides such a vehicle.
Fige 9 also shows that a vehicle of low moisture absorption
capacity such as Anhydrous lactose when blended with Avicel,
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Fige 9: Reaction Rate Comstant K, as a Function of Vehicle
Concentration For Thiamine Hydrochloride batches compressed

with 90.46% w/w of Avicel Binary Blends with
0 Emcompress, ® AHL and A Celutab.

yields a suitable tablet base for the formulation of thiamine
hydrochloride, It is shown in Fige 10 that thiamine hydroch-
loride tablets compressed with AHL, Celutab, Emcompress and
binary blends of these vehicles degraded by a first order
mechanisme. Carstensen et al (15) suggested that the degra-
dation of this drug in such tablet bases should attain
equilibrium but recognised that it is rather difficult to
detect the equilibrium phenomenon in such soluble systems
such as AHL and Celutab. It would seem that for the equili-
brium phenomenon to occur, the vehicle must have affinity for
adsorbing the drug. The soluble vehicles will now contribute
to form a solid=liqued interface where the drug can be

adsorbede The equilibrium phencmenon may well be obvious if
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Fige 10: Decomposition Pattern of Thiamine Hydrochlo-
ride in Tablets Compressed with 90,46% w/w of
® AHL, 4 AHL/Celutab 1:1 Binary Blend
0 Celutab, © Emcompress and 4 AHL/Emcompress
1:1 Binary Blend.

the soluble vehicle and the drug were involved in some
other physical interaction. The degradation of thiamine
hydrochloride therefore followed a first order mechanism
since none of the wvehicles interacted physically with the
druge The variation of the degradation rate constant k, with
the amount of moisture adsorbed is shown in Fig 11. The
stability parameters presented in Table 8. lend further
support to the fact that k depends on the amount of moisture
adsorbed by the vehicle., There is a log-~linear relationship
between the decomposition rate constant k and the moisture
content of the tablet.
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Fige 11: 1log Reaction Rate Comstant K, as a Function of
log Moisture Content of Thiamine Hydrochloride
Tablets compressed with 90.,46% of ® AHL,
O Avicel, @ Celutab and 4 Avicel/Celutab
1:1 Binary blend.

CONCLUSION

The results obtained in this investigation show that
thiamine hydrochloride in different direct compression
tablet vehicles when stored at elevated temperature, decom-
posed by a first order mechanism. The degradation was
amenable to treatment with Arhenius equation. Thiamine
hydrochloride in tablets compressed with Avicel or a blend
of Avicel with another vehicle showed an equilibrium pheno-
menon during degradation. This was not observed with the
other vehicles irrespective of whether they are soluble or
insolubles. The phenomenon may depend on adsorptivity of the
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vehicle for the drug and not on its solubility. It was
found that thiamine hydrochloride was most unstable when
the moisture content was 4 - 6% of the tablet weight. This
agrees with results obtained by Carstensen (21). The
reaction rate constant depends on the amount of moisture
absorbede The physical properties of the tablets obviously
changed due to water absorption. The general conclusion
from this investigation is that either Avicel alone or a
3:1 blend of Avicel and Celutab constitutes a vehicle which
is suitable for the manufacture of thiamine hydrochloride
tabletse
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FOOTNOTES
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3« Es Mendell Coe. Ince., USA

4+ Hoffman La-Roch, Basle, Switzerland.

S5 Ee Merk NeoJe. USA,

6« BDH Chemicals Ltde, Poole Ul.K.

Y. Manesty Machine Ltd., Liverpool, U.Ke
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