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Abstract

This study aimed to develop atorvastatin-loaded emulgel and nano-emulgel
dosage forms and investigate their efficiency on surgical wound healing and
reducing post-operative pain. This double-blind randomized clinical trial was
conducted in a surgical ward of a tertiary care hospital affiliated with univer-
sity of medical sciences. The eligible patients were adults aged 18 years or
older who were undergoing laparotomy. The participants were randomized in
a 1:1:1 ratio to one of three following groups of atorvastatin-loaded emulgel 1%
(n = 20), atorvastatin-loaded nano-emulgel 1% (n = 20), and placebo emulgel
(n = 20) twice a day for 14 days. The primary outcome was the Redness,
Edema, Ecchymosis, Discharge, and Approximation (REEDA) scores to deter-
mine the rate of wound healing. The Visual Analogue Scale (VAS) and quality
of life were the secondary outcomes of this study. A total of 241 patients
assessed for eligibility; of them, 60 patients completed the study and consid-
ered for final evaluation. A significant decrease in REEDA score was observed
on Days 7 (63%) and 14 (93%) of treatment with atorvastatin nano-emulgel (p-
value < 0.001). A significant decrease of 57% and 89% in REEDA score was
reported at Days 7 and 14, respectively, in atorvastatin the emulgel group (p-
value < 0.001). Reduction in pain VAS in the atorvastatin nano-emulgel was
also recorded at Days 7 and 14 of the intervention. The results of the present
study suggested that both topical atorvastatin-loaded emulgel and nano-
emulgel 1% were effective in acceleration of wound healing and alleviation of
pain of laparotomy surgical wounds, without causing intolerable side effects.
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Key Messages
» post-operative wounds necessitate special care and proper management.

Laparotomy surgical incisions are onerous to heal, since the incision passes
through various layers of the skin

atorvastatin possesses antioxidant, analgesic, immunomodulatory, and
anti-inflammatory properties, making it a feasible wound-healing
candidate

nano-emulgels are considered an optimal system for topical drug delivery
due to the high specificity of the site of action, targeted delivery of the pre-
cise medicine, maintenance of the physical stability of the drug, and the
dual control system for the release of the drug

topical atorvastatin-loaded emulgel and nano-emulgel 1% can be considered
as a useful and effective option for its wound-healing and pain relief

properties

1 | INTRODUCTION

Wounds are caused by the damage to the integrity of bio-
logical tissues, such as skin and mucous membranes.'
There are several types of wounds, including diabetic
ulcers, burns, osteomyelitis, pressure ulcers and surgical
wounds.”> Wounds should be properly managed to pre-
vent possible complications, such as infection and scars.
In general, the wound-healing process consists of the fol-
lowing steps: inflammatory phase, which takes place
immediately after the formation of wound, proliferation
phase, in which the wound initiates to rebuild itself, and
the final step of the remodelling phase, in which the
wound acquires its tensile strength.®

Patients undergoing surgery are potentially vulner-
able and usually require to be hospitalized after the
operation. Therefore, post-operative wounds necessi-
tate special care and proper management. These
wounds can get easily infected and cause substantial
complications. In this regard, various approaches have
been recommended, the key of which is the use of anti-
inflammatory and immunomodulating compounds to
promote the process of wound healing.” Laparotomy
surgical incisions are onerous to heal, since the inci-
sion passes through various layers of the skin.® Nota-
bly, the quality of post-operative wound healing has a
significant impact on the patient's recovery and reha-
bilitation. Furthermore, the complications of surgical
wounds affect the mobility and mortality of these
patients and all of these highlights the importance of
acceleration in healing of these wounds.’

Atorvastatin belongs to a group of anti-hyperlipidemia
medicines called statins and are prescribed to prevent car-
diovascular diseases.'” In addition to its cholesterol-lowering
effects, it possesses antioxidant, analgesic, immunomodula-
tory, and anti-inflammatory properties," "> making it a

feasible wound healing candidate. Systemic consumption of
this drug is associated with several side effects, such as
headache, muscle pain, gastrointestinal symptoms,
myopathy, and liver toxicity.'* In order to prevent possi-
ble side effects following systemic drug use, topical drug
delivery systems can be applied to directly release the
drug into the wounded site and prevent systemic spread
of the drug."® Development of novel nano delivery sys-
tems for this purpose is a notable advantage, as these
systems possess a high surface-to-volume ratio and regu-
late the drug release.'®

Nano-emulgels are considered an optimal system for
topical drug delivery due to the high specificity of the site
of action, targeted delivery of the precise medicine, main-
tenance of the physical stability of the drug and the dual
control system for the release of the drug.'” The efficacy
of statin emulgel and nano-emulgel systems in accelera-
tion of healing process of post-operative wounds and
amelioration of post-hemorrhoidectomy pain has been
investigated in several in vivo studies with promising
effects.'®?

Therefore, this clinical trial was designed to evaluate
the efficiency of topical atorvastatin-loaded emulgel and
nano-emulgel 1% on wound-healing rate, pain relief and
quality of life in patients undergoing laparotomy
surgeries.

2 | MATERIALS AND METHODS
2.1 | Materials

Atorvastatin was obtained from Sobhan Daru (Iran).
Polysorbate 80, glycerol, methylparaben and propylpar-
aben were purchased from Merck (Germany). Sesame
oil was obtained from Shabli (Iran). Propylene glycol



s | wWiLEY-JEZ)

SAGHAFI ET AL.

and carbomer were purchased from Rose Shimi Com-
pany (Iran).

2.2 | Preparation of emulgels and nano-
emulgels (1%)

Primary nano emulsion was formulated by oil titration
method. For this purpose, 500 mg of atorvastatin was dis-
solved in 2 mL of preheated sesame oil at 70°C for
20 min. Then, mixtures of surfactant and co-surfactant
contained 1.4 mL of polysorbate 80, 1.3 mL of propylene
glycol and 12.5 mL glycerol were added to form the oil
phase. In order to prepare the aqueous phase, 20 mL
water was heated to 70°C. Thereafter, 90 mg methylpara-
ben, 10 mg propylparaben and 20 mg Carbomer were
added and fully dissolved in the water. Oily phase was
added dropwise to aqueous phase under the effect of
magnetic stirring for 10 min and nanoemulsion was
formed after extra sonication for 10 min. The total nanoe-
mulsion volume was reached to 50 mL with distilled
water. Nanoemulgel was formed by increasing the pH of
the formulation via addition of triethanolamine. The final
Gel pH was fixed to 7 using a digital pH meter. The pla-
cebo was formulated as mentioned above without addi-
tion of atorvastatin as the active ingredient. The
formulated gels were filled in similar lacquered alumin-
ium collapsible tubes.

2.3 | Physical characterization of nano-
emulgel

The formed nanoemulsion showed a uniform oil in water
dispersion with particle size of 224.20 + 3.6 and zeta
potential of —12.9 mv. The pH of final formulations was
adjusted to 7 and the viscosity of formulation were in the
range of 1400-1500 cp at 25°C.

Microbial contamination of both formulations was
evaluated after culture on Mueller Hinton agar, soybean
casein digest agar and sabouraud dextrose agar. No
microbiological contamination was detected.

2.4 | Particle size analysis

The droplet sizes and zeta potential of nano emulsion
were measured by photon correlation spectroscopy. For
this purpose, the nano emulsion was diluted with deio-
nized water with the ratio of 1:10 before the analysis.
Measurement of size as well as zeta potential were per-
formed on a Malvern Zetasizer 3000 (Malvern Instru-
ments, Worcestershire, UK).

2.5 | Gel viscosity analysis

Viscosities of gels were determined using Brookfield
Viscometer RV. The measurements were performed
on 25°C.

2.6 | Study design and population

This prospective double-blind placebo-controlled, ran-
domized clinical trial was registered at Iranian Regis-
try of Clinical Trials (IRCT20190810044500N3).
Written informed consent was provided for each
participant before administration of any study inter-
vention. No one received compensation or was offered
any incentive for participating in this study. Eligible
patients were adults aged 18 years or older who were
undergoing laparotomy from February 2020 to May
2021. The trial was conducted in two university
affiliated hospitals in Yazd, Iran. Patients who were
consuming any systemic statin, corticosteroids, non-
steroidal anti-inflammatory drugs (NSAIDs), and cyto-
toxic/ immunosuppressive drugs were considered
ineligible to enrol in the study.

Patients were randomized in a 1:1:1 ratio to
atorvastatin-loaded emulgel 1% (n = 20), atorvastatin-
loaded nano-emulgel 1% (n = 20), and placebo emulgel
(n = 20) groups by applying the Random allocation soft-
ware (version 1). After confirming the eligibility of partic-
ipants, patients were given the option for enrolment.
Interested patients were guided to receive either interven-
tion. The ward nurse who arranged the preoperative
clinic visits recruited the patients. The surgeon, patients,
and data collector were all blinded to the allocated arms
of the study.

The first dose of the emulgel was administered by the
ward nurse within 6 h of surgery. All patients were self-
instructed to apply the topical emulgel in their study arm
twice a day for a 14-day period. The dose of the emulgel
in patients was approximately 2.0 + 0.5 g (w/w), equal to
20-mg atorvastatin, twice a day. During hospitalization,
patients were visited 24 and 48 h after surgery. The sur-
geon visited the patients on the 7th and 14th post-
operative days to evaluate the wound site. Drug safety
and compliance were assessed by patient reports, clinical
visits and physical examination.

2.7 | Primary and secondary outcomes

Before the surgical procedure, demographic and clinical
characteristics of the patients were collected. The primary
outcome was the REEDA score to investigate the wound
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healing process. This score consists of five major domains
including redness, oedema, ecchymosis/bruising, dis-
charge, and approximation. Each domain is given a score
of 0-3. A lower score favours more advanced healing.

The secondary outcomes were unexpected adverse
effects, quality of life (wound-QoL) and visual analogue
scale (VAS), which is ranging from 0 (illustrating no
pain) to 10 (illustrating the worst) for quantitative assess-
ment of the post-operative pain. Assessment of quality of
life was based on wound-QoL questionnaire at baseline
and Days 7 and 14. The questionnaire contains 17 ques-
tions, ranging from 0 (not at all) to 4 (very much).*

2.8 | Sample size

Data from a previous randomized prospective study
were used for sample size calculation.”! An overall sam-
ple size of 51 patients (17 in each group) achieved 80.0%
power at a 0.05 significance level and REEDA score
standard deviation of 0.41 to detect a mean difference
(reduction in total clinical score) of 0.4 using the sample
size equation

(209t 20) 25

(11 _ﬂz)z

n—

5

2.9 | Statistical analysis

The quantitative and qualitative variables in the groups
were presented as means with standard deviation
(SDs), medians with Interquartile range (IQRs), or as
number (%). Normality of data was assessed using the
Kolmogorov-Smirnov test. The distributed quantitative
variables were compared between the groups by using
the unpaired ¢t-test and Mann-Whitney tests depending
on the variable and its distribution. Moreover, within-
group changes from baseline were assessed using
Wilcoxon signed rank tests, paired ¢ tests, and Fisher
exact tests and repeated measurement to compare the
changes of variables over time. The Chi-square test was
utilized for the comparison of the qualitative data
between the groups. Statistically significant differences
between the groups were detected through one-way anal-
ysis of variance (ANOVA) followed by Tukey's post-
analysis test for group comparisons. Statistical analyses
were performed using Statistical Package for the Social
Sciences (SPSS), version 24. Two-tailed p-values <0.05
were considered statistically significant.

3 | RESULTS

3.1 | Patients and treatment

Between May 18, 2021 and February 10, 2020,
241 patients were screened for eligibility. Among
them, 181 patients patients were not included in the
study due to lack of inclusion criteria. Of the remain-
ing 60 eligible patients, all were randomized to each of
the interventions (20 per group). Eight patients were
subsequently excluded from the study, because of the
improper use of the administration. Finally, 52 patients
completed the study. Half of the participants (50.0%)
were male, and the mean (SD) age was 45.44 (8.55)
years (Figure 1). The baseline demographic and dis-
ease characteristics were well balanced between the
groups (Table 1).

3.2 | Efficacy and safety

In this study, REEDA scale was applied to represent the
changes in wound healing among the three arms of the
study. The responses to each of the REEDA scale parame-
ters between groups are presented in Table 2. REEDA
satisfaction scores in the atorvastatin nano-emulgel and
atorvastatin emulgel arm ranked low across all REEDA
scale domains on Day 7, and the changes of redness and
ecchymosis were also significant on Day 14. A significant
decrease in REEDA score from a mean (SDs) of 1.48
(0.33) to 0.54 (0.19) and 0.12 (0.04) was observed on Day
7 (63%) and 14 (93%) of treatment with atorvastatin
nano-emulgel, 1% w/w (p-value < 0.001). A significant
decrease of 57% and 89% in REEDA score was reported
on Days 7 and 14 in the atorvastatin emulgel, 1% w/w
group (p-value < 0.001).

Reduction in pain VAS in the atorvastatin nano-
emulgel group was also observed, as the mean
(SD) scores of VAS improved from 9.2 (0.8) mm at base-
line to 3.56 (1.9) and 2.22 (1.16) mm on Days 7 and
14, respectively. The mean reduction from baseline to
Days 7 and 14 in the atorvastatin emulgel group was 55%
and 68%, respectively. Pain VAS score improved progres-
sively with continued use of interventions from baseline
to Days 7 and 14 (Table 2).

Tukey HSD test was applied to compare between-
group REEDA score differences. Post hoc analysis com-
paring REEDA score reduction on Days 7 and 14 from
baseline indicated no statistically significance between
the atorvastatin emulgel vs atorvastatin nano-emulgel
groups (p-value = 0.702, and 0.932, respectively), but a
significant reduction in either the atorvastatin emulgel
or atorvastatin nano-emulgel groups was reported on
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241 Assessed for eligibility

181 Excluded
129 Had a different operation other than laparotomy

10 Age younger than 18

14 Consumed oral atorvastatin
7 History of cardiovascular disease

9 Active cancer

12 Unwillingness

60 Randomized

Atorvastatin Emulgel Atorvastatin Nano-Emulgel Placebo Emulgel

20 Received emulgel as randomized 20 Received Nano-Emulgel as
randomized

20 Received placebo as randomized

|

3 Dropped out due to the improper
use of the administration

2 Dropped out due to the improper
use of the administration

3 Dropped out due to the improper
use of the administration

A 4

17 Included in primary analysis

18 Included in primary analysis

17 Included in primary analysis

FIGURE 1 Outline of the protocol for double-blind, controlled and clinical trial of topical atorvastatin-loaded emulgel and nano-
emulgel 1% on post-laparotomy pain and wound healing during study follow-up.

Atorvastatin Atorvastatin TABLE 1 Patient demographics
nano-emulgel emulgel Placebo profile and baseline disease

Characteristic 1% w/w 1% w/w emulgel p-value characteristics.
Age, mean (SD) 42.4(9.7) 47.6 (7.9) 46.5(7.2) 0.14
Sex, N (%)

Men 7.0 (38.9) 10.0 (58.8) 9.0 (52.9) 0.38
Concurrent comorbidities, N (%)

Diabetes mellitus 4.0 (28.5) 2(11.7) 5.0 (29.4) 0.89

Hypertension 6.0 (33.3) 5(29.4) 7.0 (41.2)

Hypothyroidism 1.0 (5.5) 1(5.8) 1.0(5.8)
Current smoking, N (%)

Yes 11.0 (61.1) 8.0 (47.1) 9.0 (52.9) 0.79

Abbreviations: HTN, hypertension; N, number; y, year; w/w, weight/weight.

days 7 (p-value =0.043 and 0.039, respectively) and
14 compared with the placebo group (p-value = 0.028
and 0.022, respectively) (Figure 2).

Regarding the quality of life of the patients, about
20% improvement in Wound-QoL was observed after
7 days of each of interventions compared with
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TABLE 2 Primary and secondary
outcomes at baseline and Days 7 Groups
and 14. :;?1:2:::11;1 1% wiw Atorvastatin Placebo
emulgel 1% w/w emulgel
Variable Mean (SD) p-value
Redness
Baseline  2.44(0.7) 2.40 (0.6) 2.29(0.68)  0.955
Day 7 0.8 (0.4) 1.0 (0.89) 1.53(0.51)  0.003*
Day 14 0.15 (0.06) 0.2 (0.44) 0.82(0.52)  0.001%
Oedema
Baseline  1.63(0.7) 1.5 (0.63) 1.76 (0.66)  0.804
Day 7 0.72 (0.66) 0.56 (0.51) 1.00 (0.50) 0.001*
Day 14 0.11 (0.32) 0.19 (0.40) 0.24 (0.43)  0.630
Ecchymosis
Baseline 2.2 (0.4) 2.00 (0.3) 2.10(0.28)  0.859
Day 7 0.8 (0.24) 0.95 (0.36) 1.35(0.06)  0.001*
Day 14 0.2 (0.08) 0.31(0.1) 0.59 (0.15)  0.001*
Discharge
Baseline  0.78 (0.42) 0.65 (0.15) 0.67 (0.10)  0.844
Day 7 0.17 (0.06) 0.15 (0.07) 0.3(0.06)  0.001*
Day 14 0.00 (0.0) 0.00 (0.0) 0.00 (0.0) 1.000
Approximation
Baseline  0.61 (0.11) 0.55 (0.09) 0.6 (0.1) 0.754
Day 7 0.25 (0.07) 0.20 (0.20) 0.30 (0.06)  0.021*
Day 14 0.08 (0.01) 0.06 (0.02) 0.1(0.02)  0.853
REEDA
Baseline  1.48 (0.33) 1.40 (0.30) 1.41(0.28)  0.665
Day 7 0.54 (0.19) 0.60 (0.19) 0.90 (0.12)  0.022*
Day 14 0.12 (0.04) 0.15 (0.05) 0.35(0.06)  0.019%
VAS
Baseline  9.22(0.8) 9.00 (0.8) 9.26 (0.77)  0.551
Day 1 6.72 (0.89) 7.50 (1.3) 7.06(0.74)  0.010
Day 2 5.86 (0.9) 6.38 (0.95) 6.82(0.88)  0.015
Day 7 3.56 (1.9) 4.06 (1.43) 535(1.11)  0.001*
Day 14 2.22(1.16) 2.87 (1.54) 3.7(0.15)  0.006*

*Statistically significant (p-value < 0.05); REEDA: Redness, Edema, Ecchymosis/bruising, Discharge,
Approximation; VAS: visual analogue scale; w/w: weight/weight; SD: standard deviation.

baseline. Although wound-QoL showed no improve-
ment between groups from baseline to day 7 (p-
value = 0.132), the difference was significant on day
14 (p-value = 0.05).

Side effects experienced by patients were tolerable.
Mild side effects, including erythema, itching and irrita-
tion were reported both with atorvastatin and placebo
emulgels. However, none of the participants discontinued
the formulation because of the side effects.

4 | DISCUSSION
The results of the current randomized controlled clinical
trial demonstrated that both topical atorvastatin-loaded
emulgel and nano-emulgel 1% significantly lead to heal-
ing of the laparotomy surgical wounds, pain relief and
quality of life compared to placebo.

Patients undergoing surgery are vulnerable and post-
surgical wounds require prompt and particular care,
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FIGURE 2 The reduction in the REEDA score during the
study period.

since they easily get infected and are associated with
patient’ worth outcomes.”* Notably, the wound caused
by a laparotomy surgical incision is deep and passes
through several layers of the skin. Therefore, the man-
agement of surgical wounds is of great importance and
any measure that is taken to expenditure the healing of
these wounds is associated with acceleration of the recov-
ery process of the patients and hospital discharge.”** The
participants of the present study were selected from the
patients undergoing laparotomy surgeries, since these
wounds are difficult to heal and their complications
affect the mortality and morbidity rate.”

In this respect, adopting measures such as topical
administration of drugs to accelerate wound healing pro-
cess is a viable option. Incorporation of drugs into the
nanostructures has the advantage of controlling the
release of the product and consequent increase in drug
concentration in the target sites.**

It has been previously shown that the use of atorva-
statin has diminished the pain and accelerated healing in
some wounds. Topical atorvastatin ointment 1% resulted
in the expenditure of healing of pressure ulcers.*> Atorva-
statin appears to play a role in accelerating wound heal-
ing and tissue repair through expressions of proteins and
cytokines associated with cell-growth pathways, such as
apoptosis, proliferation, and migration.”® The anti-
inflammatory properties of atorvastatin are independent
of its cholesterol-lowering effects.”” This medication can
also promote tissue recovery by enhancing the produc-
tion of growth factors such as vascular endothelial
growth factor (VEGF) and fibroblast growth factors
(FGFs).®

Generally, the wound healing process is evaluated by
REEDA score. At baseline, patients were not significantly
different from each other in terms of this score. However,
at the end of the study period, the intervention groups
had significantly lower mean scores of redness, oedema,

ecchymosis, discharge, approximation, and total REEDA
score, which was in favour of wound healing. Previously,
topical administration of 1% simvastatin ointment has
been associated with similar results.”® Nevertheless, we
did not find a significant difference between the
atorvastatin-loaded emulgel and nano-emulgel in terms
of wound healing. A possible explanation could be due to
the presence of polysorbate 80 in the emulsion formula-
tions, which is a non-ionic surfactant and interferes with
skin lipids. This interaction leads to an increase in fluid-
ity of the skin membranes and a subsequent increase in
the rate of drug diffusion across the skin layers."®

As mentioned, in addition to accelerated wound heal-
ing, patients in the intervention group also experienced a
significantly lower VAS score only within 24 h of drug
administration. Alleviation of the inflammation and irri-
tation of the skin in the wound area results in pain reduc-
tion, which is another beneficial effect of administration
of this medication.*® The nanoemulsion formulation of
simvastatin was shown to reduce the VAS score within
7 days of surgery.*' It has been demonstrated that atorva-
statin emulgel (2%) successfully diminished the post-
operative pain."”

With the continued use of these formulations for
14 days, the quality of life of the patients who were in the
intervention group was eventually superior to the placebo
group, which could be demonstrative of the accelerated
recovery of this group of patients. Nevertheless, it should
be noted that these topical formulations cannot be the
sole pain killer. These products are considered as adju-
vants, and surgical patients may require other pain relief
procedures such as narcotics.

Although the findings of this pilot clinical trial were
interesting, care should be taken in interpreting the
results. The sample size of the study was small. Although
241 patients were screened for eligibility, due to the
COVID-19 pandemic, we could only include 60 patients
in the study. The COVID-19 pandemic also affected the
compliance of the patients to attend the follow-up visits.
In future studies, it is suggested to evaluate the efficacy of
different doses of these formulations with extended dura-
tion of treatment and follow-ups in wound healing
process.

5 | CONCLUSION

The results of the current randomized controlled clinical
trial demonstrated that both topical atorvastatin-loaded
emulgel and nano-emulgel 1% are associated with a sig-
nificant acceleration in healing of the laparotomy surgi-
cal wounds, pain relief and quality of life compared to
placebo, without causing intolerable side effects.
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