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Abstract 
Objective: To investigate the ultrasound-enhanced Aloe Vera gel efficacy on diabetic 

wound healing in rats. Methods: Sixty male, rats were used and classified randomly into 

three groups; (A, B, and C.) Interventions: Streptozotocin (STZ) was intraperitoneally 

injected for induction of diabetic model. A diabetic wound area of 6 cm
2
 on the back of each 

rat was made after anesthesia. In group (A): Twenty rats received combined treatment of 

topical Aloe Vera gel and ultrasonic waves with a frequency of one MHz, an intensity of a 

half-watt per centimeter square and 40% on-off cycle. In groups (B): Twenty rats received 

ultrasonic waves with the same parameters as in group A then followed by topical Aloe Vera 

gel application while the last 20 rats in group (C) received the same combined treatment in 

group (A) while the ultrasound device was in off mode. Session time for A and C groups 

was 5 minutes while for the group (B), the time was totally 10 minutes; 5 minutes for 

ultrasonic and 5 minutes for topical Aloe Vera gel. All groups received 3 sessions/week for 

two weeks. Outcome measures: Wound area and its reducing rate were measured 3 times; 

at 0 day, and at the end of 1
st
 and 2

nd
 weeks. Results: Wound healing in group A was 

significantly enhanced compared with that in the other two groups. Conclusion: Ultrasound 

waves significantly enhance the effect of topical Aloe Vera gel on thefull-thickness wound 

model in diabetic animals.  

Keywords: Full-thickness Wound, Diabetic Rat, Ultrasonic, Aloe Vera gel. 

INTRODUCTION 

Wound is a break in the integrity of the skin epithelial, it is usually characterized by 

obevious changes in the underlying normal tissue structure and function (1). Healing of the 

wound is a highly orchestrated, but complicated series of events which can be diversified into 

three overlapping phases including hemostasis and inflammation, proliferation, and remodeling 

(2; 3). At the stage of inflammation; the phagocytic cells produce clots that have a role in the 

debridement of the injured tissues. The second phase is a proliferative phase at which; 

Epithelialization, fibroplasia, and angiogenesis occur and also the formation of mature 

granulation tissue and contraction of the wound begin (4), and finally, the last one is maturation 

phase where the strong links between collagens and proteins are formed so that increasing scar 

tissue strength (5-7). Normal cell repair, at the cellular level, is a complex multifactorial of 

replacing devitalized and missing cellular structures and tissue layers (8). The healing process is 

directly affected by several interlocated factors, which may hemper the wound healing, especially 
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in diabetic conditionss (9). The diabetes prevalence is continuosly increasing globally, where, the 

estimated world prevalence of diabetes in 2013 was 8.3% (10). And, diabetic wounds, represent a 

major challenges for all health care providers, as these cases necessiate extended medication 

consumption with an increased burden on the patient and health care system. Retardation of 

wound healing is the most common serious problem in diabetic patients, where, the percentage of 

diabetic individuals who may have foot ulcerations is about 15% (11). Belated diabetic wound 

healing is mainly attributed to various biological events, including mainly the decreased 

angiogenesis (12), which is directly coupled to hyperglycemia, over-expression of inflammatory 

mediators (cytokines), free radicals (oxidative stress), delayed collagen synthesis, and reduced 

angiogenesis in addition to the microbial infections (13-15). Elevated blood glucose levels, may 

directly contribute to impaired wound healing, as, glucose undergoes nonenzymatic reactions 

with different cell long-lived tissue proteins, lipoproteins, and nucleic acids to form reversible, 

early glycation products (16-18). Several mechanisms have been proposed for wound healing 

impairment in diabetes cases, most of these mechanisms are based on defects in the inflammatory 

response (19). 

A wide range of medicines and natural materials in different researches have been used to 

speed up open wound healing. Despite its considerable laboratory or clinical value, no therapy 

has been confirmed its significant value in the treatment of different types of wounds, therefore, 

delayed wound healing still to be one of the causes of significant morbidity and mortality
 
(20). 

Several physical therapeutic methods have been used in many types of research as adjunctive 

tools to enhance and speed up healing of wounds they imply; low power lasers, electrical 

stimulators, negative pressure devices, hyperbaric oxygen and ultrasonic (21). 

Ultrasound has a range of frequency between 0.75 to 3.00 MHz and most ultrasonic devices 

introduce their effects while the frequency was set at one or three MHz. Ultrasound biophysical 

and thermal effects were elicited where ultrasonic was in continuous mode whereas the cyclical 

interruption of energy emitted in the pulsed mode decreases the thermal effect while the 

biological effect is maintained (22). Ultrasound-activated drugs penetrate deeply through the 

skin, a technique which is known as sonophoresis (23). Ultrasound waves stimulate tiny 

vibrations inside the epidermal skin layer, they also raise the molecular kinetic energy of topical 

agents (24), which directed to speed up the absorption of drugs through the transcellular, 

intercellular and appendageal pathways (25). 

Aloe vera plant is one of the most potent healer plants used for centuries in the folk medicine 

(26). Its glutinous gel is commonly utilized in many cosmetic preparations and alternative 

medicine field for wound healing and other dermatological disorders (27). Aloe vera has been 

proven to possess numerous pharmacological activities including, immune modulatory, anti-

inflammatory, antiprotozoal, and wound and burn healing (28-31). 

Chemically, the A. vera leaves have been reported to contain phytochemical components, 

which are mainly responsible for the anti-inf lammatory, immune modulating activities, 

macrophage stimulation and cytokine synthesis (33-34). Several clinical studies revealed that 

Aloe vera gel increased collagen amount within the healed wound in addition to alteration of the 

collagen composition with mofification of the collagen cross-linking degree (35). Other studies 

concluded that Aloe vera oral or topical administration resulted in significant enhancement of 

both angiogenesis and hyaluronic acid synthesis in the granulation tissue of a healing wound (36-

37).  
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Transdermal Drug delivery (TDD) is a convenient, noninvasive, localized method of 

administering drugs to the skin. The technique of applying ultrasound to assist drug delivery 

through the different dermal layrs of skin is recognized as sonophoresis (38). It is suggested that 

sonophoresis significantly enhances the penetration of different drug categories through the 

topical route (39-41). 

Deep or full-thickness wound healing provides a challenging in its treatment particularly in 

diabetic patients, accordingly, synergestic actions of various treatments may be useful for 

enhancing healing in this complicated wound model. 

No previous studies had been carried out to evaluate the potential effects of combined treatment 

of ultrasonic therapy with topical formulations of Aloe vera on wound in streptozotocin-induced 

diabetic rats, therefore, the present work aimed not only to investigate combined treatment of 

ultrasonic therapy with powerful antibacterial and anti-inflammatory Aloe vera plant which still not 

fully covered yet in wound studies but also to examine the ability ultrasonic to magnify and enhance 

Aloe vera effect on diabetic wound in rats.   

 

Materials and Methods 

Materials:  

Streptozotocin (STZ);  PEG 400, Methyl Paraben and Propyl Paraben was purchased 

from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). Carbopol 934 was purchased from 

Sisco Research Laboratories (SRL Pvt Ltd., Maharashtra, India). Other materials and 

solvents are all of analytical grades and used without further purification. 

Animals 
Sixty adult male albino rats, 6 weaks of age and weighing 200-250 gm. Animals were 

received from the Central Animal House of Faculty of Medicine, Umm Al Qura University. 

Animals were individually housed in stainless steel cages with wire-mesh flooring in a controlled 

environment at 23-25°C and 50% humidity with a 12 h artificial light cycle on a 12:12-h dark-

light cycle (07.00-19.00 lights on).  Food and water were maintained on a pellet diet and tap 

water ad libitum during the entire period of the study. 

Ethical committee approval: 

The experiment was carried in compliance with the Guidelines and Policies approved by the 

Institutional Animal Ethics Committee in Umm Al-Qura University, KSA. The study started 

after getting approval and permission from the organization's ethical committee. 

 

Experimental procedure 

 

I- Collection and Preparation of A. vera gel ethanol extract 

The Aloe vera leaves were identified and collected locally from Makkah Region. The 

full-size mature leaves were separated from the main plant, fully washed with distilled water to 

remove superficial impurities and the rind removed. Parenchyma was homogenized  in a 

mechanical blender and then the mixture was centrifuged at 10,000 rpm for 30 min at 4°C to get 

rid of the remaining fibers. The obtained clear supernatant was then freeze-dryed for complete 
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dryness and kept in air-tight closed vials at room temperature till further use. Then, the 

lyophilized mass was dissolved in 95% ethanol, then filtered, and the filtrate was then collected 

and evaporated in a rotary evaporator under reduced pressure to dryness. The formed solid mass 

residue was collected and stored in well-closed air-tight dry vials at 4 °C till further use (42). 

 

II- Method for gel preparation  

Formulation of Aloe Vera gel: 

Carbopol 934                1 Gm.  

PEG 400                       13 Gm.  

Aloe vera extract          20 Gm.  

Methyl paraben            0.18 

Propyl paraben             0.02 

Triethanolamine           q.s  

Purified Water   to       100 Gm  

The weighed amount of carbopol (1 gm) was sprinkled in 80 ml of distilled water with  

continuous stirring using a magnetic stirrer at 800 rpm for 1 h. In another container Aloe 

vera extract (20 gm) were mixed with PEG 400; methyl paraben and propryl paraben, then 

this mixture was added to carbopol solution with continuous stirring. Then triethanolamine 

was added to the mixture for neutralization with slow stirring for 15 min. Then, water was 

added to complete the required volume with constant rapid mixing till a uniform transparent 

gel was formed. The gel formed was transferred to aluminiun tube and sealed. 
III- Dermal Irritation Study: 

 

It is an evaluation test for the potency of the substance to induce erythema/eschar and/or 

edema following a single topical application (43). In this study, four (4) rats were randomly 

chosen from the test animals, the hair of the dorsal and trunk area was removed with asuitable 

animal clipper. Then animals were carefully examined for any skin abnormalities. A suitable 

amount of the formula was applied to 6 cm
2
 intact area on each animal, then were caged 

separately. After 4 h of gel application, the amount of gel was removed and the sites of gel 

application were carefully cleaned. The application area was visually inspected for any allergical 

reactions, edema or erythema (44). Individual inspection of the test was done and scored after 

removing the formulation at 1, 24, 48 and 72 hours. Animals that showed preexisting skin 

irritation or abnormalities was excluded from the study. 

 

IV- Induction of diabetic animal model 

Animals were kept in lab for one week before study as an acclimatation period to 

accommodate the laboratory conditions applied during the study. Experimental diabetes was 

induced in animals chemically. Animals were overnight fasted and a single intraperitoneal (i.p) 

Streptozotocin (STZ) in a dose of 65 mg/kg body weight dissolved in 0.1 M citrate buffer (pH 

4.5) as freshly prepared was administered to induce diabetes (45). To avoid hypoglycemic lethal 

effect which may be resulted from initial STZ  dose, 5% dextrose solution were given to animals 

for 24 h following diabetes induction (46). Blood plasma glucose level was monitored using an 

automated glucose analyzer device; Glucometer (One Touch Basic, USA) to confirm the diabetic 

condition after 48 h of STZ injection (47). Normal rats (Control non diabetic group) were treated 
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in the same manner as diabetic rats using the same volume of 0.1 M citrate buffer solution. Rats 

have blood glucose levels ≥ 300 mg/dL were recognized diabetic and consequently subjected to 

the subsequent experiments (48; 49). 

V- Level of blood glucose 

To maintain the plasma glucose level stable at 200 mg/dL during the experiment period, 

intermittent-acting insulin (1–2 U/kg; Montards Novo Nordisk A/S, Frankfurt, Germany) was  

subcutaneously administered to the rats once a day (48); and to confirm consistency,  the blood 

glucoselevels  were measured before surgery, and at the end of each week. Plasma glucose levels 

were estimated using a glucometer, blood samples collected from the rat tail. The rats were 

permitted to remain to become fed on their own diet routine (50). 

VI- Wound Surgery Procedures:  
For all experiment  rats, the upper dorsal skin was shaved using electrical clipper, cleaned, 

disinfected with 70% alcohol, then, rats were anesthetized by inhalation (diethyl ether). After 

anesthesia, the area for wound was measured (2x3 cm), a full-thickness excisional wound was 

performed as a 6 cm
2
 wound area was excised from the dorsal aspect of all rats extending up to 

the adipose tissue. To maintain the consistency of the experiment, the same researcher performed 

all surgical procedures (51). 

Experiment design:  
According to the experimental design, the day for creation the wound was considered to be 

day zero (0), then, after wound creation, rats were randomly divided into three equal groups of 

twenty animals each; A, B and C. Treatment started for animals  in each group within 2 hours of 

the wound creation procedure.  

The group (A): Twenty rats received combined treatment of both topical Aloe Vera gel (20%) 

and ultrasonic waves (model pulson 200. Manufacturer; GymnaUniphy N.V. Belgium.) with a 

frequency of one Mega Hz, an intensity of a half-watt per centimeter square and a 40% on-off 

cycle. The group (B): Twenty rats received ultrasonic waves with the same conditions as in 

group A followed by topical application of Aloe Vera gel. The group (C) (sham phonophoresis): 

Twenty rats received combined treatment of topical Aloe Vera gel and ultrasonic while te 

ultrasonic device in off mode 

Interventions 

A)-Treatment: 

- Standard cleaning of wound area by alcohol. 

- As wound dimensions were approximately (20mm x 3mm x 2mm) so the approximate amount 

of Aloe Vera gel required to cover the wound cavity was about 1.2 cm
3
 and applied by using a 

disposable sterile syringe. This amount (1.2 cm
3
) was fixed during all the experiment period.  

- In all groups, prepared gel was added to the complete wound area and filled the wound cavity 

and maintained for 5 minutes.  

- To inhibit, or decrease cross-contamination, a sterile plastic drape was applied to the wounds 

and surrounding tissues (17).  
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 - For animals in groups (A) and (B), the pulsed ultrasonic therapy was in ON/mode with the 

following specifications: pulsed duty cycle 40% (4 ms on, 6 ms off) and Power density (0.5 

W/cm
2
). 

- While for group C., ultrasound therapy was in OFF/mode as treatment was applied with no 

current (sham method) in order to control any effect of handling or movement of ultrasonic head 

over the wound.   

- At the end of each session, gel and plastic drape was removed and, the wound was dried, 

cleaned and perfectly disinfected. 

B-Measurement: 

1- Wounded area 

The wound area of individual animal was measured using tracing paper method, where a 

transparent tracing graph paper was placed over the wound and tracing the wound out, then the 

tracing paper fixed on a standard 1 mm
2
 graph sheet and traced out. Count the squares and 

consequently, the area will be calculated. Measurement of wound area for each rat was repeated 

three times at the end of; (0) day, 1
st
 week and 2

nd
 week in all groups.          

2- Percent wound contraction rate 

The contraction rate of the wound at a session (x) was calculated from the wound area (A0) 

at (0) day and unhealed area (Ax) at the session (x) by the following equation:  

Percent wound contraction rate (%) =  (A0-Ax / A0) x100. 

Statistical procedure: 
Results were collected and expressed as means ± SD for animals in each group. Statistical 

analysis was performed  using repeated measures one-way analysis of variance (ANOVA) test to 

compare mean values within a group and one way ANOVA to compare mean values between 

groups. Data were analyzed using SPSS program version 16.0 software (SPSS
®
 Inc., USA). 

Values were considered statistically significant when  p-value <0.05. 

 

RESULTS 

Dermal Irritation Study: 

The dermal irritation study showed negative signs of reaction towards the applied 

formulation, where, none of the used animals showed any undesirable irritation effects of the 

prepared Aloe vera gel formulation, , as, very mild erythema was observed only after 24 hrs of 

application, and this erythema was disappeared after 48 hrs. No edema was observed in any 

treated rats, therefore, the formula was used safely for the experiment. 

Wound healing is an integrated dynamic and normal biological process consists of precise 

consequent steps, starting by fibroblast activation and migration, followed by re-epithelization, 

proliferation of endothelial cells, and finally angiogenesis within the damaged tissues. The innate 

immune system is immediately activated just after the injury occurs; as the process of wound 

healing process triggered by interactions between different growth factors and extracellular 

matrix and cytokines, in addition to the  inflammatory response (52). 
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A) Compare within each group:  

Results obtained from repeated measures ANOVA test showed a significant decrease in wound 

area throughout treatment phases (0 day, 1
st
 week, and 2

nd
 week) in all three groups as p-value < 

0.05 as shown in Table (1) and Figure (1).  

(B) Compare between groups:  

At (0) day of treatment, wound areas mean value for the group (A) was (6.2±0.35) cm
2 

and it was  

(6.06±0.27) cm
2 

for (B) group wile it was (6.03±0.31) cm
2
  for (C) group. Between-groups 

results as analyzed by One way ANOVA test shows that no differences between groups at (0) 

day as p-value was (0.68). 

Measuring of wounded areas at the end of 1st week, founded that the wound areas reduced 

as wound areas mean value for group (A) was (2.23±0.29) cm
2
 with percentage of shrinking 

of % (64.03±7.4) and it was  (2.48±0.51) cm
2
 for (B) group wit percentage of shrinking of 

%(59.07 ±5.3) while it was (2.61±0.53) cm
2
 for (C) group and wit percentage of shrinking of 

% (56.7±6.5) . Analysis of these results  using  one way ANOVA test showed that no 

significant differences between groups as p-value was (0.087) and further analysis using 

Post-hoc test confirmed  that; no differences between group (A) and group(B) as well as 

between group (B) and group(C) regarding wound area mean values and percentage of 

shrinking as p-value > 0.05. While a  significant difference between  group (A) and group 

(C) was noticed as p-value was (0.041). 

At the end of 2
nd

 week, te wound areas sowed more reduction as wound areas mean value for 

group (A) was (0.1±0.07) cm
2
 wit percentage of shrinking of % (98.3±0.52) and it was  

(0.19±0.09) cm
2
 for (B) group wit percentage of shrinking of %(96.8±0.51) while it was 

(0.25±0.2) cm
2
  for (C) group and with percentage of shrinking of % (95.8±0.36) .Analysis 

of these results  using  one way ANOVA test showed that a highly significant differences 

between groups as p-value was (0.0001) and further analysis using Post-hoc test confirmed  

that significant differences between group (A) and group (B), group (B) and group (C) and 

group (A) and group (C)  regarding wound area mean values and percentage of shrinking as 

p-value were (0.019), 
 
(0.03)

 
and (0.0001) respectively. Between-groups results are shown in 

table (1) and figure (2). 

 

Table I: Comparisons of wounded areas within the group and between groups. 

 Group A Group B Group C 
P 

value 

Post-Hoc test 

WSA 
Healing 

% 
WSA 

Healing 

% 
WSA 

Healing 

% 

0 day 6.2±0.35  6.06±0.27  6.03±0.31  0.68 
(0.54)

ab
  (0.93)

bc 

(0.49)
ac

 

1
st
 week 2.23±0.29 64.03±7.4 2.48±0.51 59.07 ±5.3 2.61±0.53 56.7±6.5 0.087 

(0.1)
 ab

 (0.64)
 bc 

(0.041)
 ac
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2
nd

 week 0.1±0.07 98.3±0.52 0.19±0.09 96.8±0.51 0.25±0.2 95.8±0.36 
0.000

1 

(0.019)
 ab

 (0.03)
 bc 

(0.0001)
 ac

 

P value 0.0001 0.0001 0.0001   

Repeated 

measures 
(0.0001)

1vs3 
(0.0001)

1vs6 
 (0.0001)

 3vs6      
for all groups 

 

 

WSA: Wound Surface Area , (P value)
 ab

: Group A vs Group B, (P value)
 ac

: Group A vs Group 

C, (P value)
 bc

: Group B vs Group C, (P value)
 1vs3

: 1
st
 session vs 3

rd
 session, (P value)

 1vs6
:1

st
 

session vs 6
th

 session, (P value)
 3vs6

:3
rd

 session vs 6
th

 session.  
 

 

 

 

 

 

 

Study results demonstraed that there was significant (reduction) difference between; groups A 

versus C as p-value  (0.0001), this result may attribute to transdermal aloe vera gel enhancement 

by ultrasonic as explain above, in addition to ultrasonic effect on healing which can be also 

considered when explain the result between  group B versus group C at the end of 2
nd

 week as 

there was significant (reduction) difference between both groups p-value  (0.03). 

 

0 

2 

4 

6 

8 

Day (0) 1st week 2nd week 

Figure (2):Comparison of means of wound surface area 

(W.S.A) among different groups at each measurement. 

Group(A) 

Group(B) 

Group(C) 

0 

2 

4 

6 

8 

Group(A) Group(B) Group(C) 

Figure (1): Comparison of  means of  wound surface 

area (W.S.A) among different  measurements within 

each group  

Day (0) 

1st week 

2nd week 
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DISCUSSION  
 

 

Impaired wound healing is a serious microvascular complications of diabetes, which results 

in a significant clinical problems including long hospitalization time, ambutations and morbidity. 

The exact mechanism underlying the delayed diabetic wound healing is completely unkown, as 

several parameters and interlocking factors may participate in this action but has been attributed 

to the impaired cellular infiltration. Elevated blood glucose level, a decrease in growth factors 

levels and prevention of fibroblast proliferation all of these factors may synergisticaaly 

contribute in impairment of diabetic wound healing phenomenon.  

In this study, an excision wound in a diabetic rat model was employed to investigate the 

ultrasonic enhancement effect of aloe vera gel on diabetic wounds. The results of this study 

provided evidence for the ability of ultrasonic  to improve and augment the healing effect of aloe 

vera gel on diabetic wound and to shorten the healing period in rats; there was significant 

(reduction) difference between both groups A and B at the end of 2
nd

 week as p-value (0.019).  

Ultrasound may enhance the drug delivery via skin by three main effects: cavitational, 

microstreaming and thermal. Increased membrane permeability induced by ultrasound depends 

mainly on connective tissue loosening and hyaluronic acid depolymerization. Intracellular 

microflows, which enhances the sensitivity of cells to both physical and chemical stimulators, are 

the key-factors for the mechanism of the action of biological activities induced by ultrasound 

(53).  

It has been demonstrated that introduction of a suitable blood flow within the injured tissues, 

significantly increased the number of endothelial cells, macrophages and fibroblasts, which is 

coupled with superior maturation of the fibroblasts, lead to enhanced collagen formation (54). 

Several studies demonstrated that ultrasound significantly improved the percutaneous 

absorption of different drug moieties (53). When utilizing ultrasound for TDD, increased blood 

flow in target tissues can decrease the ability of the desired medication to reach target tissues. As 

the medication passes the stratum corneum of the skin, increased blood flow can cause the drug 

to be taken into the bloodstream more rapidly before reaching target tissues (24). During the 

‘proliferative’ stage of wound healing, cells migrate to the site of injury and start to divide, and 

fibroblasts begin to produce collagen, and it has been proven that ultrasound significantly 

accelerates collagen synthesis by fibroblasts and consequently enhances repairing of the 

epithelium (55). Several studies have been carried out to precisely clarify the mechanism of 

action of ultrasound on wound healing; these studies lead to the findings that its effects include 

mainly, collagen synthesis, enhanced collagen tensile strength, in aadition to promotion of the 

proliferative phase of healing (56). 

The healing activity of the Aloe Vera may be mainly attributed to the glucomannan 

compounds, which stimulates the fibroblast growth factor, that directly affects fibroblast cell 

proliferation, accelerates the formation of collagen and increasing its tensile strength, and speeds 

up wound healing process (32). Also, it has been reported that Aloe Vera stimulates the 

fibroblasts and building up the extracellular matrix at the site of the wound (12). Oryan et al 

demonstrated that the aloe vera gel significantly accelerates the rate of wound contraction, 

epithelialization, and then maturation (7).  

It has been also reported that, aloe vera stimulated the stimulating growth factor SGF-β1 

which is a main part in the fibroblast mitosis mechanism and extracellular matrix formation (57, 

58).  
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Another study demonstrated that, aloe vera stimulated macrophages cytokines production 

and cellular proliferation at specific stages of wound healing process (59). Antioxidant activity 

and anti-inflammatory properties of aloe vera also play an important role for accelerating the 

healing activities through neutralizing the free radicals within the affected wound  area (60, 61). 

  

CONCLUSIONS  

It could be concluded that ultrasonic therapy may enhance and maximize the healing effect of 

aloe vera gel on the diabetic wound in rats. 
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