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ABSTRACT

The aim of the present work was to formulate andluation matrix type of transdermal patches coirigin
Diltiazem hydrochloride by solvent evaporation nogthoy using tree different polymer ratio. Aluminiuimil
cup technique was used as a substrate. Dimethigxsig (DMSO) was used as penetration enhancer alrd
polyethylene glycol (PEG) was used as plasticiZdre physicochemical parameter like thickness, weig
variation, % moisture loss, % moisture uptake,if@jcendurance, flatness, drug content were evalubievitro
drug release study was carried out by using Fréhzson cell. Cumulative drug released in 24 mant the six
formulations were 79.54, 70.81, 68.46, 78.10, 7588 66.45% respectively. On the basisiroivitro drug
release performance, formulation P1 was fond tdodtéer than other formulations and it was seleetedhe
optimized formulation.
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"\ INTRODUCTON
Recently, oral route of drugs delivery is the most
common form. However this system has its oven
Sanjana N K, notable advantage of easy administration, it aés h
major drawbacks; specifically poor bioavailability
due to first pass effect and the tendency to preduc
Bharathi College of Pharmacy, rapid both low and high blood level, Ieading to a
need for high and/or frequent dosing, which can be
both inconvenient and high-priced. Transdermal
drug delivery has advantage over oral route wtsch i
first-pass effedt Transdermal system is defined as
/ self-contained, distinct dosage forms which, when
applied to the intact skin, delivers the drugs,
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through the skin, at a controlled rate to the syste
circulatiorf. The main aim in the development of
new transdermal drug delivery devices is to achieve
a controlled, expectable, and reproducible relefse
the drug into the blood stream of the pafient
Transdermal drug delivery systems (TDDS), also
known as “patches,” are dosage forms designed to
deliver a therapeutically active amount of drug
across a patient's skin. The adhesive of the
transdermal drug delivery system is critical to the
safety, efficacy and quality of the prodtict

Diltiazem is a non-DHP member of the group of
drugs known as benzothiazepines, which are
coming under the class of calcium channel blockers,
used in the treatment of angina pectoris,
hypertension, and some types of arrhytf®miais
also an real preventive medication for migraines It
a class 3 anti-anginal drug, and a class
antiarrhythmic. Diltiazem acts as an inhibitor bét
CYP3A4 enzymg& The biological half-life of
Diltiazem is 3-4.5 h make it a suitable candidate f
administration by transdermal rolte

In the present study six formulation were
formulated using hydroxy propyl methyl cellulose
LV-15, Polyvinylpyrrolidone K-30 and Eudragit L-
100 polymer by solvent evaporation method
employing aluminium foil as substrate polyethylene
glycol 400 (PEG-400) was fused at concentration of
36% W/W of polymer as plasticizer and
Dimethylsulfoxide (DMSO) was fused at the
concentration of 12% W/W of polymer as
penetration enhancer.

A\

MATERIAL AND METHODS

Diltiazem hydrochloride gift sample obtained from
Strides shasun Ltd. The other chemical were
obtained from authenticated manufactures i.e
HPMC LV-15 (Shreeji chemicals, Mumbai), PVP
K-30(Loba chemical Ltd., Mumbai), Eudragit L-
100 (Rhomghbh and co, India), DMSO (Shreeji
chemicals, Mumbai), PEG (Shreeji chemicals,
Mumbai).

Preparation of Teransdermal patches

Transdermal patches containing different ratio of
HPMC LV-15, PVP K-30, Eudragit L-100, with
diltiazem hydrochloride (Table No.1) were prepared
by solvent evaporation method in a glass ring. The
bottom of the ring was wrapped with aluminium foll
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by adhesive and placed in a petridish of area 23.75
c?. A fixed volume (5ml) of polymeric solution
with drug and permeation enhancer, plasticizer was
poured on the petridish and an inverted funnel was
placed on the petridish to facilitate the evaporati

of solvent at a controlled rate over the dryingquebr

of 24 h at room temperature. The dried films were
removed and cut into 2.009 érarea and kept in a
desiccator until used.

EVALUATION OF TRANSDERMAL FILMS

The physical parameters such as thickness, weight
variation, % moisture uptake, % moisture loss,
folding endurance, flatness, drug contamtyitro
drug release were determined.

Thickness

Patch thickness was measured using digital
micrometer screw gauge at three different places
and the mean value was calculéted

Weight Variation

Six films from each batch were weighed
individually and the average weight was
calculated.

Percentage moisture uptake

The films were weighed accurately and placed in
the desiccator containing 100ml of the saturated
solution of aluminium chloride, which maintains
79.50% RH. After three days the films were taken

out and weigh€d.
Percentage moisture uptake= Final weight - Initialghtx100
Initial weight

Percentage moisture loss
The film were weighed first and kept in the
desiccator having anhydrous calcium chloride, after

3 days, the films were weighed and takert’out
Percentage moisture loss= Initial weight-Final visig100
Final weight

Folding Endurance

Folding endurance was determined by continually
folding the film at the same place until it broKde
number of times the film could be folded at the
same place without breaking was the folding
endurance valdé

Flatness

Three longitudinal strips were cut out from each
film: one from the center, one from the left sidad
one from the right side. The length of every strip
was measured and the difference in length because
of nonuniformity in flathess was measured by
January — March 2
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determining percent constriction, with 0%
constriction equivalent to 100% flatnés¥.

Constriction (%) = @12)/12x100

Where, 1 is the initial length of strip anc |
is the final length of strip.
Drug content uniformity
The patches were tested for the content uniformity.
The patches of size 1 émwvas cut and placed in a
100 ml volumetric flask. The contents were stirred
continuously using a magnetic bead for 24 hrs to
dissolve the patches. Consequent dilutions were
made with phosphate buffer (pH 7.4). The
absorbance of the obtained solution was measured
against the corresponding blank solution at 236 nm
using  UV-visible  spectrophotometer.  The
experiment was repeated three more time to validate
the resuft®.
In vitro drug release studies
Franz - diffusion cell was used in our studiesifor
vitro drug release. The cell contains of two
chambers, the donor and the receptor. The donor
compartment is open at the top and is showing to
the atmosphere. The receptor compartment is
surround contain a water jacket for maintaining the
temperature at 37°C + 2 and is provided with a
sampling port. The diffusion medium was pH7.4
buffer, which was stirred with magnetic beads used
a magnetic stirrer. A semi-permeable cellophane
membrane earlier soaked overnight in 0. 1IN HCI
was placed between the two chambers. The
diffusion media was stirred continuously to prevent
the formation of concentrated drug solution just
below the membrane. Samples from the receptor
compartment were taken at different intervals of
time over a period of 24 hours and the concentmatio
of the drug was determined by UV
Spectrophotometric method using the standard
curve. Amount of drug diffused at several time
intervals was calculated and plotted against¥me

RESULTS AND DISCUSSION

Transdermal patches of Diltiazem hydrochloride
were developed by solvent evaporation technique
using aluminium foil as a substrate. Different
formulation of HPMC LV-15/PVP K-30 and
HPMC LV-15/E L-100 were developed containing
Diltiazem hydrochloride to prefer the optimum drug
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release through the most suitable choice of polymer
blend of HPMC LV-15/PVP K-30 and HPMC LV-
15/E L-100 between the formulation studies.

The prepared transdermal patches were uniform,
transparent, smooth and flexible. The thickness of
the patches was varied from 0.053+0.0036mm to
0.034+0.0032mm. Low standard deviation values in
the film thickness measurement ensured uniformity
of the patches developed by solvent evaporation
technique. The films developed by HPMC LV-
15/PVP K-30 were relatively more transparent and
flexible than HPMC LV-15/E L-100. The weights
of the patches were between 51.5+1.11mg to
50.2+0.97mg. % moisture uptake found to be
between 7.213+0.008 to 4.556+0.006, % moisture
uptake found to be between 4.456+0.009 to
2.787+0.005. The result revealed that the moisture
uptake/moisture loss was found to increasing with
increasing concentration of hydrophilic polymer.
The slight moisture uptake protects the material
from microbial contamination and bulkiness of the
patches. The lesser moisture loss in the formuratio
helps the films to remain stable, brittle and free
from complete drying. Folding endurance was
found to be >200. Flatness of the patches was
between 100.02+0.003 to 99.98+0.003. The drug
content was found to be 99.35+0.45 t096.15+0.23.
The percentage cumulative drug release in 24 hrs
was found to be the highest (79.54+0.61) from
formulation P1 carrying HPMC LV 15 and PVP K-
30 in ratio 9:1 (Table No.1, Figure No.l) and
minimum (66.45+0.59) from formulation ES3
carrying HPMC LV 15 and EL-100 in ratio 7:3
(Figure No.1l). The drug release was found to
increase on increasing in concentration of
hydrophilic polymers in the polymer matrix (Figure
No.1). This is due to the fact that dissolution of
aqueous soluble fraction of the polymer matrix
leads to the formation of gelaneous pores. The
formation of such pores leads to decrease the mean
diffusion path length of drug molecules to release
into the diffusion medium and hence, to cause
higher release rate.
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Table No.1: Composition of transdermal patches

Formulation Polymer ratio PEG-400 (% Drug DMSO
S.No code HPMC | PVP | EL- | Of polymer (% Of (% Of Solvent
LV 15 K-30 | 100 wt) polymer wt) | polymer wt)
0 0 0 chloroform:
1 P1 9 1 36% 20% 12% methanol(1:1)
0 0 0 chloroform:
2 P2 8 2 36% 20% 12% methanol(1:1)
0 0 0 chloroform:
3 P3 7 3 36% 20% 12% methanol(1:1)
0 0 0 chloroform:
4 El 9 1 36% 20% 12% methanol(1:1)
0 0 0 chloroform:
5 E2 8 2 36% 20% 12% methanol(1:1)
0 0 0 chloroform:
6 E3 7 3 36% 20% 12% methanol(1:1)
Area of the patch =23.75cm2
Amount of drug incorporated =50mg
Weight of polymer =250mg

Table No.2: Physical characterization of transdermbpatches

S.No Formulation Thickness Weight %moisture uptake %moisture loss
' code (mm)£SD variation(mg) £SD +SD +SD
1 Pl 0.053+0.0036 50.2+0.97 7.151+0.005 4.456+0.009
2 P2 0.042+0.0025 50.8+0.96 7.213+0.008 3.968+0.006
3 P3 0.037+0.0031 51.3+0.75 6.145+0.007 3.7724+0.001
4 E1l 0.048+0.0035 51.1+0.99 5.872+0.004 3.778+0.008
5 E2 0.034+0.0032 50.8+1.06 4.556+0.006 3.685+0.003
6 E3 0.039+0.0022 51.5+1.11 4.989+0.006 2.787+0.008

Table No.3: Physical characterization of transdermbpatches
Formulation Foldin Flatness Drug content m

S-No code endurar?ce (%)£SD ) +SD ) %CDR
1 P1 >200 100.00+0.001 99.35+0.45 79.54+0.61
2 P2 >200 100.02+0.003 98.89+0.55 70.81+0.68
3 P3 >200 99.99+0.001 96.15+0.23 68.46+0.74
4 E1l >200 100.01+0.002 99.04+0.44 78.10+0.85
5 E2 >200 99.98+0.003 97.88+0.36 75.89+0.66
6 E3 >200 100.00+0.001 96.25+0.33 66.45+0.59

Table No.4: Kinetic model for in vitro drug release
S.No Formulation Zero order | First order nguc_:hl Peppas ‘n’ value Best fit model
code matrix plot

1 P1 0.7183 0.8979 0.9256 0.5046 0.8226 HIGUCH
2 P2 0.8550 0.8802 0.9382 0.5157 0.8058 HIGUCH
3 P3 0.7632 0.8955 0.9519 0.5199 0.8036 HIGUCH
4 E1l 0.7142 0.796 0.8945 0.5366 0.8597 HIGUCH
5 E2 0.7406 0.8996 0.9365 0.5047 0.8079 HIGUCH
6 E3 0.753 0.8739 0.9357 0.5002 0.7766 HIGUCH
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Figure No.1: Cumulative drug release profile
CONCLUSION system for the treatment of hypertension,
Matrix type transdermal patch of Diltiazem J Curr Pharm Res, 8(3),2016, 12-15.
hydrochloride was successfully formulated using 3. Jamakandi V G, Mulla J S, Vinay B L,
solvent evaporation method. The transdermal films Shivakumar H N. Formulation,
were uniform thickness, smooth, flexible and characterization, and evaluation of matrix-
content of drug. It can be concluded from the &bov type transdermal patches of a model
study that formulation P1 was found to be better as antihypertensive drug,Asian Journal of
compared to other formulation on the basis of Pharmaceutics, 3(1), 2009, 59-65.
evaluation andn vitro release profile. It shows that 4. Sumathi C, Rajesh Chatakonda, Archana G,
Diltiazem hydrochloride could be administered Deepika C, Prasanth Kumar Putti, Lakshmi
transdermally. V P V. Formulation and evaluation of
diltiazem hydrochloride transdermal patch,
ACKWOLEDGEMENT Indo American Journal of Pharmaceutical
The authors wish to express their sincere gratitude Research, 2(8), 2012, 1050-1062.
to Department of Pharmaceutics, Bharathi College 5. Ramoska E A, Spiller H A, Winter M, Borys
of Pharmacy, Bharathinagar, Maddur, Mandya, D. A one year evaluation of calcium channel
Karnataka, India for providing the necessary blocker overdoses: toxicity and treatment,
facilities to carry out this research work. Annals of Emergency Medicine, 22(2), 1993,
196-200.
CONFLICT OF INTEREST 6. Hindustan Abdul Ahad, Chitta Suresh
We declare that we have no conflict of interest. Kumar, Ravindra B V, Sasidhar C G S,
Ramakrishna G, Venkatnath L, Gangadhar
BIBLIOGRAPHY P, Navya K. Characterization and
1. Vijay Singh Jatav, Jitendra Singh Saggu, permeation studies of diltiazem
Ashish Kumar Sharma, Ravindra Pal Singh. hydrochlorideficus reticuleta fruit mucilage
Effect of dimethyl sulphoxides as transdermal patchednternational Journal
permeation enhancer on transdermal patch of Pharmaceutical Sciences Review and
of nebivolol hydrochloridePharmacophore, Research, 1(2), 2010, 32-37.
3(6), 2012, 307-313. 7. Claas S A, Glasser S P. Long-acting
2. Rama Shukla, Komray. Formulation and diltiazem HCI for the chronotherapeutic
characterization of diltiazem transdermal treatment of hypertension and chronic stable

Available online: www.uptodateresearchpublicatiomc January — March 5



Sanjana N K. et al. / Asian Journal of Research Biological and Pharmaceutical Sciences. 5(1), 2017, 6.

angina pectoris, Expert Opinion on
Pharmacotherapy, 6(5), 2005, 765-776.

8. Kevin C. Garala, Anil J. Shinde, Pratik H.
Shah formulation and in-vitro
characterization of monolithic matrix
transdermal systems using hpmc/eudragit s
100 polymer blenddnternational journal of
pharmacy and pharmaceutical science, 1(1),
2009, 108-120.

9. Lakshmana Prabu S, Shirwaikar A A, Annie
Shirwaikar, Aravind kumar, Abraham Jacob.
Design and Evaluation of Matrix Diffusion
Controlled  Transdermal Patches  of
Diltiazem Hydrochlorid,Ars Pharm, 49(3),
2008, 211-227.

10.Yamune M, Williams A, Barrry B. Terpenes
penetration enhancer in propylene glycol/
water co-solvent system effectiveness and
mechanism of action). pharm.pharmacol,
47(12A), 1995, 978-989.

11.Williams A, Barrry B. Terpenes and the
lipid protein partitioning theory of skin
penetration enhancemefharm. Res, 8(1),
1991, 17-24.

12.Udhumansha Ubaidulla, Molugu V. S.
Reddy, Kumaresan Ruckmani, Farhan J.
Ahmad, Roop K. Khar, Transdermal
Therapeutic System of Carvedilol: Effect of
Hydrophilic and Hydrophobic Matrix oin
Vitro and In Vivo Characteristics, AAPS
PharmSci Tech, 8(1), 2007, E1-ES8.

13.Mukherjee B, Mahapatra S, Gupta R, Patra
B, Tiwari A, Arora P. A comparison
between povidone-ethylcellulose and
povidone-eudragit transdermal
dexamethasone matrix patches based on in
vitro skin permeation, Eur J Pharm
Biopharm, 59(3), 2005, 475-483.

14.Arora P, Mukherjee B. Design,
development, physicochemical an vitro
and in vivo evaluation of transdermal
patches containing diclofenac diethyl
ammonium saltJ Pharm <ci, 91(9), 2002,
2076-2089.

15.

16.

Pravin Uttekar, Akshata Kulkarni, Pravin
Chaudhari, Manoj Dhage and Vishal
Dhangarmali. Formulation and Evaluation
of Captopril Transdermal patches for the
treatment of hypertensiol)er Pharmacia
Lettre, 8(5), 2016, 12-16.

Koteswararao P, Duraivel S, Sampath
Kumar K P, Debjit Bhowmik. Formulation
and evaluation of transdermal patches of
anti-hypertensive drug metoprolol succinate,
Indian Journal of Research in Pharmacy
and Biotechnology, 1(5), 2013, 629-634.

Please cite this article in press asSanjana N Ket al. Formulation and evaluation of matrix type Tramsok
patches of diltiazem hydrochloridésian Journal of Research in Biological and Pharmaceutical Sciences, 5(1),
2017,1- 6.

Available online: www.uptodateresearchpublicatiomc

January — March 6



