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Multiple-scored tablets. Weight and content
uniformity of subdivisions and the distribution of
active constituent within and between tablets
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AND SUBASH K. VERMA

Department of Pharmacy, Chelsea College, University of London, Manresa Road, London, SW3 6LX, U.K.

Using three brands of multiple-scored levodopa tablets B.P. (500 mg) and one brand of
sulphamethoxypyridazine tablets B.P. (500 mg) the weight and content uniformity of the
subdivisions has been examined. It is shown that quartering of such tablets can result in sub-
units which do not conform to recognized standards of weight uniformity, and in some
instances content uniformity may be questionable. The homogeneity of distribution of active
constituent between tablets has been determined and compared with that within tablets
(between quarters of individual tablets). Statistical evaluation of the results is presented.

The validity of the assumption that a tablet with a
double breakline can be subdivided into two or four
equal portions and that the active constituent is
uniformly distributed within the tablet has been
questioned (Arnold, 1973; Nash, 1973). Between-
tablet dose variation and its control has attracted
increasing attention (Smith, Michaels & others,
1963; Lachman & Sylwestrowicz, 1964; Cook &
Hersey, 1974; Selkirk, 1974), culminating in the
introduction of single-tablet assays into official
monographs, with concomitant standards for con-
tent uniformity. (US.P. XIX. B.P. 1973). The
problem of within-tablet variation does not appear
to have been examined in depth within the context
of the present discussion, apart from one report
(Colombo, 1975), which showed that a sample of
scored tablets, when hand-broken, did not provide
half-tablets conforming to the uniformity of weight
specifications for single-dose tablets of the Italian
Pharmacopoeia (the median weight variation was
+73%;). While such variation will usually be smali
and likely to be outweighed by other variables, if
recommendations for the use of multiple-scored
tablets are based on assumptions of homogeneity,
it is not unreasonable to expect the resulting tablet
fractions to conform to the same standards for weight
and content uniformity as are applicable to a single-
dose tablet of identical strength. We have examined
these aspects of tablet uniformity.

Three proprietary brands of levodopa tablets 500
mg (A, B, C) and one brand of sulphamethoxy-
Pyridazine tablets 500 mg (D) were chosen for a pre-
liminary study, each brand consisting of multiple-
Sored tablets for sub-division into halves or

* Correspondence.

quarters. The average weights from samples of 20
tablets of A, B, C and D were 7568, 743-1, 772
and 605-3 mg per tablet respectively. Using a sample
of 10 tablets from each batch, the content of active
constituents per quarter tablet was determined, the
content per tablet being obtained from the sum of the
contents of its quarters. The results have been ex-
pressed in two ways: as the weight of active con-
stituent per unit-dose form (tablet or quarter-tablet)
giving the actual dose available and also as a percent-
age of the weight of powdered tablet material, which
indicates the extent of inhomogeneity in distribution
of active constituent between and within tablets.
Statistical evaluation of the data for each brand
indicates the significance or otherwise of the observed
differences within (between quarters) and between
tablets.

Because of the large number of determinations
involved, a spectrophotometric assay was chosen for
reasons of simplicity and rapidity. As far as possible
each tablet was divided uniformly into the quarters
delineated by the scoring by a simple apparatus (sec
Fig. 1) consisting of two mounted steel blades, the
upper blade being attached to a toggle press. A
weighed tablet was placed on the lower blade with
scoring uppermost, held in position and the upper
blade then lowered into a groove, when the pressure
was increased, breaking the tablet cleanly. The
process was repeated with the separated halves to
obtain the quarters. The quarters were then weighed,
the sum of their weights subtracted from the weight
of the original tablet giving the loss as ‘fines’ on
cutting (Table 1, column 4). As such a method of
subdivision is unlikely to be achieved in practice
four colleagues were each given four weighed tablets
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FiG. 1. Cutting apparatus for scored tablets.

of each brand and asked to break them into quarters,
which were then weighed. These results are summar-
ized in Table 1, columns 5, 6, and Table 3.

MATERIALS AND METHOD
A spectrophotometric method for the determination
of levodopa has been reported (Nedergaard, 1970).
Preliminary experiments were performed to select a
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suitable solvent and to determine conditiong for
complete extraction of the active constituents from
the tablet material. Reference samples of levodopa
B.P. and sulphamethoxypyridazine B.P. were drieq
at 105° for 3 h and used to obtain the following dat,
Levodopa 0-003%, w/v solution in 0-1mMm HQy,
Absorption maximum 280 nm. Beer’s Law was
obeyed over the concentration range 0-001—0.010/
w/v (0-1m HCl) A (1%, 1cm) 135 (Nedergaar&’
(1970) reports A (1%, 1 cm) 190 at 278 nm.

Sulphamethoxypyridazine 0001 %, w/v solution in
ethanol. Absorption maximum 270 nm. Beer’s Lay,
was obeyed over the concentration range 0-0003-
0-001 % w/v (ethanol). A (1%, 1 cm) 767.

In each case the presence of interfering impuritieg
in the tablet extracts was tested for by comparing
(a) the absorbance ratio at two selected wavelengthg
for solutions of the pure substances and tablet
extracts; (b) a plot of the absorbance difference
between two selected wavelengths vs concentration
for solutions of the pure substances and tablet
extracts: no significant amounts of interfering sub-
stances were detected by either method.

Tablet assays

Twenty tablets were selected at random from each
batch and examined for uniformity of weight (B.P.
1973) (Table 1). From these, ten tablets of each
brand were again randomly selected and each tablet
was weighed, and cut into quarters. Each quarter was

Table 1. Uniformity of weight and content of levodopa and sulphamethoxypyridazine tablets (500 mg).

Uniformity of weight

S? S CV* No. of quarters within
Mean indicated percentages
Whole F*/, loss % on of mean weighto Uniformity of content of cut quarters (40}
tablets# Quarters (2-833)b quartering
Tablet 20 (10) 40 P=005 10tablets £74-124% >+124% +5and74% £7+and10%L10and 123% >£I2%%
Levodopa 317 (30:61) 84-53 5 4 — [23] 13 (13 1 2 (... 1_ @
A +563(5-53)mg +919mg 8453 035 1233 [22%) [36%] 323% 23% (5%) 5% 21%
074(073)%, ~ 488%  3ger 2’6
3003 (18:13) 2235 1 200 — (251 — ® 1
B +548(426)mg +4-73mg  22:35 0-43 24%[31%] 39%] @0%) 2% — — — - -
074(0-59) %, ~ 255% 15318
26-52(27:61) 1082 1082 .o 7 131 — [23] 7 6 4 (8 3O (l)y)
Cc 4£515(525)mg +104mg 335" 069  173%[20%] (3641 173%(15%) 10%4(20%) 73% (5%) (4%
067 (0-68) % 5429
Sulpha- 6529 (40-63) 15341 8 [16] 6 [23] 6 (6) 2 (5 2 3 9 (6
methoxy +808(6:37)mg +1239mg 15341 ., 004  20% [25%] 15% [36%] 15% 5% (123%) 5% (7470) 224% (5%
pyridazine 1:3(15)% 813% vl

(a) Figures in parentheses are corresponding data for the 10 tablets subsequently quartered and assayed.

(b) Upper significance limit (Snedecor).

(c) Figures in parentheses indicate number of band-broken quarters falling within ranges indicated. Total number of cut quarters, 40; broken qu
(d) These columns give numbers and percentages of cut quarters within the indicated percentage deviations from the mean content. Figures in P

are the numbers deviating from the stated content (125 mg per guarter).

rs, 64-
et

* Abbreviations: variance, S; standard deviation, S; coefficient of variation, CV; variance ratio, F; analysis of variance, anovar; P = 0-05.
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weighed, the difference between the weight of the
whole tablet and the sum of the weights of the
quarters giving the loss as ‘fines’ on cutting. Each
quarter was then powdered and the content of active
constituent (Table 2) determined as follows.

Tablets A, B, C (levodopa). Two replicates of about
80 mg of powdered tablet (equivalent to approxim-
ately 50 mg levodopa) were weighed from each
quarter, transferred to 100 ml volumetric flasks,
shaken (15 min) with 0-1M HCl (25 ml) and adjusted
to volume with the same solvent. The resulting
solutions were filtered and 10 ml aliquots diluted to
100 ml with 0-1M HCIl. The absorbances were
measured at 280 nm (0-1 M HCl in reference cell) and
the content of levodopa per quarter-tablet calculated
{A (1%, 1 cm) 135].

Tablets D (sulphamethoxypyridazine). Two replicates
of about 50 mg (equivalent to approximately 40 mg
sulphamethoxypyridazine) were weighed from each
quarter, transferred to 100 ml volumetric flasks,
shaken (20 min) with spectroscopic grade ethanol
{80 ml) adjusted to volume with the same solvent and
filtered. Two further dilutions of each replicate were
made, 10-fold and 5-fold, the absorbances measured
at 270 nm (ethanol in reference cell) and the sulpha-
methoxypyridazine content per quarter-tablet calcul-
ated [A (1%, 1 cm) 767).

For each brand, the content of active ingredient
per tablet was taken as the sum of the contents of the
constituent quarters. With tablets A, B and C, a
correction was made for the loss in ‘fines’; with
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tablets D, since the loss due to this source was
negligible (mean loss per tablet 0-049%,) this correc-
tion was not made.

RESULTS AND DISCUSSION

Uniformity of weight and content

All four tablet batches conformed to the B.P.
standards for uniformity of weight (Table 1) and of
the 10-tablet samples taken for assay, that for batch
D gave one tablet with a content of sulphamethoxy-
pyridazine outside the range of +5% of the stated
quantity of 500 mg.

Quarter tablets gave different results. When 10
tablets from each batch were cut by the method des-
cribed, a large proportion of the quarters were out-
side acceptable limits for uniformity of weight; with
tablets broken by hand the non-uniformity was more
marked. The distribution of quarters outside accept-
able limits is summarized in Table 1, along with the
numbers in each sample deviating from both the
mean and the stated content (125 mg). Brand B
proved to be the most satisfactory in uniformity of
weight of cut quarters, only one of 40 being outside
the limits of +74%, of the mean weight. Although
only one quarter in this batch had a content of active
constituent more than 73% in excess of the mean
content, eight of these quarters were outside a limit
of +59% of what must be regarded as the stated
content, i.e. 125 mg. Batches A, C and D all gave a
greater number of cut quarters with deviant con-
tents; of the nine quarters of tables D outside the

Table 2. Statistical data. Content distribution between and within tablets.

Constituent average contents, S%, S, CV}

Whole tablets (10) Quarter tablets (40)

Content Content Content Content
(mg) % (mg) %
Levodopa 501% 66-1* 124-8 661
3195 0-17 50-175 2-15
A +35-65mg 1041 +7-08 mg +1-47%
1-13%; 062% 567% 2229,
437-8% 65-6* 121-5* 656
14-135 0-22 960 0-49
B +376 mg +046%, +3-1mg +0-70%
0:77% 071% 2:55% 1079,
489-5% 63:4% 1215 634
C 170 0-18 42-53 0-41
+412 mg +043%, 4651 mg +0-64%;
0-84%; 0-687% 5-36% 1-01%
Sulphamethoxy 4881 80-1 122:0 80-1
byridazine 7445 272 113-54 373
D +86mg +1-65%, +10-65 mg +193%
176 %, 2:06% 8-73% 2417

Ff (P = 0-05) Within tablet and between tablets
anovar F{ (P = 0-05)
Constituent Constituent Wt. of Percentage
content content Wt. of active of active
(mg) % tablet constituent constituent
FaO/D F(ID/D FN)/' FSG/,’ F!ﬂ/’
50475 . o 21 5 73 aca 6296 . 258
3195 <1057 0-1 33 . 772 &14 066 389
FD/ED FHD/B F!O/v Fao/i Fn/ao
14-135 0-49 5228 11-5 0-88
81 .1-47 02 2:22 o 12-20 =35 377 6.3—7.2-36
F/, F*f, F*/, F*/y Fla
4243 0-41 5 136:14 539 0-72
”——-.25 0'184'223 783 . 2819 =35 18-67 636.198
F*/, F*/, F*fy F/y Flsp
113-5 373 199-4 141-8 11-0
W.lﬁ ISk 1-37 03" 19:53 Tl 7-44 97° 11.33

® Corrected for loss as “fines’ on quartering.

t Upper Significance Limits (Snedecor) F“/. 2-83; F¥/sy 2:13; F?0f, 2:86; F?/y, 2:21,

Abbreviations as for Table 1
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4-1219% limit, four contained less than 859 of the
stated content, which would put them at the limits
of conformity with U.S.P. requirements for single
tablet assays. Table 2 summarizes some statistical
data on the results.

Tablets A

There is no significant difference in the variation of
weight [F% 2:76 (2-83)] or of content [F3}, 1-57(2-83)]
between tablets and quarters considered as individual
dose units, whereas the difference in content ex-
pressed as a percentage of the tablet material is signi-
ficantly greater for the quarters [F% 12-65 (2:83)].
An analysis of variance showed that in terms of
weight, content and percentage [F° 14-64, 8:14 and
3-89 (2-86) respectively] the within-tablet variation
(i.e. between the quarters of individual tablets) was
significantly greater than the between-tablet vari-
ation. The agreement between weight and content is
to be expected and the variation in percentage per-
sists in the analysis of variance data, implying
differences in homogeneity of the matrix between
and within the tablets.

Tablets B

The sample of these tablets shows no significant
difference in the variation of weight, content or
percentage between tablets and quarters considered
as individual dose units [F3 1-23(2-83), F 5, 1-47(2:13),
F3 2:22 (2-83) respectively]l. An analysis of variance
showed that the variations in weight and content of
broken tablets were significantly greater than the
corresponding variations between tablets [F 1220,
3-77 (2-86)] whereas the variation in percentage
between tablets was significantly greater than that
within the tablets (i.e. between individual quarters of
a tablet). [Fg, 236 (2:22)]. An estimate of the
between-tablet variance components was calculated
as 0-135, in reasonable agreement with the value of
0-22 previously calculated for the whole tablet.

Tablets C

This sample showed a significantly greater variation
in weight between quarters compared with whole
tablets considered as individual dose units, whereas
in terms of content and percentage there was no
significant difference [F% 3.91, 2:5, 2-23 (2-83)
respectively]l. Analysis of variance reflected this
pattern in weight differences within and between
tablets [F% 28:19 (2-86)] and also revealed a signifi-
cantly greater difference in the variation of content
within as compared with that between tablets
[F% 18-67 (2-86)] despite non-significant differences
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in the percentages of active constituent within and
between tablets [Fg, 198 (2-21)], indicating homg.
geneity of distribution. These results show a Serioyg
lack of uniformity between quarters of individUal
tablets, due to failure of the cutting process to prq.
duce uniform quarters. Of the 40 quarters produceq
by cutting, 7 (174 %) were outside the limits of +74
of the mean weight (Table 1). Excessive friability 0:
variation in density of the tablet material coulq be
contributory factors, as indicated by the observati0n
that this brand provided the greatest 10ss as ‘fineg’ on
quartering (0-69%, Table 1) and on hand-breaking
(15-69, Table 3).

Tablets D (sulphamethoxypyridazine)

As with batch C, these tablets showed a signiﬁcantly
greater variation jn weight between quarters com.
pared with the variation between whole tabletg
considered as individual dose-units. [F 3-77 (2.33)i
with no signficant difference in the variation betweep
quarters and tablets with respect to content and
percentage [F% 1-53, 1-37 (2-83) respectively]. Here
again, analyses of variance revealed highly significant
differences in the within-tablet and betweeen-tablet
variation in terms of uniformity of weight and con-
tent [F% 19-53, 7-44 (2-83) respectively]. Also in
terms of percentage, the between-tablet variation was
significantly greater than the within-tablet variation.
[FJ 11-33 (2-21)], indicating a highly uniform distri-
bution of active constituent within individual tablets
compared with the distribution between tablets.
Also, despite the very small loss in ‘fines’ compared
with tablets A, B and C (mean losses: 0049, on
cutting. Table 1; 0-72%; on breaking, Table 3), it is
still evident that uniform ‘quarters’ cannot be pro-
duced even with the aid of a mechanical device.

Hand-breaking of tablets

When the tablets were broken by hand, the resulting
‘quarters’, despite the score-marks to facilitate
breaking, lay far outside B.P. limits for uniformity
of weight for whole tablets of equivalent weight
(Table 1). Table 3 gives further data on the 64
quarters obtained by hand-breaking of four tablets
of each brand by four different persons. The results
show some inter-brand variation. Tablets C were
mere friable than either of the other two bran.dS
with the same content, or the sulphamethoxyp}'ﬂfi'
azine (D). The latter showed the least overall loss 10
fines both on breaking and cutting. Whether this was
due to the difference in constituent or tothe manufac-
turing process or, as is more probable, to & com-
bination of both, cannot be decided at this stage-
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Table 3. Hand breaking of tablets.
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Tablets
B C D
Quantities measured Breaker Breaker Breaker Breaker
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
X, mg 188-95 190-4 186-0 187-4 1832 184-3 1850 180-2 190-4 190:05 190 1902 1509 149-0 148-8 1506
S + mg 338 213 247 261 3265 3074 376 182 245 383 352 311 181 301 1875 257
CVY, 179 112 133 166 175 166 203 101 129 20-15 185 1635 1220 202 126 171
Overall
mg 188-3 1832 190-2 151-85

S 4+ mg 278 29-7 32-3 232

CVY% 1475 16-2 17:0 15-3

Mean losses ‘fines’ 86 mg4-6% 10-2 mg 5:6%, 296 mg 156% 11 mg 0729,

Also, despite this apparent advantage, tablets D
could not be regarded as superior to the other
brands in producing uniform quarters.

Summary and conclusions

The multiple-scored tablets examined conformed to
recognized standards for uniformity of weight and
content. Subdivision of these either by hand or a
mechanical device although facilitated by the score
marks, did not result in sub-units of acceptable
standards in uniformity of weight, and with at least
one example conformity to acceptable standards for
uniformity of content was questionable.

Statistical evaluation of the results generally
reflected these findings but also revealed some un-
expected differences between the tablets and their
quarters.

Considered as individual dose-units, tablets A and
B showed no significance in the weight variation
between whole tablets and cut quarters, suggesting
that these tablets should be capable, under reprodu-
cible conditions, of being subdivided into acceptable
quarters. With tablets C and D, however, the vari-
ation in weight between quarters was found to be
significantly greater than that between tablets,
despite the fact that tablets D yielded the smallest
loss as fines on cutting or breaking, predisposing in
favour of uniform subdivisions, whereas tablets C
provided the greatest loss under similar circum-
Stances, a characteristic which might be expected to
lead to disparate sub-units. Analyses of variance,
however, revealed that for all brands, the within-
tablet variation (i.e. the variation between quarters
of an individual tablet) was significantly greater than
the between-tablet variation, confirming that in no
instances were the tablets being uniformly subdivided
by the cutting device,

Examination of the distribution of active con-
stituent expressed as a weight (mg per tablet)
revealed that for each brand there was no significant
difference in the variation between tablets and
quarters considered as individual dose-units. Again,
analyses of variance showed that in each case the
within-tablet variation was significatly greater than
the between-tablet variation, which, assuming a
uniform distribution of constituent within the tablet
matrix is a corollary of the previous findings.

The content of constituent expressed as a percent-
age of the weight of tablet taken (i.e. a measure of
the homogeneity of the tablet matrix) showed with
tablets B, C and D no significant difference in the
variation between tablets and quarters considered as
individual dose-units, indicating a uniform tablet
matrix. Rather surprisingly, tablets A showed a
highly significant difference in the variation of
percentage of constituent between quarters as com-
pared with that between tablets. An analysis of
variance reflected these findings implying less homo-
geneity of the matrix within tablets than between
tablets, although without further data it would
perhaps be unwise either to draw firm conclusions
from this or to attempt an explanation. With tablets
B and D between-tablet variation was significantly
greater than the within-tablet variation (highly so
with tablets D) and non-significant with tablets C.
These results are consistent with homogeneity of
matrix within the tablet.
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