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ABSTRACT

The aims of this study were to assess how different beverages and temperatures impact the disintegration time of commer-
cial dietary supplements. Four commercial tablet products, calcium citrate, Ester-C, Boswellia serrata extract, and cinnamon
extract, which are considered vitamin—-mineral dosage forms or botanical dosage forms, were tested. As described in USP
General Chapter <2040> Disintegration and Dissolution of Dietary Supplements, Apparatus A and Apparatus B with or without
disks were used with a two-station disintegration tester. Beakers (1000 mL) that met the USP <2040> standards were used,
and two temperature conditions were tested: 37 °C and 5 °C. Six different types of beverages, including cola, orange juice,
and 5%, 10%, 20%, and 40% alcohol, were compared against water. Boswellia serrata extract failed to disintegrate. With the
exception of 5% alcohol, all beverages had a significant effect on the disintegration time of calcium citrate and Ester-C. Only
cola, orange juice, and 40% alcohol significantly influenced the disintegration time of the cinnamon extract. The temperature
of the immersion media did not affect all of the tested products. The tested beverages should not be used to replace water

when ingesting therapeutic products.
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INTRODUCTION

isintegration is a prerequisite for dissolution of

D immediate-release oral dosage forms. The disin-

tegration test is often used to determine whether
tablets or capsules disintegrate within the desired time
when placed into a liquid medium at given experimen-
tal conditions (7, 2). This test is a useful tool for quality
control and can be a critical parameter for drug release in
certain scenarios like highly soluble drugs (3, 4). However,
disintegration is not a universal surrogate for dissolution
as shown in the 1970s for drugs like digoxin. At that time,
disintegration was the only required performance test
for oral solid dosage forms. Several studies showed that
tablets with similar disintegration times failed bioequiva-
lence tests due to different dissolution behaviors of the
drug (5, 6). However, these early studies showed the value
of disintegration and dissolution testing.

Dietary supplements that contain a specific dietary
ingredient or ingredients are designed to supplement the
diet and enhance nutritional supply. Dietary supplements
may include vitamins, minerals, herbs or other botanicals,
amino acids, and substances such as enzymes, organ tis-
sues, glandular tissues, metabolites, or probiotics (7).

United States Pharmacopeia (USP) General Chapter
<2040> is devoted to dietary supplements, and it divides
dietary supplement dosage forms into three categories:
vitamin—-mineral dosage forms, botanical dosage forms,
and other dosage forms (7). The products used in this
project included vitamin-mineral dosage forms and
botanical dosage forms. The only difference between
these two dosage forms is in the use or omission of disks
for the disintegration tests (7). Previous studies conducted
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by Almukainzi et al. (8) and Schmid et al.(9) found that
the disintegration time was sensitive to the change of the
disintegration apparatus conditions. Both studies contrib-
uted to the update of USP General Chapter <2040>.

Due to the variety of the excipients and the formulation
procedures, different disintegration phenomena may be
observed for various dietary supplements. This may lead
to differences in the bioavailability of the active ingredi-
ents. However, very few comprehensive studies are avail-
able that show the bioavailability of dietary supplements
linked to the biopharmaceutical properties of the dosage
form. From a scientific point of view, it is clear that the
contents of a dosage form can dissolve and get absorbed
to be bioavailable only if it disintegrates. Therefore, disin-
tegration is the most basic step to ensure bioavailability,
but as mentioned before, it is not a universal surrogate for
bioavailability.

It is well established that drugs should be taken with a
glass of water, while many dietary supplements do not
give any further instructions except for the units per serv-
ing. No beverage (e.g., water) is specified, and it can be as-
sumed that any available beverage, including pop, juices,
and alcoholic beverages, might be used for the adminis-
tration of dietary supplement dosage forms.

The aim of this study was to investigate the impact of bev-
erages, particularly beverages containing different concen-
trations of alcohol, on the disintegration time of commercial-
ly available dietary supplements and to evaluate the effect of
beverage temperature on the disintegration behaviors.

MATERIALS AND METHODS
Materials

This study investigated the influence of beverages on
the three commercial tablets: calcium citrate (Kirkland,



Lot# 398597-01, exp. 09/14), Ester-C (American Health, min in water at 37 °C (p < 0.05) with the exception of 5%
Lot# 306041-01, exp. 11/13), Boswellia serrata extract (The alcohol (p = 0.092). Additionally, low temperature at 5 °C

Vitamin Shoppe, Lot# 121674, exp. 05/15), and cinnamon delayed the mean disintegration times of calcium citrate
extract (The Vitamin Shoppe, Lot# 108010, exp. 08/13). in all buffers (p < 0.05).
The disintegration of the Ester-C tablets differed from

Media that of the calcium citrate tablets. As shown in Figure

All tests were performed with six test beverages includ- 1B, the mean disintegration times of the Ester-C tablets
ing alcoholic beverages, regular Pepsi-Cola, and orange ranged from 27.6 + 2.1 min in cola to 49.8 + 6.4 min in
juice (Minute Maid) compared with water, which is the 40% alcohol (Figure 1B) compared with 23.4 + 1.5 min in
USP reference medium for tablets. The alcoholic bever- water. The disintegration time was significantly influenced

ages were prepared by diluting 95% ethanol to differ-
ent concentrations (40%, 20%, 10%, and 5%) to mimic
commercial spirits (liquor, wine, and beer). The tests were
performed in 750 mL of the various liquids with six units.
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Methods

A disintegration tester (model ED-2 L, Electrolab, Be-
tatek, Ontario) was used with Apparatus A without disks
for botanical tablets smaller than 18 mm and Apparatus B
with disks for vitamin—-mineral tablets larger than 18 mm
(2). Beakers (1000 mL) with an inside diameter of 102 + 0.5
mm (PYREX, No. 1003) were used, satisfying the USP .P‘tom‘
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which states that the inside diameter of beakers should ° K : <
range from 97 to 115 mm when assessing the effects of
media on the disintegration time of dosage forms. The w _ _ ) _
evaluated beverage temperatures were 37 + 2 °C (USP) B - . * . * 'LWE.B
and 5 + 1 °C (simulating a refrigerated beverage) with a T &

bath temperature at 37 + 2 °C.

Statistical Analysis _
Individual disintegration times were noted and re- S
ported as the mean + SD. Minitab was used to perform the
statistical analysis. The Bartlett test (normal distribution)
was used to test the data that were normally distributed
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and equal variance were met, a one-way ANOVA with an ‘L “;o“ Tar Egb

a-level of 0.05 was used for the group data analysis. For
data with unequal variance, the Kruskal-Wallis rank-sum

120

test was chosen. The independent t-test and Mann-Whit- G
ney test were used for two-group data analyses with 100
normally distributed data and data with unequal variance, @
respectively. The statistical tests were conducted between E
different immersion media or different temperatures in g™
the same immersion medium. = -
RESULTS ®
The study investigated four tablet formulations of 0

dietary supplements: calcium citrate, Ester-C, Boswellia
serrata, and cinnamon extract.

The disintegration times of calcium citrate in different
buffers at different temperatures are shown in Figure 1A.
Both the beverages and the low temperature delayed
the disintegration time of the calcium citrate. The mean
disintegration times of calcium citrate in different buf-
fers ranged from 1.6 £ 0.2 to 6.0 £ 0.8 min versus 1.4 + 0.2

*: significant difference compared to water at 37 °C,

#: significant difference compared to the same medium at 37 and 5 *C.

Figure 1. Disintegration times for (A) calcium citrate, (B) Ester C, and (C)
cinnamon extract in beverages and water at different temperatures (n = 6).

Dissolution Technologies | NOVEMBER 2013



by the test beverages at the same temperature, with the
exception of 5% alcohol at 37 °C (p = 0.6889). In addition,
although temperature had no significant effect on the
Ester-C disintegration time in water (p = 0.0927), orange
juice (p =0.2298), and 40% alcohol (p = 0.1735), it did sig-
nificantly affect the disintegration time in the remaining
beverages (p < 0.05).

Figure 1C shows the disintegration time of cinnamon
tablets in different buffers at different temperatures.
Orange juice (93.8 £ 7.3 min), cola (72.9 £ 1.3 min), and
40% alcohol (70.6 £+ 7.8 min) significantly affected the
disintegration time of cinnamon tablets when compared
with water (58.4 + 6.8 min) at 37 °C, while the other test
beverages (5%, 10%, and 20% alcohol) had no significant
impact on the disintegration time (p > 0.05). In addition,
temperature did not influence the disintegration time of
cinnamon tablets in the beverages with the exception of
cola and 10% alcohol (p < 0.05).

The Boswellia serrata extract tablets did not disintegrate
during the 3-h testing period in any of the tested media
including water at different temperatures.

DISCUSSION

Dietary supplements are regulated differently in differ-
ent regions of the world. For instance, they are regulated
as Natural Health Products (NHP) in Canada, and disinte-
gration is the only required performance test according
to the Natural Health Product Regulation for immediate-
release dosage forms (10). Dietary supplements are regu-
lated as foods in the United States, and the FDA guidance
does not require performance testing (77). The use of
dietary supplements has increased over the years. In the
United States, 49% of the population ingests a dietary
supplement on a daily basis (72), while 73% of Canadians
regularly take NHPs according to a survey in 2010 (73).

Previous studies showed that the disintegration test can
be a valuable performance test for oral dosage forms (4);
however, the apparatus setup and the volume of the immer-
sion medium must be considered because they impact the
test results (8, 9). It is further well established that oral solid
dosage forms of drugs should be taken with 250 mL of wa-
ter (14). However, a study showed that most patients do not
follow this recommendation when they take medications
such as capsules and tablets. A study by Fuchs (75) showed
that the average water intake for oral drug administration
is 115 mL; 15.4 % of patients took less than 60 mL, 20.6%
between 61 and 100 mL, and the remaining 64% more than
101 mL. This behavior indicates poor compliance of patients
with the recommendation of 250 mL for oral drug admin-
istration. Extrapolating the lack of compliance to dietary
supplements raises the question of what impact the nature
of the beverage might have on the disintegration of dietary
supplements taken as dosage forms. To our best knowledge,
no data is available to answer this question. Therefore, the
study investigated different popular beverages and their im-
pact on the disintegration behavior of dietary supplements.
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Mechanistically, the first step of the disintegration
process is water uptake. A good correlation between the
penetration rate of a fluid into a tablet and the disintegra-
tion time results from viscosity, contact angle, and surface
tension as described by Anwar et al. (76). This relationship
can be explained by the Washburn equation (77), which
isv2= %};m, where v is the volume of liquid penetrating
attime t, y is the surface tension, 0 is the contact angle, 7
is the viscosity, and r is the capillary radius. Increasing me-
dia viscosity has been shown to cause a profound delay
of drug disintegration time (76). Radwan et al. (78), Chu-
ong et al. (719, 20), and Kalantzi et al. (27) have shown that
product disintegration is delayed in milk. The penetration
rates for milk are also slow, which may be a reflection of
its relatively high viscosity and low surface tension (76).
The viscosity of orange juice is 4.9 MPa-s, whereas the
viscosity of water is 1.0 MPa:s at 20 °C (22). At 25 °C, the
viscosities of ethanol and water are 1.074 and 0.89 MPa-s,
respectively (23). However, for most liquids, viscosity in-
creases with decreasing temperature (23). Therefore, the
delay in the disintegration time caused by the test bever-
ages in our study may be associated with those factors.

Although the impact of the beverages on the disinte-
gration time of tablets that disintegrate in a short time
was statistically significant, these results may not have a
major clinical impact because their disintegration times
were less than 15 min, which is the average gastric empty-
ing time when fluid is taken with a dosage form in the ab-
sence of food (24). However, for tablets that disintegrate
slowly, the results may have clinical relevance because
of a significant increase in disintegration time (up to 35.4
min), which was observed between water and other bev-
erages. While this study did not investigate bioavailability,
it is obvious that a delay in disintegration will resultin a
delayed dissolution and absorption and consequently will
affect bioavailability.

This study only focused on the effect of the beverages
on the disintegration time of the dietary supplements.

CONCLUSIONS

Disintegration is the most basic process that is required
for the release of the contents of a dosage form into the
body. The results of this study suggest that water may be
the best beverage to be used for the administration of
dietary supplements and that cola, orange juice, and high
alcoholic beverages should be avoided due to their im-
pact on the disintegration of dosage forms. The increasing
use of dietary supplements and their different regulatory
status in different regions of the world make it necessary
to implement appropriate performance testing for these
products. However, further studies on the interaction be-
tween beverages and dietary supplement are warranted.
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