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Zinc Topical and Iontophoresis Approaches in Treatment of
Standardized Leg Burns: Animal Model

Adel A. Nossier* and Mohamed Hany Gamal**
* Department of Physical Therapy for Surgery, Faculty of Physical Therapy, Cairo University.
“*Department of Physiology, Faculty of Medicine, Cairo University.

| ABSTRACT |

This study was designed to compare the effects of Zinc application (Topical and Iontophoresis
approaches) on burn wound healing of rats. It included 30 albino rats with second degree burn
wound in their left hind limb and were divided randomly into two groups of equal number, 15 rats
each, the first one received topical zinc and the other one received zinc iontophoresis. The
parameters used for evaluation involved burn surface area measured by tracing wound perimeter
and quantitative culture (number of bacterial growth) as an index of burn wound healing, pre and
post treatment applications (after one and two weeks). These two parameters were measured 24
hours post-inflicted burn and 2 times post initiation of zinc therapy at one week interval and the
same for colony count. The pre treatment results revealed no significant difference between the
mean values of both parameters of both groups, while after two weeks of treatment applications, the
Jindings showed that there was a significant difference between pre treatment and post two weeks
for both groups with higher improvement in zinc iontophoresis group. Therefore, it may be of value
for physical therapist to consider zinc iontophoresis as a method for treating burn patients.

Key Words: Zinc application, iontophoresis burns, animal study.

controlled in animal models which are to a
great extent representative of the situation in
humans'?.

_ 'INTRODUCTION |

hermal injury primarily involves a

destruction and disruption of normal
anatomical and physiological
integrity of the skin'®.
The uiltimate goal of wound management is to
allow to close as rapidly as possible, resemble
the original tissue as much as possible, and
produce the least amount of scaring”'.

Burn wound healing is a dynamic
process involving physiological, biochemical
and morphological alternations, so resembling
the original tissue as much as possible and
produce the least amount of scaring is the
biggest goal in burn wound management'”.

Experimental variables can be better

Zinc is a component of numerous
biological enzymes including those involved
in digestion, metabolism, DNA and RNA
synthesis, electron transport, and aerobic
&anaerobic energy production'’.

Zinc is essential to good health and its
benefits are (1) its action on the immune
system, (2) wound healing accelerator, (3) it
has extensive actions on sexual and sensory
functions, and (4) it plays an important role in
good healthy skin'2.

Zinc is more commonly used as zinc
oxide in different topical preparations to treat
skin lesions and dysfunctions™.

Bull. Fac. Ph. Th. Cairo Univ.,:
Vol 6. No (2) Jul, 2001



1002 [0 (T) ©N 9 [OA
aluny oaed UL yd oed C|mg

QUSWSINSEI B8 90BJINS PUNOM Y] 19NPUOD
0] pasn  amm  S[00] Sulmo[[0] dyL
AQ ®Bale 30BJINS PUNOM SULINSEAW I0] S[O0
:sdnoi3
Om] OJUL PSIJISSB[D alom S[001 2say]
§]001 SULNSVIIN

asnoy [ewrue aeredsg e
‘spouad juawean)
pue judwainsesaw Supnp 3deoxs punom
341 12402 01;pasn sem } (3uissarp aanelado

150d W2 § X 9 dig N-11L) SUISSIP LIS e
‘saseqd juawiiear)
pUE JUSWIINSBAW SULIND JUSWIAAOW [eLLIUR

101sa1 01 pasn sem ) :ote[d USpOOM e
“ULYS PUE [BAS AU U2DMI2 JOBIUOD JO

JWI) 2U3 2INSBAUL 0] pasn sem Jf :ydjemdols e
‘[®2s 2y3 jo aameraduwa)

Sy} 2UNSEAW 0} PAsn Sem J] lI2JOWOULIDY] e
‘saseyd juswival} puB JUSWAINSEIW

oyl Suunp paream sem 1] SOAC|S [B13INS e
‘)t Suneay 1238 |BOS

a1 dn yoid 01 pasn sem 31 :sdooroy [Bo1BIng e
"BAIR Q0BJINS 1JBJUOD

Wo 7 B YUam [e3S [ejowl Ie[n3uBiod)y e
“IIBY JO JUBULIRI

WOI] BAJE UBD[D 0] Pasn SI I :[OUOIY e

‘(VAT) WeaID [RAOWAI XIBY  »

<

wang fo vogonpui Lof sjoo, I

uswdinbs Surmseaw pue snnaderayy o)
UoIppe Ul ‘HOTIONPUI UINg 10 S|00) (SALI03aed
¢ olul PIPIAIp a1am pasn juawdmbs ay],

pas() yuawdinby

swels 68°8 + €6°LL] JO enjeA UBAW B YIm
sweid 0oz 01 691 woly Fuiduel a1am sYIom
II9Yl pue ‘S{iuowl /%0 + LP'9 JO anjea
ugowW B (M ‘SYIuoOWw G|/ 01 9 woi] pasuel
sofe Jgoyl uswulo  sisaroydojuol  dulz
poA1adal Aoyl pue dnos8 sisaroydojuor duiz se

PoAIaS S1B1 pauIng ouigje eUIa) UL
, JI dnoun

swesd 77| + $81 0 onjea
ueauW ¢ Yim ‘sweld gz o1 0L wolj Suiduer
oIom SIYSIoM Iyl pue ‘SYIUOW(7S 0 + 99+°9
JO °on[eA UBAW ® Ylm ‘SIUOW ()7°/ 01 ¢ woi
Sursuel a1em safe 119 [, Juaunulo dulz [ea1do)
paAladal a1am Aayl pue dnois owz gordoy se
POAIAS SIBI paulng Oulg[e I[BWRJ U3l
J dno.uo

Jaquint [enbo
Jo sdnoid 7 ojul parJIsse[d d1om S[BWIUY "quil|
puly 191 9y uo uing ssouyory) [eured ,wo g
sonpoid 01 dwnys Suisn Aq osodund uo pauing
alam SIBI [[V "SINSal 3yl 2du2n[jul pue ssadoxd
Sureoy oyl 1004e ued Jeyy Amnlur 1o IseasIp
Aue wol] 9011 2Aam S1el [V sweid ¢oll
T 9L 081 JO on[eA ueowW B ylum ‘swesd Q[g
01 ¢9[ wolj paSuel WSam Apoq 11y ], “Syjuow
60 F OF'0 JO 9NjBA UBdWI B im ‘S{JUOWL
07L 01 00’9 woyy paSuel sofe Jroy[
"KIISI9AIUL) OLIBD)
‘2uIdIpa jo Ajnoeg “uowredacy ASojoIsAud
oY1 1B 9snoy [ewlue 2y} ul ‘o5ed eredos
e ur 1dey sem Jel yoey "Siel ouIq[e Qg uo no
polLIBD SBAM APTIS SIU) JO jusuwiniadxa ay L,
(sreuwniue 3s9) sajdweg

| SAOHLI ANV TVIIALVIA _

"S1R] Ul UOHEI|909. Surfeay
wing uo uonesijdde ourz [eoidoy jo Asualodijye
ay 01 Sunedwod Aderoyy feasAyd jo potpow
e se s1saJoydoiuot dUIZ Jo AJBDLJ2 2U) JBN[BAD
01 sI Apmis sij1 Jo 2a122(qo urewr ayjf,

", SUONOUNISAp unys Jo
yuswadeuew Joj sisaroydouot Jo suoneordde
snorowmnu payiodor aaey saipmis AuBjy

"¢, LONEIIpaL
Jo uonensiunupe 1o oFessed e se umys
ayr uisn y3noay) udLND 103IP B JO SuBdW
Aq sssodind onnaderoyy 10y Apog 2y} ol
Suol Jo uononponul syl st sisazoydojuoy

4!



o Sterilized transparency film.
e Tipped transparency marker.
o Carbon paper.
e Metric graph paper (1 mm?).
*  White paper.
Tools for taking swab.
MDIC swap made in Saudi Arabia.

Therapeutic Equipment

In this study, there were 2 forms of zinc
application, iontophoresis device and zinc
ointment.

Iontophoresis Device
It is a light weight iontophoresis device

capable of providing an easy direct application
to the skin, and manufactured by life tech.,
inc., model 6110 MP in Haustan, Texas,
U.S.A. It can be supplied with either a battery
or an adapter. Ionotophoresis unit is consisted
of the following parts:
o DC Generators.
e Self-adhesive electrodes.
o Additional features of device.

- Timer.

- Lead clips.

- An aundible warning signal.

Zinc ointment

| PROCEDURE OF THE STUDY |

The procedures of the study were
classified into the following various steps:

Animal handling and manipulation

Each rat should be grasped firmly
around the shoulders, the fingers winding
round abdomen. The animal should be turned
onto its back and the tumb placed under its
chin. In this position most rate relax, (Picking
ap phase).

The best method of restraint for the
researcher and rat is that known as scruffing,
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i.e. making use of the loose folds of skin on
the neck and back of the animal. After picking
up process, the animal should be restrained in
the left hand, thus leaving the right hand free
to manipulate the procedure. The animal
should first be picked up in the right hand,
leaving the head and shoulders slightly
protruding, then with the left hand the scruff
should be taken between thumb and index
finger. The rest of the fingers can then catch
all the loose fur and skin down the back to the
base of the tail in this position, the rat is not
only immobilized but also very relaxed for
most procedures™.

Inducing burn injury procedure

The animal was anesthetized by placing
the animal into closed cage in association with
a piece of cotton with ether. The main aim of
these procedures was to make the animal
drowsy. The animal was strictly tied via four
cotton threads to wooden plate prepared for
this purpose. The hair at the upper part of the
left hind limb was removed by hair removal
cream and the remnant hair were removed by
using a plastic stick, after that the skin was
cleaned by a piece of cotton wetted with
alcohol. The area of the skin prepared as above
equal 3 cm® while the area intended to be
burned equal 2 cm®. The burns were inflicted
by a rectangular metal seal with a 2 cm®
contact surface area that was heated on a flame
burner to 45°C and handled by surgical.
forceps then pressed immediately against the
prepared skin segment for 20 seconds to
produce wﬁ:& thickness burns, according to
Kaweski'® and Cambier®,

Measurement Phase
Measurement of Wound Surface Area (WSA)
by tracing method

Measurement of WSA by tracing was
performed 24 hours post burn, at 7" day post
burn and at 14™ day post burn. Each
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DC__Generator (Connection _and Current
Application)

The current source is turned off and all
dials were set to zero. The wire leads should
be attached to the treatment electrodes. The
leads are then connected to the DC generator.
The selector switch was set to continuous
galvanic current, current is then slowly
increased to initial desired amplitude. Most
treatment approaches of iontophoresis start
with low amplitude (1-2 mA). The time of
treatment was 10 minutes for each rat.

[ M

Results of Topical Zinc Group
Wound Surface Area (WSA)

As shown in table (1), the mean value of
WSA in this group (pre-treatment application)
was 2.046 # 0.127 cm?, while the mean values
of WSA at 7" day post burn, and at 14® day
post burn  the topical control group were
1.719 + 0.0734 cm® and 1.356 £ 0.105 cm’
which represent 16.011% and 33.75% (the
percentage of improvement) of the pre
treatment application value respectively. As
observed from table (1) in the topical zinc
group, there were significant decrease in the
WSA at 7" and 14™ day post burn compared to
those 24 hours post burn (pre-treatment
application) (P = 0.00).

RESULTS |

Colony Count

As shown in table (2), the mean value of
colony count 24 hours post induced burn (pre-
treatment)  application was 263.47 + 63.20
colony, while the mean values of colony count
post one and two weeks (post treatment) were
42600 + 7038.67 colony, 21340 + 9279.67
colony which represent 16068,82% and
7999.5% of the pretreatment application (24

15

hours post-induced burn) respectively.

As observed from table (2) in the topical
zinc (control group), there were a significant
increase in colony count at 7™ and 14" day
{(post-treatment) compared to those 24 hours
post induced burn (pre-treatment) values. (P =
0.00).

Results of Zinc iontophoresis group
Wound Surface Area (WSA)

As shown in table (3), the mean value of
WSA in this group (second group) (pre-
treatment application was 2.0133 + 0.02160
,oBM, while the mean values of WSA at 7" and
14™ days post burn in the treatment group
(iontophoresis group) were 1.1193 + 0.07314
cm® and 0.31 + 0.3205 cm’ which represent
44.40% and 84.60% of the pre-treatment
application value respectively. As observed
from table (3) in iontophoresis group, there
were significant reduction in the WSA at 7"
and 14™ days post burn compared to those pre
treatment vahies (P = 0.00).

Colony Count

As shown in table (4), the mean value of
colony count 24 hours post induced burn (pre-
treatment application) was 275.67 £ 41.66

colony, while the mean values of colony count

post one and two week of treatment
applications were 36400 * 5315.74 colony,
and 15000 + 9068.71 colony which represent
13104.19 % and 5341.29%  of the pre
treatment application (24 hours post-induced
burn) respectively. As reflected from table (4)
in the iontophoresis group (second group)
there were significant increase in colony count
after 7" and 14™ days of treatment application
compared to those pre-treatment value (P =
0.00).

Bull. Fac. Ph. Th. Cairo Univ.,:
Vol 6. No (2} Jul. 2001
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Table (4): Mean, S.D., Percentage of improvement of colony count at the 7" and 14" days post treatment
application in ginc iontophoresis group (Second Group).

- Colony Count
Statistic Pre* Post (1) Pre Post(2) | Post(l) | Post(2)
Mean 275.67 36400 275.67 15000 36400 15000
SD+ 41.66 5315.74 41.66 9068.71 5315.74 9068.71
Difference -36124.33 -14724 .33 +21400
t-value -26.371 -6.289 9.81
P-value 0.000 0.000 0.000
Level of sign. S S 5
% of improvement 13104.19% 5341.29% 38.79%

Pre*: 24 hours post burn.
Post (1): at 7% day post burn,
Post (2): at 14” day post burn.

_ ___DISCUSSION _

The findings of the results of this control
randomized study, concerning the comparison
between two various approaches of Zinc
therapy (topical zinc and zinc iontophoresis)
for promoting rate of healing on second degree
burn in rats, revealed a significant reduction in
the burn surface area and colony count after
application of zinc iontophresis for a period of
one or two weeks compared with topical zinc
approach, ie. the rate of healing in zinc
iontophresis group was faster than that of
topical zinc group.

These findings regarding the significant
decrease in burn surface area at the end of the
first and second weeks post initiation of zinc
iontophoresis confirm the observations and
outcomes of other studies which reported by
3523\8“ Wilkinson and Hawke®*, Cakman’,
Kirschmann'’, Costella and Jesk®, Tarnow?,
Agren', Balogun®, Agren®, and Cornwall®.

The chronology of wound healing can be
divided into two main phases: first removal of
dead tissue, i.e. wound cleansing and secondly,
actual healing by which new tissue is formed.

In poorly healing wounds such as deep
burns, the breakdown processes must be
further stimulated to achieve repair and
healing.

There are many scientific researches and
studies that support the importance of the zinc
and its applications as a wound healing
accelerator:

Zinc probably improves the anabolic
phase of healing (reformation of new tissues)
by providing the wound sufficient energy
metabolism that required for repairing process,
therefore zinc acts as a vital role in promoting
epithelization and enhancing reepithelization
process during wound healing of partial
thickness of burns, Agren' and Agren®.

Since wound healing is a multiphase,
complex phase, the individual phases may be
influenced by single factors or multi factorial
approach can be taken to cover the whole
healing process more fully.

The topical zinc or zinc iontophoresis
represents such-a multi factorial approach to
stimulate normal repair and accelerate wound
healing by decrease the rate of inflammation
and bacterial growth, ie. zinc acts as
antibacterial effects Balogum®. Furthermore,
zinc is essential for the proper functioning of
the immune system and body natural defense
against infection and viral compounds
Cakman’,

The components of zinc (numerous
biclogical enzymes, forms of protein, essential
trace elements or minerals, and electrolytes

Bull. Fac. Ph. Th, Cairo Univ.,:
Vol 6, No (2) Jul. 2001
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