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THE BLOOD PRESSURE AND DERMAL SENSITIVITY EFFECTS
OF NYLON HOLLOW FIBRE RELEASING GLYCERIN
TRINITRATE IN VIVO
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- ABSTRACT -
In order to improve patient’s compliance in taking glycerine trinitrate (GTN) nvlon hollow fiber
which has been successfully used for release of chlorhexidine diacetate and levonorgestrel was
emploved to make nylon hollow fiber releasing GTN. Hollow nylon fibres of external diameter 0,63
mm, 75 mm long with an internal capacity of 16 pl, were filled with GTN (190 mg/ml) in 70%
ethanol {v/v) or vehicle alone and the ends were heat-sealed. The fibers were then immersed in 10
ml of 0.9% (w/v) saline in a separating funnel. The GTN release pattern from fiber, the effect of the
product on blood pressure and its potential dermal toxicity were assessed. The release of GTN from
the fibres was approximately 2.7 pg/min when the fibres contained 16 mg of drug The results
showed that the amount of GTN within the single fibre was enough to reduce blood pressure
significanily, while 11 did not show significant dermal toxicity. It 15 concluded that GTN fiber, if

used as monofilament, is not an altemative method for GTN delivery,
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INTRODUCTION

Eecent clinical trials demonstrate a wide spread
use of orgamc nilrales in patienls with chronic
heart failure (1-3). The chincal rationale for their
use is based on beneficial effect on hemodynamic
profile (4), myocardial ischemia (5), magnitude of
mitral regurgitation (6], endothelial function (6,71,
cardiac  remodeling  (8) and  exercise capacity
(9107, In  addition, when combined with
hvdralazine nitrates, It Improves maximum oxygen
consumnption, left ventricular gjection fraction and
survival (11}, GTN  ocinment has been
continuously vsed in hemorrthoidectomy (12,13),
fissure-in-ano (14,15), primary vaginsmus (13)
and reverse bone loss after oophorectomy (16).

In some cases such as vagismus and fissure-in-ana,
otliness of surface 15 desirable but in other cases it
does not have a clean application area and it 1s not
convenient for patients. Except for oral and
parentral administration, it is possible to deliver
GTN via sustained release applications such as
patches and implant (17-19). Several types of
palymeric controlled release systems have been
developed and supplied to the market These

products have three basic tvpes of rate controlling
mechanisms  as  described by Langer  (23);
diffusion,  chemical  reaction, and  solvent
activation, Most controlled release systems in use
employ one or more of these basic mechanisms for
the rate control.  Membrane-based controlled
release svstems have been extensively investigated
for a wide range of therapeutic applications, from
implants to coral formulation and transmembrane
patches (20-22).

However, the patch performances and the success
of the tansdermal drug delivery can be
significantly affected by the quality of contact
between the patch and the skin. Implants require an
expert for insertion of the product inside of derm,
which is relatively invasive.

Since nylon hollow fiber (NHF) releasing system
has been successfully used for the release of
chlorhexiding diacetate and levonorgestrel (25,
26), 1t was of our interest to examine the release of
GTN from hollow nylon fiber for reducing blood
pressure  (bp). Furthermore, sustained release
feature of this application may help to redoce
unnecessary loading dose of GTMW due to high
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capacity of human metabolic system for denitration
of nitrate compound. Following  study of
pharmacological aspect of this application, the
primary dermal sensitivity test of NHF were
performed as part of safety protocol.

METHODS AND MATERIALS

Materials

Hollow nylon fibres (standard grade nylon 6,
imternal diameter; 0.5 mm; external diameter: (.63
mm;, Portex, Basingstoke, UK), GTH  standard
{Shahid Fagiihi Co. LTD, IRAN), absolute cthanol
(Sigma Chemical Co. Ltd, UK), and isoflurane
{Commercial available in market) were used in this
study, Animals were obtained from Pasteur de
Institute of Iran.
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Fig .1. The effect of nylon hollow fiber releasing GTMN
and GTM ointment in appropriste doses as mentioned in
the text (£50, n=6].
Seriea 1 empty Nylon hellow fber

2: Nylon hallow fiber contains 70% ethanal

3: Nylon hollow fiber contains 3,04 mg (TN i 70% elhanal

4: 7.5 mm of 0.2% GTN tapical ointment

5: 75 mm of 0.2% GTM tepical cintment

Dirug release

Hollow nylon fibres with 75 mm length and an
internal capacity of 16 pl. were filled with GTN
(190 mg/ml) in 70% v/v ethanol or ethanol only
and the ends were heat sealed.

The fibres were immersed in 100 ml of 0.9% wiv
saline in a separatory funnel. At various times 4 ml
of saline solution were removed from the funnel
for determination of GTN and were replaced by
fresh saling. UV absorption of the GTN was
determined at 271 nm using 70% ethanol for
background corrections. The concentration of GTN
relcased from NHF  was measured by UV
abserption spectrophotometry method (27),
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Blood pressure effect of mylon hollow fibre
releasing (GIN

The blood pressure effects of 75 mm hollow fibres
containing 3.04 mg of GTN in 16 ul ethanol {70%
wivi or vehicle were assessed using rat as oa
mammalian model. Ammals were divided into 5
pgroups  which  received  nvlon  hollow  fibre
contaiming GTN (190 mg/ml), ethanol. and empty
fibre and in 7.3 mm and 75 mm (comaning GTN
[0 times more than those of hollow fihres) of 0.2%
WY GTN eintment (as positive contrel). Each
group consisted of & male Wistar-Albino rals
Arterial pressure was measured by inscrlion a
catheter of heat-stretched PE-50 tubing into the
carotid artery before and 005 hour  afler  that
animals were anesthetized by isoflurane. The
surface arca in the back of head of ammals were
shaved and cleancd by 70% cthanol. Nylon fibres
alone or comammg GTHN and alechal  were
attached dircctly 1o the skin. When stabilization
was achieved, arterial pressurc was recorded every
half an hour for % hours with a pressure transducer
(Cobe [ Transducer) (28).
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Fig .2, The release ol GTN from hallow nvlon fiber

(=50, n=67.

Frimary derntal sensitivity fes!

7.5 em of GTN sintment, 70% alcohol, and nylon
hollow fibre containing 190 mg/ml GTN were
applied to the clipped, ntact skin of eight albino
rabbits under semi-occlusive dressings for a 4 hrs
exposure peried. Application sites were evaluated
in accordance with the method of Draize (29 al
30-60 min and 24, 4% and 72 hrs after bandape
removal and onee daily thereafter through day 12 if
irritation persisted. The primary irritation index
was calculated to ensure presence of non-irmitating
state for none of groups.
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Statistical Analvsis

Al dmta are  expressed  as  meantSEM.

Comparisons of control with other groups were
analyzed using factorial ANOVA, A value of
p<i 05 was considered statistically significant.

Picture 1. The effect of hollow fiber releasing G'TN on
the tabhbit skin after 24 hra. Mo reaction was observed.
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ethanol as wehicle on the rabbil skin after 24 hrs. No
reaction was ohserved.

RESITILTS

Drug release

By having a solution of the agent in the reservoir
of the membrane-based controlled release device,
the loading of the agent in the reservorr 15 limited
by its solubility in the reservoir solvent. Under the
constant sink conditions of the expeniment, the
release of GTN was maintained for 7 hours at a
release rate of 2.7 pg/min, after which, it decreased
lo zero. The release pattern was biphasic with
negligible lag time, The first phase of release was
very fast and within 7 hours more than 70% of
reservoir was released. In the second phasc of
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release, the rest of reservoir was released within
1 1) hours (figure 1),

Blood pressure effect of nvlon hollow  fidre
releasing GTN

Under resting conditions, there were no significant
changes n cither heart rate or mean artenal blood
pressure (MAP) i cxperimental  groups  after
anesthesia. Except the group that received 75 mm
GTM pintment and their mean arlerial pressure was
significantly different with sham during the time of
experiment, map ol other groups were  not
noticeably difTerent. In group using 7.3 mm GTN
pintment the mean arterial pressure noticeably
deceased for the first 3.5 hours (p=<(0.03) but after
this time probably due to the compensation reflex
did not change significantly. There was a slight but
insignificant decrease in MAP with GTN nylon
fibre group between 6 to 9 hours after treatment.
The time-dependent changes in MAP with either
nitreglveenin products or vehicle are illustrated in
Fraure 2.

Primary dermal zensifivity Test

Pictures 1 and 2 show the Draize skin test resulls in
rabbits in which, there are no significant difTerence
between GTN fibre treated and contrel groups.

DISCUSSION
Using migroporous membranes such as nylon
hollow monofilament as controlled release devices
in aquecus-organic partition based systems. release
of a drug can be extended considerably by
introducing a dispersed phase into the reservoir,
This process results in a hybrid system which may
exhibit diffusion hnuted or digsolution limited rale
contral. Following wehicle diffusion, the drug in
the reservoir al concentrations above its solubility
exist as dispersion. The presence of a dispersed
drug phase in the reservoir results in the release of
drug for an extended time (24.23) If the
dissolution relative to diffusion 15 faster, the
disposed drug is immediately available to replace
drug that has been released by diffusion, The drug
concentration in the reservolr phase is maintained
at the solubility level until dispersion has been
depleted. However if dissolution is slow relative (o
diffusion, the drug in the reservoir solution is
maintained at a very low concentration because 1t
is not immediately replaced by drug from the
dispersed phase. The results of this study in which
1% of a 16 ul reservoir of GTN released from
nvlen hollow fiber within the first 7 hrs show that
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the release is concentration dependent (first order)
during this penod (24,25, These results also show
that all reservoir of GTN will be available for 3
days while neither nylon hollow fibre contaming
GTN nor 7.5 mm GTN omtment had a significant
effect in rat blood pressure after 6 hours, The latter
had  sigmificant effect dunng 2-3 howrs after
administration.  Applying 75 mm ointment (10
times of NHF  reserveird could reduce blood
pressure significantly during experiment,

The reason  that nyvlon releasing GTN  had
negligible effect could be attributed low capacity
of cach fibre for GTN loading. Using the sheet of
nylon hollow fibre containing GTN in the adhesive
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bases could possibly solve this problem. The
release of GTN from nylon hollow fibre obeys
Fick’s low (passive diffusion) and storing the
nylon hollow fiber at room temperature results in
lose of its capacity 1o release GTN. Qur previous
study  showed that  release  of  chlorhexidine
diacetate is negligible if it is kept at 4°C (24). A
primary irritant 1s a substance that as the result of a
direct  cytotoxic  effect  produces  inflammatory
changes m the skin characterized by the presence
of inflanmation, vesiculation and necrosis. The
modified Dratze irritation test showed that NHF
releasing GTN is totally safe for dermal use is
totally safe,
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