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ABSTRACT

saudy has been made en the tens: e strength and Brittle
mciure index BFL of chloroquine liphosphate tablets at
fived parking fraction (P = 0.9) that is considered as repre-
sentative of commerciat chlovoquir ¢ diphosphate tablets.
Khaya grandifolia gum being deve oped as binding agent
was comparced with official Gelati: B.P. at variable con-
centrations and temperatures,

Tablets containing gelatir generally have higher
tensile strength and lower BFlLva ues than tablets  con-
taining Khaya guni. The values of ‘ensile strength gener-
ally increased with increase in cocentration of binding
agent but the BF1 exhibits a variab ¢ behaviour. Both ten-
sile strength and the B Lappear to be useful indicators of
the mechanical properties of chiroquine diphosphate
tablets.

INTRODUCTION

The mechanical strengtl of a tablet provides a
measure of the  bondmg potenti .l ol the material con-
cerned and this inforn:ation is u eful to the formulator
in the selection ol excipients. An ¢ ccessively strong bond
may prevent rapid disintepration and subsequent disso-
lution of a drug.

The mechanical strengt’ of a tablet can be as-
sessed in various ways, including by fracture resis-
tance, [riability, hardness, crush ng strength, transverse
compression and tensile strength
Measurements of tensile strength using diametrial com-
pression are now widely employe: in commercial produc-
tion for controlling the strength « f tablets and it is inde-
pendent of tablet dimensions. The tensile strength (')
can  be calculated from the equ ation (I'ell and Newton
1970)

1t Bh
where I is the applied load in me janewtin (MN), D is the
tablet dinmeters in metres(m), h s the tablet thickness in
metres (m).

Brittle  fracture values letermination is a reflec-
tion of ability of tablet formulat ons to laminate or cap.
The brittle fracture index (BF1) vzas devised by Hiestand
ctal (1977). It is obtained by com aring the tensile strength
of taliets with a hole at their cen er which acts as a built-
in stress concentrator *defect’ w th the tensile strength of
tablets without a hole. The BFI i5 defined as
BEF= 0511 a0 ) vncsissianinnni(2)
where T is the tensile strength of the tablet without a hole
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and To is the apparent tensile strength of the tablet whom
a hole is present both at the same parking fraction. The
BFI is ameasure of localized stress relief within the tablet
(at the edge of the hole) by plastic deformation. A low
value of the BFI indicates the ability of the material to
relieve localized stresses while a value approaching unity
indicates a tendency of the material to laminate or cap.

In the present work, a study has been made on
the comparative effect of khaya grandifolia gun and ofTi-
cial gelatin B.P on the tensile strength and brittle fracture
index parking fraction (P,= 0.9) whichis  considered
representative of commercial chloroquine diphosphate
tablets.

MATERIALSAND METIIODS

Materials

The materials  use  were chloroquine  diphosphate
(Bayer, Germany),genlatin B.P. (BPD Chemicals, Ltd, En-
gland) ,Khayagum (from khaya grandidfolia, Botanical
garen, University of Ibandan),lactose B.P.(DMV. Veghel,
holland ), corn starch B.P. (lot70326,Ptizer Nigeria Lud,
Lagos, Nigeria)

Preparation of Granules

250g bathes of the basic formulation comprising chloro-
quine diphosphate (65% “/,)), lactose 25% /) and corn
starch (10%"/,,) were dry mixed for about 3 mi.utews at
room temperature (~25°C)in a Kenwood planetary mixer
filled with a calibrated temperature regulator. The mixture
was then moistened with appropriate amounts of muci-
lages (Khaya gum) and solutions (gelatin) of the binding
agents.

Massing was continued for about 5 minutes and
the wer masses were granulated by passing them manully
through a No 12 mesh (1,400mm) sieve. The granules were
dried in trays in a hot air for about 24 hours at 60°C and
then screened through a No 16 mesh

(1,000mm) sieve. The granules were then stored in air-
tight containers.

Preparation of Tablets

500mg + 10mg tablets were prepared from the
500-1000mm size fraction of granules. The granules were
poured into a 10.5mm diameter die with flat-faced and cir-
cular upper and lower punches. This was afier the die and
the punches had been lubricated with a 10% */, disper-
sion of magnisium stearate in Acetone. The granules were
then compresed in a carver hydraulic hand press (Model
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C, Carver Inc. Menomence falls, Wisconsin, U.S.A)) by
the following procedure. The weighed sampled ws trans-
ferred jnto the die cavity, which was scated on the lower
punch, the upper punch ws fitted into place and the as-
sembly was transferred into the hand press with subse-
quent lowering of the pressing head at constant rate until
a predetermined pressure was attained. The presure was
maintained for | minuted and the tablel subsequently
cjected and stored in airtight container over silica pel for
24 hours to allow for elastic recovery and hardening,. The
tablets thus produced did not have hole in the middle.

The above procedure was repeated for (he see-
ond type ol tablets, but_these had holes at their centre.
Here the upper punch used had a hole while (he lower
punch was fitled with a pin the weighis, Woand dimen-
stons were then determined (o within tlmg and 0.0 1mm
and their packing fractions Powere caleulated using equa-
fron

S f“/\,l.rs ........................... (3)
where s the volume of the tablet (inciuding the hole
when present) in CM Y and rs is the particie density of the
solidmaterial in g CM*!

Tensile Strength Measurement

The tensile strenght of tablets was determined
by diametrial compression using Erweka Hardness Tester
(Model TDI, Apparatebau GMBII Germany).  The se-
lector switch of the instrument was set such that the di-
amcler (10.5mm) since 12.5 could nor be obtained, it was
set to 13mm. This ensurcd that the test jaw approached
the tablet at a slow speed just prior to crushing,

The automatic operation mode was sclected Us-
ing the sitch mode and the chosen unit of measurement
of hardnes ws Newton (N). The tablets were fed one at a
time to the middle of the test jaw. The test was slarted hy
pressing the start button. The test jaw adveanced at a fast
speed until it ncarly touched the tablet where upon it
swilched to a slow speed. The pressure Jaw continued to
approach the tablet where upon the pressure applied was
slowly increased until the tablets fractured diamentrally.
At the moment of bicakage, the applicd force was dis-
placed on the indicator (pointer).

The motor was reversed and the pressure jaw
returned at a fast speed to the starting position. After a
bricl pause, the pressure jaw again advanced. The short
delay permitted the cleaning and hgand feeding of the
nexttabletafter the removal of the fractured one. Tensile
strenght was then ccalculated using equation (2).

Rest i and Discussion

The values of (ensile strength (1) and brittle frac-
ture index (BFT) for the choloroquine disphosphate tab-
lets at packing fraction of 0.9 which was considred ns
representative of commercial choloroquine disphosphate
tablets are presented in Table Tand 11 for tablets containg,
gelatin and Khaya gum respectively, and as plots of ten-
sile strength and BEY versus concentration of binders in
figure 1 to 6 respectively. Bearing in mind the small but
unavoidable differences in their mosture contents, it can
be seen that an increasce in the concentration of binder
resulted in a syslematic increasc in the tensile strength of
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the tablets at the shosen parking fraction. Similar results
have been repo:ied (Newit and Conway Jones, 1958:
Davis and Gloor ! w, 1972, Esezobo and Pilpel, 1976; I urup
and Pilpel, 1979).

Genera 'y tablets containing gelatin have highe
tensile strength nan thosc containg IKhaya gum for all
temperature of grnules preparation. This obscrvation may
probably be due to the fact ihat eelatin would undergo
more clastic and Hlactic deformation than Khaya gum un-
der high compressive force and is therefore a stronger
binding agent. TV is assertion is in agreement with carlier
work carricd out »y Adevema (1992) on griscofulvin tab-

let formulations.

Throug b, Khaya gumat 4% e concentication
appear o have ighe tensil strength than Gelain 13}
gum at the same oncentration This may he vseinl infor
mationto formul; lors.

Howas e and during the determination of BET
as expected (Yori and Pilpel, 19730, there was o logarith-
mic relationship @ ctween T er (1 Sand

LogTo (Tn'} = /\I‘r B )
with i correlation coellicienss = 0.98. A and I3 were con-
stantswhich depeaded on the sature and amount of yder
presnt i the forn alation and on whether the tablet had o
hale m it oraol. i s seen that tensile strength of a tablers
with a hole was | ss that that of the same without a hole.
the hole acting a a stress concentiator (Hicstemd cf al.
1977). Values of . TO and BE at 1,04 0,90 for all samples
arc presented in T oale Tand 1. T was always greater =1
the values of boty increased with binler. concentration
while values of B ws variabie.

For the 3F1 paramceter, tablets conlaining gum
generally have hisher BIT values than tablets contining
gelatin, showing 1at gelatin would lower lanination ten-
dency of tablets aore than Khaya gum, and it was ob-
served during (1 > tabletting process that some tablels
containing Khay: gum had to be rejected due to visible
signs of laminati m. However temperature of granules
preparation did n o appear to have much influence an
the tensile streng! 1 and BFI of the tablets.

In the prsent work, both T and BFI have been
used Lo sludy and describe the mechanical propertics of
the Chloroquine liphosphate 1a' 'cts studied, it would
appear that these two quantitics can be used to determine
the mechanical p opertics of tablets, although the B
appears Lo requirc more experimental investigation witls
various formulati ns to - deleemine fully it’s uscfulness
as an indicaror o he brittleness of material,

1

CONCLUSIO

The low: v values of tensile strength of Chloro-
quine diphosphat: tablets prepared witl Khaya gum as
comparcd with the anes prepared with official Gelatin B.E
is suggestive of the fact that Klaya gum s a weaker binder,
However, it mas be uselul in the production of antacid
tablets.

The combined use of tensile strength and brittle
fracturc index (BF ) values appear ro provide more infor-
mation on the  mcchanical propertics of Chloroquine
diphosphte tablet: ,but some variable behaviour of the
BF1 suggests that | irther work could still be carried out to
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clucidate on the determination and uscfulness of the pa-
rameter.

Table I

Tensile Strength and Brittlc Fracture Index (BFI)
Values for Chloroquine Diphosphate Tablets
Containing Gelalin at P =1.9

hample Code Tensile Strength T tensile Sucngih Fl
MNm* Tablets with hole (T,)
MNm?
Tablets produced Trom
ranules preparcd m 25°C
a1l 2 1793 ) | 685 00312
ChGoO S 2877 s 8] 259 0039
“hG 10 2937 b 1 2m 0030,
LhiG20 3236 298§ 0042
hG40 3.296 3183 0023
hample Code Tensile Strenyih Tensile Sirength of B
(MNm?) Tablets with hole (T%)
(MNm %)
ablets produced from
granules prepared at 50°C
[hD 1488 112} 0.061
hG oS 1.524 1439 0.029
LhG 10 2.1 1.984 0054
hG20 2716 2649 0011
"hG4 0 1302 2984 0.137]
Kample Code Tensile Swengrh Tensile Strength of []
(MNm?) Tablets with hole (T7)
(MNm)
Tablets produced from
franules prepared st 75°C
1985 1795 0033
RGO $ 2820 2 )40 0.103
WG 1 0 I 2937 0.051
hG20 3 606 1214 0061
hG40 o84 ya37 0079
Sample Code Presentation
(a1}] = Chloroquine granules containing 0" . */, binder
ChGo s = Chloroyuine granules containing 0 1% */, Gelatin
ChG 10 = Chloroquine granules containing 1 1% */_ Gelatin v
Chi; 20 = Chloroquine yianules containing 2 1% */, Gielatin
ChiG40 = Chloroquine granules containing 4 % */, Gelatin

Table 11

Tensile Strength and Brittle fracture Index (BFI)
Values for Chloroquine Dipl osphate Tablets Con-
taining Khaya Gum at P =09

Sample Code Tenwile Suenyth Tensile Strength DFl
MNn ! Tablets with hole (T )
MNm *
Tablcts produced flom
ranules prepared st 25°C
Chi) - 1.793 1.68% 0012
hGos 221 1 144 0472
Chii 1o 2244 | §92 0.093
ChGG20 293% ' 1 059 0 K87
i 4.0 16% 3048 075
sample Code Tensile Suength Tensile Suenyth of ]
(MNm) Tablets with hole (T%)
{(MNm)
Tablets producced from
ranules prepared st $0°C i
“hi 1,085 1.078 0003
EhG 0.3 1 285 1198 0030
LGl o 1.950 1102 0384
W10 2141 1251 0357
6081 3607 0343
Tensile Strength Tensile Sirength of [
(MNm %) Tablets with hole (T7)
(MNm™)
lablets produced from
pranules prepared a1 75°C
Wi 1 O8S 1.078_ 0001
‘W0 1 b44 1311 0127
ChiG 1.0 1 726 1275 0177
£hG 20 2218 1.93% 0071
WGA0 Toul bR i) 0880
Samiple Code Presentation
- (ho =Chl granules c ing 0% "/, binder
ChGio s = Chloroquine granulcs ing 05 5% Khaya
ChG 1O = Chlvroquine granules containing 1.0 »*/, Khaya
ChG20 = Chloroquine granules containing 2.0° » *l, Khaya
ChG40 = Chloroquine granules containing 4.0 + */, Khaya
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Fig. 12 Tensile Strengih versus Concentration of Binder for Chniwtw-hc Diphosphate

Tablets Produced from Granules Prepared st 25°C at Packin
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Fig. 2: Teusile Strengih versus Conceniration of Binder for Choloroquine Diphosphate
Tablets Produced from Granules Prepared at $0°C at Packing Fraction = 0.9
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Fig. 3: Tensile Strength versus Concentration of Binder for Choloroquine Diphosphate
Tablets Produced from Granules Prepared a1 75°C a1 Packing Fraction = 0.9
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Fig. 4: Brittle Fracture Indes (BFI versus Concentration of Binder for Choloroquine
Diphesphate Tablets Produced fivm Granules Prepared at 25'C st Packing Fraction = 0.9
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Fig. S: Brittle Fracture Index (BFT versus Concentration of Rinder for Choloruguine
Diphosphate Tablets Produced from Granules Prepared at $0°C at Packing Fraction = 0.9
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Fig. 6: Brittle Fractore Index (¥ versns Concentration of Rinder for Cholarngnine
Diphosphate Tablets Produced from Granules Prepaved at 75°C at Packing Fraction = 0.9
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