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Abstract

Introduction: Patients with Diabetic Foot Ulcer (DFU) have a high risk of limb amputation as well as
higher five-year mortality rates than those for several types of cancer. Effective treatment of DFU,
therefore, is a pressing issue. Nerve block can have a beneficial wound-healing effect in this regard, due
to its sympathectomy-like vasodilation promoting blood circulation. Zinc furthermore, as a cofactor, can
facilitate wound healing. In this study, we evaluated the wound-healing effects of nerve block alone and
with Intravenous (IV) zinc.
Materials and methods: Fifteen (15) male Otsuka Long-Evans Tokushima Fatty (OLETF) rats were
equally divided into three DFU groups: a non-treated (group 2), a nerve-block (group 3), and a nerve-
block and IV zinc group (group 4). Five additional male Long-Evans Tokushima Otsuka (LETO) rats
were assigned to a control, non-diabetic group (group 1). A full-thickness wound (5 mm × 5 mm) was
made in all of the rats’ left dorsal foot, which, on post-injury day 1, was treated with sciatic nerve block
alone (group 3) or additionally with IV zinc (group 4). On day 13, the wound size was measured, and a
histological examination was performed with haematoxylin and eosin (H & E) and Masson’s trichrome
staining.
Results: The wound-surface-area differences among the three DFU groups were not statistically
significant (p=0.40). Neither were there any significant histological differences.
Conclusion: In this study, neither intermittent nerve-block alone or with IV zinc affected DFU healing.
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Introduction
Diabetes, a worldwide disease, is the seventh cause of death in
the United States. Its prevalence increases each year in both
developed and developing countries; indeed, it is estimated that
by 2035, 590 million people will be diabetics [1,2]. Currently,
20% of diabetics suffer diabetic foot. Among them, 5-10%
develops Diabetic Foot Ulcer (DFU), and 3% of those
eventually have to undergo foot amputation [3]. Given lower-
extremity amputees’ considerably reduced quality of life,
effective DFU treatment for prevention of this worst of
outcomes is especially important.

One of the highest priorities in the treatment of DFU is
improved blood supply [4]. During surgery, increased blood
flow can have beneficial effects on vascular-surgical results.
Regional anaesthesia’s sympathectomy-like effect can be
helpful in this regard [5-7]. Indeed, besides its advantages for
postoperative respiratory function improvement and stress
response reduction, regional anesthesia (i.e. peripheral nerve
block) is known to be in related to lower cardiovascular

mortality than is the case with general anesthesia, which is
frequently used in non-traumatic major lower-extremity
amputations [8,9]. Peripheral nerve block, therefore, is
expected to be able to help in the treatment of DFUs by
improving blood flow to the wound area. In fact, diabetic
patients have shown reduced foot-skin endothelium-dependent
vasodilation [10]. Based on this, we can hypothesize that a
sciatic nerve block, functioning as a kind of peripheral nerve
block that affects the dermatome of the DFU, can improve
blood circulation to the DFU, which will help in wound
healing.

Additionally, zinc is known to act as a co-factor of enzymes
involved in the biochemical process of wound healing, and its
requirement increases at the re-epithelialization and
granulation stages. It has already been observed that topical
zinc hyaluronate promotes ulcer healing in DFU patients [11].
Certainly, diabetic patients might not have enough zinc [12].
This suggests that administration of IV zinc might also, in the
manner of topical zinc hyaluronate, facilitate wound healing.
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The present animal experimentation was planned and
conducted to determine if peripheral nerve block and IV zinc
actually promote DFU healing. We aimed to establish the
clinical basis of the use of peripheral nerve block and IV zinc
for DFU treatment.

Materials and Methods
This study was approved by the Medical Ethical Committee at
Kosin University College of Medicine, Busan, Korea. Eighteen
(18) OLETF and six LETO rats, all aged four weeks, were
housed and cared for until they were 37 weeks old and 575 and
523 g in weight, respectively. Diabetes was evaluated for
expression of blood glucose greater than 250 mg/dl in 37-
week-old OLETF rats. Rats were assigned two to a cage and
maintained under conditions of controlled temperature (20 ±
2°C) and humidity (40-60%) on a 12-h light/dark cycle with
sufficient water and feed.

Wounding model
The 24 rats were anesthetized with a single intraperitoneal
injection of tiletamine-zolazepam (Zoletil 50, Virbac, France)
at a dose of 60 mg/kg body weight. After anesthesia, a full-
thickness incisional wound (5 mm × 5 mm; Figure 1A) was
formed on the left dorsal foot (day 0). Wounds were
maintained without suturing or coverage. During this process,
two of the OLETF rats died under the anesthesia, and a third
was found to be in poor general condition. The remaining 15
OLETF rats were divided into three DFU groups: a non-treated
group (group 2), a nerve-block group (group 3), and a nerve-
block and IV zinc group (group 4). One LETO rat in the
control group (non-diabetic, group 1) was removed from the
study in order to balance the number of rats in each group at
five. The optimal number of experimental animals was
determined according to the formula E=total number of
animals-total number of groups, 10<E<20.

Peripheral nerve block
On post-injury day 1, all of the rats were again anesthetized,
this time by injection of 40 mg/kg tiletamine-zolazepam into
the peritoneal cavity. Groups 3 and 4 underwent sciatic nerve
block under ultrasound guidance without peripheral nerve
stimulation. The rats’ breathing was often checked, but no
additional oxygen was provided. The region of the left sciatic
nerve was observed with the rats in their right lateral position.
After shaving the left thigh, the target area near the buttock
was contacted with a gel-applied linear probe. Slowly moving
the probe up and down anterior-to-posteriorly, the
hyperechogenicity of the left femur was observed and the
biceps femoris came into view. The expected injection site was
wiped with an alcohol-applied pad, and a 26G needle with a 1
ml syringe was placed under the fascia of the biceps femoris
using the outside-to-inside in-plane approach (Figure 1B). The
standard of successful nerve block confirmation was the rat’s
walking, with dragging of the left foot, after fully awakening
from the anesthesia. The second nerve block (post-injury day
3) was not performed until two days after the first block, and

the third nerve block (day 10) was performed only one week
after the second, by the same process. Thus the
experimentation entailed a series of three nerve blocks (post-
injury days 1, 3 and 10).

Figure 1. (A) Full-thickness 5 mm × 5 mm wounds were made on left
dorsal foot of all OLETF and LETO rats. (B) An ultrasound image of
sciatic nerve block under ultrasound guidance. The location of needle
placement (arrow heads) and the spread of local anaesthetics
(arrows) were shown.

Figure 2. Macroscopic findings of groups 1A, 2B, 3C and 4D seemed
to prove better results of groups 3 and 4. However, there was no
statistically significant differences among the three diabetic groups
(B, C and D) (p=0.40). Group 1: non-diabetic, group 2: non-treated
(diabetic), group 3: nerve-block (diabetic), group 4: nerve-block with
IV zinc (diabetic).

Zinc administration
On post-injury day 1, the group 4 rats were anesthetized and
underwent the first IV zinc injection. After left sciatic nerve
block, the well-vascularized lateral saphenous vein was
observed in the ipsilateral leg with the ulcer. In cases where
this vein was unsuitable for injection, the ischial vein was
injected. If injection on the same side of the wound failed, it
was carried out on the opposite side in the same way. After
cleaning of the injection site with an alcohol swab, a diluted
solution of 0.1 ml zinc sulphate hydrate (Zinc Trace, Huons,
Korea) (4.4 mg/ml, 1 mg as Zn) in 0.9 ml normal saline was
injected slowly through a 26G needle with a 1 ml syringe,
applying light pressure to stop any bleeding. The second IV
zinc injection (day 3) was performed two days after the first
injection, and the third (day 10) was performed one week after
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the second, by the same process. Thus, the experimentation
entailed a series of three IV zinc injections (post-injury days 1,
3 and 10).

Macroscopic assessment
The first wound size was measured using a ruler on the day of
making DFUs model (day 0) and photographed for the
evaluation of wound healing. Additionally, the last wound size
(Figure 2) was assessed in the same way immediately before
obtaining the tissue of the wound (day 13).

Histological examination
Full-thickness specimens from the wound area were obtained
two days after the third nerve block and IV zinc injection (day
13). The acquired skin tissue was fixed in neutral-buffered
formalin 10% solution and sliced into about 5 μm thicknesses
vertically on the surface of the skin. All of the tissue slides
were prepared with haematoxylin and eosin (H & E; Figure 3)
and Masson's trichrome (Figure 4) staining in order to observe
the epidermal thickness and collagen fiber, respectively, using
microscopy. One pathologist analysed the tissue slides without
any specific notification or instruction.

Statistical analysis
The experimental data were expressed as mean ± SD. A
statistical analysis was performed using MedCalc (ver 14.8.1)
with the nonparametric Mann-Whitney and Kruskal-Wallis
tests. P values less than 0.05 were considered statistically
significant.

Figure 3. Microscopic findings of skin sections from groups 2A, 3B
and 4C showed no views with definite differences among groups. A, B
and C were stained with haematoxylin and eosin (H & E). Group 1:
non-diabetic, group 2: non-treated (diabetic), group 3: nerve-block
(diabetic), group 4: nerve-block with IV zinc (diabetic).

Results

Macroscopic analysis
Wound size was measured twice (days 0 and 13). The wound
surface areas in groups 1 and 2 were 0.40 ± 0.25 mm2 and 4.50
± 0.50 mm2, respectively, on day 13. A significant difference
in extent of wound healing between the control group (group 1)
and diabetic group 2 was statistically confirmed (p=0.01). On
gross findings, group 2 had not healed better than group 3 or 4
(Figure 2). However, a statistical comparison of the wound
surfaces among groups 2, 3 and 4 (4.50 ± 0.50 mm2, 3.25 ±
0.75 mm2, and 4.50 ± 0.95 mm2, respectively) showed no
significant differences (p=0.40, Table 1).

Microscopic analysis
In the course of the study, three nerve blocks with or without
IV zinc injection (on days 1, 3 and 10) were performed. Full-
thickness skin-tissue samples were obtained two days after the
final nerve block and IV zinc injection (day 13), and the
histological changes were observed. The H & E and Masson's
trichrome staining provided for a good view of the
inflammatory cell infiltration and epidermal thickness (Figure
3) and collagen fiber (Figure 4), respectively. This enabled the
one qualified pathologist to confirm that there were no
histopathologically meaningful changes, and neither
inflammatory cell infiltration nor significant epidermal-
thickness differences, among groups 2, 3 and 4: 28.75 ± 2.05
μm, 28.75 ± 1.25 μm, and 32.50 ± 1.70 μm, respectively
(p=0.26, Table 1).

Figure 4. Microscopic findings of skin sections from groups 2A, 3B
and 4C showed no views with definite differences among groups. A, B
and C were stained with Masson’s trichrome. Group 1: non-diabetic,
group 2: non-treated (diabetic), group 3: nerve-block (diabetic),
group 4: nerve-block with IV zinc (diabetic).

Table 1. Histological analysis of control and three DFU groups.

Group 1 2 3 4 P value (2, 3, 4)

Wound surface area (mm2)

Day 13 0.40 ± 0.25 4.50 ± 0.50* 3.25 ± 0.75 4.50 ± 0.95 0.4

Epidermal thickness (µm)

Day 13 35.45 ± 1.25 28.75 ± 2.05 28.75 ± 1.25 32.50 ± 1.70 0.26

Results were presented as mean ± SD (n=5) and compared using Kruskal-Wallis test and Mann-
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Whitney test.

P<0.05 was considered statistically significant.

There was no statistical difference is found among groups (2, 3, and 4).

*: P<0.05 for compared with group 1.

Group 1: non-diabetic, group 2: non-treated (diabetic), group 3: nerve-block (diabetic), group 4: nerve block with IV zinc (diabetic).

Discussion
One of the most common and serious chronic complications in
diabetes is DFU, which in fact is the main cause of lower-limb
amputation world-wide. Sadly, there is a 25% probability of a
diabetic patient undergoing amputation in his or her lifetime
[13]. Standard treatments of chronic wounds such as DFUs are
debridement, minimal weight-bearing and vacuum dressing in
cases of vascular insufficiency [14]. Nonetheless, DFUs often
relapse, with poor prognosis and higher perioperative
mortality. The five-year mortality rate after the first DFU
attack ranges from 43 to 53%, and increases to 74% if the
affected limb is amputated. This, significantly, is higher than
the mortality rates of malignancies such as prostate and breast
cancer [15]. In Europe, the survival rate following amputation
is lower than in the United States: the reported three-year
survival rates for Sweden and Italy are 59 and 50%,
respectively [16]. In light of such dire statistics, a variety of
diverse DFU treatments for prevention of lower-extremity
amputation are currently being studied and reported on
[3,14,17-19].

DFU pathogenesis, which is essential to DFU treatment
research, is: 1) delayed cellular infiltration and granulation-
tissue formation; 2) decreased collagen organization; 3)
decreased blood supply; 4) increased blood viscosity; 5)
reduced angiogenesis. In general, wound healing manifests as a
cascade of haemostasis, inflammation, proliferation,
epithelialization, and scar maturation. Diabetes and its
complications influence their interaction in the normal wound-
healing process [16,17,20]. The pathogenesis-related factors
impacting on the choice of peripheral nerve block and IV zinc
in this study are as follows. 1) The beneficial effect of the
nerve block in healing ulcers resides in the increased blood
flow caused by its sympathectomy-like impact [7,8]. This
effect of a single shot of nerve block is expected to be
maintained over a relatively long span of time; research
indicates, in fact, that the duration of action of peripheral nerve
blocks is longer in diabetic patients than in non-diabetic
individuals [21]. 2) Zinc, a cofactor in over 300
metalloenzymes, is an essential trace element in all organisms
[22]. It is already known that zinc is required for wound
healing and that topical application of zinc hyaluronate has a
positive effect on DFUs [11]. Therefore, in this present study,
we wanted to determine, through a DFU rat model, the
practical wound-healing effects of nerve block alone and
together with IV zinc.

Although streptozotocin-induced diabetic rats are commonly
used in the field of diabetes studies [13], Streptozotocin, with
its direct toxicity to pancreatic β-cells, leads to type 1 diabetes

in experimental animals [23]. However, a genetically induced
diabetic OLETF rat model, with LETO rats as a control group,
seemed to be more suitable to the present DFU study than
chemically induced one; the specific reason is that the OLETF
rat model, with characteristics such as expression of diabetes
after 18 weeks of age, obesity and diabetic nephropathy, is
more representative of type 2 diabetes [24-27]. All such rats
can suffer renal complications [27], which necessitated the
present study’s lesser dosage of intraperiotoneal tiletamine-
zolazepam (Zoletil 50, Virbac, France), 60 mg/kg, for
anesthesia [28]. Even so, two of the rats died. And because
renal nephropathy possibly had further progressed in the 37-
week-old rats, and also because only a minimally invasive
procedure was planned, the present study’s rats were safely and
adequately anesthetized by a reduced, 40 mg/kg dose of
tiletaminezolazepam for the peripheral nerve block.

Conventionally, sciatic nerve block in rats has been done by
surgical or percutaneous methods [29-33]. Based on recent
ultrasound-based sciatic nerve block research in animals [34]
as well as the related anatomy of the rat’s sciatic nerve [35-39],
we performed ultrasound-guided sciatic nerve block as a
minimally invasive method. The volume of local anaesthetics
with reference to the preceding studies on sciatic nerve block
in rats [29-34], was set to 0.2 ml 0.5% bupivacaine. The dose
of IV zinc was calculated according to a human-to-animal
dose-conversion formula [22,39]. The IV-administered zinc
had to be diluted maximally due to the possible phlebitis
complication. Even though the maximum IV injection volume
for rats is less than 0.5 ml, the OLETF-rat weight makes 1.0 ml
acceptable [39,40]. In our experimental design, we had planned
to perform nerve block and administer IV zinc every day for
one week, but the 37-week-old diabetic rats, with their
expected nephropathy, did not show good enough recovery
from the anesthesia to do so. In consideration of the condition
of the rats with regard to anesthesia, the treatment intervals
were set at two and seven days (days 1, 3 and 10) and wound-
tissue samples were obtained on day 13.

As far as the authors are aware, this is the first study to use
peripheral nerve block and IV zinc for DFU healing. When we
hypothesized that these two treatment means, both of which are
well established, would be helpful for DFU healing, and we
were confident of positive results; however, we were unable to
achieve such results. As DFU wound healing involves multiple
complex factors, it is actually very difficult to identify all
possible cases associated with them. Therefore, in this study,
there were some experimental limitations associated with
variables such as the age of the rats, the number of nerve
blocks and IV zinc injections, and the zinc dose, any or all of
which could have influenced the results of this study. The
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outcomes might have been different, for example, if the nerve
block and IV zinc injection had been more frequently
performed or if continuous block by a catheter had been done
and a constant blood level of zinc been maintained in some
way or another.

Notwithstanding, we are convinced that this research will offer
significant insight into DFU treatment helpful to subsequent
DFU-management studies that doubtless will confirm the
effects reported herein through the application of modified
versions of the present experimental model.

Conclusion
Nerve block and/or IV zinc injection seemed to promote
wound healing at first glance; however, the gross findings
indicated no statistically significant differences in the wound
surface areas among the three DFU groups. There were also no
special findings upon histological examination. In light of
these consistent results-statistical insignificance
macroscopically, and non-specificity microscopically-it was
determined that intermittent (three-time) nerve block and IV
zinc injection did not have any significant effect on DFU
healing.
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