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Abstract

Introduction. To investigate the efficacy of shockwave-enhanced Aloe vera gel on full-thickness wounds in rats.

Methods. Overall, 45 adult male rats were selected. Under anaesthesia, a skin area of 6 cm2 on the upper back of each animal
was surgically excised. Then, the rats were divided by a randomization process into 3 groups. In group A, 15 rats received combined
administration of topical Aloe vera gel with shockwave therapy (600 shock pulses/session, 4 pulses/second, at 0.1 mJ/mm?
shock intensity). In group B, 15 rats received shockwave therapy with the same parameters as in group A, followed by topical
application of Aloe vera gel for 150 seconds. In group C (control group), 15 rats received combined administration of topical
Aloe vera gel with shockwave therapy while the device was switched off for 150 seconds. All groups received a total of 6 sessions:
2 sessions per week for 3 weeks. As outcome measures, wounded areas and shrinking rates were assessed at the third and
sixth sessions in all groups.

Results. In the last session, there were significant wound contraction and shrinking rate measures in group A when compared
with those in the other experimental group and in the control group.

Conclusions. Extracorporeal shockwave therapy may act as an efficient transdermal drug mediator as it maximized the healing

effect of shockwave-combined Aloe vera gel on full-thickness wound healing.
Key words: rats, wound, extracorporeal shock wave, Aloe vera gel

Introduction

Shock wave is described as a series of high-energy bipha-
sic sound pulses that spreads fast in 3 dimensions and pro-
duces temporary pressure changes. A sudden increase in
pressure associated with a shock wave exerts a direct impact
on the tissue without any side effects [1-3]. Shockwave ther-
apy is commonly used to relieve chronic pain in sports inju-
ries such as shoulder tendinitis, elbow epicondylitis, and cal-
careous spur [4-6]. Also, it has been applied for remedying
chronic and acute injuries of the skin and soft tissue as it is
considered a therapeutic healing tool [1-3].

Aloe vera plant is a member of the Aloeaceae family, rep-
resented by more than 400 species [7]. It includes different
chemical compounds, such as polymannans, lectins, anthrone
anthraquinone, C-glycosides, and acetylated mannans [8, 9].
Many Aloe vera components exert a healing effect, so the
plant has several therapeutic applications. The thick, viscous
gel of the Aloe vera leaf is included in different cosmetics and
used in alternative medicine to heal wounds and other skin
disorders [10]. The drug delivery process via the skin is a non-
invasive and convenient method. It may be considered as an
alternative to local injection in relieving pain. The introduction
of therapeutic compounds via the skin with the use of ultra-
sound is known as sonophoresis [11].

It has been suggested that sonophoresis may enhance
drug penetration into the skin, and this is mainly due to cavi-
tation and thermal effects of ultrasound [12—14]. Shock wave
as a transdermal drug mediator is considered a new modality,
which has not been covered in research so far. Also, its mech-
anism in drug administration is not yet obvious and may be
related, as suggested by some researchers [15-17], to the

cavitation effect, which involves the production and movement
of bubbles in a tissue, leading to mechanical and chemical
changes [17, 18]. In this study, shock wave, as a transdermal
drug mediator, was under investigation. The purpose was to
assess the efficacy of Aloe vera gel enhanced by shock wave
in rats with full-thickness wounds.

Subjects and methods
Animals

A total of 45 rats were selected from the house of animal
of Faculty of Medicine at the Umm Al-Qura University. The
animals met the following criteria: albino type, males, adults,
age about 4 months, and weight range of 200250 g at the
start of the study. Each rat had its own stainless steel wire
mesh cage. The room environment was controlled; the tem-
perature was adjusted to 23-25°C and room humidity was
50%. The food (Purina type with certificate number 5322)
stored in the granular form was available with tap water for
all animals throughout the duration of the study.

Wound model preparation

The skin area in the upper back of each rat was exposed
to shaving, cleaning with alcohol (70% concentration), and
defining by stamp with 2 x 3 cm dimensions. Then, under
anaesthesia by inhalation of ethyl ether, surgical skin removal
was the following step for producing full-thickness skin wound
in the previously defined area of 6 cm?. All wound areas were
surgically identified by one researcher.
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Experiment design

After the wound procedures, a randomization process was
used in order to assign the rats into 3 groups: 2 experimental
groups and 1 control group. So, the study was a randomized
controlled study.

Aloe vera gel amount

The amount of Aloe vera gel used was determined in ac-
cordance with wound cavity dimensions as follows: each
wound volume/cavity (length x width x depth) was approxi-
mately 1.2 cm?® (3 x 2 x 0.2 cm®), so the amount of Aloe vera
gel (comprised of Aloe vera with 87.399% concentration,
manufactured by the Government Pharmaceutical Organiza-
tion, Thailand) used to fill the wound size equalled approxi-
mately 1.2 cm?, with additional 0.3 cm?® to cover the wound
edge. Thus, the total Aloe vera gel amount which was applied
during the whole experiment in all groups was a 1.5 cm?®
syringe.

Treatment

Within 2 hours after surgery, the wounds were cleaned
with alcohol, and the treatment procedures began for all
groups. In groups A and C, the wound cavity was filled with
the measured amount of Aloe vera gel; during the first part of
treatment (shockwave therapy) in group B, the wound cavity
was filled with sonic gel. Then, shockwave therapy application
started in all groups. A sterilized film/sheet made of plastic
was used to cover each wound cavity to avoid device cross-
contamination, followed by application of shockwave device
(Duolith® SD1 T-Top, Storz Medical, Switzerland) with sonic
gel over the wounded area and its boundaries, with movement
through the plastic sheet for 150 seconds. With the exception
of group B, after shockwave therapy, the second part of treat-
ment (topical Aloe vera gel) was started by filling the wound
cavity with the measured amount of Aloe vera gel for 150 sec-
onds. The treatment protocol in each group was as follows:

1. Experimental group A: 15 rats received combined ad-
ministration of topical Aloe vera gel and shockwave therapy
with the following parameters: 600 shock pulses, 4 pulses/
second, approximately 100 pulses/cm?, 0.1 mJ/mm? shock
intensity [19-21], for 150 seconds.

2. Experimental group B: 15 rats received shockwave
therapy (first part of treatment) with the same parameters as
in group A, followed by topical application of Aloe vera gel
(second part of treatment) for 150 seconds.

So, both experimental groups A and B were exposed to
equal time of topical Aloe vera gel and shockwave therapy
(150 seconds for each therapy) but group B received sequen-
tial treatments while group A received combined treatment;
therefore, any differences in outcome measures between the
2 groups would be related to shockwave-Aloe vera gel effect
relationship.

3. Control group C: 15 rats received 150 seconds of com-
bined administration of topical Aloe vera gel and shockwave
therapy while the device was switched off to control the me-
chanical effect of shockwave transducer movement over the
wound between groups.

In total, there were 6 sessions of treatment: 2 sessions per
week for 3 weeks. At the end of each session, the wound
areas were dried and cleaned with povidone solution.

Measurements
Wound area contraction

The mount of shrinkage in wound surface area was cal-
culated with the tracing method as a transparent sterile film
was placed on each wound for defining the wound boundary
by using the tip of a fine marker. The area drawn on the film
was copied on a graph paper; square millimetre numbers
inside the drawn wounded area were counted and the total
was converted to square centimetres and the area was re-
corded. For a valid measurement, each wounded area was
measured 3 times and the mean of the 3 measures was cal-
culated. The measuring procedure was repeated two times:
after 3 and after 6 sessions.

Wound shrinking rate

The wound contraction rate at a session (x) was estimated
from the wound area (A0) on day 0 and the unhealed area
(Ax) at the session (x) by the following calculation:

(A0 —Ax/A0) x 100
Capturing images

Images of each wound were captured by using a digital
camera on day 0 and at the third and the sixth sessions of
treatment in all groups.

Statistical procedure

After data collection, analysis was performed by using the
SPSS software, version 16. Measure means as well as stan-
dard deviations were statistically estimated. Changes of mea-
sure means within each group throughout the phases of treat-
ment were analysed with the repeated-measures ANOVA
test, while changes of measure means between groups at
each phase of treatment were evaluated with one-way ANOVA
test. The level of significance was established at p < 0.05.

Ethical approval

The research related to animal use has complied with all
the relevant national regulations and institutional policies for
the care and use of animals. The ethical standards of the
Faculty of Medicine at the Umm Al-Qura University in Saudi
Arabia were followed in applying all animal procedures. Also,
all issues concerning the study aspects and protocol were
approved by the ethics committee of the Faculty of Physical
Therapy, Cairo University, Egypt.

Results

A comparison between different measures within each
group elicited a significantly high shrinkage of the wounded
areas throughout all measures (p < 0.05) (Table 1, Figures 1
and 2).

At the first session, the wounded area value was almost
6 cm?in all groups and one-way ANOVA analysis revealed
that the p-value between groups equalled 0.72, so there were
no significant differences between the groups. Additional
analysis by post-hoc test confirmed the nonsignificant results
between groups: A vs. B, B vs. C, A vs. C as the p-values
were 0.51, 0.9, 0.47, respectively.

Wounded areas mean values changed at the third session
and equalled 2.12 + 0.34 cm? with a 65.5 + 8.4% shrinking
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Table 1. Within-group and between-group comparisons of wounded areas mean values at 3 measuring points

Group A Group B Group C
p Post-hoc test
WSA (cm?) | Healing (%) | WSA (cm?) | Healing (%) | WSA (cm?) | Healing (%)
0.5120
First session 6.17 £ 0.33 6.08 + 0.23 6.07 £ 0.34 0.72 0.9%
0.47%
0.096%
Third session 212+0.34 | 655+84 | 246+045 | 595+6.3 | 256+0.51 | 57.8+7.3 | 0.083 0.61%°
0.034%
0.017%
Sixth session 0.09+0.05 | 985+0.6 | 0.18+£0.07 97 £+ 0.45 0.26 + 0.1 95.7+0.4 0.0001 0.024¢¢
0.00012°
p 0.0001 0.0001 0.0001
Repeated measures 0.00011"s%,0.0001'5, 0.00013*¢ for all groups

WSA — wound surface area, p** — group A vs. group B, p> — group B vs. group C, p* — group A vs. group C,
p'vs® — 15t session vs. 3 session, p'vs® — 15t session vs. 6" session, p*'s® — 3 session vs. 6™ session
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Figure 1. Within-group comparison of wounded areas mean
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rate in group A, 2.46 + 0.45 cm? with a 59.5 + 6.3% shrink-
ing rate in group B, and 2.56 + 0.51 cm? with a 57.8 + 7.3%
shrinking rate in group C. One-way ANOVA analysis result-
ed in the p-value between groups of 0.083, so there were
no significant differences. Additional analysis by post-hoc
test provided nonsignificant results between groups A vs. B
and B vs. C, with p-values of 0.096 and 0.61, respectively,
while a significant difference was observed between groups
A vs. C, with p-value of 0.034.

At the sixth session, the wounded areas mean values con-
tinued to change and equalled 0.09 + 0.05 cm? with 2 98.5 +
0.60% shrinking rate in group A, 0.18 + 0.07 cm? with a 97 +
0.45% shrinking rate in group B, and 0.26 + 0.1 cm? with
a 95.7 + 0.4% shrinking rate in group C. One-way ANOVA
analysis resulted in the p-value between groups of 0.0001, so
there were highly significant differences. Post-hoc test con-
firmed the significant results between groups: A vs. B, B vs. C,
A vs. C as the p-values were 0.017, 0.024, 0.0001, respec-
tively.

6th session

Figure 2. Wound images on day 0 and at the third and sixth sessions across groups
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Figure 3. Between-group comparison of wounded areas mean
values at 3 measuring points

Between-group results at the first, third, and sixth sessions
are shown in Table 1 and Figures 2 and 3.

Discussion

In the presented study, a skin area in rats was excised to
form a model of a wound in order to evaluate the efficacy of
extracorporeal shockwave-enhanced transdermal Aloe vera
gel in rat wound healing. The results of the study provide
evidence that Aloe vera transdermal mediation via extracor-
poreal shock wave has a greater impact on wound healing,
so the shock wave plays an important role in the transder-
mal administration of drugs with the full-thickness wound.
Notably, the results within groups show that there was sig-
nificant shrinking of wounded areas throughout all the 3 phases
of measurements in all groups, with the p-value of 0.0001.
These results may be related to an enhanced healing effect
of Aloe vera in all groups in addition to the positive effect of
shock wave in both A and B groups. This remains consistent
with several previous studies which confirmed the effect of
Aloe vera as well as shock wave on wound healing, as de-
scribed below.

Aloe vera and wounds

The healing properties of Aloe vera may be attributed to
glucomannan, present richly in polysaccharides, such as man-
nose. Glucomannan stimulates the fibroblast growth factor,
which positively affects fibroblast cell activity and its prolifera-
tion, and in turn enhances collagen production, improves the
bonds in the helix, and speeds up wound healing [8]. Also,
gene expression levels of vascular endothelial and transform-
ing growth factors are elevated in the wound as an effect of
Aloe vera. This leads to stimulating the fibroblasts and build-
ing up the extracellular matrix at the site of the wound [22].

Aloe vera treatment stimulated transforming growth factor
TGF-B1, which is an effective wound healing growth factor
[23]. In human skin fibroblasts, mitosis is speeded up and in-
creased by the action of TGF-31 [24]. Also, the angiogenesis
process, myofibroblast differentiation, fibroblast formation,
and extracellular matrix formation are stimulated by TGF [25].

Stimulation of macrophages in damaged tissues is attrib-
uted to the presence of Aloe vera mannose sugar. Also, mac-
rophage cytokine production and cellular progression at cer-
tain wound healing stages after attachment to the recipient
on the macrophage surface are stimulated by Aloe vera [26].

Amino acid compounds, vitamin C, and vitamin E, pres-

ent in Aloe vera, play a vital role in wound healing accelera-
tion. Vitamin C enhances collagen production and increas-
es healing tendency as a strong antioxidant [27]. Owing to its
antimicrobial and anti-inflammatory effects, Aloe vera speeds
up wound healing [2]. Antioxidant enzyme systems, such
as superoxide dismutase and glutathione peroxidase, pres-
ent in the mucosa of Aloe vera, accelerate healing through
neutralizing the activity of free radicals on the wound and
through their anti-inflammatory properties [28, 29].

Shock wave and wounds

In recent studies, shockwave therapy has been confirmed
as a useful and efficient modality in wound healing because
it stimulates some endogenous growth factors [30-33], en-
hances endothelial stem cell recruitment [34] and angiogen-
esis induction [35-37].

Extracorporeal shockwave therapy increases nitric oxide
which is considered an effective vasodilator; hence, it has
a positive effect on tissue perfusion. Also, shock waves en-
hance the induction of a powerful proangiogenic and vascu-
lar growth factor called vascular endothelial growth factor. In
shockwave-treated tissues, overexpression for vascular endo-
thelial growth factor has been detected [38].

In shockwave-treated tissues, inflammatory cytokines,
chemokines suppression and multiple gene expressions of
wound healing were found [31, 39]. The shockwave anti-in-
flammatory effects have been confirmed in several studies
concerning wounds [30, 40]. Cell proliferation enhancement,
extracellular matrix production, and apoptosis reduction are
the actions of shockwave therapy in localized tissue lesions
[37, 41]. The comparison between groups at the third session
revealed that the healing process in both groups A and B in
the form of shrinking of wound surface was significantly
more advanced than in group C. This can be explained by
the shockwave therapy effect on the healing process; this
result is consistent with previous studies mentioned above.

At the sixth session, the results proved that group A pre-
sented better wound healing than groups B and C as there
was a highly significant shrinkage in the wounded area and
highly significant shrinking rate in group A when compared
with the wounded area and shrinking rate in the other groups.
These results may be attributed to the maximum adminis-
tration of Aloe vera gel by using shockwave therapy. In ad-
dition to its healing effect, shockwave therapy may enhance
and maximize the effect of topical Aloe vera gel on full-
thickness wound and this result may be consistent with the
studies mentioned below.

Shock wave as a transdermal mediator

Drug delivery through the skin by using several methods
has been investigated in research. Various energies have
been applied to facilitate drug penetration through the skin.
New technologies such as iontophoresis and phonophoresis
are employed to ease the infiltration of drugs into stratum
corneum, which is the transdermal penetration main barrier
[42—-44]. A pressure wave or shock wave can interrupt stra-
tum corneum hydrophilic domains and promote the macro-
molecule release into the epidermis and the skin [45]. A tran-
sient increase in the permeability of cell membranes due to
shock waves has been proved in vitro and in vivo. The mech-
anism of shock waves in increasing permeability may be re-
lated to the cavitation bubbles formation [45, 46].

Recent studies have shown that ultrasonic cavitation re-
duces the effectiveness of the skin barrier as a drug pene-
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tration insulator [47, 48]. Cavitation leads to cell death and
activates the transfer of large molecules into the cell. The
cavitation energy is partially converted into different energy
forms as shock waves form, or heat form, which can enhance
diffusion by disrupting the biological tissues [49, 50]. In vivo,
shockwave therapy may be a useful method to increase
tumour cell permeability and hence to introduce therapeutic
molecules into these cells [46]. The effect of chemotherapy
may be increased with shock waves; the method appears to
be associated with a rise in intracellular drug concentration
[49]. In addition, vaccine may be introduced in the same way
through shock waves [51]. High amplitude and frequency
of shock waves make the cavitation effect stronger than in
many other forms of ultrasound therapy [52].

Limitations

The limitation of the study may be the number of rats in
each group as an increased number may enforce the results.

Conclusions

Extracorporeal shockwave therapy may act as an efficient
transdermal drug mediator as it maximized the healing effect
of shockwave-combined Aloe vera gel on full-thickness wound
healing.
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