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ABSTRACT: Topical NSAIDs do not effectively cross the skin due to barrier of
stratum corneum. The aim of the study was to evaluate penetration of diclofenac from a
novel quick penetrating solution (QPS) and conventional gel prepared using Tc-99 m
labeled diclofenac. The study was conducted in 16 healthy subjects, divided in 4 groups,
each with 4 subjects. In first three groups, the applications were made on knees for 30, 60
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and 120 minutes respectively. In fourth group, applications were made at six sites (three
on either side of the spine) on the back. Equal quantity of diclofenac from QPS and gel
were applied on left and right knee and left and right side of the spine respectively.
Measurement of radioactivity was done by gamma camera after washing of the applied
drug. It was found that the penetration of radiolabeled diclofenac increased with increase
in application time for both the QPS and gel formulations. Scintigraphy images indicated
site specific differences in the rate and extent of penetration. Over knee, the penetration
of diclofenac from QPS was significantly higher as compared to gel after application for
30 min (P<0.0001) and 120 min (P = 0.03). Over back, the difference in the % retention
was significant (P = 0.03) after 60 min of drug application. Thus, it may be concluded
that both rate and extent of diclofenac penetration from skin over knee and back from
QPS was higher than gel.
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INTRODUCTION: Non-Steroidal Anti-  Currently available topical formulations of

Inflammatory drugs (NSAIDs) are cornerstone for
musculoskeletal pain management.! Oral NSAIDs
carry risk of gastrointestinal, cardiovascular, renal,
hematological and other systemic adverse events
particularly when used for long duration. Topical
diclofenac can avoid adverse events associated with
oral diclofenac by limiting systemic exposure of
diclofenac and acting locally with less systemic
absorption.” There is limited published data on the
skin permeation of diclofenac and majority of the
studies are performed in vitro.?
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diclofenac include creams, gels or aerosol sprays.
To provide adequate analgesic effect, topically
applied drugs should cross the barrier of stratum
corneum to reach the underlying tissue.” It is
reported that only 10% of diclofenac from the
topically applied gel is biologically available.> A
meta-analysis of 25 randomized clinical trials
shows no benefit of topical NSAIDs over placebo
at four weeks in treatment of osteoarthritis °.

The failure of currently available topical
formulations in providing effective pain relief
mandates the use oral NSAIDs ” and pose the need
of newer topical formulation with enhanced
penetration property. A novel non-aqueous topical
solution of diclofenac was formulated using QPS
(quick penetrating solution) technology in which
drug is dissolved in a unique base which contains
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penetration enhancers. This helps to overcome the
barrier of stratum corneum and provides quick and
enhanced penetration of the drug through the skin.
The enhanced penetration results in increased drug
concentration in the underlying tissues providing
adequate local analgesic effect.

The objective of this study was to evaluate the
penetration of radiolabeled diclofenac through the
skin of knee and back after topical application of
diclofenac diethylamine 4.64% quick penetrating
solution (QPS) and diclofenac diethylamine 1.16 %
gel in healthy adult male subjects using gamma
scintigraphy.

MATERIAL AND METHODS:

This  prospective, open label, comparative
scintigraphy study was conducted at Department of
Nuclear Medicine, Institute of Nuclear Medicine
and Allied Sciences (INMAS), Delhi, India. The
study was initiated after approval by the
Independent Ethics Committee. The study was
conducted in accordance with the Good Clinical
Practice (GCP) guidelines issued by the Central
Drugs Standard Control Organization (CDSCO)
India; the ethical standards laid down in declaration
of Helsinki 1964 and its later amendments and the
Ethical guidelines for biomedical research on
human participants issued by Indian Council of
Medical Research (2006), New Delhi.
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Study treatment, radiolabelling and method of
application:

Diclofenac diethylamine (DEA) was labelled with
Technetium-99m (Tc-99m) in dry form (by Dry
Powder labelling protocol developed by INMAS).
Stability of the radio labelled DEA was confirmed
in-vitro. The radiolabelling efficiency of the
process was more than 95%. Radiolabeled DEA
was used to prepare QPS and gel formulations
freshly on the day of the study.

All subjects were explained the procedure and
written informed consent was obtained before the
screening procedure. 16 healthy adult male subjects
aged 18 to 55 years, without any sign of abrasion,
wound or infection on the skin over knee and back
and with normal clinical examination, laboratory
examinations and vital signs were included in the
study. Any subject with known hypersensitivity to
Diclofenac or medical history of significant
dermatological diseases or conditions known to
alter skin appearance or physiologic response or
any other systemic illness in past 3 months, history
of asthma, gastric or duodenal ulcer, abnormal liver
or renal function tests were excluded.

The subjects were divided in 4 groups with 4
subjects in each group. The first three groups were
named as K1, K2, K3 (knee skin) and fourth group
was named as group B (back skin) (Fig. 1).

16 Healthy Subjects

l |

Group K1 Group K2 Group K3 Grou£ B
(n=4) (n=4) (n=4) (n=24)
(Knee) (Knee) (Knee) (Back)
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FIG. 1: METHOD OF STUDY DRUG APPLICATION.

Approximately 30 cm? (6 cm of diameter) area was
marked on both the knees of volunteers in K1, K2,

International Journal of Pharmaceutical Sciences and Research

and K3 groups. In group B, in each subject total six
areas were marked, each measuring approximately
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30 cm? (6 cm of diameter), three areas on either
side of the spine. At least 3 cm distance was kept
between two marked areas to avoid the
radioactivity interference between the adjacent
marked areas. In group B, the pair of areas marked
on the upper back was named as group B1; the pair
of areas marked on the middle back as group B2
and the pair of areas marked on the lower back as
group B3.

QPS (0.3 ml, 12 mg diclofenac) and gel (1.2 gm, 12
mg diclofenac) was applied on left and right side of
back and left and right knee respectively. Drug was
spread with glass rod on the marked area

The formulations were washed completely after 30
min in group K1 and B1, after 60 min in group K2
and B2, and after 120 minutes in group K3 and B3.
The washing was performed 3 times with a towel
impregnated with detergent solution to ensure
complete removal of radioactivity and also avoid
smearing of formulation in the adjoining area.

Scintigraphy images:

Anterior and posterior scintigraphy images of all
application sites were taken by Symbia 2T dual
Head SPECT-CT (Siemens) gamma scintigraphy
machine immediately after application of drug,
immediately after washing study drug (considered
0 min), 15, 30 minutes and 1, 2, 3, 4 and 5 hours
after washing the application. Images were
analyzed quantitatively using Region-of-interest
software. Radioactivity from the images taken
immediately after application of formulation was
considered as baseline (100%).

Radioactivity of the sites at various time points,
post-washing were compared with corresponding
baseline radioactivity and recorded as % of
radioactivity. Radioactivity in images taken
immediately after washing was treated as %
diclofenac penetrated through the skin; and
radioactivity at subsequent time points were treated
as % retention of diclofenac. Study subjects were
observed for the occurrence of any adverse event
during the study period. Vital signs were recorded
at beginning and at the end of study.

Statistical analysis was carried out using Student’s t
test. P<0.05 was considered as “statistical
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significance”. Values are expressed as Mean =+
Standard deviation (SD).

RESULT:

All 16 subjects completed the study and data was
subjected to statistical analysis. The formulations
were applied on the knee and back as shown in Fig.
2 and 3. These figures depict gamma camera
images superimposed in the body outline and show
the site and area of drug application.

Group K1 Group K2 Group K3
GEL  QPS GEL  QPS GEL  QPS
| | | | |
| |/“
e ¥p

/
[ 2
(

FIG.2: SCINTIGRAPHIC IMAGES OF KNEE
IMMEDIATELY AFTER WASHING (GROUPS K1, K2, K3:

30, 60, AND 120 MINUTES OF APPLICATION
RESPECTIVELY)
Group BT Group B2 Group B3
QPS  GEL QPS  GEL QPS  GEL
¢

§
FIG.3: SCINTIGRAPHIC IMAGES OF BACK
IMMEDIATELY AFTER WASHING (GROUPS B1, B2,

B3: 30, 60, AND 120 MINUTES OF APPLICATION
RESPECTIVELY)

Penetration at Knee:

The diclofenac penetrated through the skin at the
knee from both QPS and gel formulations. Fig.4
and Table 1 depicts % radioactivity of diclofenac
at the site of application in group K1, K2 and K3 at
different time points. The radioactive density of
diclofenac, at skin over knee, was increased with
increase in application time for both the QPS
formulation and gel formulation. The penetration of
radiolabeled diclofenac, on the skin over knee from
QPS formulation was higher than gel formulation
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for images taken at all time points, post wash, in
K1, K2 and K3 groups. It was statistically
significant as compared to gel formulation in group
K1 (P<0.0001) and group K3 (P = 0.03). The

levels declined with time in all groups. The parallel
lines in the Fig.4 suggest that the apparent rate of
disappearance of radioactivity was similar in all the
groups.
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FIG. 4. PERCENTAGE OF PENETRATION AND RETENTION OF DICLOFENAC FROM QPS AND GEL AT

KNEE. (K1, K2, K3: GROUPS FOR 30, 60 AND 120 MINUTES OF APPLICATION TIME RESPECTIVELY. Q: QPS,
G: GEL,)

TABLE 1: PERCENTAGE OF PENETRATION AND RETENTION OF DICLOFENAC AT KNEE IN GROUP K1, K2
AND K3
Time points after

QPS formulation Gel formulation

washing Gﬁr;ie % penetration % penetration P value
(minutes) P (N=4) (N=4)
K1 17.27+1.25 4.67+1.70 <0.0001
0 K2 22.05 +8.27 15.76 + 6.53 0.278
K3 21.69 £ 3.60 13.10+5.15 0.034
K1 17.04 £ 1.40 4.49+1.70 <0.0001
15 K2 21.01+£7.52 15.36 + 6.48 0.298
K3 21.53+3.70 12.55 +5.05 0.028
K1 16.94 +0.72 438 £1.83 <0.0001
30 K2 20.26 £ 7.39 14.75 + 6.60 0.309
K3 20.51 + 3.68 12.12 + 4.56 0.029
K1 6.31+£0.96 3.45+2.20 0.055
60 K2 19.56 £7.12 14.21 + 6.07 0.296
K3 20.37 £ 3.64 11.78 + 4.32 0.023
K1 5.79+£0.61 3.17 £1.87 0.037
120 K2 18.79 + 6.65 13.76 + 5.76 0.296
K3 20.06 + 3.89 1111 +4.34 0.022
K1 5.47 + 0.585 3.19+2.26 0.099
180 K2 18.70 + 6.67 13.39+5.48 0.265
K3 19.74+ 3.95 10.97 £ 4.37 0.025
K1 5.21+0.59 3.17+2.22 0.126
240 K2 18.59 + 6.87 12.71+5.15 0.220
K3 18.81 + 3.45 10.79 + 4.37 0.028
K1 4.92 £ 0.62 3.00+1.80 0.090
300 K2 18.13 +6.63 12.52 +5.23 0.232
K3 18.50 + 3.15 10.43 + 4.00 0.019

Values are expressed as Meanz SD. Data were analysed by unpaired t test. N= number of subject in each group. K1: 30 minutes
application, K2: 60 minutes application; K3: 120 minutes application
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Penetration at Back: The diclofenac penetrated
through the skin at the back from both QPS and gel
formulations. Fig.5 and Table 2 depicts %
radioactivity of diclofenac at the site of application
in group B1, B2 and B3 at different time points.
The radioactive density of diclofenac, at skin over
back, increased with increase in application time
for both the QPS formulation and gel formulation.
The penetration of radiolabeled diclofenac, on the
skin over back from QPS formulation was higher
than gel formulation for images taken, post wash, at
all time points in B1, B2 and B3 groups. It was
statistically significant in group B2(P=0.03). The
levels declined with time in all groups. The parallel
lines in the figure suggest that the apparent rate of
disappearance of radioactivity was similar in all the
groups.
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FIG. 5. PERCENTAGE OF PENETRATION AND
RETENTION OF DICLOFENAC FROM QPS AND GEL
AT BACK. (B1, B2, B3: GROUPS FOR 30, 60 AND 120
MINUTES OF APPLICATION TIME RESPECTIVELY.
Q: QPS, G: GEL)

TABLE 2: PERCENTAGE OF PENETRATION AND RETENTION OF DICLOFENAC AT BACK IN GROUP B1, B2

AND B3
. . QPS formulation Gel formulation
v-\ll—égﬁrf);l(?rﬁnaﬁgsr) (GB r%cukp) % penetration % penetration P value
(N=4) (N=4)
B1 59+233 4.3+1.58 0.2990
0 B2 8.8+1.69 5.5+ 1.66 0.032
B3 9.268 + 0.90 7.163+1.6 0.062
B1 5.344 + 1.97 4116 + 1.55 0.3650
15 B2 8.629 £ 1.77 5.295 + 1.46 0.027
B3 8.515+ 1.69 7.051+£1.71 0.269
B1 5.192 +£1.93 4.006 + 1.48 0.3671
30 B2 8.190 £ 1.61 5.129 + 1.44 0.030
B3 8.288+1.49 6.826 £ 1.95 0.278
B1 5.088 + 1.83 3.900 + 1.47 0.3505
60 B2 7.896 + 1.57 5.030 + 1.48 0.038
B3 8.134 £ 1.65 6.723 +1.91 0.306
B1 4.801 + 1.60 3.890 +1.48 0.4352
120 B2 7.422 £1.25 4.824 +1.39 0.032
B3 7.961 + 1.66 6.707 £1.91 0.360
B1 4.668 £ 1.53 3.844 + 1.46 0.4654
180 B2 7.141+£1.32 4,769 + 1.36 0.046
B3 7.459 + 1.88 6.520 + 2.15 0.535
Bl 4.636 +1.54 3.713+1.34 0.401
240 B2 6.793 £ 1.14 4.646 + 1.33 0.050
B3 7.171+2.14 6.493 +2.16 0.671
B1 3.805+1.17 3.183+1.17 0.481
300 B2 6.397 £ 1.28 4.460 + 1.24 0.073
B3 7.043+2.12 6.32 +2.34 0.663

Values are expressed as Meanz SD. Data were analysed by unpaired t test. N= number of subject in each group.

B1: 30 minutes application, B2: 60 minutes application; B3: 120 minutes application
None of the subject had any adverse event during the entire study period.

DISCUSSION: Knee osteoarthritis (OA) and
backache are among the most common ailments of
musculoskeletal diseases. Moreover these two sites
are adjacent to the skin and can be treated with

topical application of NSAIDs. Currently available
topical formulations of NSAIDs reported to have
poor penetration through stratum corneum.’
Recently published study shows that even
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formulations containing nano-sized particles, don’t
penetrate the skin.®

Results from this study suggest that penetration of
diclofenac increased with increase in duration of
application with both formulations; this suggests
that for adequate effect topically applied drugs
should be allowed to stay for sufficient time.
However, the penetrability of the drug is dependent
on the type of formulation as well as thickness and
texture of the stratum corneum at the site of
application as reflected by the relative positions of
plots of QPS and Gel in Fig. 4 and 5.

The % penetration of diclofenac achieved with
QPS formulation at 30 min at skin over knee (17.2
+ 1.25) was higher than that of gel formulation
after 30, 60 and 120 min of application (4.67 *
1.70, 15.76 + 6.53 and 13.10 + 5.15 respectively)
(Table 1 and 2). This denotes faster rate and higher
extent of penetration of diclofenac from QPS.

The extent of diclofenac penetrated from QPS was
almost 4 times higher as compared to gel at skin
over knee (17.04 £ 1.04 vs 4.49 + 1.70; p<0.05) in
group K1 (after 30 minutes of application).
However, this difference in penetration was 1.62
times higher at the back (8.629+ 1.77 vs 5.295 +
1.46; p<0.05) in group B2 (after 60 minutes of
application) (Table 1 and 2). The lesser rate and
extent of penetration of drug at back as compared
to knee could be due to variation in thickness of
stratum corneum at two different sites.

Radioactivity at application site disappeared
gradually after washing till the last measured time
point (5 hrs). The apparent rate of loss of
radioactivity was similar at both sites and from
both the formulations. Parallel lines in the figures
suggest that formulation or the site of application
has no effect on disposition of diclofenac. In K1
group, the radioactivity levels from QPS
formulation at 300 minutes were still higher than
the observed at 0 min with gel formulation. Similar
observations were made in group B2 for QPS and
gel formulations. This may translate in to faster
pain relief for longer duration with QPS
formulation. This can be explained by initial high
tissue levels achieved by QPS formulation. This
finding also suggests that over back skin, more

International Journal of Pharmaceutical Sciences and Research

E-ISSN: 0975-8232; P-ISSN: 2320-5148

time is required than over knee skin for adequate
penetration. This information can be useful in
deciding time duration of application in future
studies.

In this study, no local or systemic adverse event
was observed or reported during study period in
any of the study groups. Safety results of our study
were in line with earlier published studies which
reported that the topical formulations of diclofenac
are safe and do not have significant systemic side
effects.” 1

In this study, images were taken from anterior and
posterior direction only and the images could not
define the depth of the penetration of diclofenac
through the skin. Dermal Microdialysis study
conducted with the same formulation confirmed the
enhanced transdermal penetration with QPS
formulation.**

This study enrolled healthy volunteers and so any
effect of drug on the underlying disease could not
be assessed. Clinical trial conducted in patients
suffering from pain due to acute musculoskeletal
conditions with the QPS formulation concluded
thatlePS provides better pain relief as compared to
gel.

This scintigraphy study suggests significant
penetration (faster and higher penetration) of
diclofenac from QPS through the skin of knee. The
results of this study suggest that the topical
formulation with enhanced penetration can be
useful in treating musculoskeletal and joint diseases
adjacent to the skin. We recommend conducting
clinical trial in patients suffering from OA knee to
evaluate the clinical efficacy of QPS whether its
increased penetration can provide better pain relief
or can reduce the need of oral NSAIDs.

CONCLUSION: This comparative Scintigraphy
study suggests that the topical application of quick
penetrating solution of diclofenac results in
increased penetration of diclofenac through skin
over knee and back as compared to conventional
diclofenac gel.
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