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1.  INTRODUCTION 

The changing concepts in the nature of warfare indicate that warfighters may find 

themselves in a situation where survival and ability to continue the mission depend on 

their own resources. Minor to moderate injuries on the battlefield are the most frequent 

injury and can reduce the effectiveness of soldiers to persist in combat.  One challenge in 

the new combat milieu is the management of cutaneous burns.  Burns are an important 

cause of military mortality and morbidity.  It is documented that 4% of the total deaths 

from World War I to Desert Storm are due to burn casualties,
1,2
. Burn injuries account for 

10%-30% of all military injuries depending on the type or nature of the conflict
3
.   

Further, incisional wounds either created through engagement in battle or through surgical 

intervention at the field hospital account for additional morbidity.  The ability of the 

warfighter to maintain and/or reestablish persistence in combat reduces the use of medic 

support or the need for evacuation. New technologies that promote wound healing would 

have a significant impact not only for military medicine, but civilian hospitals, wound care 

centers, and trauma units.  

A new zinc/iron wound healing system is one such technology that may have a great 

impact on the wounded warfighter.  The following manuscript describes the phases and 

principle of modern wound healing and provides a specific rationale for the development 

and application of the zinc/iron wound healing solution in combination with a newly 

developed occlusive dressing with a solution reservoir. Data presented demonstrates the 

ability of the solution to accelerate time to healing as well as reduce scar formation, two 

critical goals of modern wound care.  Further, the wound healing system is lightwieght, 

relatively inexpensive, especially when compared to specialized pharmacologicals, 

biological growth factors, and skin substitutes. 

The project goals of this proposal are to determine the mechanism of action of the 

zinc/iron solution in vivo, confirm the efficacy of the solution in combination with the 

newly developed occlusive dressing in murine and porcine animal models.  Confirmed 

efficacy in these models will allow targetted clinical trials to be developed and initiated. 

and finally demonstrate the utility of the wound healing system in controlled clinical 

studies.   

The proposed research will establish its efficacy in a clinical setting and subsequent field 

application for the wounded warfighter.   

2.  WOUND ENVIRONMENT PHYSIOLOGY  
The disturbance of the immediate wound environment starts first with a rise in pH, since 

the traumatic damaged tissue delivers, due to the disturbed cell respiration, less CO2 into 

the tissue. Since the pH value of blood and tissue depends crucially on pCO2, a drop in the 

pCO2 causes a pH disturbance in the environment and thus affects the entire metabolism.  

The change of the biochemical reaction conditions connected with acidosis (acidifying the 

tissue by CO2-constriction) represents a biochemical condition required for the optimal 

metabolic sequence and a fast and thorough repair. 

 

Important effects of acidosis: 

1) Increase in cell membrane permeability and blood vessel permeability 

2) Liquefaction of the connective tissue (by separation of the colloids) 

3) Acidosis represents an unfavourable environment for many bacteria 

4) Acceleration of the metabolic process by relieved O2 release from hemoglobin and      

facilitated O2 delivery of the blood to the tissue (Bohr effect). 

5) Favorable environment for enzymatic metabolic processes  

 



3.   MODERN WOUND HEALING:  Background and Significance 
 

The physiologic processes of wound healing begin immediately upon tissue injury starting 

with inflammation.  The physiological needs during the INFLAMMATORY PHASE 
(Days 0-5) are4: 

� Moist wound environment 
� Optimum pH  
� Essential trace elements 

A.   Moist wound environment  
Winter

5
 and Hinman et al.

6
 documented that increased healing rates are associated with 

moist wound healing versus dry healing. The natural environment of a cell is a moist one 

and a dehydrated tissue environment may impair normal cell function and repair. Since a 

wound is a break in the skin, it will allow the escape of moisture vapour from the 

underlying moist tissues and the eventual death of superficial cells--called dehydration 

necrosis.  This process contributes to crust formation along with the drying of released 

blood and sera
7
. The scab itself presents very little barrier to further moisture loss as 

compared to normal unbroken skin. 

 

 

B. Optimum pH 
All biochemical reactions, in particular enzyme activities are dependent on a specific pH 

value. The acidification of the tissue by CO2-constriction (ACIDOSIS) represents the 
optimal biochemical condition for the repair of damaged tissue 

8,9,10
. 

C. Essential trace elements 
Zinc and iron are required substances for various aspects of wound healing. Specifically 

zinc plays an important role in the activity of different matrix metalloproteinases (MMPs).  

MMPs are a family of zinc-dependant endopeptidases that cleave peptide bonds of 

extracellular matrix proteins, such as collagens, elastin and proteoglycans.  Jia et al have 

shown that collagen-degrading MMPs facilitate the initiation of angiogenesis.  Newly 

formed blood vessels participate in granulation tissue formation which is critical in re-

establishing skin integrity. Both inflammatory cells and fibroblasts require the interaction 

with and transmigration through blood vessels to enter the site of injury. Vascular 

epithelial growth factor, VEGF, is produced in large quantities by the epidermis during 

wound healing
11
.  This growth factor has potent pro-angiogenic activity and is a prime 

regulator in the wound, which is critical during granulation tissue formation 
12
.   

An additional two crucial zinc-dependent enzymes involved in tissue repair are DNA and 

RNA polymerase. These enzymes play a critical role in cell proliferation and protein 

synthesis for proper wound healing. Other studies have demonstrated that zinc promotes 



epidermal proliferation and migration.  Agren et al. demonstrated that local zinc oxide 

treatment promoted re-epithelization in pigs with normal zinc status compared with 

control un-treated wounds
13
.   

Iron is an essential nutrient, which is utilized by all eukaryotic cells for survival and 

growth
14
.  Iron is required for cell multiplication through the activity of ribonucleotide 

reductase, which is an important enzyme in DNA synthesis. Human fibroblasts require 

iron for in-vitro growth
15

.  Iron is also essential for hydroxylation of collagen, but 

information regarding its direct role in wound healing is limited.   

 

4.  PRE-CLINICAL DATA (UNIVERSITY OF MIAMI) 
Note:  The original studies performed by the University of Miami used a Zn/Fe solution 

soaked gauze to treat the wounds.  The soaked gauze was then covered with a 

polyurethane film.  Additional research will use a newly developed dressing with 

reservoir that is described fully in Section 6. 

 

a.  Evaluation of the Effects of a Zinc/Iron Solution on the Migration of Fibroblasts 
in an In-Vitro Incisional  Wound Healing Model16 
Human fibroblast cells in an in-vitro incisional healing model were grown to confluency 

on the bottoms of polystyrene well clusters. The wells were divided into eight treatment 

groups with five wells per solution. The treatment groups were as follows: growth media, 

phosphate buffered saline (PBS), zinc, iron and zinc/iron solutions.  Growth media was 

added to all treatments except deionized water. Digital photographs were taken with an 

inverted microscope at time zero after wounding and treating. After 24 hours of 

incubation, digital photographs 

were taken of the wound area with 

an inverted microscope. The 

percent migration of fibroblasts 

from baseline to 24 hours was 

measured using photographic 

digital planimetry.  Results 

suggested that the combination 

zinc and iron solution was the most 

effective treatment when compared 

to zinc or iron alone. These results 

suggest a synergistic mechanism of 

action for the zinc/iron solution. 

The significant enhancement of 

epithelization by the 0.003% 

zinc/iron solution may have 

important clinical significance. 

Based on our results of these 

studies we believe that the 0.003% 

zinc/iron solution may have 

potential to be incorporated into an 

occlusive dressing, or as just a 

topical application, to promote wound healing. 
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b.  Second Degree Burn Wounds  
Eight pigs received multiple second-degree burns and received one of the following 

treatments:  1) 0.001% ZIS, 2) 0.003% ZIS, 3) saline control, or 4) untreated air exposed.  

Wounds were treated by sterile 4-ply gauze saturated with each agent and then covered 

with a polyurethane dressing.    

Wounds were treated daily 

for the first five days post-

burn.  Five burns were 

excised on days 7-13 and 

evaluated for complete 

epithelization using a well-

described salt-split technique.  

Over eight hundred wounds 

were evaluated. All burn 

wounds that received 

treatment stimulated 

epithelization sooner than 

untreated air exposed. The 

0.003% ZIS enhanced 

complete epithelization sooner when compared to wounds from vehicle, 0.001% and air 

exposed treatment groups.  

c.  Partial Thickness Wounds  
The purpose of this study was 

to evaluate a new zinc/iron 

solution (ZIS) on the healing of 

partial thickness wounds.  Ten 

pigs received multiple partial 

thickness wounds and received 

one of the following 

treatments: 1) 0.001% ZIS, 2) 

0.003% ZIS, 3) 0.01% ZIS, 4) 

saline vehicle control, or 5) 

untreated air exposed.  Wounds 

were treated by sterile 4-ply 

gauze saturated with each agent 

and then covered with a 

polyurethane dressing.  Wounds were treated daily.  Five wounds were excised on days 3-

8 and evaluated for complete epithelization using a well-described salt-split technique.  

Over 900 wounds were evaluated.  All wounds that received any treatment epithelized 

sooner than untreated air exposed.  The 0.003% ZIS enhanced complete epithelization as 

compared to wounds treated with vehicle alone. In an additional study, the 0.003% ZIS 

significantly enhanced complete epithelization as compared to wounds treated with  

topical Platelet Derived Growth Factor [PDGF:  Regranex

] on day 4.   

    

5.  CLINICAL CASE REPORTS 
The following report was submitted describing the effect of the wound solution on one of 

the most strained and complicated surgical wounds:  funnel chest closure.   
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The effect of a zinc / iron solution on postoperative wounds after pectus deformity 

surgery (uniform 10cm sternal wound for funnel chest correction),
 
H.P. Huemmer, M. 

Schreiber, University of Erlangen, Department of Pediatric Surgery, January, 2004 
Safety and Efficacy of a New Zinc/Iron Solution (ZIS)17 
Background:  ZIS is a sterile acidic solution containing trace amounts of metallic salts 

based on zinc and iron (0.003%). It was developed to aid in maintaining an antiseptic 

environment with moisture and pH-level conducive to the healing process. An animal 

study showed that this new solution was effective at stimulating epithelization of acute 

partial thickness wounds. 

It also aids in reducing pain and swelling associated with the wound. Because of the 

physiologic properties of the components of ZIS the solution is to be expected that it can 

be used safely in the mouth, eyes and on mucus membranes as well as on the skin. 

Methods: We performed an open comparative prospective randomized clinical study to 

test ZIS for liquid wound care. An innovative wound dressing (IWD; 15cm x 8cm; 

NAWA Heilmittel GmbH, Nuernberg, Germany) consisting of a fabric coated with 

metallic silver, which is bonded to a conventional polyurethane semi-occlusive medical 

tape backing was loaded with ZIS. A standard dry wound dressing served as control 

(Cutiplast sterilTM, 15cm x 8cm; Smith & Nephew Medical Ltd, Hull, England). IWD 

was applied in the clinical case study on postoperative wounds after pectus deformity 

surgery (uniform 10 cm sternal wound for funnel chest correction). Immediately after 

application of IWD 10 ml of ZIS were injected into the dressing; the injection site of the 

surface of the dressing was sealed with a small remnant of polyurethane (15 x 40 mm). 

Control and test groups each comprised 20 patients. The dressings of the control and test 

group were not changed until removal on day 2 and 4, respectively. On days 0, 4, and 9 

the wounds were measured and documented photographically. The pictures were used to 

evaluate any irritation of the wound (i.e. exudates formation, redness), time to closure, 

scar formation.  Contact tests on 3 different agar plates were performed immediately after 

removal of the dressings to investigate the antimicrobiologic effectiveness. Wearing 

comfort and ease of use were also parameters to be studied. 

Conclusion: This study shows that the new zinc/iron solution in combination with the 

innovative silver-coated wound dressing offers a new form of wound therapy, being easy 

to apply and fully efficient, without side-effects. 

 

Funnel Chest             9 Days post surgery Standard Care              9 days post surgery 

Zinc/Iron 

 

 

 

 

 

 

 

 

 

 

6.  BIODERM WOUND HEALING SYSTEM DEVELOPMENT 
The BioDerm Wound Healing System (Zinc/Iron Solution; Wound Dressing with 

Reservoir) has been designed to optimally address the modern standards of Wound Care.  

• Provide a moist environment 



• Optimum pH-Value 

• Wound Nutrition/Essential trace elements 

 

The chemical composition of the BioDerm Wound Healing Solution is as follows: 

Table 1: Chemical Composition of Zinc/Iron Solution 
Substance Content in mg/L Content in mg/mL Content in % g/Vol 

Distilled Water  balance - 99.9 

Sulfuric Acid 95-97% As required to 

adjust pH to 2.9 

- - 

Zn
2+
 (ZnCl2) 30.00 0.030 0.0030 

Fe
2+
 (FeSO4 7H20) 19.50 0.0195 0.00195 

 

BioDerm Sciences Wound Bandage with Reservoir is a sterile wound dressing for 

external wound management consisting of a non-woven fabric bonded to conventional 

semi-permeable medical film.  The film protects the wound from abrasion and external 

contamination and regulates the passage of air to and from the fabric. When a liquid 

bandage or solution is used, the dual layered fabric pad maintains a moist environment 

surrounding the wound and eases removal of the bandage from the wound.  This allows 

for a better penetration of the Zn/Fe solution in a controlled manner.  In the absence of a 

wet dressing, the bandage pad absorbs wound exudate and can be used alone or as an 

adjunctive therapy.  

The BioDerm Sciences Wound Healing System has unique characteristics: 

• Can be applied immediately 
• Accelerates wound closure and healing 
• Minimizes scarring 
• No side effects 
• Has anti-microbial activity 18,19 
• Reduces bleeding 
• Prevents of swelling 
This wound healing system has tremendously contributed to the decrease of healing time 

not yet achieved with known standard care procedures and treatments.  BioDerm Sciences 

Wound Healing System does not influence the healing process by pharmacological 

effects, but provides an injured site with the necessary physiological environment, the 

healing process is accelerated, time to recovery is reduced, and the occurrence of 

complications is not observed. 

 

7.  SPECIFIC AIMS 
The immediate term goal of this proposal is to confirm the efficacy of the wound healing 

solution in combination with a specifically designed occlusive dressing in both murine 

and porcine animal models.  These efforts will then support further clinical development 

in three targetted areas:  radiation burns; incisional wounds and burn wounds.  

Concurrently, a research program will be initiated to determine the mechanism of action 

of the zinc/iron solution.  Specifically, to determine if the zinc and/or iron has an effect on 

wound angiogenesis, collagen formation, and MMP levels. We thus propose the following 

specific aims: 

1) Determine the efficacy of Zn/Fe dressing for acute partial thickness wounds 

(abrasions), second-degree burns and incisional wounds.   The extent to which 

the Zn/Fe dressing can be of benefit in the treatment of different kinds of 

wounds that could be encountered in warfare will be systematically assessed. 

These studies will be conducted using established porcine wound models, 

which have been used extensively by the University of Miami laboratory.  



2) Determine the efficacy of Zn/Fe dressing for radiation burns wounds.   The 

extent to which the Zn/Fe dressing can be of benefit in the treatment of burns 

due to radiation encountered through therapeutic intent or through warfare will 

be systematically assessed. These studies will be conducted using established 

murine radiation models, which have been developed and used extensively by 

the National Cancer Institute’s Radiation Biology Branch.  

3) Identify potential mechanisms of action of the ZIS in a porcine model by 

assessing vascular endothelial growth factor (VEGF) production to assess 

angiogenesis, evaluate collagen I and III deposition and Matrix 

metalloproteinases (MMPs). 

Note:  Once the above preclinical studies (1,2) have confirmed the utility of the Wound 

Healing Solutions in these models of wounds, it is anticipated that separate proposals 

will be developed for the design and implementation of specific clinical trials as 

described below (4). 

4) Conduct randomized controlled clinical studies to determine the effect of the 

zinc/iron dressing on surgical wounds, burn wounds, radiation burns and skin 

grafts (both donor site re-epithelization and skin graft rejection rate). 

The proposed research will help us determine the mechanisms of a ZIS and establish its 

efficacy in the clinical setting supporting utility in the field under wartime conditions. 

This technology may be extremely beneficial to the warfighter and have a significant 

impact for military medicine.   
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