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Abstract

Background: Hydrogels are one of the commonly used dressings for chronic ulcers. Nowadays, much therapeu-
tics can be delivered to the wound or circulation by the gels. This study was conducted to evaluate the efficacy of
Iranian hydrogel in wound healing in rat as an animal model.

Methods: Thirty four Wistar male rats were anaesthetized and a full thickness circular skin wound was created
by excising the dorsum of the rats. The animals were divided into two groups. In the experimental Ir gel group,
the wounds were dressed by hydrogel and in the control NS group by conventional moist normal saline gauze.
The wound areas were measured on days 1, 3, 7 and 12 for comparing the wound healing rate in the two groups.
Laboratory investigation, skin tensile strength and histopathology of the healed tissues were also considered for
evaluation.

Results: Mean percentages of wound contraction on the 3rd, 7th and 12th days were not significantly different
between the two groups. The differences in skin tensile strength, in the two groups, on days 15 and 30 were not
significant. Histopathologically, wound repair was excellent in 6 (60%), good in 3 (30%) and poor in 1 (10%) of
specimens in control NS group while these figures were 6 (60%), 4 (40%) and 0 (0%) in the Ir gel group respec-
tively and the difference was not statistically significant.

Conclusion: The effect of Iranian hydrogel effect on wound healing in rats was identical to moist gauzes. As
Iranian hydrogel did not have any adverse effects and was easily removed from the wound, it can be safely used

for dressing of wounds.
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Introduction

Since skin repair in wounds plays an important rolein
homeostasis, oozing of water, dectrolyte and preven-
tion of invasion by microorganisms, the skin gener-
aly needs to be covered with a dressing immediatdy
after it is injured.” It is widdy accepted that a moist
environment encourages rapid healing and most mod-
ern wound care products are designed to provide
these conditions.>® Three categories of wound dress-
ings were reported including biologic, synthetic and
bi ol ogic-synthetic ones. Alloskin and pigskin are bio-

*Correspondence: Mohammad Hossein Dashti-Rahmatabadi, PhD,
Department of Physiology, Shaheed Sadoughi University of Medical
Sciences, Yazd, Iran. Tel: +98-351-8241751-5, Fax: +98-351-8247084,
e-mail: dashti-r@ssu.ac.ir

Received: January 16, 2009 Accepted: May 17, 2009

logic dressings commonly used dinicdly, but they
have some disadvantages including limited supplies,
high antigenicity, poor adhesiveness and risk of
cross-contamination. Synthetic dressings have a long
shelf life, inducing minimal inflammatory reaction
and carry amost no risk of pathogen transmission.* In
recent years, researchers have focused on biologic—
synthetic dressings, which are bilayered and consist
of high polymer and biologic materias.>” These three
categories of wound dressing are al used frequently
in the clinical settings, but none is without disadvan-
tages. An ideal dressing should maintain a moist envi-
ronment at the wound interface, allow gaseous ex-
change, act as a barrier to microorganisms, and re-
move excess exudates. It should also be non-toxic,
non-alergenic, non-adherent and be easily removed
without trauma. Furthermore, it should be made from
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a readily available biomaterial that requires minimal
processing, possesses antimicrobial properties and
promotes wound healing. A large number of reports
denote to new, improved wound dressings by synthe-
sizing and modifying biocompatible materials.®°

Recently, Yazd Radiation Application Research
School in Iran has made a cross-linked polymerized
hydrogel dressing composed of distilled water, Poly N-
vinyl pyrrolidone, Poly ethylene glycol and agar, and
shaped into sheets for wound dressing.* This study
was conducted to evaluate the wound healing efficacy
of this Iranian hydrogd in experimental rats.

Materials and Methods

In this study, 34 male Widar rats aged 3 months and
weighing 200-250g were dbtained from the Shaheed
Sadoughi Medica University Anima House For ex-
perimental  procedures, permission was provided from
the Animd Ethics Committee of Shahid Sadughi Uni-
versity of Medica Sciences inYazd, Iran, in accordance
with the internationally acoepted principles for labora
tory anima use and care mentioned by the European
Community guiddines. The animas were anesthetized
with diethyl ether and their dorsal hairs were shaved
with an dectric razor. The area was sterilized with 70%
ethanol. A full thickness drcular skin wound of 1 cmin
diameter was cregted by excising the dorsum of the rats
and it was disinfected, using 70% ethanol.

For wound dressing, the animals were randomly
and equally divided into 2 groups (17 rats per group).
In the control group, the wounds were covered with
conventional sterile gauze humidified by sterile nor-
mal saline (NS group), while in the Experimental
group, the wounds were dressed with Iranian hy-
drogd sheet (Ir gel group). All the dressing speci-
mens were of equal size i.e. 1.5 cm x 1.5 cm. In or-
der to fix the dressings, a piece of dastic adhesive
bandage was applied on the top of the wound dress-
ings and the treated rats were placed in individual
cages. All the dressings were changed daily in the
morning. The rectal temperature and wound area were
measured in the 1st, 3rd, 7th and 12th days of the ex-
perimental procedures. The degree of healing was
expressed as the wound contraction ratio (WCR):

o Ap — A, N
WCR = < 100%
Ap

Where A and A; are respectively the initial area and
the wound area after the agpplication of the dressings
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(eg. 3rd, 7th or 12th days after wound dressing pe-
riod).”** At the end of the experiment, when the wound
hedling was completed, on days 15th and 30", five rats
in eech group were randomly sdected and deeply anes-
thetized by excess diethyl ether and a blood sample was
taken. Then, the animas were scarified under diethyl
ether overdose The cured wound tissue (1 cm x 3 cm)
induding the entire wound area with adjacent normal
skin was excdsed for tensile strength measurements and
histopathol ogical examinations.

Fifteen and 30 days after wound crestion, each
time, five rats in each group were randomly sdected
for scarification under deep anesthesia and rectangu-
lar skin pieces measuring 1 cm x 3 cm were provided.
We incized scar lines transversdy a the middlie of the
longitudinal axis and sectioned them in clamps for a
mechanical testing device (LRX Material Testing
Machine, Lloyd Instruments, 1987, Fareham-Hants,
UK). Distraction was peformed a a rate of
10 mm/min. The breakdown length was recorded in
mm."> All tests were performed by the same investi-
gator and monitored by a second investigator to avoid
any false negative results from minor inaccuracies in
the placement of the skin pieces.

All the broken specimens derived from the tensile
strength tests were fixed in a 10% formalin-saline solu-
tion for 24 h. Formalin-fixed biopsies were dehydrated
in a graded acohol series, using an overnight tissue
processing schedule (Hypercenter XP, Shandon Inc.,
Pittsburgh, PA, USA). All of the tissues were embed-
ded in paraffin and sectioned at a thickness of 4-6 um
(M1R rotary microtome, Shandon Inc.). After tissue
processing, the sections were stained with hematoxylin
and eosin (Varistain 24-4, Shandon Inc.). The stained
sections were examined semi-quantitatively under a
light microscope (Olympus BX50, Japan). The slides
were examined and the following positive indices of
wound healing parameters were assessed including the
integrity of the epithelia surface (partial or complete),
presence of inflammation (slight, mild, severe), fibro-
sis (presence or absence), and granulation tissue (pres-
ence or absence). Wound repair was eva uated, using
these parameters and each slide was rated as “excel-
lent” “good” or “weak” repair.*>*

Blood samples were taken from the heart and sent
to YAZD Centra Lab for routine laboratory tests. To
compare the histopathologic findings, the chi-square
test was performed. Thet Student test was used for the
statistical anadysis of wound contraction ratio, body
temperature and wound tensile strength. Two-tailed
probabilities < 0.05 were considered significant. The
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data were analyzed, using a statistica software pack-
age (SPSS 11.0 for Windows, Chicago, IL, USA).

Results

During the experimental procedure, two rats in the
NS group and one in Ir gel group died due to anesthe-
sia complications but there were no differences
among the groups in terms of the survival rate. There
were no significant changes in the mean body tem-
perature among the NS and Ir gel groups (37.0+0.4
vs. 36.9+0.45, p=0.842). The mean percentage of
wound contraction on the 3rd, 7th and 12th days in
the NS and Ir gd groups were 25.2+22.0 vs.
22.4+12.8, 70.9+13.8 vs. 70.7+14.6 and 97.9+2.4 vs.
95.5+9.7, respectivey and there was no significant
difference among the two groups (p=0.517, p=0.977,
and p=0.491, respectively.

The WCR of Ir g was lower than that of NS after
3 and 12 days, but this difference was not statistically
significant. The mean maxi mum possibletensile length
of the skin specimens in the region of the heded
wound (breskdown length) as an index for wound ten-
sile strength on day 15 was 33.4+10.8 mm inthe NS
group and 27.8+9.8 mmin the Ir gel group and the dif-
ference was not significant (p=0.421). On day 30,
there was aso no significant deference in the index of
tensile strength among the NS and Ir gd groups
(37.4+7.2 vs. 35.6+10.2, respectively, p=0.956).

Wound repair was excdlent in 6 (60%), good in 3
(30%) and poor in 1 (10%) of specimensin NS group
while these figures were 6 (60%), 4 (40%) and 0 (0%)
in the Ir group respectively. Our results showed that
after 12 days, most of the wounds healed and after 15
days, the WCR was 100% in all animals. In contrast to
Ir gel group, hemorrhage on the skin wound was ob-
served on the third day and scab was present on the 7th
day in some NS group, indicating that their adhesive
property on wound surface was more than Ir gel group.

Statistical andlysis did not show any significant differ-
ences in wound hedling pattern between the two groups
(p=0.912). Blood parameters examined in al blood sam-
pleswerewithin the normd limitsin bath groups.

Discussion
According to Huang et al., epithdiaization is re-

tarded by the dry scab and can be accderated if the
wound is kept moist."” However, the WCR of Ir gd was
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lower than that of NS after 3 and 12 days, but this dif-
ference was not datistically significant. Hydrogd dress-
ings are crosslinked polymer gds that provide and
maintain a moist wound environment which prevent the
secondary damege when dressings are changed and aso
accderae epithdidization and more eesily keratino-
oytes migration.™ In this study, we used moist gazes in
NS group, so wound hedling rate in the 2 groups was
nearly identical in terms of the moisture factor. Another
important characteristic of wound dressings is the ab-
sorption property for wound exudates.* Since the WCR
in Ir gd group was the same as that in the NS group, it
seams thet Ir gd which is mainly composad of didtilled
water could further absorb a moderate amount of wound
exudates by swdling. In the present study, there was no
devation in the body temperature or any abnormdity in
blood examinations, indicating thet Ir gd is as safe as
moist gauze with normal sdine

According to Eisenbud et al.”®, several experimen-
ta studies showed beneficial effects of hydrogel
dressings, especialy in chronic human ulcers (such as
diabetic ulcers and bed sores) and they have sup-
planted sdine-moistened gauze for many applica-
tions. An additional useful characteristic of hydroges
is gradua delivery of some drugs or growth factors to
the injured tissue which facilitates the healing. %%

In this study, we dso evduated the tensile strength
and histopathology of the hedled tissues. Wound tensile
srength is largey dependent upon normal  fibroblast
function and collagen formation and accumulation.?%
Fibroblast dysfunction during wound management as a
result of dressing materids will lead to ddayed wound
contraction and wesk tensile strength.?

In the present study, there was no statistically sig-
nificant difference between the two groups concern-
ing the histological pattern and skin tensile strength.
As Iranian hydrogel did not have any adverse effects
and was easily removed from the wound, it can be
safely used for dressing of wounds.

Conclusion

According to our findings, Iranian hydrogel ( Ir gel)
did not show any adverse effect on wound healing in
rats and its efficacy was at least comparable to moist
gauzes. But it was non-adherent and could be re-
moved without trauma to the wound. Additiondly,
this hydrogel did not have any toxicity, alergic effect
or pyrogenicity in this study. So, we recommend fur-
ther studies regarding its effect on wound healing in
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human skin, especialy burns and chronic ulcers such
as diabetic ulcers or bed sores.
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