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ABSTRACT
PURPOSE: To investigate the effect of zinc sulphate administered by transdermal iontophoresis (TDI) on mechanical resistance of 
surgical wounds performed in the skin of diabetic rats.
METHODS: One hundred and sixty male Wistar rats weighing approximately 250g were submitted to an incision surgery at the anterior 
region of abdomen and randomly distributed into four experimental groups with 40 non-diabetic control animals (G1) and 40 untreated 
diabetic animals (G2), both without any treatment of incisions; 40 non-diabetic animals (G3) and 40 untreated diabetic animals (G4), 
both with incisions treated with zinc sulphate, administered for a period of four consecutive days after surgery, in sessions of ten minutes 
duration, using a continuous-current electrostimulator (Zn + TDI). Each experimental group was further divided into four subgroups 
with ten rats each to be evaluated on the 4th, 7th, 14th, and 21st day after surgery. In each period were analyzed clinical and laboratory 
from the animals, and measured the breaking strength and hydroxyproline content (OH-P) of the skin scars.
RESULTS: Breaking strength (BS) was significantly reduced (p<0.05) in skin scars of untreated diabetic rats (G2) on the 7th, 14th, and 
21st postoperative days when compared to non-diabetic control rats (G1). In contrast, BS in skin scars of non-diabetic and untreated 
diabetic rats (G3, G4) treated with Zn + TDI showed significant increase (p<0.05) in those periods when compared with their respective 
controls with untreated incisions. The OH-P content of the scars did not show statistically significant variation in all studied groups at 
four different times evaluated after surgery. 
CONCLUSIONS: Zinc sulphate administered by transdermal iontophoresis had beneficial effect on the mechanical resistance of scars 
produced in the skin of diabetic rats. This therapeutic may have potential to reduce the complications observed in surgical wounds of the 
skin in diabetic subjects, mainly in most vulnerable stages of incisions to dehiscences, leakages and infections.
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Introduction

Diabetes mellitus (DM) is considered to be a public 
health problem worldwide, and it is associated by high morbidity 
and mortality rates1,2. Failures observed in the healing process of 
diabetic patients’ wounds are the major source of complications 
associated with surgical procedures involving increased risk for 
dehiscences, leakages, and infections3,4.  

DM causes impairment of immune cells, causing 
difficulties in the process of tissue repair, which occur in the initial 
stages of the healing process, where increased inflammation, 
decreased vascular proliferation and an altered function and 
properties of monocytes, macrophages, and fibroblasts are 
observed5,6. Wound remodeling phase is also altered in DM, where 
the process of organization of the collagen deposited in the scars 
is defective7. 

Long-term studies have shown that hyperglycemia 
control plays an important role in the genesis and development of 
chronic diabetic complications8, and it can also improve alterations 
in the tissue repair process. Additionally, emphasis has been given 
to the application of therapeutic resources that can enhance blood 
circulation in the wounded area, specifically in the skin9. Among 
such resources, the stimulation of tissues by continuous electric 
current, associated with ion administration (iontophoresis) has 
been widely used in clinical practice and in experimental studies, 
with several therapeutic purposes, including the localized calcium 
deposits, tendinitis and  tenosynovitis, hyperhidrosis, myospasms, 
joint arthrosis, tissue adherence, keloids, rheumatoid arthritis, 
fungal infection, lymphedema and wound healing10,11 .

Transdermal iontophoresis (TDI) is a non-invasive 
technique that uses a lower electric current potential than five volts, 
with current intensities oscillating between 0.1 and 1 mA/cm2. It 
has the purpose to facilitate the transfer of ions and substances 
through the corneal layer of the skin in a controlled fashion.

Among the advantages of the technique, reduced risk 
infection and the possibility of administering the drug directly to 
the affected site, thus minimizing its adverse systemic effects, are 
noteworthy. TDI is also an alternative form to the injectable route; 
it is painless and less traumatic. The major ionizable substances 
used are acetic acid, adrenalin, sodium carbonate, calcium chloride, 
magnesium chloride, potassium iodate, ketoprofen, novocain, 
lidocaine, calcitonin, diclofenac, insulin and zinc sulphate.

Zinc, an orthomolecule that integrates insulin, acts on the 
metabolism of carbohydrates and collagen, and it is intrinsically 
related to the tissue repair process12. Postoperatively, serum levels 
of zinc may be reduced in diabetic animals and humans. Such 

deficiency can lead to reduced formation of connective tissue and 
change in tissue repair13. 

Nevertheless, there are no clinical and experimental 
studies on the healing of surgical wounds in the skin, where the 
effects of TDI plus zinc have been evaluated. As experimental DM 
models can mimetize clinical, laboratory and histopathological 
changes of human diabetes, this work aims to check the actual 
potential of this therapy on the mechanical resistance and the 
tissue hydroxyproline content of these scars. We hope that our 
findings can contribute to a better therapeutic approach to chronic 
diabetic complications.

Methods

Animals and diabetes induction

Use of laboratory animals followed the ethical code 
for animal experimentation of the Council for International 
Organization of Medical Sciences (CIOMS), and was approved by 
the Animal Experimentation Ethics Committee of our institution. 
One hundred and sixty male Wistar rats, with approximately 
250g, from the Central Animal Laboratory, Faculty of Medicine, 
UNESP, Botucatu-SP, were used in this experiment. 

Animals were randomly assigned into four experimental 
groups, with 40 animals each, as follows: G1- Non-diabetic control 
rats without any treatment of the surgical incision; G2 – Untreated 
diabetic rats without any treatment of the surgical incision; G3 – 
Non-diabetic rats with surgical incision treated with zinc sulphate 
administered by transdermal iontophoresis (Zn + TDI); G4- 
Untreated diabetic rats with surgical incision treated by Zn + TDI. 
Each experimental group was further divided into four subgroups 
with 10 animals each, to be evaluated and sacrificed, respectively, 
in four different times of the experiment, on the 4th, 7th, 14th and 
21st day after surgery.

Diabetes was induced by alloxan administered 
intravenously at a dose of 42 mg/kg of body weight using one 
of the tail veins. We only used animals with clinical signs of 
severe diabetes and fasting glucose >250mg/dL in two successive 
determinations (seven and 14 days after diabetes induction). Rats 
with mild diabetes or those who died throughout the experiment 
were replaced to avoid compromising the initial size of the sample.

Analyzed parameters

At the beginning of the experiment (14th day of follow-
up or diabetes onset) and at each time point of follow-up, clinical 
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(body weight, water intake, food intake and diuresis) and laboratory 
(blood glucose, urinary glucose, glycosylated hemoglobin and 
plasma insulin) parameters were analyzed. Clinical parameters 
were obtained using individual metabolic cages. Blood glucose was 
determined by standard enzymatic method (Johnson & Johnson’s), 
glycosylated hemoglobin by agarose gel electrophoresis (Sebia, 
France), and insulin by radioimmunoassay (Diagnostic Products 
Corporation, USA). At sacrifice, a segment of the skin containing 
the incision was removed from each rat to measure breaking 
strength (BS) of the scars. After performing the biomechanical 
assays representative fragments of the scars were also obtained for 
dosage of tissue OH-P using the Switzer method.

Technical procedures

All invasive procedures on animals were performed under 
general anesthesia using ketamine (100mg/kg of body weight) + 
xylazine (50mg/kg of body weight), administered intramuscularly 
(Rhobifarma Ind. Farmacêutica Ltda, Hortolândia-SP). Blood 
samples at sacrifice were obtained by cardiac puncture, with chest 
open. Euthanasia was by exsanguination, followed by the section 
of the vena cava infradiaphragmatic. 

The surgical wounds were performed on the 15th day 
of normal follow-up or of diabetes induction with the animals 
under 12-hour fasting. After general anesthesia and trichotomy of 
the anterior region of the abdomen, the rats were placed on a flat 
surface with their limbs extended, and antisepsis of the abdomen 
was performed by 2% iodinated. A median, medium-umbilical 
incision with 4 cm in length was performed with interest in the 
epidermis and dermis. The incision was immediately closed with 
4-0 nylon strands (Ethicon Inc., USA) using simple separate 
stitches at a distance of 8 mm from each other.

To treat the surgical wounds with Zn + TDI, two 
electrodes were positioned on the corneal layer of the epidermis 
of each animal. The first was placed near the lower angle of the 
abdominal incision and the second in the interscapular dorsal 
region. Both electrodes were connected to a continuous-current 
electrostimulator (Ibramed, São Paulo, Brazil). The abdominal 
electrode was connected to the anode (positive) of the device, 
and that located on the dorsal region to the cathode (negative). 
The electric current emitted standardized amplitude of 2mA, with 
10-minute treatment sessions. Each session was performed at 
four different times in the postoperative period, of which the first 
was immediately after the performance of the surgical incision 
(immediate PO) and the other on the three subsequent days (1st, 
2nd and 3rd PO).

According to the proposed treatment, a small gauze 
pad moistened with 4 ml of zinc sulphate solubilized at the 
concentration of 100mg/kg of body weight was interposed between 
the electrode positioned on the base of the abdominal incision and 
the corneal layer of the epidermis for each experimental group, as 
shown in Figure 1.

FIGURE 1 - Illustration of the preparation of animals for treatment by 
means of iontophoresis. A) Detail of the animal with electrodes fixed 
in the anterior region of the abdomen and on the dorsal region (arrows) 
for treatment commencement. B) Animals during the electrotherapeutic 
treatment.

Breaking strength and hydroxyproline content measures

To measure the breaking strength of scars, all sutures 
were removed and a rectangular segment of the skin, measuring 
1.5 cm in length by 0.8 cm in width with the incision in the center, 
was carefully removed. Then, the segment was pulled at both 
ends by two claws until breaking by using a universal machine 
for biomechanical assays (EMIC, DL 10,000 model – Sao Paulo, 
Brazil). Figure 2 illustrates the sequence of procedures used.

FIGURE 2 – Sequence of procedures used to measure the breaking 
strength of skin scars of the animals. A) Removing of a rectangular 
segment of skin containing the incision; B) Segment of skin removed 
with incision located in the center; C) Universal machine used for 
biomechanical assays; D) Skin segment without sutures being pulled at 
both ends by two claws until breaking.
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Statistical analysis 

The study of the clinical, laboratory and biomechanical 
variables, according to the 4 experimental groups and the 4 
sacrifice times, was conducted by means of 4 x 4 factorial analysis 
of variance, in a completely randomized design, complemented 
by the Tukey’s multiple comparisons test for homogeneous or 
parametric variables or by Mann-Whitney and Kruskal-Wallis’ 
non-parametric analysis for the variables showing results with a 
heterogeneous distribution. All the statistical discussions in the 
study were performed at the level of significance of 5% or p<0.05. 

Results

Clinical and laboratory findings

Non-diabetic rats (G1, G3) showed clinical and 
laboratory parameters that were compatible with those observed 
for normal animals of the same lineage in all periods of evaluation 
in the experiment. In contrast, untreated diabetic rats (G2, G4) 
without any treatment for the disease developed with accentuated 
body weight loss and significantly increased water intake, food 
intake and diuresis as compared with non-diabetic control 
animals (p<0.001). The levels of blood glucose and glycosylated 
hemoglobin were also high in diabetic rats from the both groups, 
and the values for plasma insulin were significantly low (p<0.001). 
Figures 3 and 4 show the clinical and laboratory findings.

FIGURE 3 – Graphs showing the variation of clinical parameters in four 
experimental groups during follow-up. A) Body weight (g); B) Water 
intake (ml/24h); C) Food intake (g/12h); D) Diuresis (ml/24h).

FIGURE 4 – Graphs showing the variation of laboratory parameters in 
four experimental groups during follow-up. A) Blood glucose (mg/dL); 
B) Urinary glucose (mg/dL); C) Glycosylated hemoglobin (%); D) Plasm 
insulin (µIU/ml).

Biomechanical assays and tissue OH-P content

The breaking strength of scars in the skin of non-diabetic 
control and untreated diabetic rats, with or without treatment of 
the surgical incision with Zn + TDI, did not show statistically 
significant differences on the 4th postoperative day. 

However, untreated diabetic rats, with or without 
treatment of the surgical incision, showed significant lower 
breaking strength values than those observed for non-diabetic 
control rats (p<0.05), on the 7th, 14th and 21st postoperative 
days. In turn, zinc sulphate, administered by TDI, significantly 
increased the breaking strength of surgical scars produced in the 
skin of non-diabetic control (G3) and untreated diabetic (G4) rats 
when compared to their respective controls without any incision 
treatment in the same periods (Table 1).

Despite the breaking strength variations, there were no 
significant differences in values of the tissue OH-P content in the 
skin scars of non-diabetic or untreated diabetic rats at any time 
point of the postoperative follow-up. 
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TABLE 1 – Means ± SD of the breaking strength values 
(gf) of skin scars of rats from the four experimental groups at the 
four different times of sacrifice.

Groups
Times of Sacrifice

4º day 7º day 14º day 21º day
G1 5.96 ± 2.93 176.98 ± 5.62 304.16 ± 5.38 656.92 ± 22.12

G2 4.34 ± 2.16ns 35.60 ± 2.57* 95.52 ± 2.23* 256.25 ± 10.84*

G3 6.36 ± 2.40 414.78 ± 55.35 682.30 ± 67.42 1678.40 ± 151.12

G4 4.90 ± 2.36ns 189.41 ± 22.65* 342.61 ± 95.74* 805.26 ± 62.35*

nsG1=G2=G3=G4 on the 4th day (p>0.05)
*G2<G1 on the 7th, and 14th days (p<0.05) and on the 21st day (p<0.01); G2<G4 
on the 7th,14th, and 21st days (p<0.001); G4<G3 on the 7th,14th, and 21st days 
(p<0.001)

Discussion

Transdermal iontophoresis (TDI) is a technique used 
to improve the penetration of chemical compounds through skin 
using low-amperage continuous electric current14. Through the 
electroosmosis process, TDI increases the permeation of charged 
and neutral compounds and provides the option for distribution 
of programmed medication. Combinations of iontophoresis with 
chemistry, electroporation and sonophoresis intensifiers have 
been tested to increase the transdermal permeation of drugs and 
reducing possible adverse effects. 

In this study, it was observed that diabetic rats showed 
significant reduction in the breaking strength of scars produced 
in the skin in the most vulnerable phases of the surgical incision 
when compared to non-diabetic control rats, which would 
predispose to greater incidence of dehiscences, fistulas and 
infections. Such alteration, in turn, was reversed by the use of TDI 
associated with zinc sulphate administration. Reduced mechanical 
resistance in incisions produced in the skin of diabetic animals has 
been described in the literature. While studying the mechanical 
properties of incision wounds in untreated diabetic rats seven, 
ten and 20 days after surgery, Andreassen and Oxlund15 observed 
that the animals showed reduced scar tensile strength for 20 days 
after surgery. Such alteration, however, has not been observed in 
insulin-treated diabetic animals, thus showing that hormone is 
essential for the adequate healing process of surgical wounds in the 
presence of diabetes. In their study on the influence of old age on 
the mechanical resistance of colonic anastomoses and wounds in 
the incision skin of diabetic rats, Seyer-Hansen et al.16 concluded 
that the healing of colonic anastomoses in diabetic rats was not 
compromised by old age whereas the strength of skin wounds was 
reduced. In another study on the mechanical resistance in the skin 

of diabetic rats, Verhofstad and Hendriks17 reported that diabetes 
directly affects skin resistance, with reduced strength, that is also 
accompanied by reduced collagen content.

However, clinical or experimental studies in which 
the therapeutic potentialities of zinc administered by TDI have 
been tested are scarce. Cornwall18 evaluated the efficacy of TDI 
associated with zinc in a 71-year-old patient submitted to bilateral 
leg amputation who developed with ulcerations in the stumps. The 
treatment was performed for 20 days with 20-minute sessions. 
After that period, the wound healing areas were estimated, and, 
in total, almost 100% repair was obtained in relation to the initial 
findings. The therapeutic validity of the proposal, however, could 
not be confirmed due to the lack of subsequent studies. 

In our study, the intensity of the electric current used was 
in accordance with the rule suggested by others19, who determined 
doses of 0.1 to 1 mA per area of the electrode in square centimeters 
(cm2), and the ratio of 0.3 to 0.5 mA/cm2 is the most frequently 
described in clinical studies using iontophoresis in humans. 
Nevertheless, since the size of the electrode must be compatible 
with the target area to be treated, occasionally, the current intensity 
used may reach values that predispose patients to risk for topical 
skin irritation and burns determined by the stimulation of free 
nerve terminations. The target electrode used in our study had 4 cm 
in height by 2cm in width, that is, an area corresponding to 8 cm². 
If the proposed method, preconizing 0.3mA/cm², were used, the 
amplitude of 2.4 mA would be reached. Due to the milliamperage 
provided by the equipment, we preconized a dose of 2 mA, which 
was not associated with any tissue damage in the animals’ skin.

Despite the low values for breaking strength in the scars of 
diabetic animals in this study, the variation in the amount of tissue 
hydroxyproline present in these scars was not observed. This fact 
suggests that the healing defects observed in diabetic individuals 
may be much more dependent on the level of organization and 
maturation of the collagen deposited in the scars than, in fact, on 
its content.

Ortolan et al.7 observed that, despite the inexistence 
of alterations in the amount of hydroxyproline present in 
anastomoses in the small and large intestines of alloxan-induced 
diabetic rats, the collagen deposited in the scars shows to be totally 
disorganized, little dense and composed of immature collagen 
fibers even in the later phases of the healing process. Similarly, 
these alterations may also be present in the incisions produced in 
the skin of the diabetic animals in this study, thus explaining the 
reduced mechanical resistance of their scars in the earlier healing 
phases. However, further studies are required to confirm the issues 
raised here.
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Conclusion

The topical application of zinc sulphate administered by 
transdermal iontophoresis in surgical incisions produced in the 
skin of untreated diabetic animals improves mechanical resistance 
in the scars in the most vulnerable phases of healing to dehiscences 
and infections without imposing risk or undesirable effects to 
the animals. These observations may open perspectives for the 
conduction of translational studies with the purpose to minimize 
healing defects of surgical wounds in diabetic patients.
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