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Abstract

AIM: To investigate the quality of topical 2% diltiazem
formulations extemporaneously compounded by retail
pharmacies openly offering drug-compounding services.

METHODS: A participating healthcare professional
wrote 12 prescriptions for compounded 2% diltiazem
cream, with 2 refills allowed per prescription. The 12
sets of prescriptions were filled, at intervals of 1-2 wk
between refills, at 12 different independent retail phar-
macies that openly offer drug-compounding services in
a major metropolitan region. The 36 resultant prepara-
tions, provided as jars or tubes, were shipped, as soon
as each was filled, at ambient temperature to the study
core laboratory for high-performance liquid chromatog-
raphy (HPLC) analysis, within 10 d of receipt. For the
HPLC analysis, 8 different samples of the topical dil-
tiazem, each approximately 1 g in weight, were taken
from prespecified locations within each container. To
initiate the HPLC analysis, each sample was transferred
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to a 100 mL volumetric flask, to which methanol was
added. The HPLC analysis was conducted in accordance
with the laboratory-validated method for diltiazem
in cream, ointment, and gel formulations. The main
outcome measures were potency (percentage of label
claim) and content uniformity of the compounded topi-
cal 2% diltiazem formulations.

RESULTS: Of the 36 prescriptions filled, 30 were pack-
aged in jars and 6 were packaged as tubes. The pre-
scriptions were specifically for cream formulations, but
6 of the 12 pharmacies compounded 2% diltiazem as
an ointment; for another pharmacy, which had inad-
equate labeling, the dosage form was unknown. The
United States Pharmacopoeia (USP) standard for po-
tency is 90%-115% of label claim. Of the 36 prepara-
tions, 5 (13.89%) were suprapotent and 13 (36.11%)
were subpotent. The suprapotent prescriptions ranged
in potency from 117.2% to 128.5% of label claim, and
the subpotent prescriptions ranged in potency from
34.8% to 89.8% of label claim. Fourteen (38.9%)
preparations lacked content uniformity according to the
USP standard of 90%-110% potency and < 6% relative
standard deviation. Of the 30 formulations packaged in
jars, 12 (40%) lacked content uniformity, while of the
6 formulations packaged in tubes, 2 (33.3%) lacked
content uniformity. Nine of the 12 pharmacies (75%)
failed USP potency or content-uniformity specifications
for at least 1 of the 3 prescription fills. For 5 of the 12
pharmacies (41.7%), the mean potency across all three
prescription fills was < 90% of label claim.

CONCLUSION: Patients prescribed topical 2% diltia-
zem for treatment of anal fissure frequently receive
compounded formulations that are misbranded with
respect to potency and that lack content uniformity.

© 2013 Baishideng. All rights reserved.
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Core tip: The use of topical 2% diltiazem hydrochloride
for treating anal fissures is supported by multiple clini-
cal trials and is recommended in published practice
parameters. As no commercially manufactured formula-
tion of topical 2% diltiazem has been approved yet by
the Food and Drug Administration for the treatment of
anal fissure, prescriptions for the medication need to
be extemporaneously compounded by retail pharma-
cies. Employing high-performance liquid chromatog-
raphy analysis of topical 2% diltiazem formulations
compounded by a sampling of pharmacies, we found
a notable trend toward lack of content uniformity and
misbranding of potency, suggesting that many patients
might not receive the anticipated relief of anal-fissure
pain.
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INTRODUCTION

The use of topical 2% diltiazem hydrochloride for treat-
ing anal fissures by lowering anal sphincter pressure has
been explored in multiple clinical trials since 2000"
Diltiazem hydrochloride, a calcium channel blocker, is
well known as an oral treatment for hypertension and an-
gina[(’]. In 2010, the Standard Practice Task Force of the
American Society of Colon and Rectal Surgeons (ASCRS)
published revised practice parameters for managing anal
fissure, assigning to each practice parameter a grade of
recommendation and a class of evidence'”. Noting that
conservative (nonsurgical) therapy is safe and should be
the first step for managing anal fissure™'”, the ASCRS
task force stated that topical formulations of calcium
channel blockers may be appropriately used to treat anal
fissure and that these drugs seemed to have a lower in-
cidence of adverse effects than topical nitrates, such as
nitroglycerin. This practice parameter was accorded the
highest grade of recommendation and the second highest
class of evidence by the task force”.,

No commercially manufactured formulation of topi-
cal 2% diltiazem has been approved by the United States
Food and Drug Administration (FDA) for the treatment
of anal fissure. Consequently, colon and rectal surgeons,
gastroenterologists, and other physicians who want to
follow ASCRS practice parameters and prescribe a topi-
cal calcium channel blocker for treatment of anal fissure
have to write prescriptions for a product that will be
extemporaneously compounded by retail pharmacies.
Directions for compounding 2% diltiazem as a topical
formulation are readily available in published literature.
For example, propylene glycol, hydroxyethyl cellulose,
and heated purified water are mixed with diltiazem, and
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the resulting formulation is packaged in a tight, light-
resistant container, usually a tube or jarm. A few pharma-
cies that specialize in compounding services advertise the
availability of compounded topical 2% diltiazem on the
internet. However, many nonspecialized retail pharmacies
also fulfill prescriptions by compounding the product.

In 2006, the FDA investigated the quality of com-
pounded products, collecting active pharmaceutical in-
gredients (API) and finished compounded drug samples
during unannounced visits to compounding pharmacies
throughout the country. All API samples passed analysis,
but a third of the 36 compounded samples that were col-
lected failed analysis by being either subpotent or supra-
potent or by lacking content uniformity. The United States
Pharmacopoeia (USP) standard for potency is 90%-115%
of label claim"”. Because the API samples passed analysis,
the FDA observed that the failures of the samples in the
analysis were directly related to faulty compounding pro-
cesses at the pharmacies, including the lack of proper in-
process controls and end-product testing[l3].

To examine the quality of compounded formula-
tions of topical 2% diltiazem, we undertook a high-
performance liquid chromatography (HPLC) analysis of
preparations gathered from retail pharmacies in a major
metropolitan region.

MATERIALS AND METHODS

Data source

A healthcare professional was asked to write prescriptions
for extemporaneously compounded 2% diltiazem cream
for fulfillment by retail pharmacies in the greater New
York metropolitan region. The selection criteria, intended
to locate retail pharmacies that might have experienced
pharmacists on staff with competency at compounding,
included stipulations that the pharmacies be independent,
not parts of retail pharmacy chains, and that they openly
offer drug-compounding services by means of online or
other advertising, A total of 12 qualifying retail pharma-
cies were selected from different parts of the metropoli-
tan region.

The participating healthcare professional wrote 12
prescriptions, with 2 refills allowed per prescription,
so that 3 presctiptions could be filled at each of the 12
pharmacies (36 total fills) for compounded 2% diltiazem
cream. The prescriptions were filled at each of the 12
pharmacies during May 2012 and June 2012, at intervals
of 1-2 wk in between refills. As soon as any prescrip-
tion was filled by a retail pharmacy, it was collected and
shipped at ambient temperature in a prepared bubble-
wrap mailer to DermPathe Pharmaceuticals (Branchberg,
NJ, United States), the laboratory engaged for the HPL.C
analysis. The compounded formulations of topical 2%
diltiazem were provided by the retail pharmacies as either
jats or tubes.

Upon receipt of each package, DermPathe logged the
time and date and stored the compounded formulation
at ambient temperature. HPLC analysis was conducted
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Figure 1 Mean potency of diltiazem content in each of the 3 samples from each of the 12 different retail pharmacies (mean + SD).

in accordance with the DermPathe-validated method for
diltiazem in cream, ointment, and gel formulations. The
analysis included an assessment of potency (percent-
age of label claim) and content uniformity for each of
the compounded formulations. For the analysis of each
formulation, 8 different samples of the topical diltiazem,
each approximately 1 g in weight, were taken from pre-
specified locations within the compounded formulation
container. If the compounded formulation was provided
in a jar, 4 samples were taken from the top of the jar: 1 at
the top front, 1 at the top center, 1 at the top right back
corner, and 1 at the top left back corner. In the middle
layer of the jar, 1 sample was taken from the center and 1
from the middle right corner. At the bottom of the jar, 1
sample was taken from the center and 1 from the bottom
left corner. If the compounded formulation was pro-
vided in a tube, the tube was sectioned horizontally and
opened up. Then 2 samples were drawn from the top left
and top right of the tube, 2 more from the middle left
and middle right of the tube, 2 from the bottom left and
bottom right of the tube, and the final 2 randomly on the
left and on the right between the middle and the bottom
of the tube.

Each sample was transferred to a 100 mL volumetric
flask, to which methanol was added to fill approximately
80% of the flask volume. The solution was sonicated for
1 h, and the flask was then filled to volume with metha-
nol and mixed thoroughly by shaking. Filtered through a
0.45-micron filtet, the solution was then transferred into
HPLC vials for analysis using a Waters 2695 HPLC sys-
tem with a 2487 dual wavelength detector (Waters Coz-
poration, Milford, MA, United States). A Luna C8 150
mm X 4.6 mm, 5 mm column with a C8 Security Guard
column (Phenomenex, Torrance, CA, United States) was
used as the stationary phase. The mobile phase consisted
of an acetate buffer, acetonitrile, and methanol, in a
50:25:25 ratio. The acetate buffer contained 8.2 g of an-
hydrous sodium acetate and 1.16 g of D-10-camphorsul-
phonic acid in 1000 mL of water, with pH adjusted to 6.2
with 1 mol/L sodium hydroxide. The flow rate was set at
2 mL per minute, the detector wavelength was set at 240
nm, and the column temperature was set to 30 C.
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Statistical analysis

Descriptive statistics were used in this study. For categori-
cal variables, frequencies and percentages are reported.
For continuous variables, the number of observations,
mean F SD, and relative standard deviation are reported.
Statistical analyses were performed using Excel 2010 (Mi-
crosoft, Redmond, WA, United States).

RESULTS

Thirty-six prescriptions for compounded topical 2%
diltiazem were written, filled, and shipped to DermPathe
for analysis. Of these preparations, 30 were packaged in
jars and 6 were packaged as tubes (only 2 of the 12 retail
pharmacies used tubes for packing). One of the 12 retail
pharmacies failed to label each of the 3 filled prescrip-
tions of topical 2% diltiazem with the drug name; the
label on each of the 3 formulations from this pharmacy
simply read “compound.”

The prescriptions were specifically for cream for-
mulations. Five of the 12 pharmacies compounded 2%
diltiazem as a cream, using lipoderm, but 6 of the 12
pharmacies compounded 2% diltiazem as an ointment,
using petrolatum. For 1 pharmacy, the same that had the
inadequate labeling, the dosage form was unknown.

The preparations were analyzed by DermPathe within
10 d of receipt. Prior to being analyzed, the products
were stored at room temperature. In the published direc-
tions for preparing topical 2% diltiazem, the shelf life
of the preparation is given as 30 d when stored at room
temperature' . At the time of HPLC analysis, there were
no visible signs of product degradation in any of the jars
or tubes.

Potency results

Of the 36 prescriptions, 18 (50.0%) were misbranded
for potency according to the USP standard. Five (13.9%)
of the prescriptions were suprapotent (that is, the mea-
sured drug activity was > 115% of label claim) (Figure 1).
The suprapotent prescriptions ranged in potency from
117.2% to 128.5% of label claim. No retail pharmacy
produced more than 1 suprapotent formulation. Thirteen
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Table 1 Potency at prespecified locations of compounded preparations of topical 2% diltiazem that lacked content uniformity

Percentage of label claim (prescription number, type of packaging)

Sample location' 1, jar 2, jar 4, jar 10,jar  11,jar 14, jar
Location 1 111.9% 110.8%  102.9%  97.5% 126.0%  83.3%
Location 2 108.7%  114.2% 95.7%  98.0% 117.8%  73.1%
Location 3 1421%  112.0%  100.6% 101.1% 144.9%  93.4%
Location 4 149.1%  145.5% 99.8% 100.9% 117.1%  72.4%
Location 5 110.6%  106.5%  109.0%  929% 107.4% 112.4%
Location 6 106.7%  99.9% 971%  90.9% 116.1% 161.1%
Location 7 110.8%  103.8%  100.8%  859% 121.2% 211.2%
Location 8 111.7%  107.8%  231.7%  892% 120.6% 220.8%
Mean 119.0%  112.6%  117.2%  94.6% 121.4% 128.5%
Relative SD 14.0%  12.5% 39.6% 6.0% 9.0%  46.9%

19,jar  20,jar  25,jar  26,jar  27,jar 28 jar 32, tube 33, tube
100.2%  71.4%  73.0%  39.9%  948%  83.8%  443%  674%
99.3% 209%  58.7%  742%  68.9%  665% 151%  83.4%
91.2% 823%  67.3% 521%  634% 811% 16.8%  80.7%
99.9% 81.8%  649%  761%  57.7%  829%  33.8%  87.9%
95.9% 692%  632%  679%  543%  715% 67.7%  815%
973% 813% 59.5%  658% 51.5%  65.4% 294%  79.3%
778% 799%  552%  72.0%  56.1%  65.6%  42.0%  83.0%
91.0% 821%  57.6%  70.6%  52.8%  65.6% 294%  90.7%
941% 711%  624%  648%  624% 728%  34.8%  81.7%
8.0% 29.4% 94%  192% 229% 11.5%  485% 8.5%

Tars: 1: Top front; 2: Top left back corner; 3: Top right back corner; 4: Top center; 5: Center of jar; 6: Middle right corner; 7: Bottom left corner; 8: Bottom
center. Tubes: 1: Top left; 2: Top right; 3: Middle left; 4: Middle right; 5: Random left; 6: Random right; 7: Bottom left; 8: Bottom right.

(36.1%) of the prescriptions wete subpotent (that is, the
measured drug activity was < 90% of label claim) (Figure
1). The subpotent prescriptions ranged in potency from
34.8% to 89.8% of label claim. Only 3 of the 12 pharma-
cies compounded each of the 3 prescriptions they filled
without misbranding potency. For 3 of the 12 pharma-
cies, all 3 of the filled prescriptions were subpotent.

Content uniformity results

Of the 36 preparations, 14 (38.9%) lacked content uni-
formity according to the USP requirement of 90% to
110% potency and < 6% relative standard deviation'”
Table 1 shows the potency variations at the different
sample locations of these 14 preparations. Of the 30
formulations packaged in jars, 12 (40%) lacked content
uniformity; of the 6 formulations packaged in tubes, 2
(33.3%) lacked content uniformity. In some of the jars
the potency varied by more than 100%. In batch 4, pro-
vided as a jar, the potency at the top center of the jar
was 99.8% while the potency at the bottom center of the
jar was 231.7%. In batch 14, also provided as a jar, the
potency at the top center of the jar was 72.4% while the
potency at the bottom of the jar was 220.8%. Batch 32,
provided as a tube, was overall subpotent and also lacked
content uniformity: at the middle left of the tube, po-
tency was 16.8%; at the bottom left of the tube, potency
was 42.0%.

Pharmacy performance

Nine of the 12 pharmacies failed USP potency or
content-uniformity specifications for at least 1 of their
3 prescriptions. Three of the 12 pharmacies failed USP
potency or content-uniformity specifications for all 3 of
their prescriptions. When the potencies of the 3 time-
separated prescriptions were averaged together for each
of the 12 pharmacies, the mean potency was < 90% of
label claim for 5 of the 12 pharmacies (Table 2).

DISCUSSION

In this HPLC analysis of 36 preparations of compound-
ed topical 2% diltiazem from 12 retail pharmacies, half
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of the preparations did not meet USP specifications for
potency and almost 40% of the preparations did not
meet USP specifications for content uniformity. Of the
12 retail pharmacies, only three were able to fill all three
of the time-separated prescriptions consistently within
USP specifications.

When compounded preparations of topical 2% diltia-
zem fall outside USP specifications for potency, they are
more likely to be subpotent (36.1% of the prescriptions)
than suprapotent (13.9% of prescriptions). With more
than a third of the prescriptions of compounded 2%
diltiazem being subpotent, such prescriptions might not
routinely relieve anal fissure pain to the extent or with
the speed established in clinical trials of topical 2% dil-
tiazem"*'"*', In one of those trials, Carapeti ¢ al” com-
pated different diltiazem gel concentrations (0.1%, 0.5%,
1%, 2%, 5%, and 10% weight per volume) and found a
dose-dependent effect on maximum resting anal sphinc-
ter pressure (MRP), with the maximal effect (28% reduc-
tion compared with pretreatment, P < 0.0001) achieved
with the 2% formulation. The MRP was not lowered as
effectively with the 1% concentration, while concentra-
tions higher than the 2% produced no additional effect.

The potency of the 5 suprapotent preparations of
topical 2% diltiazem did not exceed 128.5% of label
claim. However, owing to a lack of content uniformity
in some preparations, especially when packaged in jars,
compounded diltiazem could be more than twice as po-
tent as the label claim in some sections of a container.
The level of suprapotency in these sections, as high as
231.7% of label claim in a section of one jar, could put
patients at potential risk for drug-related side effects.
Because diltiazem is also used as a hypertensive agent,
the largest risk associated with suprapotent topical 2%
diltiazem might be dizziness or postural hypotension. In
studies that have evaluated topical 2% diltiazem for treat-
ment of anal fissure, the side effect profile has been mild,
and the most frequent side effects have been headache or
anal pruritus™ . However, there have been reports of
postural hypotension associated with the use of topical
diltiazem®™"

Azarnoff et al' conducted a similar HPLC analysis
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Table 2 Mean potency as percentage of label claim for 3

prescriptions of compounded topical 2% diltiazem filled by
12 retail pharmacies

Pharmacy No. Label claim (mean + SD) Relative SD
1 95.9% +9.8% 8.7
2 107.3% £ 16.5% 154
& 95.9% +2.2% 2.2
4 103.3% +£5.1% 4.9
5 86.5% +20.1% 23.2
6 106.2% +1.8% 1.7
7 81.6% £ 6.5% 8.0
8 100.1% £2.0% 1.9
9 63.2% +3.8% 6.0
10 70.4% +3.2% 4.5
11 68.8% + 6.5% 9.4
12 102.9% + 0.8% 0.8

of compounded formulations of topical 0.3% nitroglyc-
erin ointment for anal fissure. The investigators acquited
24 filled compounded presctiptions from 24 retail phat-
macies across different geographic regions. They found
that 7 (29.2%) of the 24 compounded formulations were
subpotent and that 1 (4.8%) was suprapotent. Moreover,
5 (20.8%) of the 24 samples lacked content uniformity. In
comparison, in the current study, in which 36 compound-
ed preparations were acquired from 12 different pharma-
cies, 13 (36.11%) of the preparations were subpotent, 5
(13.9%) wete suprapotent, and 14 (38.9%) lacked content
uniformity. The relatively worse analytic performance
of compounded topical 2% diltiazem formulations in
the current study might be an artifact of study design.
Another explanation might be that it is more difficult to
prepate compounded diltiazem formulations rather than
compounded nitroglycerin formulations in accordance
with USP standards, although it is unclear why this might
be the case.

In October 2012, an FDA report of an outbreak
of fungal meningitis related to contaminated products
produced by the New England Compounding Center
(Framingham, MA, United States) brought to public
awareness the practice and business of pharmacy com-
pounding”™**’, There are legitimate reasons for physicians
to prescribe extemporaneously compounded drugs: for
example, to provide patients with products like topical 2%
diltiazem, currently recommended in the ASCR practice
parameters for anal fissure but not approved by the FDA,
ot to create unique medications for specific patients, such
as those who have documented allergies to certain drug
ingredients or who require dosage forms different from
those of FDA-approved drugs”**”. However, not only
have both branded and generic drugs undergone FDA
approval for safety and efficacy, they are also required
by law to be produced under federal Good Manufactut-
ing Practice (GMP) regulations in order to ensure their
identity, quantity, potency, and purity”. In contrast, al-
though extemporaneously compounded drugs might be
formulated under professional pharmacy standards, these
standards are inherently less rigorous than federal GMP
quality standards. Because there is no federal surveillance
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of compounded drugs, the extent of quality and safety
problems with compound drugs is unknown'. Clearly, a
topical 2% diltiazem cream produced under GMP regula-
tions is needed to avoid the large percentage of substan-
dard compounded formulations of a drug specifically
recommended by the practice parameters of a medical
society.

There were limitations to this study. The sample size
was small, and the collection of samples was restricted
to a single major metropolitan area. None of the com-
pounded formulations were analyzed for microbiologic
content when received by the laboratory. Upon routine
inspection of the formulations after 8 mo of refrigerated
storage at 5 ‘C, the laboratory discovered mold on some
of them, and all samples were discarded. A future study
of compounded formulations of topical 2% diltiazem
will need to include analyses of microbiologic content,
of possible drug degradation, and of the release of diltia-
zem from the formulations.

In conclusion, this study shows that when patients
are prescribed topical 2% diltiazem cream for treatment
of anal fissure in a major metropolitan region, they re-
ceive compounded formulations from retail pharmacies
that are misbranded in respect to potency approximately
50% of the time and that lack content uniformity ap-
proximately 40% of the time. Because approximately one
third of the compounded preparations were subpotent,
patients treated with compounded formulations of topi-
cal 2% diltiazem might not receive the anticipated relief
of pain associated with anal fissure.

COMMENTS

Background

The use of topical 2% diltiazem hydrochloride for treating anal fissures is sup-
ported by multiple clinical trials and is recommended in published medical
society practice parameters. In countries where no commercially manufactured
formulation of topical 2% diltiazem is available, prescriptions for the medication
need to be extemporaneously compounded by retail pharmacies. Up to now, the
quality of these compounded diltiazem formulations has not been evaluated.
Research frontiers

High-performance liquid chromatography analysis was undertaken with 36
preparations of compounded 2% topical diltiazem that were gathered from 12
different independent retail pharmacies in a major metropolitan area.
Innovations and breakthroughs

This is the first study to show that when patients are prescribed topical 2%
diltiazem cream for treatment of anal fissure, they receive compounded for-
mulations from retail pharmacies that are misbranded in respect to potency
approximately 50% of the time and that lack content uniformity approximately
40% of the time. Because over one third of the compounded preparations were
subpotent, patients treated with compounded formulations of topical 2% diltia-
zem might not receive the anticipated relief of anal-fissure pain.

Applications

By demonstrating that a sample of retail pharmacies compound a large percent-
age of substandard formulations of topical 2% diltiazem, the study underscores
that this drug, recommended for use by medical society practice parameters,
should be produced under Good Manufacturing Practice regulations to ensure
its identity, quantity, potency, and purity.

Peer review

Local absorption of diltiazem depends on skin thickness and local inflammation.
It is also proportional to the medication amount. This study is similar to a 2007
study concerning compounded formulations of nitroglycerin ointment for anal
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fissure. The authors noticed a problem that is presumably unknown to gastroen-
terologists and surgeons: that compounded formulations of topical 2% diltiazem,
recommended by the American Society of Colon and Rectal Surgeons for anal
fissure therapy but not approved by the United States Food and Drug Admin-
istration, may be subpotent or suprapotent. Of 36 compounded preparations
examined in the study, 38.9% lacked content uniformity, and 50% did not meet
United States Pharmacopoeia specifications for potency.
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