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ABSTRACT 

Activities aimed at treating and/or monitoring the healing of 

wounds consume many nursing hours. However, most of the treatments used 

by nurses in caring for wounds are best classified as "reports of tech

niques" and are not based on research. 

Though no single- initiator or promoter of wound healing has been 

isolated, epidermal growth factor (EGF), a naturally occurring polypep

tide, has been reported to promote epidermal growth ill vitro. In vivo, 

the application of EGF has been reported to increase proliferation and 

differentiation of epidermal tissue in newborn mice and to enhance the 

healing of corneal wounds in rabbits. Originally found in the submaxil

lary gland of male mice, EGF has now been found in the urine of humans. 

No reports have documented the ill vivo effects of application of EGF to 

epidermal wounds of animals to determine if it will promote wound heal

ing. 

The purposes of this study were to further elucidate the physio

logical and perhaps therapeutic function of EGF and to evaluate the 

feasibility in terms of availability, cost, and manageability of the pig 

as an animal model for controlled investigation of clinical nursing 

problems. 

Wound healing is a composite phenomenon of distinct yet inter

related phases: epithelialization, contraction, and fibrous healing. 

The reepithelialization of the wound is the result of migration of 

xi 
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epidermal cells adjacent to the wound edge and differentiation of the 

new cells. 

Because of the risks and ethics involved in repeated biopsy of 

human wounds and the prematurity of use of EGF in humans, the specific 

problem this study was designed to answer is: Does the topical applica

tion of mouse epidermal growth factor (mEGF) increase the rate of heal

ing of epidermal wounds in the domestic pig? 

An experimental design was used to test four hypotheses. Three 

of the hypotheses related to the process of wound healing were: 

1. Topical application of 40 ng of mEGF will increase migration of 

keratinocytes over the wound. 

2. Topical application of 40 ng of mEGF will increase the mitotic 

index. 

3. Topical application of 40 ng of mEGF will increase the differ

entiation of keratinocytes over the wound. 

A fourth hypothesis, topical application of 40 ng of mEGF will increase 

the protein/DNA ratio in keratinocytes adjacent to and covering the 

wound, was tested since EGF is reported to be a potent mitogen increas

ing DNA synthesis and increasing intracellular protein. 

Using a modification of the Winter method, 82 wounds were created 

on the backs of ten young Yorkshire mix pigs in order to simulate the 

healing of two wounds over time. Mouse EGF was applied every two hours 

for six hours then every six hours for 48 hours (total of 54 hours) and 

0.9 percent sodium chloride was applied to the control wounds in identi

cal fashion. 
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Tissue obtained from randomly assigned timed biopsies was exam

ined histologically for the migration, mitosis, and differentiation of 

the keratinocytes. In addition, a portion of each biopsy was utilized 

for determination of protein/DNA ratio. 

Dependent t-tests of means showed no statistically significant 

differences between mEGF treated experimental and control wounds. There

fore, none of the hypotheses were supported. Graphic presentation of 

the data does indicate differences at specific points especially in the 

first 18-48 hours post-wounding. 

The pig was found to be a satisfactory model for controlled 

studies since the epidermal tissue is similar and the animals are rela

tively inexpensive, readily available, and become domesticated or 

relatively easy to handle in a short period of time. 



CHAPTER 1 

INTRODUCTION 

Many nursing hours are consumed by activities aimed at preven

ting, treating, and/or monitoring the healing of wounds. A number of 

nursing treatments for pressure sores or decubitus ulcers and chronic 

leg ulcers are found in the literature; among these are karaya powder, 

a vegetable gum powder (Wallace and Hayter, 1974); Maalox, an antacid 

(Merlino, 1969); insulin, an anabolic producing naturally occurring 

polypeptide hormone (VanOrt and Gerber, 1976); sugar (Rostenberg, 

Wasserman, and Medansky, 1958); hydrogen peroxide, a local debriding 

and antiseptic (Merlino, 1969); and Debrisan (Dextranomer) hydrophilic 
0 .  

beads. Almost without exception the above treatments are best classi

fied as "reports of technique" and are not based on research at the 

histological or biochemical level. 

Wound healing is a composite phenomenon of distinct yet inter

related phases: epithelialization, contraction, and fibrous healing. 

The epithelialization phase or reepithelialization *of the wound is the 

result of the migration of epidermal cells over the wound, mitosis of 

cells 15 to 20 cell lengths from the edge to replace the lost cells, 

and differentiation of the new cells. Subtleties of the wound healing 

process, i.e., migration, mitosis, and differentiation of epidermal 

cells, can only be evaluated at the histological and biochemical level. 

1 
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The dearth of nursing research studies on wound healing at the cellular 

and/or histological level can probably be attributed to one or a combi

nation of the following: (1) the ethics and risk involved in repeated 

biopsy of wounds in humans; (2) the legal limits of current nursing 

practice which do not allow surgery, i.e., biopsies, by nurses; and (3) 

the lack of nurses educationally prepared to pursue histological 

studies. While it is not possible to generalize directly from animals 

to humans, the use of an appropriately chosen animal model can provide 

subjects for nurses interested in research studies of wound healing at 

the histological and biochemical level. 

Pigs have been utilized as experimental animal models for 

studies on nutrition, radiation effects, experimental surgery, and 

atherosclerosis and the findings extrapolated to humans (Mitruka, 

Rawnsley, and Vadehra, 1976). Mitruka et al. (1976, p. 47) also noted 

that, "during the past two decades, the pig has become an important 

experimental animal due in part to the development of miniature pigs 

and germfree gnotobiotic animals." 

Pigs have also been used to study wound healing (Winter, 1972). 

Porcine skin is said to resemble human skin more closely than does the 

skin of any common small laboratory animal (Hartwell, 1955). Montagna 

and Yun (1963), in their histological and histochemical study of the 

skin of the domestic pig, offered words of caution and pointed out while 

there are similarities between the skin of man and the pig, i.e., sparse 

pilage and elaborate understructure ridges, there are many dissimilar

ities, i.e., poor vascularization of the dermis and hair follicle of the 



pig, and that one should emphasize the fact that the closeness of re

semblance of pig skin to human skin is in relation to the skin of other 

laboratory animals. The closest biological fit to the skin of man would 

be that of other primates. 

No single initiator or promoter of wound healing has been iso

lated. While epidermal chalones are believed to function as a modulator 

of epidermal proliferation, their role in epidermal wound healing has 

not been reported. Epidermal growth factor (EGF), a naturally occurring 

polypeptide has been reported to promote epidermal growth in vitro. 

Specifically, work with this factor in vitro revealed that it increased 

the life of keratinocytes (Rheinwald and Green, 1977) and decreased the 

need for serum factors (Gospodarowicz, 111, and Birdwell, 1977). In 

vivo, the application of EGF has been reported to increase proliferation 

and differentiation of epidermal tissue in newborn mice (Cohen and 

Taylor, 1972) and to enhance the healing of corneal wounds in rabbits 

(Frati, Daniele, Delogu, and Covelli, 1972). Though originally found 

in the submaxillary gland of male mice, EGF has now been found in the 

urine of humans and its amino acid sequence characterized (Cohen and 

Carpenter, 1975). Studies have also shown EGF to be a potent mitogen 

for fibroblasts (Cohen, Carpenter, and Lembach, 1975). 

Statement of the Problem 

To date no reports document the in_ vivo effects of application 

of EGF to epidermal wounds of animals in order to determine if it will 

promote wound healing. The problem this study was designed to answer 
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is: Does the topical application of mouse epidermal growth factor in

crease the rate of healing of epidermal wounds in the domestic pig? 

Statement of Purpose 

This study was a preliminary step toward clinical studies of 

wound healing and is expected to assist in further elucidating the 

physiological functions and perhaps, therapeutic use of epidermal growth 

factor. As a secondary outcome, the study offered an opportunity to 

evaluate the feasibility in terms of availability, cost, and manage

ability of the pig as an animal model for controlled investigation of 

clinical nursing problems. 

Significance 

Nurses provide the majority of care for pressure sores, vascu

lar ulcerations, surgical, and traumatic wounds. While the wounds are 

usually seen initially by a physician, it is the nurse who does the 

actual care. 

An appreciation for the scope of the pressure sore problem can 

be gained from the following discussion. A 1975 nursing inventory of 

5,648 patients in three hospitals found 152 patients (2.69 percent) with 

pressure sores (Gerson, 1975). An audit of 18,000 persons admitted at 

St. Luke's Hospital Center in New York City in 1973 found 262 (1.5 per

cent) patients with pressure sores (Rubin, Dietz, and Abruzzisi, 1974). 

Peterson and Bittman's (1971) study of the county of Arhus in Denmark 

showed that 43.1 patients per 100,000 of the population had pressure 

sores. 
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Debilitation and/or immobilization increases the incidence of 

pressure sores. Spence (1967) reported approximately 80 percent of all 

spinal cord injured patients at some time having had a pressure sore. 

The incidence of pressure sores in World War II paraplegics, according 

to Kosiak (1959), ranged from 57 percent to 85 percent. 

If institutionalized, the older aged person is particularly 

vulnerable to the development of pressure sores. Williams (1972) found 

that 26.9 percent of institutionalized older people (n=26) developed 

pressure sores. A comparable figure of 24 percent (n=250) was found by 

Norton, McLaren, and Exton-Smith (1962). In a review of the incidence 

of pressure sores, Shannon (1978) suggested that approximately five 

percent of the one million people hospitalized in the United States in 

1978 will develop pressure sores. 

In addition to causing pain and disfigurement to people who have 

them, pressure sores are also an economic problem. In 1966 it was esti

mated that pressure sores increased the cost of medical care for each 

patient so afflicted by $5,000 (Schill and Wolcott, 1966). Spence 

(1967) estimated that the cost per patient ranged from $2,000 to $10,000. 

At the current rate of inflationary health care cost, coupled with the 

increase in survival of a geriatric or very old age population of per

sons with limited mobility, the projected cost of care of people with 

pressure wounds has the potential to be a staggering economic problem. 

Chronic ulceration of the lower leg is another example of wounds 

cared for almost totally by nurses. The actual incidence of the occur

rence of leg ulcers is difficult to ferret out as these ulcers are 
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usually included in statistics of vascular diseases. Peachey (1977) 

reported the incidence of severe venous insufficiency ulcers in the 

Basle study (n=4,422 healthy working adults aged 20 to 70 years) at 1.1 

percent for men and 1.4 percent for women. Leg ulcers, like pressure 

sores, heal poorly and even after surgical repair have a high recur

rence rate. 
* 

A third type wound, surgical and traumatic wounds, also consume 

many nursing hours. For example, in one southwestern United States 

health science center, 3,346 surgeries were performed between December 

1977 and November 1978 (Barnes, 1978). The majority of these surgical 

wounds required care by nurses. In addition, the records reflected 

that three percent of these wounds became infected, increasing further 

both nursing time and money required for wound care (Lowe, 1978). 

Although the creation of wounds that are identical to pressure 

sores and vascular ulcers may be difficult, it is possible to use 

similar wounds that have been created in the pig to investigate the 

effect of nursing treatments on the wound. Studies of wound healing 

in a controlled situation, wounds created on the pig, may eventually 

allow for critical selection and utilization of the nursing treatments. 



CHAPTER 2 

REVIEW OF LITERATURE 

Wound healing is a complex biological activity composed of a 

number of interrelated processes involving epidermal, dermal, and con

nective tissue elements. Therefore, the first part of this literature 

review presents an overview of the structural and functional activities 

of the epidermis associated with wound healing. (It is recognized that 

this is an arbitrary and perhaps, artificial separation, for without 

dermal and connective tissue elements, the epidermis would be unable to 

sustain its functions.) Activities of dermal and connective tissue 

elements have been reviewed extensively by others (Ross and Odland, 

1968; Schilling, 1968; Peacock and Van Winkle, 1976; Gabbiani and 

Montando, 1977) and are not reviewed here. Part two of the review 

covers the process of epidermal wound healing. The third part of the 

review is a discussion of the structure and biological activities of 

epidermal growth factor. The fourth part of the review discusses the 

selection of the animal model and presents a model to summarize the 

review and make explicit the relationships tested in the study. 

The Epidermis 

The epidermis is a tissue which is constantly being renewed via 

a highly organized kinetic system in which the cells divide, migrate, 

differentiate, and die. As an organ, the skin comprises approximately 

7 



8 

one-twelfth of the total body mass and is second only to the vascular 

system in surface area. Functioning as more than a sheath of tissue 

isolating the internal structures of the body from the outside environ

ment, the skin as a whole functions in (1) protection; (2) sensation; 

(3) excretion; (4) temperature regulation; and (5) food reserve 

(Gillman, 1970). Traditionally subdivided into epidermis and dermis, 

close examination of the above stated functions reveals that the major

ity are functions of the epidermis. Cells of the dermal papillae exert 

a definite influence on the epidermis and it is from the dermis that the 

epidermis receives its nervous, nutritional, and oxygen supply (Jarrett, 

1973). 

The epidermis of the skin is classified histologically as 

stratified squamous epithelium of the keratinizing type (Montagna, Hu, 

and Giacometti, 1967). The epidermis can be divided into two main 

layers, an outer layer of anucleate flattened cells, the stratum corne-

um, and an inner layer of moist, viable cells, the stratum germinativum. 

Proceeding from the innermost layer, the stratum germinativum can fur

ther be divided into three layers. These are: stratum basale, stratum 

spinosum, and stratum granulosum. 

Epidermal Wound Healing 

A number of wound models exist for studying the processes in

volved in their healing. These models have been classified as (1) 

wounds of incision or excision; (2) wounds creating artificial dead 

spaces; (3) wounds resulting from insertion or injection of agents that 

create a violent sterile inflammatory response; (4) burn wounds that 
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result from the controlled application of heat; and (5) cellular injury 

that results from the controlled use of ionizing radiation and light 

(Schilling, 1968). 

To study the process of epidermal wound healing, three basic 

types of wounds have been employed: (1) stripping of the stratum 

corneum with adhesive tape; (2) small incision, usually perpendicular 

to the long axis of the extremity; and (3) creation of shallow wounds 

by excision of the epidermis (Rovee et al., 1972; Schilling, 1968; 

Winter, 1972). It is the small incision, such as surgical incisions, 

and excision type wounds, such as skin grafts, that are encountered 

most in clinical nursing. Although chronic ulcerations such as 

decubitus ulcers and vascular ulcers consume many nursing hours, these 

wounds result from a multiplicity of factors and involve more than the 

epidermis. 

Winter (1962, 1972), using young domestic pigs, Rovee et al. 

(1972) and Odland and Ross (1968), using human subjects, have studied 

extensively the histological progress of the healing of epidermal 

wounds. Since the wounds created for this study were small excision 

wounds, a brief description of the gross appearance and histological 

processes of healing in this type wound are presented next. 

Grossly, when the small excision is completed, the wound bleeds 

only slightly and the blood soon coagulates. Shortly after excision 

the bleeding stops, the blood coagulates, and a straw colored fluid 

appears on the surface of the wound. The droplets of straw colored 

serum coalesce forming a moist layer that soon dries and after 24 hours 
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forms a rigid yellowish scab. The skin around the wound does not appear 

reddened nor overtly swollen. After the formation of the scab, the 

appearance remains essentially the same until the scab is shed about 

three weeks later (Odland and Ross, 1968; Rovee et al., 1972; Winter, 

1972). 

The histological dynamics of epidermal healing can be divided 

into three phases: (1) epithelial migration to cover the wound; (2) 

cell division to supply new cells replacing those lost by wounding; and 

(3) differentiation of a new epidermis, a true regenerative process re

establishing the various strata and functions of the tissue (Rovee 

et al., 1972). 

In general, the pattern of epidermal healing is one in which 

the missing epidermis is replaced by regeneration from the epidermis at 

the wound margins, the outer root sheath of hair follicles, and the duct 

walls of apocrine glands. The epidermal regeneration begins within 24 

hours, with small wounds being resurfaced in six to seven days. New 

connective tissue forms under the new epidermis with the most vigorous 

growth of the connective tissue occurring between the fifth and twelfth 

day during which the epidermis is hyperplastic. Beginning on about the 

twelfth day there is a gradual reorganization and maturing of the newly 

formed tissues (Winter, 1972). In humans the process of wound repair 

occurs with histologically recognizable alterations for quite some time 

after the wound has healed (Rovee et al., 1972). In Winter's immature 

pigs true regeneration occurred with no recognizable alterations in the 

tissue at the completion of the healing process (Winter, 1972). 



Epidermal Migration 

Upon histological examination of the wound, the earliest detect

able change is thickening of the epidermis remaining at the wound margin 

adjacent to the early clot. This thickening appears to be due to an 

increase in volume of the epidermal cells adjacent to the wound. There 

is no sign of mass migration or movement at eight hours. There may be 

up to 0.1 mm of new epidermis extending from the wound edge at 18 hours. 

There is usually no movement of cells from hair follicles until after 

24 hours (Winter, 1972). Distinct cytoplasmic processes that project 

toward the clot from the cut edge of the epidermis can be seen at 24 

hours. Between 24 and 48 hours, the epidermis begins to migrate from 

the wound edge toward the center of the wound. Migration appears to 

proceed symmetrically from both sides. This symmetry of movement from 

both sides towards the center of the wound gives the appearance of a 

pair of wedges directed toward each other (Odland and Ross, 1968). 

Electron microscopy of the migrating epidermal cells shows these 

cells to have fewer filaments than normal epidermal cells. There ap

pears to be an increase in the number of Golgi Complexes as well as 

smooth and rough endoplasmic reticulum. The free edge of leading cells 

exhibit pseudopodial and microvillus projections. The cytoplasmic pro

jections contain no organelles except rosettes of free ribosomes and 

scanty amounts of tonofilaments (Odland and Ross, 1968; Martinez, 1972). 

Some of the migrating epidermal cells appear to have phagolysosomes con

taining fibrin and cellular debris suggestive of phagocytosis by the 

epithelial cells. There appears to be few desmosomes but the cells 
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migrate as a group connected by small infrequently occurring desmosomes. 

The intercellular spaces are wide between the cells at the leading edge. 

Using the fibrin network the cells of the leading edge fan out in all 

directions (Odland and Ross, 1968). Migration of the epidermal cells 

continues until the cells from opposing sides touch. Microvilli of the 

opposing cells come in contact with one another and when this happens 

desmosomes are seen to form between the two cells. 

The rate of migration of the epidermal cells has been calcu

lated to be about one cell diameter per hour (Winter, 1972). Both the 

basal and supra-basal cells have been shown to exhibit migration 

(Martinez, 1972; Winter, 1972). Winter (1972) reported that occluded 

wounds in immature pigs showed 0.72 percent reepithelialization at 18 

hours, three percent at 24 hours, 38 percent at three days, and 99 per

cent at six days. 

Mitosis 

Mitosis is not seen to occur at the actively migrating edge but 

is observed occurring 15 to 20 or more cell widths proximal to the tips. 

The mitotic activity reaches a peak at about 48 hours when it can be 

seen to increase as much as 18 fold (Argyris, 1976; Rovee et al., 1972). 

A rapid decrease is seen in mitotic activity after its peak and by the 

time reepithelialization is completed, the activity is only three to 

four fold increased. The increased mitotic rate continues for another 

three to four days following reepithelialization (Rovee et al., 1972). 

Rovee et al. (1972) reported the mitotic index (MI) for normal, intact 

back epidermis in man ranged from 0.38 to 0.50. The MI of the wounds 
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was reported to have a mean of 1.4 at day one, 11.68 at day two, 12.63 

at day three, 7.38 at day four, and by day seven the MI had fallen to 

5.13 in standard non-occluded wounds. Winter (1972) found that the peak 

mitotic activity in wounds with no dressing occurred after 48 hours when 

in the millimeter of epidermis adjacent to the wound there was about 17 

times more activity than in the undisturbed epidermis. 

Epidermal Differentiation 

Keratinization appears first at the periphery of the regener

ating epithelium near the original wound edge. Only after the epitheli

al sheet has covered the entire wound and again becomes striated does 

there appear keratohyalin granules (markers of differentiation) in the 

upper layers near the center of the wound (Odland and Ross, 1968). 

Electron microscopy of the upper layers of the new differenti

ating epidermis reveals no stratum granulosum initially; neither 

membrane-coating granules nor keratinohyalin granules are present. The 

surface cells contain nuclear remnants as they become flattened beneath 

the wound crust or scab. These "parakeratotic" cells are seen to con

tain clumps of densely stained tonofilaments, residues of phagocytic 

inclusions, and aggregates of ribosomes (Odland and Ross, 1968; Winter, 

1972). Rovee et al. (1972) reported that occluded wounds when re-

epithelialized initially have a parakeratotic stratum corneum and an 

apparently normal stratum granulosum with keratohyalin granules present. 
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Epidermal Growth Factor 

Epidermal growth factor (EGF) was first isolated from extracts 

of male mouse submaxillary glands by Cohen in 1962 (Cohen and Taylor, 

1972). In 1975 Cohen reported the isolation and characterization of 

human epidermal growth factor (hEGF) from the urine of pregnant women 

(Cohen and Carpenter, 1975)• 

Structure 

Mouse epidermal growth factor (mEGF) is a single chain, 53 amino 

acid polypeptide with a molecular weight of 6,045 daltons. The amino 

acid sequence and location of the three disulfide bonds that appear to 

be necessary for full activity have been reported (Cohen and Taylor, 

1972). Human epidermal growth factor (hEGF) has a molecular weight of 

approximately 5,400 daltons. hEGF has a different amino acid sequence 

and immunological and electrophoretical properties from those of mEGF. 

Despite what seems to be a species difference in structure, mEGF and 

hEGF exhibit similar biological activities including competition of 

2.25 125 
hEGF for I-labeled mEGF ( I-mEGF) receptor sites (Carpenter and 

Cohen, 1976). 

Biological Activity 

Known initially as mouse eyelid factor, mEGF when injected sub-

cutaneously results in precocious opening of the eyelids and eruption 

of the incisors in newborn mice. (Cohen and Taylor, 1972). The preco

cious opening of the eyelids and incisor eruption is ascribed to an 

enhancement of epidermal growth and keratinization (Cohen and Taylor, 



1972). mEGF has also been reported to stimulate the proliferation of 

corneal epithelium when applied topically to the eyes of rabbits with 

corneal wounds (Frati et al., 1972; Savage and Cohen, 1973). 

The effects of mEGF on skin cells grown in culture have been 

studied using explants of skin from chick embryo, mice, and humans 

(Cohen,and Taylor, 1972; Rheinwald and Green, 1977). In these in vitro 

studies, mEGF and hEGF both produced a total net protein and RNA in

crease. All the explants responded in the same manner suggesting that 

the factor is not species specific (Cohen, Carpenter, and Lembach, 

1975). Rheinwald and Green (1977) reported that mEGF when added to 

cultivated keratinocytes derived from foreskin of newborn humans in

creased the culture life from 50 to 150 generations. This effect they 

suggest is the result of increasing the distance of the multiplying 

cells from obligatory terminal differentiation (Rheinwald and Green, 

1977) . 

In addition to its effect on epidermal tissue, EGF has been re

ported to be a potent mitogen, increasing DNA synthesis in fibroblasts 

grown in culture (Gospodarowicz et al., 1977; Cohen and Carpenter, 

1975). Gospodarowicz et al. (1977) reported that EGF was an even more 

potent mitogen in ovarian granulosa cells than fibroblastic growth . 

factor (FGF). EGF stimulated a maximum response in DNA synthesis at 

0.1 ng/ml while maximum response for FGF required 5 ng/ml 

(Gospodarowicz et al., 1977). 

Epidermal growth factor is reported to decrease the amount of 

serum needed by cells in culture. Cohen et al. (1975) found that the 



addition of EGF to cultures preincubated in serum free medium induced 

negligible increase in DNA replication, but that a marked synergistic 

effect on DNA replication was observed when the growth factor was added 

to cell cultures in the presence of low concentrations of serum, which 

alone did not significantly enhance synthesis (Cohen et al., 1975). 

Gospodarowicz et al. (1977) reported that in granulosa cells grown in 

culture with varying amounts of serum, EGF or FGF in the presence of 

one percent calf serum was as potent as 10 percent calf serum. Cultures 

grown in one percent serum alone grew slowly, doubling in cell number 

every two to three days, but when FGF or EGF was added the doubling time 

dropped to 20 hours for EGF and 16 hours for FGF (Gospodarowicz et al., 

1977) . 

Gregory (1975) reported that urogastrone, a potent inhibitor of 

gastric acid secretion, and mouse epidermal growth factor showed close 

structural similarities and biological properties. Thirty-seven of the 

53 amino acid residues comprising the molecules are common to both pep

tides. In addition, EGF was reported to inhibit gastric acid secretion 

and urogastrone administered subcutaneously resulted in the early open

ing of' the eyelids in young mice. 

Binding, Internalization, and Degradation 

Autoradiography (Carpenter and Cohen, 1976; O'Keefe, Hollenberg, 

and Cuatrecasas, 1974; Cohen et al., 1979; Gorden et al., 1978; Fox 

et al., 1979), electron microscopy (Carpenter and Cohen, 1976; McKanna, 

Haigler, and Cohen, 1979), and photoaffinity labeling (Das and Fox, 
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1978; Das et al., 1977; Fox et al., 1979) have been used to study the 

binding, internalization, and degradation of EGF. 

O'Keefe et al. (1974), in evaluating the binding of EGF to a 

variety of membranes and cells found that EGF bound specifically to 

cells and membranes from rat liver, human placenta, human skin fibro

blasts, mouse chondrocytes, and HeLa cells. Fat cells, cultured rat 

hepatoma cells, and mammary cells from virgin and pregnant mice bound 

little or no EGF (O'Keefe et al., 1974). 

Studies using both mEGF and hEGF indicate the presence of speci

fic receptors for EGF (Cohen and Carpenter, 1975; O'Keefe et al., 1974). 

The presence of ovine prolactin, ovine follicle stimulating hormone, 

ovine thyrotropin, bovine insulin glucagon, chorionic gonadatropin, or 

nerve growth factor (NGF) even in 1,000 fold excess did not inhibit the 

125 
ability of I-EGF to bind to human fibroblasts in culture (Cohen and 

125 
Carpenter, 1975; O'Keefe et al., 1974). At 37°C I-EGF has been re

ported to reach maximum binding to human fibroblasts after incubation 

of 30 to 40 minutes at 37°C and 2.5 hours at 0°C. The binding process 

is reported to be saturable with maximum binding at approximately 

8 ng/ml and half maximum binding at 1.8 ng/ml (Cohen and Carpenter, 

1975; O'Keefe et al., 1974). 

EGF receptors are reported to show down regulation similar to 

that which occurs with another polypeptide, insulin. Cohen et al. 

(1979) report that cells incubated for six hours at 37°C with hormone 

(EGF) and then washed were unable to bind fresh hormone. Further, upon 

removal of the hormone and addition of serum to down-regulated cells, 
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receptor activity was recovered 100 percent within nine hours (Cohen 

et al., 1979). 

Rheinwald and Green (1977) reported observing changes in their 

keratinocyte cultures with the addition of EGF in concentrations as low 

as 0.3 ng/ml. Chen et al. (1977) reported that in cultures of 3T3 mouse 

cells a concentration of 1 ng/ml added to 0.7 percent serum restored the 

LETS proteins (cell surface glycoprotein) to the cell surface of cells 

that had lost the LETS protein when grown in 0.7 percent serum alone. 

In these same cultures, 0.5 ng/ml caused an increase in ^H-thymidine 

incorporation into DNA but did not cause the reappearance of the LETS 

protein. A concentration of 50 ng/ml of EGF reportedly altered the 

morphology of the 3T3 cells (Chen et al., 1977). Rheinwald and Green 

(1977) also noted that in higher concentrations of EGF, their colonies 

of keratinocytes sometimes acquired a shredded appearance and growth was 

retarded. 

125 
I-EGF is reported to initially bind to the plasma membrane of 

human fibroblasts and then in a time and temperature dependent fashion 

be internalized by absorptive pinocytosis (Carpenter and Cohen, 1976). 

Under steady-state conditions approximately 30 percent of the labeled 

material was on the plasma membrane while approximately 66 percent was 

intracellular (Gorden et al., 1978). Gorden et al. (1978) further re

port that there is a progressive internalization of grains to lysosomal 

structures. No evidence for labeling of other intercellular structures, 

i.e., rough endoplasmic reticulum, mitochondria, or nuclei, was seen. 

McKanna, Haigler, and Cohen (1979), using an EGF-ferritin conjugate to 
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investigate the binding and internalization of EGF, reported that after 

2.5 minutes at 37°C 32 percent of the cell-bound EGF-ferritin was 

located in lysosomal structures and that 84 percent of the cell-bound 

ferritin was located in those same structures after 30 minutes. 

Carpenter and Cohen (1976) found that the radioactive material 

released into the medium of cells grown at 0°C and 37°C showed two peaks 
4 

on gel filtration: a high molecular weight fraction corresponding to 

125 
that of intact I-EGF and a low molecular weight fraction correspon

ding to that of monoiodotyrosine. Essentially all of the radioactivity 

125 
released at 0°C had the same elution volume as intact I-EGF, while 

at 37°C most of the radioactivity released was of the low molecular 

weight form. The low molecular weight material was identified as 80-85 

225 125 
percent ( I)monoiodotyrosine and 5-10 perccnt ( I)diiodotyrosine. 

125 
These data indicate that at 0°C cell-bound I-EGF dissociates from the 

cell as an intact molecule whereas at 37°C most of the cell-bound 

125 
I-EGF is rapidly degraded before the release of radioactivity from 

the cell (Carpenter and Cohen, 1976). 

Fox et al. (1979), using photoaffinity labeling, report that 

when methyl-3 (p-azidophenyl)dithiopropionimidate-EGF (PAPDIP-EGF) was 

bound to cells at 0°C then the cells incubated at 37°C after photolysis, 

three low molecular weight products were found on SES-polyacrylamide 

gels. These products cofractionated with the lysosomes upon subcellular 

fractionation and the kinetics of their appearance paralleled the kinet

ics of the disappearance of a 190,000 dalton component. The 190,000 

dalton component and the EGF receptor are closely coupled in response 



to EGF and it is suggested that the component and the EGF receptor are 

one and the same or share a close physical association (Fox et al., 

1979). 

Das and Fox (1978) and Fox et'al. (1979) have proposed an endo-

cytic activation model for explaining the possible mechanism whereby 

the EGF-receptor complex acts as a mitogen in Swiss mouse 3T3 cells. 

These investigators suggest that hormone action (EGF) leads to internal

ization of both ligand and receptor. The receptor and other proteins 

internalized with the receptor are processed by lysosomal proteases, 

leading to activation in one of two ways: (1) either the products pro

duced by proteolysis are converted from proenzymes to enzymes, which in 

turn catalyze the production of second messengers; or (2) internalized 

and cleaved proteins are themselves the second messengers acting 

directly either in a lysosomal-associated or lysosomal-dissociated form 

(Das and Fox, 1978; Fox et al., 1979). The second messenger, it is 

proposed, drives the cell through G^ and commits it to enter the S phase 

of the cell cycle (Das and Fox, 1978). 

Carpenter, King, and Cohen (1978) and Cohen et al. (1979) report

ed that the presence of EGF in the culture media of A-431 tumor cells 

(a human epidermoid carcinoma cell line) stimulated the phosphorylation 

of membranes. In the presence of EGF the initial rate of phosphoryla-

32 
tion is reported to have increased from 16.7 to 50.0 pmole of [ P] 

32 
phosphate/minute/mg protein in membranes incubated with [- P1 ATP. 

Further, partial acid hydrolysis of the phosphorylated membranes and 

electrophoresis of the mixture showed that the major phosphorylated 
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product was phosphothreonine, in both the control and EGF-dependent re

action, indicating that the observed phosphorylations are directed 

mainly toward protein substrations (Carpenter et al., 1978). The capac

ity of the A-431 membranes to phosphorylate endogenous and exogenous 

proteins is markedly enhanced in the presence of EGF (Carpenter et al-, 

1978; Cohen et al., 1979). However, membrane components for which 

phosphorylation was increased in the presence of EGF seemed to be phos-

phorylated in the absence of the growth factor, but to a lesser extent. 

Like Das and Fox (1978) and Fox et al. (1979), Carpenter et al. (1978) 

and Cohen et al. (1979) are uncertain as to the mechanism by which EGF 

enhances phosphorylation but suggest that the receptor may be a protein 

kinase, a regulatory subunit of a protein kinase or a regulator of phos-

phoprotein phosphate. Although the internalization of the EGF-receptor 

complex has been reported, the stage or stages in the binding and in

ternalization of EGF where intracellular signals are generated which 

regulate cell growth are unknown. Carpenter et al. (1978) suggest that 

the phosphorylation of membrane or membrane-associated components may be 

an initial event in the signals. 

The final section of the literature review presents a discussion 

of the animal model and a hypothesized model to summarize the review and 

state the relationships tested in the study. 

Choice of Animal Model 

Mitruka, Rawnsley, and Vadehra (1976, p. 6) stated, "It is 

important that the animal species be chosen carefully for any experiment 

in order to prevent the waste of many animal lives and the time, effort, 
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and money of the researcher." Though a number of small laboratory 

animals (rats, rabbits, mice, and guinea pigs) have been used in studies 

of epidermal wounds, the domestic pig (Sus scrofu domestica) was 

selected for this study for the following reasons: 

1. Domestic pigs have been used by other investigators in study

ing the healing of epidermal wounds (Winter, 1972). 

2. The skin of the pig resembles human skin in 

a. the relative thickness of the dermis and epidermis; 

b. the presence of epidermal ridges; 

c. the presence of a distinct dermal papillary layer; 

d. the sparsity of hair; and 

e. the presence of apocrine sweat glands even though eccrine 

sweat glands are absent. 

3. The availability of primates is limited and the cost of 

securing and maintaining the primates is expensive as compared 

to pigs. 

Hypothesized Model 

Figure 1, an extension of the endocytic activation model of 

Fox et al. (1979) summarizes the findings of others and represents the 

current understanding of EGF-cellular interaction. In the model EGF 

present in the extracellular fluid is seen at 37°C to bind to it 

receptor resulting in phosphorylation of the membrane. Approximately 

2.5 minutes later the EGF-receptor complex is internalized and within 

30 minutes it is located in the lysosome. A second messenger that 

arises from either products produced by proteolysis in the lysosomes, 



Figure 1. Hypothesized model 

(1) Binding of EGF to its receptor results in (2) 
phosphorylation of membranes, (3) internalization of the 
EGF-receptor complex followed by (4) degradation of the 
EGF-receptor complex and exocytosis of low molecular 
weight materials. Either phosphorylation of the membrane 
protein or degradation of the EGF-receptor complex func
tions as a (5) second messenger increasing (6) DNA, (7) 
ENA, and (8) protein synthesis. The effect of increased 
DNA, RNA, and protein synthesis on migration, mitosis, 
and differentiation of epidermal cells and epidermal 
wound healing is the question to be answered in this 
study. 
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cleaved proteins themselves, or phosphorylation of the membrane, results 

in DNA, RNA, and protein synthesis and ultimately cell proliferation. 

The question addressed in this study is whether or not the 

mechanisms, known or unknown, initiated by the EGF-receptor interaction 

will increase the migration, mitosis, and differentiation of epidermal 

cells. If the migration, mitosis, and differentiation is increased 

then the reepithelialization of the wound should occur more rapidly 

resulting in an increase in the rate of healing of the epidermal wound 

and regeneration of the tissue. 



CHAPTER 3 

THEORETICAL FRAMEWORK AND HYPOTHESES 

Nursing as a profession is endeavoring to strengthen its 

scientific base and as a means of accomplishing this task the formaliza

tion and testing of theory (Gibbs, 1972) is viewed as of utmost impor

tance. The purpose of specifying theory models includes identification 

of the connections which the relationships of interest have with the 

rest of science as well as identification of the potential for future 

generalizability. The reader is referred to Gibbs (1972) for an in-

depth discussion of formalization and testing of theory. 

The following theoretical discussion, using the elements of 

theory as defined by Gibbs (1972), is presented to summarize the liter

ature and make explicit the relationships tested in this study. The 

unit of analysis was epidermal cells at the edge of an epidermal wound. 

Construct Level 

The process of regeneration was the construct of interest. 

Winter (1972, p. 4) stated "that the wounded epidermis in young pigs 

healed by regeneration since there were no observable changes grossly 

or histologically following the healing of epidermal wounds." The 

initiators of regeneration are not fully understood, however, there is 

replacement of missing tissue implying an increase in cell number. 

Cell number increases and tissue growth occur by one of two processes: 

25 
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(1) increase division or mitotic activity of cells, and/or (2) a de

crease in cell death by prolonging cell life. 

Mitogens are defined as initiators of DNA synthesis and cell 

proliferation or growth. There are a number of non-nutrient factors 

that have been reported to be mitogenic (FGF, EGF, PGF). The mechanism 

whereby these factors initiate DNA synthesis and cell proliferation is 

not fully understood. 

By combining the findings from the above literature, the pro

posed relationship at the construct level can be stated as the following 

axiom: The regeneration of tissue increases as the concentration of 

mitogen increases. 

Conceptual Level 

Epidermal wound healing is a form of regeneration whereby the 

cells at the edges of the wound replace the tissue lost. The replace

ment of the lost tissue is by a process of cell migration and division 

or mitosis to replace the cells or tissue lost and differentiation 

establishing the normal stratification and functioning of the tissue. 

Epidermal growth factor (EGF) is a polypeptide that is reported 

to be mitogenic, increasing DNA synthesis and proliferation in epitheli

al cells. In addition, EGF is reported to increase migration and dif

ferentiation of keratinocytes. 

Two postulated relationships can be derived from the above dis

cussion: (1) regeneration increases as epidermal wound healing in

creases and (2) mitogenic activities—DNA synthesis and cell 

proliferation—increase as EGF increases until receptor saturation 
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occurs. In addition, a direct proposition that states epidermal wound 

healing increases as EGF increases until receptors are saturated and 

down regulation occurs can be derived. 

Empirical Level 

Keratinocyte or epidermal cell migration, mitosis, and differ

entiation are essential to epidermal wound healing. The initial step 

in epidermal wound healing is the migration of those cells at the wound 

edge. At 48 hours post-wounding, the peak of mitotic activity can be 

seen to occur 15-20 cell lengths.back from the edge. Differentiation 

of the keratinocytes occurs only after the cells from the edges are 

again in contact. Since each of these activities can be measured, the 

indices for determining the healing is migration of cells over the 

wound, mitosis of cells adjacent to the wound, and differentiation of 

cells over the wound. An additional measurement obtained is the 

protein/DNA ratio. This measure indexes the mitogenic response of the 

tissue to EGF and thereby indirectly reflects wound healing. 

The concentration of EGF in ng/ml is the index of interest. 

The proposed validity links between conceptual and operational levels 

are: 

1. Epidermal wound healing increases as the migration, mitosis, 

and differentiation of keratinocytes increase. 

2. Epidermal growth factor availability increases as the concen

tration (ng/ml) of EGF increases. 
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The theorem proposed is: As the concentration of EGF increases, the 

migration, mitosis, and differentiation of keratinocytes increase. 

Measurement 

The migration of cells over the wound can be expressed as a 

percentage of the wound covered (mm covered) . 
(mm total wound) 

Mitosis of cells can be expressed as the mitotic index 

(number of cells in mitosis). 
(total cells counted) 

Differentiation of cells is determined by the appearance of 

keratinohyalin granules in the keratinocytes. 

The mitotic activity and/or DNA synthesis of cells can be 

evaluated by protein/DNA ratio. 

Hypotheses 

The following hypotheses were tested: 

1. Topical application of 40 ng mEGF will increase the migration 

of keratinocytes over the wound. 

2. Topical application of 40 ng mEGF will increase the mitotic 

index. 

3. Topical application of 40 ng mEGF will increase the differ

entiation of keratinocytes over the wound. 

4. Topical application of 40 ng mEGF will increase the protein/DNA 

ratio in keratinocytes adjacent to and covering the wound. 



CHAPTER 4 

METHODS AND MATERIALS 

The study design, subject selection, maintenance, treatment, 

methods of procedure, data collection and analysis are presented in this 

chapter. Prior to implementing the research, approval to use animals 

(Sus scrofa domestica) as subjects was requested and obtained from The 

University of Arizona Laboratory Animal Committee. A sample of the 

approval form is found in Appendix A. In addition, a pilot study was 

performed on one pig in order to work out procedures for wound creation, 

application of growth factor, biopsy, and tissue processing for light 

microscopy. Additional details of the pilot (Gill, 1979) may be found 

in Appendix B. 

Design 

An experimental design was used to test the hypotheses of this 

study. The control and experimental wound for each biopsy time was on 

the same animal. The control and experimental wounds received the same 

treatment except the solutions applied to the control wound did not 

contain epidermal growth factor. 

Subjects 

Ten young (2 to 3 months old) castrated Yorkshire mix pigs 

ranging in weight from 22.7 to 28.2 kilograms were purchased from The 

29 
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Arizona Hog Company (Green Valley, Arizona 85614). Since the pigs were 

selected by weight and age from the lot and were not necessarily litter 

mates, they were purchased as two groups at two different times in an 

effort to match as closely as possible the age and weight of the pigs 

within the two groups. Group 1 was composed of six pigs purchased in 

early August 1979. Group 2 was composed of four pigs purchased in mid-

September 1979. A description of the animals by group is found in 

Table 1. Only white pigs were purchased for group 2 because pigment 

in the tissue from black and red animals in group 1 did not readily go 

into solution in sodium hydroxide preparatory to assaying for total 

protein determination. 

Five days prior to beginning the study the animals were brought 

to the Division of Animal Resources, The University of Arizona Health 

Sciences Center. Initially all pigs were housed together in one cage. 

However, since it is common knowledge that young pigs gnaw or chew on 

each other, after the start of the experiment (post-wounding) each pig 
» 

was housed in an individual cage. Prior to and during the experiment 

subjects were fed the standard diet of the Animal Resources Center 

which was A-F 16% pig grower pellets (Arizona Feeds, Tucson, Arizona 

85703). The investigator visited with and fed the pigs small amounts 

(one apple between 4-6 pigs) two to three times a day for five days 

before and during the study in order to familiarize them with being 

held. 



Table 1. Description of subjects 
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Weight in 
Kilograms 

Group 1 

1 Solid white 24.45 kg 

0 

2 White with black spot on hind quarter 28.18 kg 
(all wounds in white area) 

3 Black with small amount of white 22.72 kg 

4 White with black spots 28.18 kg 
(wounds in white and black area) 

5 Solid red 22.72 kg 

6 Black with small amount of white 22.72 kg 

Group 2 

1 Solid white 26.36 kg 

2 Solid white 22.72 kg 

3 Solid white 23.63 kg 

4 Solid white 27.72 kg 

„ , . , Description 
Subjects . . . , 

(Coloration) 



Anesthesia and Pain Control 

No preanesthetic agents were administered to the pigs nor were 

they endotracheally intubated. A specially designed anesthesia mask, 

one that accommodated the structure of the pig's face, was used to ad

minister a Halothane U.S.P. (Halocarbon Laboratories, Inc., Hackensack, 

New Jersey 07602) and oxygen mixture inhalation anesthesia. The pigs 

were brought from the run or cage to the preparation table for induc

tion of anesthesia. Induction doses of anesthesia ranged from three 

percent to five percent Halothane and maintenance doses were from one 

to one and one-half percent. 

The pigs were anesthetized prior to initial scrubbing and clip

ping, prior to creation of wounds, and prior to biopsy of wounds. Pig 

three of group 1 had to be anesthetized on three occasions for applica

tion of the treatment solution because he could not be restrained by 

holding. None of the other pigs required anesthesia for treatment or 

dressing changes. In most instances the pigs were in a light plane of 

anesthesia and beginning to move by the time they were returned to 

their cages. 

Skin Preparation 

Three days prior to creation of the wounds, the pigs were 

anesthetized and their backs were clipped with electrical clippers. 

After clipping the backs were scrubbed three times with Ivor^ soap 

and rinsed thoroughly. On the day of surgery, the backs were again 

scrubbed three times with Ivor^ soap and rinsed thoroughly. 



33 

Creation of the Wound 

The method of excisional wounding described by Winter (1962, 

1972) to study epidermal wound healing was used with two modifications. 

One modification was the use of a dermatome rather than a scalpel to 

create the wound. The dermatome was a Davol/Simon cordless dermatome 

power handle with a disposable dermatome head(Davol Inc., Providence, 

Rhode Island 02940) preset to create a wound 1-5/16 inches (32.8mm) wide 

rather than 25 mm and 0.15 inches (.375mm) deep rather than .30mm. A 

new cutting head was used to create each wound. The second modification 

of Winter's procedure was randomization of wound biopsy times. 

Six pigs in group 1 had a total of 48 (24 control and 24 experi

mental) wounds in order to simulate the healing of one wound over a 12 

day period. The wounds on pig six were not randomly assigned since the 

decision to acquire additional biopsies at the specified times was made 

near the end of the first group after preliminary review of the tissue 

under light microscopy. 

Preliminary examination of tissue from group 1 under light micro

scopy revealed that wounds were reepithelialized at five days. Because 

of this finding, four pigs in group 2 were followed for five days. A 

total number of 34 wounds (17 control and 17 experimental) were created 

in order to simulate the healing of one wound over five days. 

All excisional wounds were created under clean surgical tech

nique in the surgical suite of the Animal Resources Center. An outline 

of the wounds was first marked on the backs of the pigs using a surgical 

skin marker to ensure uniformity in size of the wounds. A series of 



eight wounds was created on the backs of all pigs except for pig six of 

group 1 and pig three of group 2. These two pigs had 10 wounds each in 

order to accommodate the total number of wounds needed without using 

another animal. All experimental wounds were made on one side of the 

pig's back and all control wounds were made on the opposite side. A 

schematic representation of the pig showing the location of wounds is 

shown in Figure 2. The decision to place the wounds in this manner was 

based on findings from the pilot study; specifically, no matter how 

slowly or carefully the solution was applied, the slope of the wounds 

on the pigs' backs caused the solution to run from one wound into an

other (Gill, 1979). Not all pigs in a group were wounded on the same 

day. All pigs with exception of pig six in group 1 were wounded at 

noon either Monday or Thursday. Pig six was wounded at noon Tuesday. 

Wound Treatment 

Mouse epidermal growth factor (mEGF) (Collaborative Research, 

Inc., Waltham, Massachusetts 02154) was reconstituted as directed by 

adding 1 ml of 2X distilled water to the vial containing 100 }ig of mEGF 

powder. The reconstituted mEGF solution (100 pg/ml) was stored at 

-10°C. A fresh solution of 80 ng/ml mEGF was prepared each day in a 

quantity sufficient for application to all wounds. 

The procedure for application was as follows: (1) mEGF was 

thawed on ice; (2) 15 JJ of reconstituted mEGF (100 ;ag/ml) was pipeted 

using a combination of 5 and 10 ul Eppendorf pipets (Brinkman Instru

ments, Westbury, New York 11590) into a 250 ml Nalgene bottle contain

ing an aliquot of 18.75 ml of 0.9 percent sodium chloride and was 
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Figure 2. Schematic representation of the pig showing location of the wounds—control and . 
experimental wounds were approximately 60 mm apart. Each control and experimental 
wound was separated from its neighboring wound by approximately 35 mm. 



stored in an ice bucket on ice in the surgical suite during the day of 

application; and (3) using a Tuberculin syringe (Becton Dickinson and 

Company, Rutherford, New Jersey 07070), 0.5 ml mEGF (80 ng/ml) was 

applied to experimental wounds every two hours for six hours, then 

every six hours for 48 hours beginning immediately after wounding. 

Since all wounds sloped downward on the pigs1 backs, mEGF was applied 

slowly first at the upper edge of the wound followed by moving the 

syringe dropper across the wound in a horizontal back and forth pattern. 

Using this procedure the solution was applied over all the upper wound 

area which then allowed flow by gravity down to the lower wound area. 

Control wound solution (0.5 ml of 0.9 sodium chloride) was applied in 

exactly the same manner as the procedure described for experimental 

wounds. 

Wound Dressing 

Following creation of the wounds and after each treatment, 

wounds were covered with a sterile Telfa pad (The Kendall Company, 

B o s t o n ,  M a s s a c h u s e t t s  0 2 1 0 1 ) ,  f o l l o w e d  b y  a  l a y e r  o f  s t e r i l e  4 x 4  

gauze pads (Johnson & Johnson, New Brunswick, New Jersey 08903). Dress

ings were held in place by 11.5 inch x 7.5 inch Montgomery Straps 

(K) 
(Johnson & Johnson, New Brunswick, New Jersey 08903). Both Telfa pads 

and gauze pads were changed each time the wounds were treated. 

Montgomery straps were only changed when needed, that is when they 

came loose or became soiled. The wounds were kept dressed for three 

days (one day following completion of treatment) and then all dressings 

were removed. 



Data Collection 

Wounds were biopsied to obtain tissue for histological and bio

chemical analysis. Tissue obtained from wound biopsy was examined 

histologically for migration, mitosis, and differentiation of the 

keratinocytes. In addition to the histological examination, a portion 

of each biopsy was utilized for determination of the protein/DNA ratio. 

The times for biopsy were assigned numbers ranging from 1 

(immediately following wounding) to 19 (day 12 following wounding) for 

group 1 initially. The random order for biopsy of group 1 wounds is 

shown in Table 2. In group 2 assigned numbers ranged from 1 (six hours 

following wounding) to 17 (day 5 following wounding). The random order 

for biopsy of group 2 wounds is shown in Table 3. Using a table of 

random numbers, biopsy times were assigned to wounds and pigs (Tables 2 

and 3). Pig six of group 1 was not included in the randomization pro

cess but was biopsied as indicated in Table 2. A control and experi

mental wound was biopsied each time. Wounds were dismissed from the 

study immediately following biopsy. 

Biopsy of Wounds 

Pigs were anesthetized as described previously prior to biopsy. 

The skin around the wound, but not the wound, was cleansed alternately 

(S) 
three times with loprep^ (Arbrook, Inc., Arlington, Texas 76010) and 

70 percent Isopropyl alcohol (Hunt Products, Dallas Texas 75247). 

Using sterile surgical technique, an elliptical incision was made 

across the entire width of the wound to include some of the undamaged 

skin at the edge of the wound. One end of the ellipse was grasped with 
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Table 2. Schedule for wound biopsy in group 1 

Number from Table Time Following 
Pig and Wound of Random Numbers Wounding 

I 1 10 3 days 
2 9 48 hours 
3 5 24 hours 
4 8 42 hours 

II 5 2 6 hours 
6 14 7 days 
7 15 8 days 
8 1 immediately 

III 9 3 12 hours 
10 12 5 days 
11 16 9 days 
12 17 10 days 

IV 13 13 6 days 
14 6 30 hours 
15 4 18 hours 
16 18 11 days 

V 17 7 36 hours 
18 11 4 days 
19 19 12 days 

VI 20 NA* 34 hours 

21 NA 38 hours 
22 NA 40 hours 
23 NA 44 hours 
24 NA 50 hours 

*Not applicable 



Table 3. Schedule for wound biopsy in group 2 

Number from Table Time Following 
Pig and Wound of Random Numbers Wounding 

I 1 1 6 hours 
2 3 18 hours 
3 6 34 hours 
4 11 44 hours 

II 5 4 24 hours 
6 10 42 hours 
7 16 4 days 
8 17 5 days 

III 9 5 30 hours 
10 7 36 hours 
11 12 46 hours 

12 13 48 hours 
13 15 3 days 

IV 14 2 12 hours 

15 8 38 hours 

16 9 40 hours 

17 14 50 hours 
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an Allis clamp and the tissue was dissected away with a scalpel. The 

biopsy tissue included half the wound and the subcutaneous tissue below. 

Interrupted sutures of Prolene or Ethilon (Ethicon Inc., Somerville, 

New Jersey 08876) were used to close the biopsy site. Wounds were not 

dressed following biopsy unless the other wounds were still being 

treated (those biopsied within the first three days following wounding). 

Tissue from biopsied wounds was immediately placed in cold 0.9 

percent sodium chloride. The tissue was then cut into designated sec

tions and prepared for either light microscopy, electron microscopy, or 

protein/DNA assay. A schematic representation of tissue obtained by 

biopsy showing specific sections of the tissue used for the various 

analyses is shown in Figure 3. 

Laboratory Analysis 

The histological and biochemical techniques employed for 

analysis of biopsied tissue were procedures established by others. 

They are described briefly. 

Light Microscopy 

Light microscopy was conducted using the methods described 

by Winter (1962, 1972) and Rovee et al. (1972). The procedure for 

measurement of the mitosis and migration was performed on an A-0 micro

scope (H-10 Series) with a filar eyepiece attachment (Model 426 B, 

American Optical, Buffalo, New York 14215). The filar micrometer was 

calibrated with the stage micrometer and the reliability established 

by measurement of five pieces of paper of known length mounted as 



41 

Wound— 

Biopsy section 

Protein -DN A 
ratio 

Electron 
Microscopy 

Light Microscopy 

Figure 3. Schematic representation of biopsy tissue showing specific 
sections for analysis"—wounds were approximately 33 m 
square. The representation is enlarged for illustrative 
purposes. 
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tissue. Three raters measured the papers—the investigator, a veterinary 

pathologist, and a microbiologist. The percent agreement for the raters 

was 98 percent which was within the preset 90 percent acceptance level 

(10 percent error). 

Tissue sections for light microscopy taken from the elliptical 

biopsy included the entire width of the wound with normal tissue on each 
4 

end. The tissue which had been suspended in 0.9 percent sodium chloride 

was placed in 10 percent buffered formalin. Next the tissue was embedded 

in paraffin using an A-0 tissue processor (TP 8000, American Optical, 

Buffalo, New York 14215). Sections five to six microns thick were cut 

from the paraffin blocks, serially dehydrated in increasing concentra

tions of ethanol and stained with hematoxylin and eosin. Using the 

filar eyepiece micrometer, the total width of the wound was measured, 

then each area of reepithelialization was measured. Calculation of the 

percent coverage of the wound was done using the formula 

(mm covered) . 
(total mm wound) 

Mitotic index (MI) was calculated as follows. First, 1,000 

basal epidermal cells adjacent to the wound edge were counted. Second, 

mitotic figures (metaphase, anaphase, and telophase figures) within the 

1,000 cells were counted. Mitotic index was calculated using the formu

la (number of cells in mitosis. 
(total number of cells) 

Reliability of the measurements made under light microscopy was 

established through interrater percent agreement of measurements. Three 

raters measured five slides each in order to determine percent error for 



reepithelialization (percent coverage) and mitotic index. Interrater 

agreement was 85 percent for reepithelialization and 78 percent for 

mitotic index. Neither measure was within the preset desired error 

level of 10 percent. 

Electron Microscopy 

Electron microscopy was conducted using the method of Sabatini, 

Bensch, and Barrnett (1963). Biopsied tissue was removed from cold 0.9 

percent sodium chloride solution and a piece of tissue half the width 

of the wound with a portion of normal tissue on the edge was obtained 

and cut in pieces approximately 2 mm x 2 mm. Cut pieces of tissue were 

placed in cold 2 percent glutaraldehyde-sodium cacodylate buffer (Sigma 

Chemical Co., St. Louis, Missouri 63178) for fixation. After a period 

of two to four hours of fixation, tissue was buffer rinsed in 0.1 M 

sodium cacodylate solution (pH 7.2) three times for 15 minutes. At this 

point tissue was stored in 0.1 M sodium cacodylate solution until embed

ding. On the day of embedding, tissue was post-fixed in 1 percent 

osmium tetroxide (Sigma Chemical Co., St. Louis, Missouri 63178) in 

sodium cacodylate 0.1 M buffer (pH 7.2) for one hour. Following fixa

tion, tissue was serially dehydrated in increasing concentrations of 

ethanol and propylene oxide, then embedded in Epon 812 (Ted Pella, Inc., 

Tustin, California 92680). 

Tissue sections were cut (80-100 mji) using a Sorvall MT-2 ultra-

microtome (Sorvall Co., Wilmington, Delaware 19808). Cut tissue was 

stained on grids in aqueous uranyl acetate for two hours, rinsed thor

oughly, then stained with Reynolds lead citrate (Reynolds, 1963) for 
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10 minutes. After a final rinse the grids were placed on Whatman filter 

paper to dry (Whatman, Inc., Clifton, New Jersey 07015). Stained sec

tions were examined for the presence of keratinohyalin granules using 

either a Phillips 200 electron microscope or a JEOL 100 CX electron 

microscope operating at 60 KV. 

DNA Assay 

Approximately 300 mg of tissue obtained from biopsy tissue was 

pulverized in a Jackson Tissue Pulverizer (The University of Arizona, 

Tucson, Arizona 85721). Pulverized tissue was then homogenized 

(Brinkmann Instruments, Westbury, New York 11590) for 10 seconds. 

Following homogenization, tissue was assayed for DNA using the method 

developed by Burton (1956). 

Protein Assay 

Pellets from the final spin of the DNA extraction were mixed 

with 2 ml of 2 N sodium hydroxide (Sigma Chemical Co., Saint Louis, 

Missouri 63178) and dissolved at 60°C for two hours. At the completion 

of heating, distilled water was added to the tubes to bring the final 

volume up to 10 ml. Then 500 pi of the sample was taken for protein 

assay using the method of Lowry et al. (1951). All samples were mea

sured in duplicate using a Beckman Spectrophotometer (ACTA M, Irvine, 

California 92664). Results of DNA and protein assays were used to 

calculate the protein/DNA ratio for each biopsy time. 
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Statistical Analysis 

Data were analyzed arithmetically, graphically, and statistically 

to determine (1) similarities of the two groups; (2) trends in the occur

rences of the measures (migration, mitosis, and differentiation of the 

keratinocytes and protein/DNA ratio; and (3) the strength of association 

of the occurrences among indicators of wound healing. 



CHAPTER 5 

RESULTS 

This chapter will present the findings of the study as they 

relate to the hypotheses tested. 

Migration of ICeratinocytes 

The hypothesis tested was: Topical application of 40 ng mEGF 

will increase the migration of keratinocytes over the wound. Statisti

cal analysis of data using dependent t-tests for determining differ

ences between means for control and experimental wounds for group 1 and 

group 2 showed no statistically significantly differences (group 1: 

t = .0014, d.f. = 46, p = >0.9; group 2: t = -.3252, d.f. = 32, 

p = 0.7<P<0.8). 

Examination of graphical presentation of the data (Figures 4 

and 5) shows no consistent differences in migration of keratinocytes 

over time in either group. In group 2 the experimental wounds show a 

higher percent coverage during the first 30 hours post-wounding. With 

the exception of the 30 hour wound, the experimental wounds in group 1 

are also higher. At 18 hours post-wounding, the control wound in 

group 1 was .02 percent covered while the experimental wound was .80 

percent covered. In group 2 at 18 hours post-wounding the control 

wound was .10 percent covered and the experimental wound was 1.36 per

cent covered (Table 4). 
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Figure 4. Migration of epithelial cells over wound at each biopsy time for group 1 
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Table 4. Percent coverage of wounds at each biopsy time for group 1 
and group 2 

Percent Coverage Percent Coverage 
mm Covered mm Covered 

Time Total mm Wound Total mm Wound 
Post-wounding Group 1 Group 2 

6 hr. 

12 hr. 

18 hr. 

24 hr. 

30 hr. 

34 hr. 

36 hr. 

38 hr. 

40 hr. 

42 hr. 

44 hr. 

46 hr. 

48 hr. 

50 hr. 

3 da. 

4 da. 

5 da. 

6 da. 

C 
E 
C 
E 
C 
E 
C 
E 

C 

E 
C 
E 
C 
E 
C 
E 
C 
E 
C 
E 
C 

E 
C 
E 
C 
E 
C 
E 
C 
E 

C 
E 
C 
E 
C 

E 

0 
0 
0 
0 

.02 
.80 

1.84 
1.79 

40.34 
12.57 
1.20 
3.22 
11.30 
28.71 
2.30 
5.09 
6.02 
6.90 

10.95 

11.39 
5.54 

11.54 
13.65 
14.57 
13.01 
34.20 
16.70 

100 
96 
100 
67.42 
80.44 
88.13 

0 
0 
0 
0 

.10 
1.36 
1.74 
2.27 
5.59 

13.62 
2.76 
1.31 
9.41 
11.96 
3.84 
5.87 
1.44 
8.84 
4.90 
9.47 
29.05 
27.74 
8.40 
9.36 
3.58 
8.77 
12.87 
14.50 
17.90 
9.16 
45.38 
46.26 
49.55 
55.64 



Table 4, continued 

Percent Coverage Percent Coverage 
mm Covered mm Covered 

Time Total mm Wound Total mm Wound 
Post-wounding Group 1 Group 2 

7 da. C 100 
E 100 

8 da. C 100 
E 100 

9 da. C 100 
E 100 

10 da. C 100 
E 100 

11 da. C 100 
E 100 

12 da. C 100 
E 100 

C = control 
E = experimental 
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Figures 6 and 7 show that the cells have begun to migrate across 

the wound at 18 hours. Initially the migration seems to be slow with 

less than 35 percent of the wound covered at three days. After three 

days the rate at which the wound becomes reepithelialized approaches 

exponential proportions. In group 1 the four and five day control 

wounds were completely reepithelialized v/hile the experimental wound was 

not (Figures 8 and 9). Neither the control nor experimental wound in 

group 2 was reepithelialized at six days (Figure 10). Even though the 

group 1 wounds were covered at day 12, both control and experimental 

wounds continued to show hyperplasia (Figures 11 and 12). 

Mitotic Index 

The hypothesis tested was: Topical application of 40 ng mEGF 

will increase the mitotic index. A dependent t-test of the differences 

between means of the control and experimental wounds showed no statis

tically significant differences in the means of the mitotic index 

(group 1: • t = .265; d.f. = 44, p = 0.7; group 2: t = 1.030, d.f. = 32, 

p = 0.20<p<0.30). 

The calculated value for the mitotic index at each biopsy time 

is found in Table 5 and is presented graphically in Figures 13 and 14. 

Similar to keratinocyte migration findings, experimental wounds 

in both groups show a higher mitotic index than the control wound 

initially. At 12 hours the index for the control wound was .032 and 

for the experimental wound .059 in group 1. In group 2 at 12 hours, 

the mitotic index for the control wound was .038 and for the experimental 
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Figure 6. Progress of epithelial cells over control wound at 
18 hours post-wounding. X 800 
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Figure 8. Progress of epithelial cells over control wound at 
five days post-wounding. X 315 
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Figure 9. Progress of epithelial cells over EGF treated wound at 
five days post-wounding. X 315 



Figure 10. Progress of epithelial cells over EGF treated wound at 
six days post-wounding. X 315 
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Figure 11. Reepithelialization at 12 days post-wounding showing 
hyperplasia of epithelium in EGF treated wound. X 315 



Reepithelialization at 12 days post-wounding showing 
hyperplasia of epithelium in control wound. X 315 
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Table 5. Mitotic index at each biopsy time for group 1 and group 2 

Time 
Post-wounding Group 1 Group 2 

6 hr. C .060 .014 
E .045 .048 

12 hr. C .032 .038 
E .058 .048 

18 hr. C .038 .024 
E .070 .027 

24 hr. C .040 .036 

E .038 .044 
30 hr. C .081 .081 

E .043 .052 
34 hr. C .040 .068 

E .034 .077 

36 hr. C .044 .063 

E .020 .060 
38 hr. C .043 .091 

E .069 .094 
40 hr. C .103 .037 

E .080 .066 
42 hr. C .056 .055 

E .065 
44 hr. C .059 .072 

E .043 .094 

46 hr. C .095 

E .074 
48 hr. C .028 .090 

E .061 .085 
50 hr. C .053 .075 

E .026 .073 
3 da. C .045 .100 

E .047 .064 
4 da. C .039 .039 

E .043 .044 

5 da. C .032 .037 

E .035 .069 
6 da. C .035 

E .031 
7 da. C .040 

E .042 
8 da. C .023 

E .028 
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Table 5, continued 

Time 
Post-wounding Group 1 Group 2 

9 da. C .053 
E .040 

10 da. C .045 
E .095 

11 da. C .053 
E .032 

12 da. C .045 
E .028 

C = control 
E = experimental 
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.048. At 30 hours post-wounding in both groups, the experimental values 

had fallen below those of the control wound. These cyclical fluctua

tions continued through three days post-wounding. In group 1 after 

three days the values for the mitotic index revealed little difference 

between control and experimental wounds. 

Differentiation 

The hypothesis tested was: Topical application of 40 ng mEGF 

will increase the differentiation of keratinocytes over the wound. 

Tissue sections were first examined under light microscopy to determine 

if they were reepithelialized and if a stratum corneum could be identi

fied. The sections showing reepithelialization and/or evidence of 

cornification were then prepared for electron microscopy and examined 

for the presence of keratinohyalin granules. 

Light microscopic examination of tissue sections indicated that 

group 1 control wounds of days four and five were 100 percent reepithe

lialized while experimental wounds for group 1 on the same days were 95 

and 67.4 percent reepithelialized. None of the wounds in group 2 were 

completely reepithelialized by day five. Neither the control nor ex

perimental wound of day six of group 1 was completely reepithelialized. 

The control wound was 80.44 percent covered and the experimental wound 

88.12 percent. Control and experimental wounds for days seven and 

eight were 100 percent reepithelialized. 

Electron microscopic examination of biopsy tissue for the 

presence of keratinohyalin granules was done on tissue from four, five, 

six, seven, and eight day wounds from group 1 animals. Although the 
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four day control wound was reepithelialized, electron microscopy showed 

that epidermal cells (stratum granulosum) just under the scab at the 

center of the wound did not contain keratinohyalin granules, but the 

cells closest to the wound edge did show some keratinohyalin granules 

(Figures 15 and 16). 

Figures 17 and 18 show that keratinohyalin granules were present 

in stratum granulosum in the five day control and experimental wounds. 

Membrane coated granules were also present. 

Consistent with the lack of reepithelialization is the absence 

of keratinohyalin granules in the six day tissue. Membrane coated 

granules could be seen in both control and experimental tissue 

(Figure 19). Tissue from seven and eight day wounds show an abundance 

of keratinohyalin granules and membrane coated granules in both control 

and experimental wounds (Figures 20, 21, 22, and 23). 

Protein/DNA Ratio 

The hypothesis tested was: Topical application of 40 ng mEGF 

will increase the protein/DNA ratio in keratinocytes adjacent to and 

covering the wound. A dependent t-test of means to determine the dif

ferences between the means of the control and experimental wounds showed 

no statistically significant differences in group 1 or group 2 

(group 1: t = 0.24, d.f. = 28, p = 0.8<p<0.9; group 2: t = -1.26, 

d.f. = 32, p = 0.2<p<0.3). 



Figure 15. Epithelial cells of control wound four days post-wounding 

The stratum corneum (SC) at four days shows incomplete 
differentiation (parakeratosis) with aggregates of 
ribosomes (r) and what appear to be nuclear (N) remnants 
present. There is a stratum granulosa present with many 
small keratinohyalin granules (Kh) in the tonofilaments 
(T). X 19,500 

Figure 16. Epithelial cells of EGF treated wounds four days 
post-wounding 

The stratum corneum (SC) is incompletely differentiated 
(parakeratotic) though there is an increase in the inter
cellular space. The cellular layer just below (stratum 
granulosum) shows multiple desmosomes (D), aggregates of 
ribosomes (r) and small amounts of keratinohyalin 
granules (Kh). X 19,500 



Figure 15. Epithelial cells of control wound four days post-wounding 

Figure 16. Epithelial cells of EGF treated wounds four days 
post-wounding 



Figure 17. Epithelial cells of control wound five days post-wounding 

The stratum corneum (SC) continues to be parakeratotic with 
pigment granules (P) and nuclear remnants present. There 
is an increase in intercellular spaces and multiple small 
keratinohyalin granules (Kh) are seen in the stratum 
granulosum. X 15,000 

Figure 18. Epithelial cells of EGF treated wound five days 
post-wounding 

The stratum corneum (not shown) of this EGF treated tissue 
was parakeratotic. The layer of cells just below show 
little differentiation with nuclei and few small keratino
hyalin granules (Kh) present. Pigment granules (P) and 
numerous desmosomes (D) are present. 



Figure 17. Epithelial cells of control wound five days post-wounding 

Figure 18. Epithelial cells of EGF treated wound five days 
po st-wounding 



Figure 19. Epithelial cells of EGF treated wound six days 
post-wounding 

A number of what appear to be membrane coating granules 
(MCG) can be seen in the cytoplasm and intercellular 
spaces. No definitive keratinohyalin granules can be 
seen (the six day wounds were not reepithelialized on 
light microscopy). X 19,500 



Figure 19. Epithelial cells of EGF treated wound six days 
po st-wounding 



Figure 20. Epithelial cells of control wound seven days post-wounding 

An increase in the number of desmosomes (D), increased 
intercellular space (I) and increases in the number and 
size of keratinohyalin (Kh) are seen in the stratum 
granulosum of the cells covering the seven day wound. 
Cytoplasmic membrane coating granules (MCG) are also 
present. X 12,450 

Figure 21. Epithelial cells of EGF treated wound seven days 
post-wounding 

The stratum corneum (SC) covering the wound appears 
near normal with thickened plasma membranes (PM), few 
desmosomes, and increased intercellular spaces. The 
stratum granulosum has numerous keratinohyalin granules 
(Kh) and desmosomes (D). The cells have a flattened 
appearance with elongation of the remaining nuclei (N). 
X 12,450 



Figure 20. Epithelial cells of control wound seven days post-wounding 

Figure 21. Epithelial cells of EGF treated wound seven days 
post-wounding 



Figure 22. Epithelial cells of control wound eight days post-wounding 

A near normal stratum granulosum with keratinohyalin 
granules (Kh), and membrane coating granules (MCG) in 
nucleated cells is found covering the wound. X 19,500 

Figure 23. Epithelial cells of the EGF treated wound eight days 
post-wounding 

Large numbers of keratinohyalin granules (Kh) membrane 
coating granules (MCG), and desmosomes (D) in nucleated 
cells characterize this stratum granulosum. X 19,500 



Figure 22. Epithelial cells of control wound eight days post-wounding 

Figure 23. Epithelial cells of EGF treated wound eight days 
post-wounding 
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The missing data in group 1 (tissue was accidently discarded 

from the freezer) make it difficult to determine the results in the 

early time periods. However, from 42 hours to day 10, the control and 

experimental values show little or no variations. Total protein, DNA, 

and protein/DNA ratio data are shown in Table 6. 

The graphic presentation of the protein/DNA ratio data shows 

that in group 2 the values for.experimental wounds are higher than 

those of control wounds (Figure 24). Specifically, at 18 hours control 

wound protein/DNA ratio was 3.43, while experimental wound ratio was 

4.61. At 36 hours experimental wound protein/DNA ratio peaked at 8.28 

while control wound ratio was 3.85. Another difference between experi

mental and control wounds in group 2 is seen at 40 hours when experimen

tal wound protein/DNA ratio was 7.50, while control wound ratio was 3.25. 

At three days both control and experimental wounds of group 2 showed an 

abrupt rise, yet the ratios were similar; experimental wound protein/DNA 

ratio was 7.27 and for the control wound 6.49. 

As can be seen in Table 6, the total protein and the protein/DNA 

values for groups 1 and 2 show a large difference, the range of values 

for total protein and protein/DNA ratio for group 1 is 27.52 to 117.76 

and 3.11 to 28.22, and in group 2 the total protein and protein/DNA 

ratio is 19.79 to 48.32 and 3.006 to 8.28. The explanation for this 

large difference in protein values in the two groups may be the result 

of the amino acids found as intermediates in formation of pigment 

granules in the group 1 animals. In reviewing the data by subject, it 



Table 6. Total protein, DNA, and protein/DNA ratio of group 1 and group 2 

Group 1 Group 2 
Protein DNA Protein DNA 

Time Post- mg/g Wet Wt mg/g Wet Wt Pro/DNA mg/g Wet Wt mg/g Wet Wt Pro/DNA 
wounding of Tissue of Tissue Ratio of Tissue of Tissue Ratio 

6 hr. C 63.622 4.898 12.983 38.835 11.893 3.265 
E 57.952 3.836 15.107 38.302 12.051 3.178 

12 hr. C 37.374 1.880 19.879 46.645 16.290 2.863 
E 53.758 4.024 13.359 46.604 14.436 3.228 

18 hr. C 44.663 13.001 3.435 
E 47.750 11.906 4.610 

24 hr. C 96.689 3.426 28.222 31.875 4.850 6.572 
E 60.322 4.229 14.263 45.724 8.630 5.298 

30 hr. C 43.172 2.432 17.737 44.453 13.369 3.325 
E 38.411 2.222 17.286 32.266 8.056 4.005 

34 hr. C 21.821 4.836 4.512 
E 40.966 10.178 4.024 

36 hr. C 36.713 9.521 3.856 
E 39.931 4.819 8.286 

38 hr. C 32.942 9.523 3.459 
E 36.831 10.949 3.363 

40 hr. C 29.119 8.953 3.252 
E 25.053 3.337 7.507 

42 hr. C 88.300 6.016 14.700 32.650 8.524 3.830 
E 71.620 13.309 5.381 33.309 6.660 5.001 

44 hr. C 42.250 10.641 3.970 

E 43.194 11.905 3.628 
46 hr. C 43.286 12.073 3.585 

E 44.349 10.210 4.343 
48 hr. C 46.166 3.461 13.338 19.794 4.817 4.109 

E 58.250 6.387 9.120 38.523 9.907 4.234 



Table 6, continued 

Group 1 Group 2 
Protein DNA Protein DNA 

Time Post- mg/g Wet Wt mg/g Wet Wt Pro/DNA mg/g Wet Wt mg/g Wet Wt Pro/DNi 
wounding of Tissue of Tissue Ratio of Tissue of Tissue Ratio 

50 nr. C 
• 

48.324 16.073 3.006 
E 36.082 8.973 4.021 

3 da. C 90.433 11.540 7.840 30.841 4.751 6.491 
E 62.129 7.770 8.068 43.397 5.967 7.272 

4 da. C 34.797 2.441 14.255 42.114 6.277 6.709 

E 52.066 2.409 21.613 39.979 8.529 4.687 
5 da. C 27.523 8.833 3.115 40.405 7.278 5.551 

E 37.086 5.517 6.722 43.390 6.182 7.018 
6 da. C 53.728 8.637 6.220 

E 46.965 8.766 5.357 
7 da. C 66.847 4.341 15.398 

E 116.077 8.278 14.022 
8 da. C 71.104 4.854 14.648 

E 114.661 7.412 15.469 
9 da. C 117.716 8.893 13.236 

E 61.808 6.279 9.843 
10 da. C 

T? 

11 da. c 44.674 8.629 5.177 
E 69.518 7.592 9.156 

12 da. C 36.080 7.153 5.044 
E 66.846 4.112 16.256 

C = control 
E = experimental 
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was noted that the red and black animals in group 1 had the highest 

total protein level. 

The DNA concentration in group 2 showed frequent fluctuations in 

the first 46 hours post-wounding (Figure 25). The control wounds showed 

three wide fluctuations during the time period with peaks at 12 hours, 

30 hours, and 36 hours. The experimental wounds showed four wide fluc

tuations at 12 hours, 24 hours, 34 hours, and 38 hours. The rapid 

fluctuations were not seen in the protein concentrations as shown in 

Figure 26. 

Summary of Results 

Differences between control and experimental wounds were not 

statistically significant for any of the four parameters related to 

wound healing measured in this study. Examination of graphical presen

tation of the data indicates differences at specific points in time, 

especially in the first 18-48 hours post-wounding. The greatest differ

ences in migration between control and mEGF treated experimental wounds 

are seen at 30 and 36 hours in group 1 and at 30 and 40 hours in 

group 2. The greatest differences in the mitotic index between control 

and experimental wounds occurred in group 1 at 18 hours, 30 hours, and 

10 days post-wounding, and in group 2 at 12 hours, 30 hours, and 40 

hours. The presence of keratinohyalin granules was first seen at five 

days in both control and experimental wounds. No keratinohyalin gran

ules were seen in the six day wounds that were not reepithelialized. 

Peak differences between control and experimental wounds are seen in 
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the protein/DNA ratio at 36 hours, 40 hours, and three days in group 

Missing data make it difficult to evaluate the protein/DNA ratio in 

group 1 wounds. 



CHAPTER 6 

DISCUSSION 

This study was carried out to determine the effects of mouse 

epidermal growth factor (mEGF) on the healing of excision wounds 

created on the backs of young Yorkshire mix pigs. The effect of mEGF 

on the following parameters of wound healing was investigated: (1) 

migration of the epithelium (keratinocytes) over the wound (re-

epithelialization); (2) mitotic index; (3) differentiation of cells 

over the wound (keratinization); and (4) since mEGF is reported to be 

a potent mitogen and to increase total protein ill vitro, the fourth 

index was evaluated to determine these effects in_ vivo. 

Findings related to the four hypotheses tested are the organi

zing framework for the material of this chapter. A brief discussion 

of some design issues begins the chapter then each hypothesis is dis

cussed and recommendations for further study and significance for 

nursing conclude the chapter. 

Design Issues 

At the time this study was planned, limited financial support 

required that the investigator choose whether to have multiple samplings 

(histological slides) of a single group of animals simulating one wound 

or to do single sampling (one histological slide) of two groups of 

animals simulating two wounds. The decision was to do single sampling 
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on two groups of animals and consider the second a replicate. As a 

result of the decision to do the replicate with one sample per wound, 

all migration measures represent measurement of one sample (histological 

slide). Mitotic index values represent the mean of the counts of the 

two edges of a single slide. Since the measurements are single ones, 

no means or standard deviations for the individual biopsy times can be 

calculated. In the words of Campbell and Stanley (1966), internal 

validity was sacrificed for external validity. 

The study was originally planned to do a total replicate of 

12 days. However, when preliminary examination of biopsy tissue from 

four and five day control wounds of group 1 showed that the wounds were 

covered, the decision was made to follow the second group for five days 

post-wounding. As indicated by the data, this did not allow sufficient 

time for reepithelialization as the wounds in group 2 were not covered 

at five days. 

Hypothesis 1 

(Topical application of 40 ng mEGF will increase the migration 

of keratinocytes over the wound.) Hypothesis 1 was not supported by 

the findings of the study. The t-test of differences in means between 

the control and experimental wounds was not significant at the p = .05 

level. Although the differences in the means of control and experimen

tal wounds were not statistically significant, the data suggest that 

experimental wounds treated with mEGF showed a greater percent migration 

(coverage) than those receiving 0.9 percent sodium chloride control 

solution from 18 to 50 hours post-wounding. These findings were 



similar for groups 1 and 2. Further, the findings in the control wounds 

are similar to those of others (Winter, 1962, 1972; Odland and Ross, 

1968; Rovee et al., 1972) in the rate at which wounds were reepithelia-

lized. Since the wounds were kept moist for 54 hours post-wounding by 

application of treatment solutions and were covered for three days with 

Telfpads and other dressings, it seems appropriate to look at the 

findings of others for wounds that are kept damp and covered. 

Winter (1962, 1972) found that occluded wounds (those covered 

with Saran Wrap) on the backs on young pigs were 0.5 percent (range 

0-1.60) covered with epithelium at 12 hours, 9.0 percent (range 6-16 

percent) covered at 24 hours, and at three days 92 percent (range 62-100 

percent) covered. In this study even though the experimental wounds 

showed a greater percent coverage, the values for group 1 of 1.79 per

cent and 2.27 percent for group 2 at 12 hours are within the range re

ported by Winter (1962, 1972). This lower percent coverage is probably 

a reflection of the larger wound size in the present study and the need 

for the cells to migrate a greater distance to achieve the same percent 

coverage. In addition, the failure to keep the wounds covered after 

three days allowed the scab to dry and may have slowed the migratory 

movement. 

The 30 hour finding of 40.34 percent coverage of the wound in 

group 1 may not be due to regrowth of the epidermis but rather the 

result of parts of epidermis being left by the dermatome cutting head. 

Although a new dermatome cutting head was used to make each wound, 

there were times when all the epidermis was not removed. On four 
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occasions this was grossly evident and the cutting heads were changed 

and the wound gone over a second time in an attempt to remove the re

maining epidermis. 

Microscopic examination of the biopsied tissue revealed varia

tions in the depth of epidermis removed by the dermatome cutting head. 

At times full thickness epidermal tissue was left in spots and on other 

occasions the bottom of an epidermal ridge was left. Failure to remove 

the epidermis made for difficulty in accurately determining migration 

during later post-wounding time periods. It was not difficult prior to 

three days post-wounding to determine tissue left since reepitheliali-

zation in full thickness would not be expected to occur according to 

others (Winter, 1962, 1972; Odland and Ross, 1968; Rovee et al., 1972). 

Projections of a cell layer two to three cells thick extending out from 

the edge would be expected. After three days when the epidermis is 

migrating from appendages such as hair follicles, full thickness re-

epithelialization may have occurred and the question arises as to whether 

the epidermal tissue was left by the dermatome. Since the greatest dis

tance epidermal cells must migrate is half the distance .between the 

wound edges (Winter, 1972), failure to remove sections of tissue would 

decrease the distance the cells needed to migrate to reepithelialize, 

thereby decreasing the time needed to reepithelialize the wound. The 

measurement error resulting from this systematic methodological error 

must be taken into account and makes questionable the validity of the 

high 30 hour results found in this study. 
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Hypothesis 2 

(Topical application of 40 ng mEGF will increase the mitotic 

index.) The hypothesized relationship was not supported by the findings 

of this study for group 1 or group 2. Data of this study cannot be com

pared with the work of others since methods differed. Specifically, 

Winter (1962, 1972) and Rovee et al. (1972) report mitotic indexes that 

are up to 10 fold higher than values reported in this study. The dif

ferences in the range of the indices can probably be attributed to the 

use of Colcemid for metaphase blockage by both Winter (1962, 1972) and 

Rovee et al. (1972) in their studies. The range for MI in the present 

study was 0.014 (six hour control group 2) to 0.13 (40 hour control 

group 1). These findings are similar to those of Rovee et al. (1972) 

who reported a mean of 0.15 for a group of occluded tape stripped skin 

wounds that were not treated with Colcemid. 

Despite differing methodologies used, the findings of the pres

ent study show a peak of the MI between 38 and 48 hours post-wounding 

in both control and experimental wounds. After the peak activity there 

was a steady decrease in the MI that closely paralleled the increase in 

percent coverage of the wounds. 

The findings of Cohen and Taylor (1972) and Rheinwald and Green 

(1977) raise questions as to whether the MI should be expected to in

crease in the presence of mEGF. Cohen and Taylor (1972) suggest that 

the precocious opening of the eyelids and incisor eruption in newborn 

rats following subcutaneous injections of EGF were the result of an 

enhancing of epidermal growth and keratinization. Rheinwald and Green 



(1977) suggest that the increase in culture life from 50 to 150 genera

tions was the result of EGF1s increasing the distance of the multiplying 

cells from obligatory terminal differentiation. 

Cohen and Taylor (1972) report that the eyelid opening effect in 

the newborn rats occurred at dosage levels of 0.1 ug/gm/day. Rheinwald 

and Green (1977) observed changes in their keratinocyte culture in EGF 
* 

concentrations as low as 0.3 ng/ml. Chen et al. (1977) reported that 

concentrations of 50 ng/ml altered the morphology of 3T3 cells. 

Rheinwald and Green (1977) also noted that in higher concentrations of 

EGF, their colonies acquired a shredded appearance and growth was re

tarded. Frati et al. (1972) applied two drops of a 2 mg/ml solution of 

EGF to the eyes of rabbits and reported an increase in the healing of 

corneal wounds. 

In light of the above, whether the dosage of 40 ng/ml used in 

this study was adequate to stimulate the epidermal cells adjacent to 

the wound or if the dosage was too high and thus decreased growth re

mains a possibility. Thus, the MI findings must be considered 

cautiously in the evaluation of results. 

A second consideration related to dosage is the method of 

application of the growth factor to the wounds. The application of 

0.5 ml of EGF solution with a tuberculin syringe used as a dropper on 

an alert animal who is only restrained by being held by one person 

leaves questionable the actual dosage of EGF solution that remained 

on the wound in order to stimulate the epidermal cells. In addition, 

the angle of the wounds on the pigs' backs tended to cause the solution 
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to flow by gravity toward the ventral end of the wound. This lack of 

precision in application must also be considered in evaluating the 

results of the study. 

Hypothesis 3 

(Topical application of 40 ng mEGF will increase the differ

entiation of keratinocytes over the wound.) There did not appear to 

be differences in the time of appearance of keratinohyalin granules in 

the regenerating epithelium covering either control or experimental 

wounds. Therefore, the third hypothesis was not supported by the find

ings of the study. However, the findings of this study agree with 

those of Odland and Ross (1968) in that keratinization was found to 

occur first near the original wound edge. In this study keratinohyalin 

granules were also found in tissue blocks near the center of the wound 

in both control and experimental wounds of days seven and eight. How

ever, no keratinohyalin granules were seen at the center of the six day 

wounds even though membrane coated granules were present. Blocks con

taining tissue approximately 10 mm from the original wound edge on the 

five day wounds contained keratinohyalin granules. No keratinohyalin 

granules were found in the epithelium covering either the control or 

experimental wounds of four days. 

If it is true that migrating epidermal cells do not differen

tiate as suggested by others (Odland and Ross, 1968), this may explain 

the lack of difference between control and experimental wounds in re

sponse to mEGF. A two day application of mEGF at the time the cells 



85 

are migrating may not be sufficient to effect differentiation as mea

sured by the appearance of keratinohyalin granules. 

Hypothesis 4 

(Topical application of 40 ng mEGF will increase the protein/DNA 

ratio in keratinocytes adjacent to and covering the wound.) The find

ings of this study do not support the hypothesis. Although no statisti

cally significant differences in the means of the protein/DNA ratio were 

found, examination of graphic representation of protein/DNA ratio data 

show differences in experimental and control wounds at 12, 24, and 42 

hours post-wounding in group 1 and at 36 and 40 hours post-wounding in 

group 2. Differences in the protein/DNA ratio may be due to changes in 

protein or DNA concentration or both. For example, if protein synthesis 

is held constant and DNA increases, then the ratio decreases. The 24 

hour peak in the control wound of group 1 appears to be related to a 

sharp rise in protein that is not accompanied by a rise in DNA. In the 

experimental wound at 42 hours the reverse is true. An increase in DNA 

is not accompanied by an increase in protein. The peak in the group 2 

wounds appears to be attributed to a decrease in DNA not accompanied by 

a decrease in protein. 

Examination of the graphic display of DNA concentration find

ings in group 2 shows that in both control and experimental wounds there 

are regularly occurring large changes in concentration of DNA from 12 to 

40 hours post-wounding. The appearance is one of a process that is 

altered in time of occurrence. Control wounds showed three peaks in 

the time span while the experimental wounds showed four peaks. Between 
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12 hours post-wounding and 42 hours post-wounding, control wound DNA 

concentration peaked at 30 hours and 38 hours, while experimental wound 

DNA concentration peaked at 24, 34, and 38 hours. 

Das and Fox (1978) have proposed that the second messenger 

associated with the response of cells to the binding of EGF drives the 

cell through and commits it to enter the S phase (DNA synthesis). 

Since it is the G^ phase of the cell cycle that is most variable, the 

question arises as to whether this response seen in the group 2 wounds 

represents a shortening of the G^ phase and a decrease in cell cycle 

time as a response to the application of mEGF. 

Recommendations for Further Study 

Even though no statistically significant differences were found 

in the indices of wound healing studied between those receiving mEGF and 

control wounds, the graphic representations suggest that there are dif

ferences in the first 48 hours. Therefore, it is suggested that this 

study be replicated with the following modifications: 

1. A more precise method of creating the wound that assures 

removal of the epidermis. 

2. A more precise method of application of the mEGF. 

3. Following the wounds for eight days to insure coverage. 

4. Using white pigs that are litter mates. 

From a theoretical perspective, none of the hypotheses could be 

supported statistically; therefore, no validation of the other parts of 

the theory model occurred. Trends in the data do suggest that in the 



87 

early time periods there did appear to be differences in the EGF treated 

experimental wounds and sodium chloride treated control wounds. Solu

tions to the aforementioned sources of error in the laboratory research 

model must be found prior to further theory model testing. 

Significance for Nursing 

The evolution of the science of nursing has traditionally fallen 

behind that of the art of nursing. One of the factors contributing to 

the disproportionate growth has been the lack of development by nursing 

of animal model systems for scientifically evaluating treatment methods. 

This study, while primarily focusing on evaluating the effect of the 

naturally occuring polypeptide EGF on the reepithelialization of epi

dermal wounds created on young healthy pigs, offered an opportunity to 

evaluate an animal model system used to test and evaluate biochemically 

and histologically the therapeutic measures used. 

The young Yorkshire mix pigs were a suitable model for this 

study. The animals were less expensive than primates and the hand feed

ing of apples and short periods of time spent with the animals resulted 

in their becoming rather tame and manageable. Pigs of this breed are 

readily available and because the sows have large litters it is possible 

to get a number of litter mates. Therefore, not only was the animal 

model chosen suitable for this study, but it should be considered in 

other studies of this nature. 
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APPENDIX B 

REPORT OF PILOT STUDY 

Purposes 

This pilot study was conducted as a preliminary to the disserta

tion research. The purposes of the study were to: 

1. Determine a dose-response curve for mouse epidermal growth 

factor (mEGF) applied to a small epidermal excision wound. 

2. Evaluate the procedure for creation of a small epidermal 

excision wound. 

3. Evaluate the procedure for application of mEGF to small 

epidermal excision wounds. 

4. Evaluate the procedure for wound biopsy of a small epidermal 

excision wound. 

Materials and Methods 

Preparation of mEGF Solutions 

One hundred pg of mEGF (Collaborative Research, Inc., Waltham, 

Massachusetts 02154) was reconstituted with 1 ml of distilled water to 

yield a solution of 100 jig/ml. Aliquots of the 100 /lg/ml solution were 

diluted with 0.9 percent sodium chloride solution to prepare 10, 20, and 

40 ng/ml solutions that were applied to the wounds. Fifty ml of each 
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concentration was prepared fresh prior to the experiment and stored in 

a nalgen container at 4°C in the refrigerator. 

Wounds 

One 35 pound white Yorkshire-mix pig was intubated and anes

thetized by inhalation Fluothane and oxygen. The back was clipped with 

electric clippers and cleansed with Betadine(Providone-iodine) scrub 

solution. Sterile surgical drapes were applied around the surgical area 

and standard sterile technique was used to create 17 30 mm x 30 nun epi

dermal excision wounds using a Davol/Simon cordless dermatome (Davol/ 

Simon power handle no. 3291 and disposable dermatome cutting head 

no. 3295, Davol, Inc., Providence, Rhode Island 02901). 

Application of mEGF 

mEGF, 10 ng/ml, 20 ng/ml, or 40 ng/ml, was applied to the wounds 

in 1 ml amounts using a tuberculin syringe being sure to cover the whole 

wound. The solutions of mEGF were applied every two hours for six 

hours, and every six hours for 24 hours. 0.9 percent sodium chloride 

was applied to the control wounds on the same schedule in the same 

manner. 

Biopsy of Wounds 

An elliptical section across the width of the wound and inclu

ding the edges of the wound was obtained as the biopsy specimen. The 

depth of the section was taken such that the dermis and the subcutaneous 

tissues were included. Biopsies of each wound and its control were 

taken at 12, 24, and 27 hours. 
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Each biopsy wound was sutured and the entire wound dismissed 

from the study. Sterile Telfa pads held in place by Kerlix were used 

as dressings. The dressings were completely changed each time mEGF was 

applied and after biopsy. 

Results 

Briefly, this study was conducted to determine a dose-response 

curve for mEGF and to evaluate the methods of procedure. The following 

results were obtained: 

1. Histological examination of the biopsy sections of the wound 

edges do not support a definite dose-response curve of the wound 

to increased concentrations of mEGF. Examination of the tissue 

using light microscopy at 400X power indicates a slight increase 

in reepithelialization of the wound treated with 10 ng/ml at 12 

hours. The wound treated with 40 ng/ml was completely reepithe-

lialized at 27 hours with a layer of epithelium composed of 3-4 

layers of non-keratinized cells. Unexpected early death of the 

pig at 27 hours post-wounding terminated the study with only 24 

hours of mEGF application rather than the 48 hours of applica

tion as planned. 

2. The wound created by the Davol/Simon cordless dermatome was 

30 mm wide. The histological examination of the wounds showed 

all epithelium removed when a new dermatome head was used. 

Immediately following wounding the areas oozed a small amount 

of blood but none required sponging or assistance for 

hemostatis. 
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3. Application of the mEGF solution with the tuberculin syringe 

was satisfactory. Some of the 1 ml solution ran over the edge 

of the wound if not administered slowly. 

4. Elliptical biopsy sections generally proved satisfactory for 

obtaining the edges of the wound for histological examination. 

The biopsy wound was easily sutured and hemostatis achieved. 

Discussion 

Though the histological examination does not support an in

creased rate of reepithelialization of the wounds treated with 

increased concentrations of mEGF, the appearance of the wound at 12 

hours is suggestive of a response. There are a number of factors that 

could contribute to the lack of definitive findings. 

1. Length of treatment of the wounds—did the pig die before the 

definitive changes became evident? 

2. Dosage—extrapolation of dosages from in vitro studies to in 

vivo studies is still in the experimental stage. 

3. It is also possible that the topical application of mEGF does 

not stimulate proliferation of epithelium at the wound edges in 

the pig. The early death of the pig was unexpected. Death was 

due chiefly to pulmonary congestion and tracheal trauma. The 

necropsy report on the liver of the pig was suggestive of 

Fluothane toxicity. The animal was intubated to administer 

Fluothane anesthesia during initial wounding and biopsies at 

12 and 24 hours. The anesthesia was given by simple inhalation 



with no intubation each time the wounds were treated- It was 

necessary to keep the pig flat on his abdomen during the time 

the wounds were being treated to prevent wounds from being con

taminated by solutions from adjacent wounds. It will not be 

necessary to keep the pig as still in the actual study since 

the wounds will be farther apart (a maximum of eight wounds will 

be placed on a pig). Thus, the wounding procedure will be modi

fied to anesthetize the pig with Fluothane for the initial 

wounding and then do the remainder of the procedures using in

jectable Ketamine and Acepromazine. 

The Davol/Simon cordless dermatome and disposable head created 

the wound that was desired only if a new head was used for each wound. 

Since I had only five heads, some of the heads had to be used three or 

four times with the result being that on the third and fourth uses the 

cutting edge removed only parts of the epidermis. Thus, not all wounds 

were identical in depth. In the next study it will be necessary to 

change dermatome heads between each wound to assure consistency in 

depth of the wounds. 

Because some of the solution tended to run off the wounds, 

especially as the wounds aged and crusted, mEGF will be applied as 0.5 

ml aliquots. The tuberculin syringe is a useful applicator. The solu

tions can be applied slowly (even dropped) on the wound in small amounts. 

In most instances the elliptical biopsy resulted in obtaining 

both edges of the wound. It was difficult in some cases to get a 



sufficiently large ellipse without running into the neighboring wound 

due to the large number and closeness of the wounds on the back of the 

pig. It is also difficult to get good histological sections from the 

elliptical section. Even though there is a wide amount of tissue, the 

part showing both edges is narrow. The section to be stained must be 

cut from the tissue block carefully to keep the edges in correct posi

tion for accurate measurement. We have decided to do rectangular 

biopsy sections on the next wounds as a result of the above findings. 

The unpredictable problems associated with the materials and 

methods of the procedures in the proposal were made evident in this 

pilot study and revisions as indicated above will be made. 
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