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Effects of Equisetum arvense
Ointment on Diabetic Wound Healing
in Rats

Yusuf Ozay'; M. Kasim Cayci, PhD?; Sevda Guzel-Ozay?’; Ali
Cimbiz’; Esra Gurlek-Olgun’; M. Sabri Ozyurt’

Abstract: This study is designed to evaluate the effect of Equisetum
arvense (EA) ointment on dermal diabetic wound healing in strepto-
zotocin-induced diabetic rats. Methods. In this study, diabetes was
induced via a single intraperitoneal injection of 65 mg/kg strepto-
zotocin in 56 male Wistar rats. After anesthetization, a 15 mm x
15 mm wound for each rat was made by removing skin in a circle
on the dorsum. ‘A total of 56 diabetic wounds were studied in 8
groups (n = 7), 4 of which were treated with EA ointment. On the
7th and 14th days after creating the wounds, the state of the dia-
betic wound healing was evaluated with wound closure ratio and by
performing histopathologic studies. Results. Groups treated with EA
5%-10% ointment were found to have a statistically higher wound
closure ratio than control and petroleum jelly-lanolin groups (P <
0.05). On day 14, groups to which EA 5%-10% ointment was ap-
plied showed 99.71% and 99.93% wound closure ratio (P < 0.05)
and higher dermal and epidermal regeneration, angiogenesis, and
granulation tissue thickness after 14 days than the other groups
(P < 0.05). Conclusion. These results indicate that EA ointments ex-
hibit significant diabetic wound healing activity in excision wounds.
Further clinical and experimental studies are needed to confirm
these results.

Key words: Equisetum arvense, diabetic wound healing, reepithelial-
ization, rat

complications have become a serious issue for public health. One
of these complications is impaired wound healing in patients with
diabetes."? The wound healing process is a complex cascade that relies
on several mechanisms for tissue repair, including inflammation, granu-
lation tissue formation, reepithelialization, and angiogenesis.> However,

The prevalence of diabetes has increased worldwide, and diabetic

with pathological conditions, such as diabetes mellitus, epithelial wound
healing is delayed, resulting in persistent corneal epithelial defects and
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recurrent corneal erosion,*> which makes the diabetic
wounds a great problem for health services. The most
common site for patients with diabetes to develop a
wound is in the lower extremities, especially the feet.°
The pathogenesis of diabetic foot ulcers is complex
and it is well known that a number of contributing fac-
tors working together lead to impaired healing. Several
factors such as peripheral neuropathy, peripheral vas-
cular disease, and peripheral edema have been identi-
fied as the most common factors responsible for im-
paired healing after trauma.”

Patients can undergo surgical interventions, such
as peripheral bypass to improve vascular circulation,
wound debridement to control the wound, and am-
putation, if required. However, medical therapies for
wound care are limited, so development of new treat-
ment modalities to improve wound healing in patients
with diabetes is an essential and emerging field of in-
vestigation.®! Numerous conservative methods for treat-
ment of diabetic wounds are reported in the literature,
such as honey as a dressing solution,’ topical antimi-
crobial therapies,'® total contact casting,'" wound
dressings,'? extracorporeal shock wave therapy,'® and
vacuume-assisted closure.'* Some herbal therapies were
also reported, such as Astragalus membranaceus and
Rebmannia glutinosa."

The Equisetum arvense (EA) plant has been tra-
ditionally used in Turkey for the treatment of skin
wounds in animals and for oral infections in humans.
In addition, EA has also been used in Europe in the
form of a bath for gynecological diseases, rheumatic
diseases, gout, and treatment of poorly healing wounds,
tumescence, and broken bones.'¢!7

Several studies have shown hypoglycemic anti-
septic, antimicrobial, antioxidant, antidepressant,
sedative, hepatoprotective, antinociceptive, and anti-
inflammatory effects of the EA plant.'®* Less is known
about the role of EA in diabetic dermal wounds. The
present study was aimed to investigate the efficacy of
topical application of EA ointment by morphological
and histological methods in the process of wound heal-
ing in streptozotocin (STZ)-induced diabetic rats.

Methods

Albino Wistar male rats weighing 200 g - 250 g were
obtained from the central animal house of Dumlupinar
University and used for the study. Rats were housed
individually in cages, maintained under standard condi-
tions (12 hour light/12 hour dark cycle at 25°C + 3°C),

KEYPOINTS

e Numerous conservative methods for treatment
of diabetic wounds are reported in the literature
such as honey as a dressing solution,® topical an-
timicrobial therapies,!® total contact casting,'!
wound dressings,'? extracorporeal .shock wave
therapy,'® vacuum-assisted closure,'* and herbal
therapies.!®

e Several studies have shown hypoglycemic anti-
septic, antimicrobial, antioxidant,  antidepres-
sant, sedative, hepatoprotective, antinociceptive,
and antiinflammatory effects of the Equisetum
arvense (EA) plant.t&-%

e [ess is known about the role of EA in diabetic
dermal wounds.

and fed with standard pellet and water ad libitum.Ani-
mal studies were performed after approval from Animal
Care and Ethics Committee of Dumlupinar University.

The EA plant was collected in Mersin, Turkey. The
plant was identified in the Department of Biology in
Dumlupinar University Faculty of Arts and Sciences.
Air-dried leaves of the plant were turned into a powder
using a grinder.An ointment base was formulated using
a 1:1 mixture of petroleum jelly and lanolin. For 10%
and 5% EA ointment, EA powder was mixed with the
ointment base during ointment-forming process (eg,
for 10% EA ointment, 5 g of EA powder was mixed into
45 g of the ointment base).?

Diabetes was induced by a single dose intraperito-
neal (IP) injection of STZ (65 mg/kg, Sigma-Aldrich, St.
Louis, MO) freshly prepared in saline.”” Three days af-
ter the STZ injection, glycemia was confirmed, and rats
showing fasting blood glucose > 250 mg/dl were con-
sidered diabetic rats. Animals were randomly divided
into 8 groups, each of them consisting of 7 rats. Capil-
lary blood glucose was determined by glucose meter
(Optium Xceed,Abbott, Diabetes Care Ltd, Oxon, UK).

A deep skin ulcer model was created using diabetic
rats as follows.?* The rats were anesthetized by IP injec-
tion of xylazin hydrochloride (10 mg/kg) and ketamine
hydrochloride (25 mg/ kg), their back hair was shaved,
and application field was outlined with a marking
pen just before removing the skin. Full-thickness skin
wounds in each rat were prepared by removing skin in
a circle with 1.5 cm diameter on the dorsum.A total of
56 diabetic wounds were studied in 8 groups (n = 7).
No treatment was administered in the first and second
groups, which lasted for 7 days and 14 days, respec-
tively. The third and fourth groups consisted of diabetic
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KEYPOINTS days, respectively. All wounds were cleaned daily with

e Diabetes was induced by a single dose intraperito-
neal injection of streptozotocin (65 mg/kg, Sigma
Aldrich, St. Louis, MO) freshly prepared in saline:

e Full-thickness skin wounds in each rat wer
pared by removing skin in a circle with 1
ameter on the dorsum.

e A total of 56 diabetic wounds were studi

groups (n = 7). /\
4 .

5% EA

10% EA

Initially Control PL

A...

oscopic view of wound in the rats.
view of wounds on day 7.
acroscopic view of the wound on day 14.
jelly-lanolin; EA: Equisetum arvense

rats that were administered a 1:1 mixture of petroleum
jelly and lanolin therapy for 7 days and 14 days, respec-
tively. A 5% EA plus 1:1 mixture of petroleum jelly and
lanolin was used in the fifth and sixth groups for 7
days and 14 days, respectively; and in the seventh and
eighth groups, 10% EA plus 1:1 mixture of petroleum
jelly and lanolin therapy was used for 7 days and 14
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sterile normal saline solution. After cleaning, ointment
base and EA ointments were applied to the wounds.All
ointments were applied evenly in sufficient amounts to
cover all wound areas.

After treatment started, the animals were euthanized
by ether inhalation at appropriate intervals (on days 7
or 14) and the tissues, including the wound and its sur-
rounding skin and muscle, were excised. Wound healing
was examined by measuring the reduction of the wound
surface area with a stereomicroscope (SZX-ILLD2-200,
Olympus, Center Valley, PA) and photographed using a
digital camera (Spot Insight QE, Diagnostic Instruments,
Sterling Heights, MI).The ratio of healing was calculated
using the following equation: Healing ratio (%) = 100 x
(1-wound area/initial wound area)

After macroscopic evaluation, the excised tissue
was fixed with 10% buffered formalin. Each specimen
was embedded in a paraffin block, sliced into thin 2.5-
um sections, and stained with hematoxylin-eosin.Then,
the specimens were assessed for severity of histopath-
ologic changes, under light microscopy by a patholo-
gist who was unaware of the experimental procedure.
Epidermal and dermal regeneration, granulation tissue
thickness, and angiogenesis were scored as described
by Altavilla et al*® according to the criteria as shown
in Table 1.

Statistical Analysis
The results were expressed as mean + SD and statis-
tical differences between several treatments and their
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Table 2. Demonstration of the weights and glucose results in groups.
Groups Weight (gr) Initially Day 7 Glucose (mg/dl) Initially Day 7
Control 2049 +9.4 197.9 + 10.7 340.4 + 58.4 365.7 £ 50.3
PL 207.7 7.7 199.3+7.6 323.4 £ 55.2 347.7 + 58.3
5% EA 205.4 + 18.9 199 + 18.1 327.9 +82.0 352.4 +76.2
10% EA 204.9 =+ 16.3 195.6 + 16.6 312 + 84.7 356.6 +71.4
Initially Day 14 Initially Day 14
Control 2179+ 125 203 + 13.7 3149+ 73.6 3724 +£43.4
PL 216.1 +17.7 200.4 + 14.3 289 + 39.3 358.3 + 62.2
5% EA 219.4 + 15.8 202.9 £ 10.9 285 +43.4 356.6 + 35.1
10% EA 212+ 17.6 196.7 + 16.7 339.4 + 48.9 411.9 + 235
Data are presented Mean + SD, PL: petroleum jelly-lanolin, EA: Equisetum arvense

respective control were determined by one-way analysis
of variance (ANOVA) followed by Tukey test, using SPSS
14.0 software.The level of significance was set at P < 0.05.

Results

Animal weight and glucose results for the 7th and 14th
days are shown in Table 2. Accordingly, in the multiple
comparisons, the rates of wound healing were found to
be significantly higher in the diabetic rat groups adminis-
tered 5% EA and 10% EA ointment compared with those
administered a mixture of petroleum jelly and lanolin
(PL) and the untreated group (for comparison, the level
of significance was set at P < 0.05).

Macroscopic view and wound closure ratio are pre-
sented in Figure 1(A and B) and Figure 2. On the 7th day
wound closure ratios were observed -1.78% + 30.14%
in control group, 11.7% + 10.38% in PL group, 76.74% +
7.93% in 5% EA group, and 85.1+8.44% in 10% EA group.
The EA groups were found statistically more significant
than PL and control groups (P < 0.05). On the 14th day,
wound closure ratios observed were 14.37% + 28.51% in
the control group, 40.04% * 9.93% in the PL group, 99.7%
+ 0.24% in the 5% EA group, and 99.9% + 0.19% in the
10% EA group (P < 0.05).

The authors think the efficacy of the EA ointment is
more related to treatment time rather than dosage be-
cause there were no significant differences in wound
healing in the 5% EA group and the 10% EA group during
day 7 and day 14 (P > 0.05).

The results of histopathologic studies are presented
in Table 3 and Figure 3. At the end of the first week the
histopathologic scores were found to be higher in the EA
groups of dermal regeneration, granulation tissue thick-
ness, and angiogenesis levels than in the control and PL
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Figure 2. Wound closure ratio in groups on day 7 and day 14.
PL: petroleum jelly-lanoline; EA: Equisetum arvense

KEYPOINTS

e The rates of wound healing were found to be sig-
nificantly higher in the diabetic rat groups ad-
ministered 5% Equisetum arvense (EA) and 10%
EA ointment compared with those administered
a mixture of petroleum jelly and lanolin (PL) and
the untreated group.

e The authors think the efficacy of the EA ointment
is more related to treatment time rather than
dosage because there were no significant dif-
ferences in wound healing in the 5% EA group
and the 10% EA group during day 7 and day 14
(P> 0.05).

groups (P < 0.05).1In the second week, all histopathologic
scores were observed higher in the EA groups than the
other groups (P < 0.05), which also supports the conclu-
sion about the efficacy of treatment time and inefficacy of
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Table 3. Histological scores of the groups.

Groups ER DR GTT Angiogenesis
Day 7

Control 1.0+ 0.0 1.0+ 0.0 1.0+ 0.0 1.0+ 0.0

PL 1.0+ 0.0 1.29 + 0.49 1.0+ 0.0 1.0 +0.0
5% EA 1.29 + 0.49* 1.86 + 0.38* 1.71 + 0.49* 1.57 + 0.53*
10% EA 1.29 + 0.49* 1.86 + 0.38* 1.86 + 0.38* 1.29 + 0.49*
Day 14

Control 1.0+ 0.0 1.29 + 0.49 1.14 + 0.38 1.0+ 0.0

PL 1.14 + 0.38 1.57 +0.53 1.29 + 0.49 1114+ 0.38
5% EA 2.57 + 0.53* 2.86 + 0.38* 3.86 + 0.38% 3.86 + 0.38*
10% EA 3.0 £ 0.0* 3.0 £ 0.0* 4.0 £ 0.0* 4.0 £ 0.0*
Data are presented as Mean + SD; PL: petroleum jelly-lanolin; EA: Equisetum arvense; ER: epidermal regeneration; DR: dermal regenera-
tion; GTT: granulation tissue thickness.

* Indicates statistical significance from its own control group and from the PL group (P < 0.05).

EA ointments dosage percentage.The authors did not find
significant difference in histopathologic scores within ei-
ther the EA or control groups (P > 0.05) (Table 3).

Discussion

Wound healing is a complex multifactorial process that
results in the contraction and closure of the'wound.The
wound-healing process comprises inflammation, prolifer-
ation (formation of granulated tissue),and tissue remodel-
ing. Reepithelialization of wounds begins within hours of
injury and proceeds first over the margin of the residual
dermis and subsequently overgranulation tissue.?”*®

In diabetic wounds, the healing process is prevented by
several abnormalities including prolonged inflammation,
impaired neovasculation, decreased collagen synthesis,
and defective macrophage functions.??! Impaired wound
healing occurs in patients with diabetes, and has been
reported to be associated with high blood glucose lev-
els.?*3 Hence, in the present study, rats with STZ-induced
diabetes were used as the model for the study diabetic
wound healing.

The STZ selectively destroys pancreatic p-cells, inhib-
its the synthesis and release of insulin,and causes the on-

KEYPGINTS

Because of its antioxidant, antimicrobial, and anti-
inflammatory effects, the Equisetum arvense (EA)
plant decreased processes of inflammation, improved
neovascularization, and increased collagen synthesis
and macrophage functions. Thanks to these positive
effects, EA can be used for diabetic wound healing.
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set of diabetes mellitus.>® It has been shown that blood
glucose levels peak 1 to 3 days after a single high-dose
injection of STZ, and then remains elevated.®> Strepto-
zotocin-induced diabetes in rodents is considered to be
a model of insulin-dependent diabetes mellitus, and is
widely used in the study of insulinopenia and hypergly-
cemia.’® Diabetes that has been induced by a single high
dose of STZ is typically accompanied by diabetic symp-
toms such as weight loss, polyuria, hyperglycemia, and
neuroendocrine dysfunction.?”

In the present study, wound healing activity was ob-
served in satisfactory progress when treated with oint-
ment of EA for full-thickness skin diabetic wounds. In
wounds treated with either 5% or 10% EA ointment, the
period of epithelialization decreased, there were higher
scores in granulation tissue thickness, angiogenesis, and
wound closure ratio. In addition, both 5% and 10% EA
ointment increased reepithelialization and formulated
new blood vessels, especially on day 14.

There are many studies about diabetic wound healing
in the recent literature. Some herbs used to make oint-
ment for diabetic foot ulcers were Radix Rehmanniae,’®
oak bark in conjunction with salicylic acid benzoic acid
(Bensal HP, 7 Oaks Pharmaceutical Corp, Easley, NC),*
and polyherbal formulations (Hippophae rbamnoides
L. and Aloe vera L. and Curcuma longa L.).* In diabet-
ic full-thickness skin wounds, as used in present study,
Channa striatus®' and Sparassis crispa® were used
for treatment of the diabetic wounds. In addition, some
herb extracts were used for hypoglycemic effects as
shown in the plant of Strychnos pseudoquina extracts
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L: petroleum jelly-lanolin; EA: Equisetum arvense

in cutaneous diabetic wound.® The referenced studies
show these plants are effective for treatment of diabet-
ic wounds. This study, with treatment results as well as

with the material and methods,is concordant with these
literature studies.

Conclusion

Angiogenesis plays an important role in wound heal-
ing and newly formed blood vessels comprise 60% of
the repair tissue. Neovascularization helps hypoxic
wounds to attain the normoxic conditions.* Reepi-
thelialization plays a crucial role in cutaneous, repair,
depending upon the specific type of wound.* It was
observed that the EA ointment increased the angiogen-
esis phase, and the reepithelialisation and wound heal-
ing process.

Literature studies show that plants proven effec-
tive at accelerating wound healing have antimicrobial,
antioxidant; and anti-inflammatory characteristics. Eg-
uisetum_arvense plants comprise antioxidant compo-
nents‘such as flavonoids (ie, quercetin-3-O-glucoside,
luteolin, onitin, isoquercitrin); copper and zinc!®?24750,
antimicrobial components such as caffeic acid, styryl-
pyrone, thymol, hexahydro femmesil, trans-phytol, cis-
geranyl acetone, kaempferol'®>'33; anti-inflammatory
components such as B-cytosterol, campesterol; and iso-
fucosterol chemical elements which have induced neu-
trophil migration.’>>5¢57 Because of its antioxidant,
antimicrobial, and anti-inflammatory effects, the EA
plant decreased processes of inflammation, improved
neovascularization, and increased collagen synthesis
and macrophage functions.Thanks to these positive ef-
fects, EA can be used for diabetic wound healing. In
addition, the authors found that the dosage of EA is
not important.This plant can be used effectively in low
doses. Consequently, the results of present study indi-
cates important healing effects in diabetic wounds in
an animal model.
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