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Introduction
Low-level laser therapy (LLLT) has the potential of improving 

healing and reducing pain, inflammation, and edema, but its 
fundamental mechanisms are still not completely understood 
[1,2]. A systematic review examining the effect of LLLT on wound 
healing in rats found a reduction in inflammatory response and 
improvement in the organization of collagen fibers in the group 
irradiated with laser light, obtaining good results in tissue repair  

 
[3]. LLLT has been reported as an effective tool for treating ischemic 
flaps, but the mechanisms of action still remain unclear [4]. 
Calendula officinalis Linn. (calendula), probably native to Europe, is 
popularly known as marigold, pot marigold, and garden-marigold 
[5]. The plant flowers annually and the leaves and stems are 
used for therapeutic purposes [6,7]. Calendula is used as an anti-
inflammatory, anti-tumor agent, and stimulates human mast cells 
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Abstract

Objective: To evaluate the effects of low-level laser therapy and extract of Calendula officinalis Linn. (calendula), alone or in combination, on 
cutaneous wound healing in rats.

Setting:  A university research center. 

Design: A prospective, interventional, randomized, controlled experimental study. Forty-eight female Wistar rats, aged 3 to 4 months, were 
divided into 4 groups of 12 animals each. A skin wound was surgically made in the dorsal region of each animal and treated for 21 days with either 
low-level laser therapy (laser group), calendula extract gel (calendula group), laser therapy combined with calendula extract gel (laser + calendula 
group) or received no treatment (control group). Data collection was performed immediately after surgery and on postoperative days 3, 6, 9, 12, 15, 
18 and 21. 

Main Outcome Measures: Measurement of the wound area was performed by tracing the contour of the wound on a sterile polypropylene film 
placed over the wound. The drawing was transferred to the Auto Cad software to determine the size of the wound area.

 Results: No significant differences in wound area size were found among groups up to the postoperative day 6. After 9 days of treatment, the 
laser group showed a significantly greater reduction in wound area compared to the other groups. 

Conclusion: Laser therapy alone contributed more to wound healing in rats than the treatment with calendula extract gel alone or combined 
with laser therapy.

Keywords: Laser; Calendula Officinalis; Healing; Surgical Wound

Summary

The effects of low-level laser therapy and extract of  Calendula officinalis Linn. (calendula), alone or in combination, on cutaneous wound healing 
in rats were evaluated in 48 Wistar rats. Low-level laser therapy alone contributed more to wound healing in rats than the treatment with calendula 
extract, alone or in combination. The effect of low-level laser therapy and extract of Calendula officinalis Linn. on cutaneous wound healing in rats
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[8]. It has healing properties, antiseptic action, sudorific effect, and 
analgesic, anti-inflammatory, antiviral, vessel dilator, and skin tonic 
activities. In addition to these benefits, the stems of calendula have 
antioxidant properties and studies have report that it can reduce 
free radicals produced in the human body [8]. 

The main uses of calendula are remedies for burns, bruises, 
skin and internal inflammatory diseases of different etiologies. 
The recommended doses depend on the type and severity of the 
illness to be treated and the individual condition of each patient 
[9]. Some experimental studies have obtained positive results 
using a combination of phytotherapic agents with other practices 
for treating wounds [10,11]. An in vitro study combining LLLT and 
calendula also found a positive correlation between the two [12]. 
The aim of the present study was to evaluate the effect of 904 nm 
low-intensity laser irradiation and extract of calendula, alone or in 
combination, on the healing process of skin wounds in rats.

Methods
This is a primary, interventional, prospective, analytical, 

controlled, randomized experimental study with rats, approved 
by the Institutional Ethics Committee on animal use under report 
number 188/2013, in accordance with the ethical principles 
of the Brazilian Society of Laboratory Animal Science, SBCAL/
COBEA. The sample consisted of 48 young adult, female Wistar 
rats, aged 3 to 4 months, distributed into the following 4 groups 
of 12 animals each: low-intensity GaAs laser Group (904 nm at 4 J/
cm2), 20% Calendula extract Group, Laser + Calendula Group, and 
Control Group (without treatment).The rats were anesthetized by 
intramuscular injection of ketamine hydrochloride at 1 mg/100 g 
and xylazine hydrochloride at 2 mg/100 g before making a circular 
wound in the dorsal region. Manual epilation was performed before 
placing the rats in a prone position on the operating table. The 
dorsum was marked with a 2.13-mm diameter stainless steel punch 
with a circular cutting surface. To produce the wound, a scalpel was 
used to make an incision and resection of the skin and panniculus 
carnosus up to the superficial muscular fascia.

The low-intensity laser pulse Diamond Line device and the 
GaAs pen laser (904 nm) with invisible red beam, power of 30 mW, 
and energy density of 4 J/cm² were used to treat the Laser Group. 
The laser was applied specifically on the borders of the wound at a 
90-degree perpendicular angle. The wound was visually divided into 
a 1-cm2 grid and each area of 1 cm2 received one application at each 
point for 12 seconds. After the application, the wound was dressed. 
The calendula extract gel was prepared at a local pharmaceutical 
laboratory. The extract consisted of 20% of glycolytic extract, 80% 
of Carbopol gel (100 mg) at alkaline pH. A dose of 0.2 g of the extract 
was aspirated with a 1-ml syringe and applied and spread on the 
entire wound. After application of the Calendula extract, the wound 
was dressed. Both the laser and the calendula extract were used 
in combination in the Laser + Calendula Group. However, the laser 
was applied before the Calendula extract, following same protocols 
described in the other two groups. For the treatment of Control 
Group, we used 100% of Carbopol gel with a dose of 0.2 g of gel, 
following the same protocol as in the Calendula Group.

In all groups, the wound dressing consisted of the application 
of a sterile transparent adhesive film (Smith & Nephew®, model 
Opsite Flexigrid) measuring 4.0 x 5.0 cm [13]. Data collection was 
performed at eight time points, following the progress of treatment. 
The first evaluation was conducted immediately after the surgical 
procedure to obtain the accurate wound measurement at baseline. 
After that, the other evaluations occurred at three-day intervals, 
that is, on days 3, 6, 9, 12, 15, 18 and 21. The animals received no 
treatment on postoperative day 21, but the wound condition was 
evaluated, and they were then anesthetized and euthanized [14]. 
The measurement of the wound area was performed by tracing the 
perimeter of the wound using a sterile polypropylene film placed 
over the wound and the borders of the wound were traced using 
a fine-tip brush and indelible ink. These measurements were 
transferred to the computer program Auto Cad to quantify the 
wound area. For statistical analysis, the following tests were used: 
Kruskal-Wallis test, Friedman’s test, Delta percent change (Delta%), 
and Mann-Whitney test. All statistical tests were performed at a 
significance level α of 0.05 (P < 0.05).

Table 1: Comparison of regression rate of wound area (cm2) among groups (n = 12) at evaluation intervals.

Treatment 
day #

Calendula Laser Laser + Calendula Control

Mean Δ % Mean Δ % Mean Δ % Mean Δ % P-value

Baseline 2.63 0 2.54 0 2.59 0 2.57 0 0.8775

3 2.11 19.77 2.22 12.59 2.12 18.14 1.99 22.56 0.2735

6 1.75 33.46 1.91 24.80 1.78 31.27 1.77 31.12 0.5491

9 1.37 47.90 1.18 53.54 1.41 45.55 1.41 45.13 0.0130*

12 1.06 59.69 0.86 66.14 1.16 55.21 1.19 53.69 0.0013*

15 0.85 67.68 0.45 82.28 0.88 66.02 0.99 61.47 <0.0001*

18 0.64 75.66 0.24 90.55 0.71 72.58 0.70 72.76 <0.0001*

21 0.40 84.79 0.03 98.81 0.54 79.15 0.55 78.59 <0.0001*

Note: Δ % = Delta percent change. Asterisks (*) indicate statistical significance; Kruskal-Wallis test (P < 0.05).
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Results
Table 1 shows the mean values of the wound area of each 

group and the healing rate on each evaluation day. We found no 
differences among the groups between the initial evaluation and 
on days 3 and 6, showing that the evolution of wound healing was 
similar for all treatments. After day 9, the Laser Group showed 
significant improvement in comparison with the other treatment 
groups, a difference that became more evident at the end of 
treatment. (Table 2) shows the comparisons of mean, median and 
standard deviation of the wound areas among the Laser, Laser + 
Calendula, and Control Groups. Significant treatment difference 
was observed on postoperative day 9 as the group treated with the 
laser showed faster healing than the other two groups. (Table 3) 

shows the comparisons of mean, median and standard deviation 
among the Calendula, Laser + Calendula, and Control Groups. The 
Calendula Group showed improvement on day 21 when compared 
with the group treated with Laser + Calendula, but improvement 
was not significant when compared with the Control Group. (Table 
4) shows the comparison of Laser + Calendula and Control Groups. 
Both treatments were similar at all evaluation phases and no 
difference was found between the two groups, that is, the result of 
combining the two treatments is the same as using no treatment. 
(Table 5) shows the comparison between the Laser and Calendula 
Groups, and the results were similar to those in Tables 1 and Table 
2, showing the effectiveness of the laser after day 9 in comparison 
with the Calendula Group.

Table 2: Comparison of mean, median, standard deviation of wound areas (cm²) among the Laser, Laser + Calendula, and Control 
groups (n = 12).

Treatment 
day #

Laser Laser + Calendula Control

Mean Median SD Mean Median SD Mean Median SD P-value

Baseline 2.54 2.46 0.23 2.59 2.58 0.19 2.57 2.59 0.19 0.7693

3 2.22 2.16 0.24 2.12 2.13 0.17 1.99 2.00 0.25 0.1433

6 1.91 1.87 0.27 1.78 1.71 0.21 1.77 1.78 0.21 0.4938

9 1.18 1.22 0.16 1.41 1.40 0.13 1.41 1.48 0.20 0.0058*

12 0.86 0.87 0.17 1.16 1.16 0.14 1.19 1.15 0.20 0.0005*

15 0.45 0.44 0.14 0.88 0.88 0.19 0.99 0.95 0.25 <0.0001*

18 0.24 0.27 0.14 0.71 0.72 0.14 0.70 0.71 0.17 <0.0001*

21 0.03 0.00 0.07 0.54 0.58 0.09 0.55 0.53 0.14 <0.0001*

Note: SD, standard deviation. Asterisks (*) indicate statistical significance; Kruskal-Wallis test (P < 0.05).

Table 3: Comparison of mean, median, and SD of wound areas (cm²) between the Calendula and Laser groups, and Calendula and 
Control groups (n = 12).

Treatment 
day #

Calendula Laser + Calendula Control

Mean Median SD Mean Median SD Mean Median SD P-value

Baseline 2.63 2.61 0.24 2.59 2.58 0.19 2.57 2.59 0.19 0.9525

3 2.11 2.20 0.29 2.15 2.13 0.17 1.99 2.00 0.25 0.3473

6 1.75 1.69 0.21 1.78 1.71 0.21 1.77 1.78 0.21 0.9658

9 1.37 1.39 0.22 1.42 1.40 0.13 1.41 1.48 0.20 0.8983

12 1.06 1.09 0.23 1.16 1.16 0.14 1.19 1.15 0.20 0.3495

15 0.85 0.77 0.21 0.90 0.88 0.19 0.99 0.95 0.25 0.3444

18 0.64 0.59 0.20 0.72 0.72 0.14 0.70 0.71 0.17 0.5772

21 0.40 0.40 0.19 0.54 0.58 0.09 0.55 0.53 0.14 0.0242*

Note: SD, standard deviation. Asterisks (*) indicate statistical significance (P < 0.05).

Table 4: Comparison of mean, median, and SD of wound areas (cm²) between the Laser + Calendula and Control groups (n = 12).

Treatment 
day #

Laser + Calendula Control

Mean Median SD Mean Median SD P-value

Baseline 2.59 2.58 0.19 2.57 2.59 0.19 0.8399

3 2.12 2.13 0.17 1.99 2.00 0.25 0.2040

6 1.78 1.71 0.21 1.77 1.78 0.21 0.7508

9 1.41 1.40 0.13 1.41 1.48 0.20 0.8852

12 1.16 1.16 0.14 1.19 1.15 0.20 0.8399

15 0.88 0.88 0.19 0.99 0.95 0.25 0.3123
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18 0.71 0.72 0.14 0.70 0.71 0.17 0.6650

21 0.54 0.58 0.09 0.55 0.53 0.14 0.9081

Note: SD, standard deviation. Asterisks (*) indicate statistical significance; Mann-Whitney test (P < 0.05).

Table 5: Comparison of mean, median, and SD of wound areas (cm²) between the Laser and Calendula groups (n = 12).

Treatment 
day #

Laser Calendula

Mean Median SD Mean Median SD P-value

Baseline 2.54 2.46 0.23 2.63 2.61 0.24 0.4884

3 2.22 2.16 0.24 2.11 2.20 0.29 0.5637

6 1.91 1.87 0.27 1.75 1.69 0.21 0.1489

9 1.18 1.22 0.16 1.37 1.39 0.22 0.0179*

12 0.86 0.87 0.17 1.06 1.09 0.23 0.0262*

15 0.45 0.44 0.14 0.85 0.77 0.21 <0.0001*

18 0.24 0.27 0.14 0.64 0.59 0.20 <0.0001*

21 0.03 0.00 0.07 0.40 0.40 0.19 <0.0001*

Note: SD, standard deviation. Asterisks (*) indicate statistical significance; Mann-Whitney test (P < 0.05).

Discussion
Changes in skin integrity commonly result in injuries, hinder 

healing and the rehabilitation process of patients, particularly 
in elder patients as the skin undergoes physiological changes, 
such as collagen changes, reduction of elastic fibers, leading to a 
reduction in skin thickness and epidermal and dermal elasticity. 
The reduction of tissues, mitosis, hormones, and vascularization 
delays wound healing and re-epithelialization in both humans and 
animals [15]. Wound treatment is dynamic, and it depends on each 
healing phase. Currently there are numerous choices of dressings 
and adjuvant treatments on the market, such as: new wound 
dressing technologies, phytotherapic treatments, hyperbaric 
chamber adjuvant treatments, LLLT, ultrasound, faradic current, and 
others [16]. Experimental studies obtained positive results using 
phytotherapic agents with other wound treatment procedures 
[13]. An in vitro study using low-intensity laser associated with 
calendula also showed the healing potential of this combination 
[17]. Another study evaluated the healing capacity of calendula on 
wounds in animals and the authors concluded that calendula yields 
satisfactory results in wound healing [18]. Another study obtained 
a positive result for skin wound healing but suggested further 
research [19].

Studies evaluating the healing potential of calendula concluded 
that although more collagen fibers and fibroblasts were organized 
in the calendula group than in the control group, but no statistically 
significant difference was found [20]. In the present study, the group 
treated with calendula extract showed a healing potential, but the 
results were the same as those found in the above-mentioned study 
in which the group treated with calendula showed no significant 
difference from control group (Table 3). Studies have shown that 
the laser is able of influencing the proliferation of fibroblasts, 
osteoblasts and skin cells. The laser therapy has effects on collagen 
and collagen synthesis [21]. Another study investigated the effects 
of different types of low-intensity laser on skin flaps in rats. The 

application of low-intensity laser showed significant results in 
wound healing in rats [22]. A study conducted with the aim of 
analyzing the healing of epithelial tissue treated with low-intensity 
laser with wavelength of 904 nm at 4 J/cm2 and 8 J/ cm2 found 
that the dose of 4 J/cm2 is more effective [23]. In another study, 
the researchers investigated the healing of epithelial tissue treated 
with low-intensity laser for 21 days with evaluations on days 7, 14 
and 21. 

That study found little difference on day 7 of evaluation in 
comparison with control group and the difference was more 
significant on days 14 and 21, indicating the effectiveness of low-
intensity laser [23]. In the present study we used low-intensity 
laser with wavelength of 904 nm at 4 J/cm2 and significant results 
were obtained when compared with the other groups. We found 
a significant difference after day 9 and up to day 21. These data 
are similar to those found in the literature (Table 1). In a study to 
compare the effect of low-intensity laser on circular wounds in rats, 
it was concluded that low-intensity laser treatment is easy to apply, 
safe and cost effective for surface wounds [24]. The present study 
also made surgically performed circular wounds in the dorsum of 
rats and found that low-intensity laser was successful for this type 
of injury, which corroborates the data found in the mentioned study 
(Table 2). Another study evaluated the effect of low-intensity laser 
with wavelength of 904 nm on the healing of surgical wounds in 
rats and concluded that low-intensity laser reduced the intensity 
of the inflammatory reaction and influenced the dynamics of the 
immune response by inducing change in the infiltration pattern of 
leukocytes, stimulating deposition, and improving the organization 
of the collagen fibers. 

The low-intensity laser with wavelength of 904 nm was effective 
in the treatment of surgical wounds in rats [25]. The authors of a 
study that compared two types of LLLT, the GaAs and HeNe laser, 
on wound healing concluded that the GaAs laser showed better 
results, thus confirming its potential to heal wounds [26]. In a 
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review conducted to investigate experimental irradiation studies 
using LLLT on wound healing in rats, the authors concluded that 
studies suggest a dose of 4J/cm2 for wound treatments and their 
findings strongly support the use of laser for human therapy [27]. 
The present study used the same protocols used in previous studies 
[25-27]. With regard to the type of low-intensity laser used and dose 
applied and found results that are consistent with the literature.

Conclusion
The laser + calendula group showed no advantage over control 

group and it is not practical to treat wounds. Calendula showed a 
significant result in relation to the laser + calendula group on the 
last day of treatment evaluation. LLLT showed significant results 
after 9 days of treatment in comparison with the other groups, 
confirming that it is the best kind of treatment for this type of 
wound. Low-intensity laser was the best treatment among the 
groups as significant results were obtained, which proves that it is 
the most effective treatment and the easiest to apply.
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