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Key Technical Aspects Influencing the Accuracy of Tablet Subdivision
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Abstract. Tablet subdivision is a common practice used mainly for dose adjustment. The
aim of this study was to investigate how the technical aspects of production as well as the
method of tablets subdivision (employing a tablet splitter or a kitchen knife) influence the
accuracy of this practice. Five drugs commonly used as subdivided tablets were selected. For
each drug, the innovator drug product, a scored-generic and a non-scored generic were
investigated totalizing fifteen drug products. Mechanical and physical tests, including image
analysis, were performed. Additionally, comparisons were made between tablet subdivision
method, score, shape, diluent composition and coating. Image analysis based on surface area
was a useful tool as an alternative assay to evaluate the accuracy of tablet subdivision. The
tablet splitter demonstrates an advantage relative to a knife as it showed better results in
weight loss and friability tests. Oblong, coated and scored tablets had better results after
subdivision than round, uncoated and non-scored tablets. The presence of elastic diluents
such as starch and dibasic phosphate dehydrate conferred a more appropriate behaviour for
the subdivision process than plastic materials such as microcrystalline cellulose and lactose.
Finally, differences were observed between generics and their innovator products in all
selected drugs with regard the quality control assays in divided tablet, which highlights the
necessity of health regulations to consider subdivision performance at least in marketing
authorization of generic products.
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INTRODUCTION

The division of oral tablets into two or more parts before
intake is a fairly common practice (1). This procedure is
performed many times by patient’s own initiative or following
physician or pharmacist recommendations for dose adjust-
ments, dose titration, swallowing facilitation or even treat-
ment cost reduction (2–4).

The main problem related to this practice is the wide
dosage variation of the tablet fragments, which could result
either in a subtherapeutic or toxic dose, particularly in cases
of drugs with narrow therapeutic index (4–9). Additionally,
formulations with modified pharmaceutical performance can
be impaired by the subdivision process, leading to hazardous
outcomes (10,11). Elderly and paediatric tablet consumers are
especially affected by tablet subdivision due to the high
frequency with which they use this procedure and the

commonly vulnerable health condition of these target groups
(5,10,12).

Although scored tablets imply the possibility of subdivi-
sion, such characteristic is currently not regulated in many
countries. As so, mechanical behaviour after subdivision is
not considered for registration, and generic drug products
have not been required to have similarity with the innovator
one with regard to this aspect (13).

The available literature is not sufficient to precisely
determine which production technical aspects impact most
on tablet subdivision, although relevant differences have
been observed between different types of tablet splitters. In
fact, influence of shape, surface, composition or coating on
tablet subdivision is discordant, and whether the presence of
scoring is a favourable factor for the accuracy of tablet
subdivision is still a controversial issue (8,14–17). Consensus
is also not reached regarding the best procedure to
subdivide tablets. Although, in daily practice, breaking by
hand or using of a tablet splitter are still the most common
subdivision methods, other means for tablet fraction have
been described as the use of scissors and kitchen knife
(4,14,18).

Considering this scenario and the relevance of the
subject, this study was designed to determine the key
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technical aspects of tablet production (i.e. tablet shape, the
presence of score and coating and composition) in the
subdivision accuracy of five different drugs and three drug
products of each drug (innovator, scored generic, non-scored
generic) using two different methods for tablet subdivision (a
commercial tablet splitter and a kitchen knife).

MATERIAL AND METHODS

Material

Immediate-release oral tablets of five different drugs,
which are often subdivided in clinical practice by elderly
patients, were selected—atenolol 50 mg, captopril 25 mg,
hydrochlorothiazide 25 mg, losartan 50 mg and sertraline
50 mg. For each of these drugs, three sorts of drug products
marketed in Brazil were chosen: the innovator drug product
and two generics randomly selected (one scored and another
non-scored), totalling 15 different drug products (Table I).
The studies were conducted using the same batch for each
product for all tests.

Study Protocol

Tablets were subdivided using a commercial tablet
splitter (Inconterm, Brazil) and a kitchen knife (Fig. 1).
New tablet splitters were acquired for this study and used
within the usage limit established by Van Riet-Nales and col.
of up to hundred times without changes in its performance
(19). The different products were submitted to image analysis
followed by mechanical and physical tests to assess the
subdivision impact on weight, hardness, friability and disinte-
gration. Comparisons were built based on method for tablet
subdivision (knife and tablet splitter), score (scored and non-
scored tablets), shape (round and oblong) and coating
(uncoated and coated tablets). A qualitative analysis of the
tablet diluents starch, lactose monohydrate, microcrystalline
cellulose (MCC) and dibasic phosphate dehydrate (DPD)
(presence and absence) was also performed. The study
protocol is outlined in Fig. 2.

Mechanical and Physical Characterization of Tablets

Weight

Twenty tablets of each drug product were individually
weighed using an analytical balance Shimadzu model AUY
220, before and after subdivision. Weight variation was
measured by the difference between the experimental weight
of half tablets and the theoretical value, which was the whole
tablet weight divided by two. Weight loss was calculated as
the difference between the weight of the whole tablet and the
sum of their half tablets.

Hardness

The hardness of ten whole tablets or halves of each drug
product was obtained using a durometer Nova Etica model
298-AT. The results were expressed as hardness variation,
which was calculated by the difference between the hardness
of whole tablets and half tablets. Halves were measured in
durometer in a way the force was applied parallel to the
direction of division.

Friability

Tablet friability was measured as the percentage of
weight loss of twenty whole tablets or halves of each drug
product tumbled in a friabilometer Nova Etica model 300
operating at 25 rpm for 4 min. The results were expressed as
friability variation of whole and half tablets.

Disintegration Time

Tablet disintegration time was measured in water at 37°C
in a disintegration tester Nova Etica model 301-6. For each
variable of the study, six randomly selected tablets were
tested. The results were expressed as disintegration time
variation of whole and half tablets.

Table I. Description of the 15 Drug Products Selected for the Study

Drug Brand product Authorization number Batch number Shape Score Coat

Atenolol Astra Zeneca MS 1.1618.0003.003-0 34214 Round Yes No
EMS MS 1.0235.0458.019-6 679174 Round Yes No
PratiDonaduzzi MS 1.2568.0146.005-4 14H79T Round No No

Captopril Medley MS 1.4107.0025.014-8 23042 Round Yes No
Pharlab MS 1.0181.0329.013-1 14020322 Round Yes No
PratiDonaduzzi MS 1.2568.0153.010-9 13L14M Round No No

Hydrochlorothiazide Sanofi Aventis MS 1.2033.0013.005-0 215803 Round Yes No
EMS MS 1.0235.0792.015-1 492665 Round Yes No
Medquímica MS 1.0917.0093.001-8 09624S Round No No

Losartan MSD MS 1.0029.0007.007-4 MK043 Oblong Yes Yes
Biositética MS 1.1213.0321.003-0 1408572 Round Yes Yes
EMS MS 1.0235.0810.054-7 499210 Round No Yes

Sertraline Pfizer MS 1.0216.0004.001-1 10472001A Oblong Yes Yes
Medley MS 1.0181.0537.002-7 14051035 Oblong Yes Yes
EMS MS 1.0235.0700.020-4 546879 Round No Yes
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Image Analysis

Ten tablets from each sample were analysed using a
stereomicroscope Stereo Zoom Microscope XTL connected
to a video camera. The images were captured with software
ISCapture version 2.5.1 and processed with software Image-
Pro Plus version 4.5.0.29. Tablet surface area was measured
and compared.

Statistical Analysis

Statistical analysis was performed taking into account
the subdivision tablet method, differences between generics
and innovator and information related to the technical
characteristics of tablets such as drug, shape, surface,
presence of score, presence of coating and excipients.
Statistical analysis was performed using SPSS® version
20.0 and Prism version 5.0 software. Mechanical and
physical characterization of tablet data was expressed as
the mean ± standard error of the mean, and p < 0.05 was
considered statistically significant. Quantitative variables
were tested for normal distribution with the Shapiro-Wilk
test. Possible differences among groups were investigated
by performing an ANOVA or Kruskal-Wallis test, followed
by Tukey’s or Dunn’s multiple comparison tests. When two
groups were compared, we used Student’s t test or Mann-
Whitney U test. All correlations between the characteriza-
tions of tablet data were determined using Pearson product-
moment estimates (r). Reference values for each quantita-
tive variable were 7.49 for weight variation, 0.76 for weight
loss, 54.94 for hardness variation, 0.37 for friability varia-
tion, 12.52 for disintegration time variation and 10.85 for
surface area variation.

RESULTS AND DISCUSSION

In general, the subdivision process compromised the me-
chanical strength of tablets (Table II). A reduction of subdivided
tablets hardness (approximately 50%) was noticed in comparison
to whole tablets, which may be, at least in part, influenced by the
size and shape of the tablets (20). The practical implication of such
result is that once a tablet is divided, the sparing half should be
kept and handled with even more care, as the risk of disintegra-
tion and partial losses is increased. Indeed, tablet halves were
0.7% more friable than whole tablets, which is consistent with a
previous study (5). This is because tablet subdivision weakens the
dosage form structure by generating sharp corners that are easily
eroded by the mechanical friction during the disintegration test.
For ordinary tablets, the maximum value accepted by US
pharmacopoeia for the friability assay is 1.0% (21). In the present
study, several drug products remained outside this limit after the
subdivision, namely hydrochlorothiazide (innovator, scored,
subdivided by knife) with 3.1%, captopril (generic, scored,
subdivided by knife) with 2.3%, captopril (innovator, scored,
subdivided by knife) with 2.3%, hydrochlorothiazide (generic,
non-scored, both subdivided by knife and tablet splitter) with
1.6%, sertraline (generic, non-scored, subdivided by knife) with
1.6% and captopril (innovator, scored, subdivided by tablet
splitter) with 1.0%. Based on the difficulty of keeping the
pharmacopoeia limits after subdivision, US health agency
(FDA) has recommended the extension of the friability limit to
3% for tablets after subdivision (22). However, there is no
scientific evidence to support the safety of changing the
acceptable limit for this assay.

Tablet halves disintegration was approximately 20%
faster to whole tablets (Table II). This could be explained
by the irregular distribution of lubricants in tablets (23),

Fig. 1. Tablet subdivision devices: tablet splitting (a) and kitchen knife (b)

Fig. 2. Flowchart of the experimental protocol to study the tablet subdivision process
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which might be concentrated on the tablet surface and, due to
its lipophilic characteristics, hinder tablet disintegration.
Tablet subdivision creates a new face without lubricant in
the dosage form, exposing the tablet core, which accelerates
the disintegration of tablet halves. Disruption of tablet
aesthetic coat, in addition to specific surface increase, can
also justify the fast disintegration of subdivided tablets (24).
In absolute terms, however, changes in these parameters
represent a maximum of 4.5 min (in the case of
atenolol—generic, scored, subdivided by splitter tablet),
which might have little impact on the dissolution and
bioavailability of most products.

The weight loss related to tablet fragmentation and
crumbling caused by subdivision was less than 2% (Table II).
These data seem to be compatible with other studies that
have found values of average weight loss ranging from 0.2 to
3.8% (7,9,17,25,26). Still, the high coefficient of variation for
this test is noteworthy. Some studies noted individual weight
loss as high as 23.5 and 19.4% (7). In the present study, the
highest values were found for sertraline (generic, non-scored,
subdivided by knife) with a weight loss of 38.9% and
hydrochlorothiazide (generic, non-scored, subdivided by
knife) with 19.1% of weight lost. The reduction in tablet
mechanical strength after subdivision, observed by the
decrease in hardness and the increase in friability, is probably
the main cause of weight loss variation. As might be expected
(16), there was a strong positive correlation between this
response (weight loss) and the friability variation (r = 0.432;
p = 0.001).

Weight variation is one of the most important variables
to set the security of a subdivision process because it is
directly related to dose when the active substance is
uniformly distributed within the tablet mass. Our data showed
a mean weight variation of 9.9% ± 10.0. Some drug products
present weight variations of nearly 50%. These data are in
accordance with others in the literature, which identified an
average weight variation of 7%, with some products having a
weight variation of up to 40% when evaluating different
techniques for tablet division (27). Other studies have
described variations higher than 10% on the expected weight
of halved tablets on a portion of tested drug products ranging
from 16 to 41% (7,8,17,24). Weight variations greater than
20% are described for approximately 12% of the tested
tablets in two of these studies (7,8). Except for drugs with a
wide therapeutic index, such magnitude of dose variation can
lead to serious consequences for the health of consumers.

Image analysis quantified variations in the specific
surface of subdivided tablets (15.2%; Table II) and related
them to the weight variation (Fig. 3). As expected, there was
a statistical correlation between these parameters (r = 0.169;
p = 0.001). Considering the lack of specific quality control
tests to evaluate the tablet subdivision process, the image
analysis used in this work proved to be a simple and useful
analytical tool in the evaluation of the subdivision process.

The Brazilian health agency (ANVISA) follows interna-
tional parameters similar to the USA (FDA) and European
member states (EMA) health agencies concerning the
regulation of generic drugs. Generic drugs must be

Table II. Mean and Standard Deviation of Mechanical and Physical Tests

H a r d n e s s
variation

F r i a b i l i t y
variation

Disintegration time
variation

We i g h t
loss

W e i g h t
variation

S u r f a c e a r e a
variation

Overall mean for all studied tablets 53.3 ± 15.8 0.7 ± 0.7 22.3 ± 32.8 2.3 ± 3.9 9.9 ± 10.0 15.2 ± 14.1
Innovator 66.9 ± 2.4 0.2 ± 0 0 ± 0 0.9 ± 0.2 5.0 ± 0.5 13.6 ± 2.3

Atenolol Scored generic 54.4 ± 3.8*,# 0.3 ± 0 40.8 ± 4.1*,# 2.7 ± 0.7# 8.7 ± 1.0 13.7 ± 3.5
N o n - s c o r e d
generic

62.0 ± 2.7* 0.2 ± 0 13.2 ± 0* 0.7 ± 0.3 6.0 ± 0.8 10.8 ± 1.7

Innovator 43.4 ± 5.0 1.5 ± 0.6 0.0 ± 0 4.8 ± 0.9 16.3 ± 1.5 19.2 ± 3.8
Captopril Scored generic 53.8 ± 3.0*,# 1.2 ± 0.9 11.9 ± 0*,# 5 . 3 ±

1.0*,#
11.7 ± 1.4 23.3 ± 4.7

N o n - s c o r e d
generic

41.4 ± 4.0 0.5 ± 0.0 36.4 ± 0 1.7 ± 0.4 11.8 ± 1.5 17.1 ± 2.3

Innovator 48.8 ± 3.9 1.6 ± 1.4 29.7 ± 1.6 1.2 ± 0.4 9.1 ± 1.2 9.3 ± 1.8
Hydrochlorothiazide Scored generic 58.7 ± 3.6 0.1 ± 0.0*,# 33.7 ± 3.3*,# 1 . 1 ±

0.4*,#
10.4 ± 1.3 22.1 ± 4.0*

N o n - s c o r e d
generic

60.2 ± 2.4 1.4 ± 0.0 109 ± 63.6 6.6 ± 1.2 10.6 ± 1.0 20.0 ± 2.9*

Innovator 48.6 ± 2.7 0.2 ± 0.0 4.9 ± 4.4 0.9 ± 0.2 10.4 ± 0.7 3.5 ± 0.6
Losartan Scored generic 48.5 ± 4.2 0.6 ± 0.1 9.3 ± 6.6*,# 3 . 4 ±

1.1*,#
6.1 ± 1.0*,# 16.8 ± 3.0*

N o n - s c o r e d
generic

55.0 ± 2.2 0.4 ± 0.2 0.0 ± 0.0 0.6 ± 0.1 16.1 ± 1.6 18.6 ± 2.8*

innovator 42.1 ± 2.1 0.1 ± 0.0 6.7 ± 0.0 0.3 ± 0.1 3.5 ± 0.6 6.4 ± 0.9
Sertraline Scored generic 54.3 ± 1.4*,# 0.5 ± 0.1*,# 39.1 ± 0.0*,# 0 . 8 ±

0.1*,#
5.2 ± 0.8*,# 6.6 ± 1.0*,#

N o n - s c o r e d
generic

60.7 ± 2.8* 1.1 ± 0.5* 0.0 ± 0.0* 2 . 2 ±
0.6*

18.9 ± 2.2 26.3 ± 3.8

Statistical significance between innovator and generic is indicated by asterisks, and difference between scored or non-scored generics is
designated by octothorpes (p < 0.05)
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bioequivalent to the innovator drug product (27). The five
drugs studied showed significant differences between the
innovator and their generics in at least three control assays
(Table II). With regard to the subdivision performance,
innovator drug products are not equivalents to their generics.
Additionally, the two generics evaluated for each drug also
presented a different performance from each other. These
differences were associated not only with the presence of
scoring, as all five drugs showed significant differences
considering only the scored tablets (innovator drug product
and scored generic). This issue was also reported by Wilson
and col., who did not find equivalence in subdivision for
generic and innovator glyburide tablets (28).

In this sense, the concept of functional score established
by the FDA and the European Pharmacopoeia (22,29) could
solve this problem. Those guidelines for tablets containing a
score with subdivision purpose require that the behaviour in
the subdivision process is assessed. Nevertheless, the recom-
mended tests are only for tablets divided by hand and do not
cover the use of tablet splitter and knife, which are very used

Fig. 3. Scheme of the image analysis test performed to determine the
difference between the expected theoretical area and the area found
in the subdivided tablets

Fig. 4. Data for subdivided tablets depending on the tablet subdivision method (a) and on
the presence of tablet score (b), expressed in percentage as the mean. Bars represent the
standard error values, and asterisks indicate a significant difference between groups
(p < 0.05)
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especially to subdivide small tablets or tablets without break
mark (19).

In our studies, the most pronounced differences between
innovator and generic drug product occurred with sertraline
(Table II), which showed significant differences in all
evaluated parameters (p < 0.05). In the specific case of this
antidepressant drug, side effects such as nausea, insomnia and
diarrhoea could be exacerbated due the subdivision process
(30). Hence, a better understanding of subdivision tablets is
the first step in designing a more suitable tablet for this
propose.

According to Fig. 4a, Mann-Whitney U test noted that
the splitter tablet produced lower weight loss and friability
variation than a knife (p < 0.001 and p = 0.002, respectively).
In theory, a tablet splitter helps centralize the tablet and allow
a section in a most appropriate place. The literature shows
contradictory conclusions about this issue. Some researchers
have indicated better performance using a tablet splitter than
a knife (4,18,31). Nonetheless, Boggie and col. found no
difference between manual breaking and a tablet splitter,
whereas Teng and col. showed superior results in subdivide
tablets using a razor blade instead of manual subdivision
(14,32). A recent study showed that hand breaking presented

superior results in tablet subdivision than tablet splitter. In
addition, the authors pointed out that subdivision process is
highly influenced by the type of tablet splitter (19).

Figure 4b shows the responses obtained from subdivision
in scored and non-scored tablets. Scored tablets presented a
lower weight variation (8.6% ± 0.4, p = 0.000) than non-scored
tablets (12.6% ± 0.7), which is in accordance with the findings
of other studies (8,16,17,33). The score delimits the region to
be sectioned, providing a more precise division of the tablet.
Moreover, this element reduces the thickness of the tablet in
the cutting region, facilitating the process.

Following the weight variation results, Fig. 4b also shows
a higher variation in the surface area of non-scored tablets
(18.6 ± 1.3%, p = 0.000) than scored ones (13.4 ± 1.0%).
Hardness variation was also lower for scored tablets (52.0%
± 1.2) than non-scored tablets (55.9% ± 14.6, p = 0.031). A
possible reason for this behaviour may be the more regular
forms of split scored tablets. The statistical relationship
between surface area variation and hardness variation
support this inference (r = 0.101; p = 0.013).

Tablet shape is usually chosen considering aesthetics and
marketing over technical aspects. However, this variable
showed a significant effect in two of the six evaluated

Fig. 5. Data of subdivided tablets depending on the tablet shape (a) and on the presence of
coating (b) expressed in percentage as the mean. Bars represent the standard error values,
and asterisks indicate significant differences between groups (p < 0.05)
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parameters (weight loss and surface area variation, p = 0.000
for both) (Fig. 5a). Round tablets exhibited weight loss (2.6%
± 0.2), and surface area variation (17.6% ± 1.0) was notice-
ably higher than those obtained for oblong tablets (0.7% ± 0.8
and 5.5%± 0.5, respectively). These results agree with other
studies which have also shown facility and better outcomes by
subdivide oblong rather than round tablets (7,33). The
surface contact area for subdivision, which is smaller in
oblong tablets, could explain the better results obtained with
oblong tablets (33). Hardness and weight variations showed
statistical relevance initially, but this result was attributed to
the presence of coating. There were no differences for the
responses comparing only coated round and coated oblong
tablets (p = 0.811 and p = 0.523, respectively).

Coating provides advantages for tablets submitted to
subdivision (Fig. 5b). Coated tablets presented lower weight
loss (p = 0.000), hardness (p = 0.022) and surface area (p =
0.009) variations with values of 1.4% ± 0.2, 51.5% ± 1.2 and
13.0%± 1.2, respectively, than uncoated tablets, which pre-
sented 2.8% ± 0.3, 54.4%± 1.3 and 16.6%± 1.1, respectively.
Coating confers inherent strength and elasticity and conse-
quently holds the core together after subdivision, reducing
weight loss and hardness variation, which is connected to film
properties (7,34,35).

Finally, the qualitative composition of the studied drug
products was identified to analyse the possible influence of
diluents on tablet subdivision. The following diluents were
found in the selected studied tablets: starch, lactose, MCC
and DPD. Figure 6 shows the assessment made for the
parameters that showed statistical significance.

Regarding hardness, as expected, the presence of mate-
rials with plastic behaviour—MCC and lactose—showed
better performances (absence of lactose 57.2%± 1.3, pres-
ence of lactose 51.3% ± 1.2, p = 0.010; absence of MCC
57.0%± 1.7, presence of MCC 51.4%± 1.1, p = 0.004). How-
ever, for important responses, such as weight change and
weight loss, lactose and MCC have a negative effect on
subdivision, increasing weight variation (absence of lactose
7.6% ± 0.6, presence of lactose 11.1% ± 0.4, p = 0.0001; ab-
sence of MCC 7.3%± 0.5, presence of MCC 11.3%± 0.5, p =
0.0001) and weight loss (absence of lactose 1.0% ± 0.1,
presence of lactose 2.8% ± 0.3, p = 0.0001; absence of MCC
1.5% ± 0.3, presence of MCC 2.6% ± 0.3, p = 0.0056). In
contrast, tablets containing starch and DPD have a beneficial
effect on weight variation (absence of starch 11.1% ± 0.5,
presence of starch 8.3% ± 0.5, p = 0.000) and weight loss
(absence of DPD 2.7% ± 0.3, presence of DPD 1.0%± 0.2,
p = 0.000).

Excipient also plays an important influence on com-
pressibility factors and on the consolidation behaviour of
each material (36). MCC and lactose predominantly present
plastic deformation, whereas starch and DPD show frag-
mentation and elastic conduct (37–39). In this study, the
latter group seems to be more suitable for the subdivision
process. It is possible that materials that demonstrate
predominantly plastic deformation when subjected to pres-
sure, culminating in the rupture of structure, may collapse
and cause major variations in weight compared to materials
that can undergo elastic deformation and fragmentation that
are able to subdivide without suffering major structural
damage (5,26).

CONCLUSION

According to this study, a tablet should have the following
desirable characteristics to be securely subdivided—oblong
shape, scored and coating. Better subdivision in terms of friability
and weight loss considering the drug products studied were
achieved using the tablet splitter instead of a kitchen knife. As a
significant reduction of hardness and resistance of subdivided

Fig. 6. Impact of the presence (+) or absence (−) of diluents in the
hardness (a), weight loss (b) and weight variations (c), expressed in
percentage as the mean. Bars represent the standard error values,
and asterisks indicate significant differences between groups (p < 0.05)
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tablets has been noticed in all cases, it would be prudent to
recommend consumers to immediately use the drug products in
halves. In addition, differences in quality control assays found
between all generic products and innovator counterparts indicate
the necessity of reviewing the health regulations for marketing
authorization of generic drug products, at least for new applica-
tions. The evaluation of the subdivision capacity of tablets with
score, including mechanical assessments of subdivided tablets,
currently demanded by the FDA and European Pharmacopoeia,
could be an option to solve this issue.
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