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INTRODUCTION

Statement of the Problem
Pluronic polyols are a class of surfactants that have been shown to enhance
healing wound strength when systemically administered at the time of surgery. In
periodontal procedures the topical application of medicaments at the relatively small
surgical sites could be more desirable than parenteral administration of the agent.
Therefore the purpose of this study is to assess the effect of non-ionic surfactants on
full thickness surgical wounds of the rat where Pluronic polyol F-68 or F-127 has
been applied topically. The specific objectives to be accomplished in this study are
as follows:
/

1. To assess the effects of topically applied Pluronic polyol powders F-68 and

F-127 on tensile wound strength in an animal model system.
2.

To histologically determine the cellular composition and degree of

neovascularization in wounds treated with topically applied Pluronic polyol powders
F-68 and F-127.
3. To assess the effects of wound irrigation with solutions of Plumnic F-68,
Pluronic F-127 or the proprietary wound cleaning solution Shur-ClensR on tensile
wound strength.

1

2
Review of the Related Literature·
A basic understanding of wound healing is necessary to conduct and interpret
any study which involves wound assessment. The events occurring in wound healing
are best observed and studied in a sequential manner, beginning with the tissue insult
and following chronologically the pattern of healing. The first step in healing begins
with an injury which may result from trauma, ischemia, neoplasia, infectious agents
or foreign particles. Injury to tissues cause the release of inflammatory mediators
which influence vascular permeability and also serve as chemotactic factors. 22 The
primary source of the inflammatory mediators is the circulating platelets, basophils,
and mast cells from the local environment. The sum total of increased vascular
permeability combined with the presence of those cells attracted to the site is what
we clinically categorize as inflammation; one notes the classic signs and symptoms
)

as redness, heat, swelling, and pain. When the injury does not directly involve the
vascular system with resultant bleeding, repair is more readily accomplished and
directly follows the inflammatory phase. Normal architecture of the tissue is soon
re-established.
Should vascular injury occur, the coagulation cascade becomes activated and
a series of steps, resulting in the polymerization of fibrin with clot formation follow.
The clotting mechanism involves aggregation and degranulation of platelets. Initially,
the clot at the wound site is populated by inflammatory cells in the same proportion
as that of circulating blood. Once hemostasis has been accomplished a series of cell
migrations begin with polymorphonuclear leukocytes (PMN) being attracted to the
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wound area within a few hours. . This chemotaxis results from the release of a
number of compounds that are known to induce PMN migration, both in vivo and
in vitro. These mediators include leukotriene B46, C5a7, platelet factor 48, and
bacterial products such as N-formyl-methionyl-leucyl-phenylalanine(fMLP)9• These
mediators evoke a chemical gradient through which the PMNs migrate to congregate
at the site where damaged tissue removal and bacterial elimination is required.
The macrophage is the next cell type to populate the wound site and within
twenty-four to thirty-six hours after the injury they overtake the PMNs for
predominance in the wound. This cell group consists of tissue macrophages and
monocytes recruited from the circulatory system. The peripheral blood monocyte has
been shown to be chemically attracted to lymphocyte-derived chemotactic facto~,
fMLP 28, as well as to collagen fragments29• Additionally, the migrating monocyte also
responds to the same attractants as PMNs only at a much slower rate.

The

macrophage's initial function is one of phagocytosis to facilitate debridement of the
wound area, removing bacterial and damaged host cells.

They also produce

mediators, such as macrophage-derived chemotaxis factorl 0, a platelet-derived growth
factor-like substance31, and fibronectin 32 which alter functions of the fibroblasts
during wound healing.
The final inflammatory cell to populate the wound is the lymphocyte. These
appear as two classes, the T cell and the B cell. They also have been shown to
produce fibroblast modulating lymphokines33 •
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Following the inflammatory phase of wound healing the fibroblast b,ecome
prominent in the wound area, producing new as well as remodeling old collagen.
Studies indicate that a significant increase in collagen synthesis occurs within healing
dermal wounds at the forty-eight to seventy-two hour time interval34 and becomes
maximal at about eight days. The synthetic activity is primarily due to increased
numbers of fibroblasts in the wound site. It is noted that the initial synthesis of
collagen following injury results from a specific sub-population of fibroblasts which
is triggered to deposit type III collagen. Over time, the entire population of cells
begin to depc;>sit type I collagen, and the normal ratio of type I:ill is restored. This
collagen becomes progressively crosslinked during the maturation process. As the
granulation tissue matures, scar collagen becomes dominant and the cell population
is reduced. At the same time there is a reduction in vascularization of the tissue.

In the successfully healing wound this process continues until the wound cavity is
completely filled and the surface is covered by epithelium.
Epithelium is the barrier which the body presents to the external environment
to protect against fluid, electrolyte, and heat loss as well as to provide a barrier
against bacterial invasion3s. Collagen appears essential for epithelial cell migration.
When the epidermis is damaged, there is a twelve hour lag period before the
occurrence of new mitoses within the basal dermal layer becomes evident Following
this, the epidermal cells begin to migrate into and across the injured site. How they
do this will depend upon the environmental conditions. The rate of migration is
affected by hydration of the tissue and by the oxygen supplf6• The greater the
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oxygen tension of the tissue, the more active the replication of epithelial cells and
the faster their migration over the wound surface.
The process of neovascularization occurs throughout the entire wound h~;aling
sequence. This involves growth of existing blood vessels and formation of new
capillary blood vessels, processes which occur in several normal and pathologic
conditions, including growth, wound repair, inflammation, fibrosis, and tumor
development 37 Angiogenesis, the directed outgrowth of new capillaries toward a
specific stimulus, is an intrinsic part of these processes. Migration and proliferation
of capillaries can be seen in expeiimental skin wounds as early as one to three days
following injury, but the proliferative response does not become significant until the
acute infla=atory symptoms begin to resolve, usually within three to seven days.
Wound capillaries originate from both pre-existing capillaries and small venules as
capillary sprouts and buds to form complete capillary loops which then mature into
normal active blood vessels.
The cellular morphology of a wound consist of areas demonstrating varying
degrees of oxygen tension. The central avascular wound space is hypoxic, acidotic,
hypercarbic, with a high lactic acid content38 Adjacent to the central wound space
is a gradient zone of ischemia which is populated by dividing fibroblasts. Repair is
one of many biologic systems where cellular proliferation and angiogenesis occur in
the presence of an oxygen gradient. Experiments involving wounds demonstrate that
a hypoxic central wound space is required for normal angiogenesis and healing to
proceed. 39
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The search to identify substances which can influence the wound healing process
is a logical progression of the investigations of the mechanisms of wound healing.
Studies employing non-ionic surfactants known as Pluronic polyols have shown
beneficial effects on the rate of wound healing. These surfactants have been used by
the pharmaceutical industry since the 1950's. Pluronic polyol F-68 and F-127, also
known as Poloxamer 188 and 407 respectively, are two members of a series of 32
commercially available, non-ionic surfactants which are synthesized as condensation
products from poly(oxypropylene) and poly(oxyethylene). The reaction yields varying
products having a central hydrophobic linear core with hydrophilic groups at both
ends (see Figure 1). By varying the molar ratios of the starting hydrophile to
hydrophobe, multiple Pluronic polyols can be made which possess different molecular
weights and physical properties. The manufacturer (BASF Wyandotte Corporation)
has created a grid diagram which graphically represents the various Pluronic polyols
currently available on the market (see Figure 2).
Physical behavior of the polyols can be predicted through the use of this "grid".
For example, polyols having a high wetting capacity may be selected by choosing a
compound with a low percent hydrophile and a high molecular weight hydrophobe
(i.e., L-121 in the upper left comer of the grid). Solubility in water can also be
estimated. Compounds in the lower right portion of the grid are found the most
soluble due to their higher percentage of the hydrophilic portion.
compounds which

appe~r

Indeed the

in that section of the grid are so water soluble that they

7

Hydrophilic
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Figure 1. The Pluronic Polyol

Figure 2
The Pluronic Grid
The Vertical axis of the grid represents the increasing molecular
weight of the hydrophobic portion (poly[oxypropylene]) of the
generic molecule and the horizontal axis represents the percent of
the hydrophilic portion (poly[oxyethylene]). The prefix "F' defines
the solid members of the series while the prefixes "L" and "P'
represent liquid and paste forms respectively. In the number
representation the first numbers correspond to the vertical axis and
the last number represents the horizontal axis. For example, with
Pluronic F-127 the "F' indicates a solid, the "12" indicates a
hydrophobe molecular weight of 4000 and the "7" indicates that
the hyerophilic portion represents 70% of the total molecular
weight of the molecule.
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diagram we can see that Pluronic F-68 and F-127 are solids of moderate to high
molecular weight, 8,360 and 12,500 respectively, and are very soluble in water. 1
Due to their low toxicity,

2

several members of the Pluronic polyol series have

found uses in the food, cosmetic, and pharmaceutical industries. When utilized as
an excipient in a medication or as an additive to food, the polyols are ingested but
not absorbed from the gastrointestinal tract and are excreted unchanged in the feces.
When given parenterally, they are excreted unchanged by the kidney, although the
exact mechanism for their excretion is unknown.2. 3•16
Through the years, the Pluronic polyols have been used for their beneficial
effects as adjuncts in combination with other substances. Swim and Parker noted
that when F-68 was added in concentrations of from 0.05% to 5% to fibroblast
growth media in rotary shakers, precipitation of medium components was eliminated.
This resulted in twice the fibroblast growth when compared to media not containing
F-68. They postulated that the F-68 enhanced the growth of the fibroblasts not by
supplementing their growth but by protecting the fibroblasts in the media in which
they grew. F-68 was also added to insect growth media in studies by Murhammer4•
In this investigation Pluronic F-68 in concentrations of from 0.05% to 0.2% increased

· the production of viable insect cells produced in bioreactors from 83% without F-68
to 98% with F-68. The author proposed that the Pluronic polyol interacts with the
insect cell membranes to provide a protective action. Pluronic F-68 has also been
used successfully as a component in a plasma substitute for priming heart-lung
machines during extracorporeal circulation. In a study by Hymes6 a 0.4% solution
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of F-68 in normal saline was compared to other high and low molecular weight
substances. The F-68 solution provided the highest survival rate for animals placed
on heart lung bypass when compared to solutions of mannitol, dextran or no.rmal
saline alone. The authors attributed the high survival rate to the rapid clearance of
the Pluronic molecule from the circulatory system once the diluted blood was
returned to the systemic circulation. For substances not so easily cleared, significant
solution is retained within the systemic circulation and an overexpanded blood
volume is seen. Substances cleared too quickly become lost from the extravascular
compartment prior to the end of extracorporeal circulation and a reduced volume
and output is seen during bypass. In a related study, also by Hymes7, 0.4% solutions
of F-68 in Ringer's lactate were compared to whole blood, and Ringer's/blood
combinations in the replacement of blood volume during treatment of induced
hemorrhagic shock in dogs. The F-68 treated animals showed a significantly greater
survival rate at both 48 hours and 72 hours than did the other groups. Restoration
of microcirculation appears critical to the treatment of hemorrhagic shock and the
F-68 solutions better facilitated this process to better compensate for the electrolyte
and osmolarity imbalances found during the shock period. These animals also
produced urine earlier than any other group and no free hemoglobin was found in
the plasma of F-68 treated animals as was observed on occasion in the other groups.
The author postulated that the F-68 protected the cellular components of blood
during their passage through the microcirculation during which they come into
intimate contact with each other and the capillary walls.
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Some of the more interesting ·medical studies employing Pluronic polyols have
centered upon their effect on the wound healing process. In a microvascular surgery
study by Ketchum3, the administration of a 10% solution of Pluronic F-68 in Ringer's
lactate was compared to the administration of 5% dextrose and Ringer's lactate or
heparin as to their ability to maintain patency in reanastomosed blood vessels. The
F-68 solution given at the time of wounding resulted in a significant increase in
vessel patency although F-68 solution administered sixty minutes after wounding
failed to demonstrate the same effect, as did the remaining test groups. The author
proposed that patency of vessels is imperative during the first seventy-two hours if
adequate circulation through the reanastomosed vessel is to be maintained. The F68 in low concentrations appears to inhibit the aggregation of platelets and
erythrocytes which might otherwise slow and then completely restrict circulation of
the rejoined vessels. Heparin only inhibits fibrin clot formation and has no effect
upon platelets or erythrocytes and, therefore, demonstrates no protective effects on
the circulation of reanastomosed vessels. This study also indicated that previously
occluded vessels would not be made patent through administration of F-68 solutions.
In a study by Rodeheaver' on the incidence of wound infection when sponges
soaked with normal saline, 10% F-68, 20% F-68, or 40% F-68 were used for wound
debridement showed that F-68 soaked sponges did not impair the wounds normal
infection fighting ability as did sponges soaked in normal saline.

Additionally,

wounds cleaned with saline soaked sponges all produced subsequent infections while
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none of the wounds debrided with Pluronic soaked sponges produced infections. The
authors attributed this effect to the reduced trauma frqm debridement of the wound
with the sponge soaked with F-68 but not with normal saline alone. In a related
investigation on the ability of Pluronic block polymers to stimulate or inhibit an
immune response, Snippe8 sensitized mice to bovine serum albumin or sheep red
blood cells in various carriers to include phosphate buffered saline, F-68, Pluronic
L-31, Pluronic L-101, and dimethyl dioctadecyl ammonium bromide. The immune
response was then determined by counting plaque forming cells in the spleen and by
measuring foot pad swelling. The Pluronic polyols all produced a marked decrease
in both humoral and cellular immune responses. It was concluded that surface
action of the polyol may have been the major contributor in reducing the immune
response of these compounds.
In Grover's10 study of the effect of Pluronic F-68 on the viscosity of blood a ten

percent solution of F-68 was administered intravenously to dogs. Additional animals
were given dextran 70, .dextran 40, or normal saline to establish effectiveness of the
F-68 in relation to routinely used blood additives. Samples of the blood were taken
at specified intervals and viscosity and hematocrit were measured. Blood viscosity
at intervals up to 120 minutes showed an increase for animals receiving both types
of dextran and the subsequent administration of F-68 to these animals reduced the
viscosity to below pretreatment level. The animals receiving normal saline also
demonstrated a reduction in blood viscosity which was further reduced by the
subsequent administration of F-68.

Animals receiving F-68 alone showed a
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significant reduction in blood viscosity. The hematocrit was reduced in animals
receiving dextran and normal saline but remained relatively stable in animals
receiving F-68 which would indicate that the changes in blood viscosity in the dextran
and saline treated animals was due primarily to hemodilution whereas that observed
in F-68 treated dogs was due to factors other then hemodilution alone.
Organ and wound perfusion is primarily related to the microcirculation which
'

is greatly reduced by only slight changes in blood viscosity.

These changes in

viscosity may be due to aggregation of proteins, platelets, erythrocytes or fat emboli
which would obstruct the capillary system. It is therefore suggested for purposes of
the present study that the Pluronic F-68 shows some effect on the aggregation of
these blood components. It has been shown in several studies such as that of Lee17
that denaturation of plasma proteins occurs when blood is processed through
heart/lung bypass oxygenators. The changes seen in proteins lead to a sludging of
the blood which is similar to that noted with aggregation of the platelets and
erythrocytes. This sludging has its most significant effect in the microcirculation and
can on occasion lead to death during bypass operations. These denaturing effects
have been shown to be reduced by the addition of a non-ionic surfactant to the blood
as in Dowben's18 article investigating the effects of adding a non-ionic surfactant to
bovine plasma. No configurational or reactive group change was found, however, the
proteins showed reduced binding to ion exchange resins and reduced tendency to
denature. Both of these effects could be explained by a thick coat of strongly bound
water held in place by the non-ionic surfactant.

14
Gaehtgens and Benner11 studied the effect of surface active agents on dextran
induced aggregation and hemolysis of human red blood cells. They found that when
samples of human blood were incubated with 2, 1, 0.5, or 0.2 mM of Pluronic F-68
per liter of blood, the aggregation of erythrocytes was absent and the erythrocyte
sedimentation rate varied inversely with the concentration of the polyol. It was their
feeling that the Pluronic polyols either interacted with charged groups on the cell
surface or interfered with the intercellular bridging which takes place during cell
aggregation. Of the six surface active agents used in this study, only the Pluronic
polyols precluded hemolysis of the red blood cells. Thus when dextran solutions
containing a Pluronic polyol were added to blood, a reduced amount of red blood
cell aggregation is seen without an increase in cell hemolysis. 11
Pluronic F-127 has been employed as an "artificial skin" in the treatment of
bums by Schmolka12 who also discussed techniques for the gelation of F-68 and
F-127 from aqueous solutions in concentrations of 50% to 60% and 20% to 90%
respectively. F-127 gel has the additional advantage in that when it is stored at a
temperature of five degrees Centigrade it will remain a liquid, but when allowed to
warm to room temperature it forms a firm gel. A modification of this technique is
one in which a specified concentration of F-127 is added to water at room
temperature which, when applied to the body at thirty seven degrees Centigrade
forms a gel. In the treatment of bum wounds the moisture loss from the wound and
contamination from the air are both reduced. A subsequent study by Nalbandian et
al13 investigated the use of Pluronic F-127 gel as a covering and carrier for silver
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nitrate or silver lactate in the treatment of full thickness thermal bums. In their
study, the Pluronic F-127 gel proved to be an ideal base for bacteriocidal agents in
the prevention of surface infection of bum wounds.
Several joint studies investigating the effects of Pluronic polyols on wound
healing have been conducted by the Department of Clinical Investigation at Fort
Gordon, Georgia in cooperation with the Medical College of Georgia. In these
. studies by Paustian et al, 14 Pluronic F-127 was used to treat anesthetized rats which
had received a third degree bum to the anterior chest wall by immersion in a seventy
degree Centigrade water bath for twelve seconds. Thirty minutes after wounding
Pluronic F-127 was administered via the tail vein as an intravenous medication with
normal saline as the control. Following sacrifice at 48 hours, it was noted that the
Pluronic F-127 treated group demonstrated less wound contraction as compared to
controls. Histologic analysis showed a reduction in the degree of vascular necrosis,
fibrin deposition, perivascular fibrosis, edema and erythrocyte extravasation in the
Pluronic F-127 treated animals. These findings suggest that Pluronic F-127 is
beneficial to the early infla=atory processes.
In a recently published study, McPherson21 has evaluated the effects of multidose, parenteral administration of Pluronic F-68 and F-127 on healing of surgical
wounds in the rat. Observations suggest that following an initial decrease in wound
strength at 24 and 48 hours as compared to saline controls, Pluronic F-68 and F-127
both achieved significant increases in wound strength at 96 hours as determined by
tensiometric measurements. 21

16
Based upon the effects demonstrated on wound healing in bums and vascular
injury a project was proposed and undertaken to explore .the effects of the topically
applied Pluronic polyols on surgical wounds in the rat.
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MATERIALS AND METHODS .
Elq?erimental Pooulation
The study population consisted of adult male Harlan Sprague-Dawley rats each
weighing from 350 to 450 grams. Weight matching provided uniform skin. thicknesses
in an attempt to remove variations in assessing healing wound strength. The
experimental procedures involved in this study followed protocol number DDEAMC
91-4 approved on 11 October 1990, by the Institutional Review and Animal Use
Committee, Dwight David Eisenhower Army Medical Center, Fort Gordon, GA
Under this protocol the animals were housed in suspended wire cages and
maintained on a twelve hour light and dark cycle. Food (Wayne Rodent Blocks) and
water were provided ad libitum.

A constant temperature of twenty degrees

Centigrade was maintained and rodent bedding was replaced twice weekly, or as
needed.
Surgical Procedure
In preparation for surgery, animals were anesthetized with Rompun (2.5
mg!kg, Mobay Corporation, Shawnee, KS) and Ketamine (44 mg!kg, Aveco
Company, Fort Dodge, lA) by intramuscular. injection. Additional doses were
administered as needed to maintain anesthesia. The anesthetized rats were shaved
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on the left and right lateral abdominal and thoracic walls.

The shaved areas

extended from the fore legs to the hind legs. A six centimeter full thickness incision
was made along the "midaxillary" lines of each animal using iris scissors and each
wound edge was undermined with scissors to a distance of one centimeter to permit
placement of the treatment medicament The appropriate medicament was applied
to each wound prior to closure, which was accomplished with interrupted 4/0 silk
sutures (Ethicon M-164 with X-1 Cutting Needle, Ethicon Corporation) placed at
one half centimeter intervals along the entire incision. Following the surgical
procedure the animals received Stadol (30 micrograms per kilogram of body weight
Bristol Laboratories) as needed for analgesia based upon their observed behavior.
E'U'erimental Groups
The control and experimental groups consisted of thirty animals each as
follows:
Group 1:

Incisions were made and closed as descnbed above.

No

medicaments were placed. This group served as the no-treatment control group.
Group II: Incisions were made as described. One hundred and twenty five
milligrams of polyvinylpyrrolidone (PVP) were distributed throughout each wound
prior to closure. The PVP served as the control for any possible osmotic gradient
effects created when a soluble material is placed into a wound. This group served
as the powder control group.
Group III: Incisions were made as described. Wounds were irrigated with
ten milliliters of normal saline solution prior to closure. No further treatment was
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provided prior to sacrifice. This group served as the control for the wound irrigation
experiments.
Group IV: Incisions were made as described. A dose of 0.8 grams per
kilogram of body weight of Pluronic F-68 powder was divided into two equal parts
and distributed evenly on the interior surface of each wound prior to closure.
Dosage was based upon optimum parenteral dose found by McPherson.21 No further
treatment was provided before sacrifice.
Group V: Incisions were made as described. A dose of 1.1 grams per
kilogram of body weight of Pluronic F-127 powder was divided into two equal parts
and distributed evenly on the interior surface of each wound prior to closure.
Dosage was based upon the optimum parenteral dose found by McPherson. 21 No
further treatment was provided before sacrifice.
Group VI: Incisions were made as described. Wounds were irrigated with
ten milliliters of a twelve millimole per liter (10%) isotonic aqueous solution of
Pluronic F-68 prior to closure. This dose is similar to amount of Pluronic in powder
application. No further treatment was provided prior to sacrifice.
Group VII: Incisions were made as described. The wounds were irrigated
·with ten milliliters of twelve millimole per liter (13.67%) isotonic aqueous solution
of Pluronic F-127 prior to closure. This dose is similar to amount of Pluronic F-127
in powder application. No further treatment was provided prior to sacrifice.
Group VIII: Incisions were made as described. The wounds were irrigated
with ten milliliters of Shur-ClensR (Calgon Vestal Laboratories), a proprietary wound
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cleaning solution containing twenty percent F-68, prior to closure. Volume of this
solution is the same as that used in other irrigation groups. No further treatment
was provided prior to sacrifice.
Group IX: Incisions were made as described. The wounds were irrigated
with ten milliliters of T-Prepc, a proprietary wound cleaner and disinfectant
containing elemental iodine with PVP to solubilize the iodine, prior to closure.
Volume of this solution is the same as that used in other irrigation groups. No
further treatment was provided prior to sacrifice.
Strength Measurements
Ten animals from each of the powder application control and experimental
groups were sacrificed at forty-eight hours, ninety-six hours and seven days post
surgery.

Additionally, ten animals from each of the irrigation control and

experimental groups were sacrificed at forty-eight hours and ninety-six hours. The
animals were sacrificed by an induced pneumothorax while under anesthesia as
outlined above. An area of skin was removed from around each incision, using as
a guide a template as illustrated in Figure 5. The portions of skin with incisions
were divided into two strips, each two centimeters in width. Each of the segments,
labeled "B" or "C" from anterior to posterior, were assessed for tensile wound
strength using a constant speed tensiometer (Kaynes, Inc., Honey Brook, PA).
Strength readings were made utilizing a dial gauge showing one kilogram maximum
force divided in ten gram increments (Chatillon Force Measurement, Greensboro,
NC).ts. t9, 20
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Histologic Study
A skin specimen (labeled "A" on the template in Figure 5) from each incision
area, to include surrounding normal tissue, was taken from each animal side in
powder application control and experimental groups for histologic study. Specimen
were fixed in ten percent neutral buffered formalin, imbedded in paraffin, cut in four
micron thick sections, and stained with hematoxylin and eosin stain. To preclude
investigator bias, histologic slides were coded prior to data collection with the code
being broken only after the histologic analysis was complete. The microscopic fields
to be studied were selected at a magnification of forty power and to be within one
pointer width from the wound. This produced four high power fields per wound
which did not overlap and covered most of the area adjacent to each wound. The
fields were studied utilizing a magnification of four hundred power. The number of
polymorphonuclear leukocytes (PMN), histiocytes, and lymphocytes were counted in
each of the high power fields. Additionally, the number of blood vessels in each high
power field were counted. Cells were differentiated by morphologic and staining
characteristics.
Statistical Analysis
Statistical analysis consisted of multivariate analysis of variance to compare
the w~und strength occurring at fixed time periods. These time periods were set at
forty-eight hours, ninety-six hours, and one week based upon the effects seen in
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Template for division of 6 em wound
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previous studies. Unpaired student "t" tests were done at points of interaction seen
on graphs of the means of the groups. From the histologic cell count data meanfield
counts of the cells were calculated within each group and time interval.

•

RESULTS

· Clinical Description
The application of Pluronic polyols to surgical wounds in the rat was assessed
by tensiometer wound strength measurements and histologic characterizations. At
the time of sacrifice in the no-treatment control animals, generally dry, closed
wounds were noted with minimal swelling and moderate bleeding during harvest of
the specimen. In contrast, Pluronic F-68 and F-127 treated animals at the forty-eight
hour time interval had little swelling and clinical edema, but bled profusely during
the harvest of the specimen, sometimes to the point of pooling on the sacrifice table.
By the ninety-six hour and one week time intervals these groups had returned to the
same clinical appearance as the no-treatment control group. The PVP treated group,
on the other hand, also showed very bloody wounds with large amounts of
serosanguineous fluid at specimen harvest, as well as an abundance of inflamed
tissue at the forty-eight hour, ninety-six hour, and one week time intervals.
Wound· Strength
Tensiometric measurements of the wound strength were
accomplished immediately following harvest of the tissue specimens from two
hundred and twenty Harman Sprague-Dawley rats. Each animal produced two
specimens per side for a total of four specimens per animal to be tested for wound
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tensile strength. All sutures were removed immediately prior to harvest of the
specimen. In some animals, sutures were removed by the animals themselves or by
their cage mates. When this occurred and the wound stayed clinically closed, two
specimens per side were harvested from these animals. However, when wounds
opened up following early loss of the suture material, less than two specimens could
be harvested from that side. When this occurred supplemental animals were placed
in that particular group to provide needed specimens. All measurements from within
each control or experimental group were averaged and the standard deviation
calculated for comparison purposes.
A. Powder Application Groups (see Figure 6)
As seen in Figure 6 wound strength in. the no-treatment control group at

forty-eight hours post-surgery was measured at 144 + 35 grams. Wound strength for
the Pluronic F-68 treatment group was 138 + 27 grams at forty-eight hours postsurgery, which not significantly different from the no-treatment control group.
Pluronic F-127 treated wounds did demonstrate a reduction in wound strength at this
time interval, with a mean breaking strength of 108 + 25 grams (p<O.OOl). PVP
treated wounds also demonstrated a reduced mean wound breaking strength of 123

· + 21 grams which was significantly lower than the no-treatment control group
(p<0.05).
Tensile wound strength of the no-treatment control group at ninety-six hours
was 137 + 5 grams which represented a small but non-significant reduction in tensile
strength compared to the forty-eight hour control group. Pluronic F-68 treated

Figure 6
Wound Strength, Powder Application
Significance: * p<0.05
** p<O.OOl
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wounds produced mean tensile wound strength of 181 + 32 grams which was
significantly greater than the no-treatment control group (p<0.001). Pluronic F-127
treated wounds demonstrated a mean wound strength of 204 + 21 grams which was
significantly greater than both the no-treatment control group (p<0.001) and the
Pluronic F-68 treated group (p<0.05) at the ninety-six hour time interval. PVP
treated wounds at this time interval had a mean tensile wound strength of 179 + 36
grams which was significantly greater than the no-treatment control group (p<0.001).
Measurements made at one week post-surgery in the no-treatment control
group showed a mean tensile wound strength of 625 + 85 grams. PVP treated
wounds demonstrated a mean tensile wound strength of 429 + 96 grams which was
a significant reduction in the mean tensile wound strength compared to the notreatment control group (p<0.001). Pluronic F-68 and F-127 mean tensile wound
strengths at this same time interval were 564 + 58 grams and 562+ 131 grams,
respectively, and were not significantly different from the no-treatment control group.
A decrease in measurement of all powder application groups at the forty-eight
hour time interval was noted on comparison of the experimental wound strengths as
a percent of the no-treatment control group (see Figure 7).

At forty-eight hours,

F-127 demonstrates the greatest decrease and F-68 the least decrease in relative
wound strength. However, by ninety-six hours post-surgery all powder application
groups show wound strength greater than control. At this time interval, the F-127
treated group shows the highest relative wound strength and F-68 and PVP treated
groups demonstrated slightly lower relative wound strengths. By the seven day time

Figure 7
Relative Wound Strength, Powder Application
No-Treatment Control = 100% at all time intervals.
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intetval it can be noted that both Pluronic F-68 and F-127 demonstrated wound
strengths similar to their respective control, however, PVP shows a reduced relative
wound strength which is, on a percentage basis, greater than the depression seen at
the forty-eight hour time intetval.
B. Irrigation Application Groups (see Figure 8)
In the animal groups receiving irrigation of the surgical wounds prior to

closure, wound strength for the forty-eight hour sacrifice intetval was 150 + 32.7
grams for the saline control. Wound strength for both the F-68 and the F-127
irrigation groups were significantly different from the saline control at 167 + 30
grams (p<0.05), and 197.9 + 36 grams (p<0.001), respectively. The two proprietary
wound irrigation and cleaning solutions, Shur-ClensR and T-Prepc, demonstrated
wound strengths of 156.6 + 16 grams and 116.2 + 21 grams respectively, with only
the T-Prepc being significantly different from the saline control (p<0.001).
·By the ninety-six hour sacrifice intetval, a wound strength of 183.2 + 37.8
grams was found in the saline irrigation control group. At this time intetval, the F68 irrigation group and the F-127 irrigation group demonstrated mean wound
strengths of 240

+ 30 grams and 281.7 + 24.4 grams respectively, with both being

· significantly different from the saline control group (p<0.001). Wound strength of
the Shur-ClensR treated group was 201 + 36.2 grams and was significantly different
from the saline control (p<0.05). The T-Prepc treated showed a wound strength of
159.8

+

25.2 grams which was also significantly different from the saline control

(p<0.01).

Figure 8
Wound Strength, Irrigation Application

* p<0.05
** p<O.OOJ

Significance:
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In the comparison of the irrigation application wound strengths as a

percentage of the saline treated control (see Figure 9) it is noted that F-68, F-127,
and Shur-ClensR all showed wound strengths greater than the saline control at all
time intervals which demonstrated a steady increase over time. The F-127 treated
group showed the largest increase in wound strength at both the forty-eight and
ninety-six hour time intervals.

The T-Prepc treated group, however, did not

demonstrate this same relationship with time. Decreased strength was noted at fortyeight hours and again at ninety-six hours.
Histology Of Powder Application Groups
Histologic evaluation of the specimen taken from the no-treatment control
group and from the powder topical application groups was accomplished by high
power field counts of cell types and blood vessels.

A mean field count was

calculated for each group and time interval.
At the time of sacrifice a general description of the microscopic environment
of the various wound sites was as follows. Sweat glands and hair follicles were
generally present, as well as, increased PMN debris and fibrin clot found in the early
times with the fibrin clot remaining prominent well into the middle time interval (see
Figure 10). Degeneration of the cut muscle was seen in proximity to the wound in
the middle to later time intervals (see Figure 11). Extravasated blood was noted,
especially in the early time intervals in all groups and at later time intervals in the
Pluronic and PVP treated wounds (see Figure 12). The epithelium appeared

Figure 9
Relative Wound Strength, Irrigation Application
Saline Control = 100% at all time intervals.
Significance: * p<0.05
** p<O.OOJ
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Figwe 10
Histology Slide, Pluronic Polyol F-127, 48 Hours Post Wounding
A fibrin clot is seen with PMN debris confined to the clot area.
Hair follicles and sweat grands are seen within the connective
tissue and fatty/muscukir layers adjacent to the wound. Original
magnification IOOX.
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Figure 11
Histology Slide, Pluronic Polyol F-68, 96 Hours Post Wounding
At the middle time interval moderate cellularity is seen with
lymphocytes predominating in this view. Degenerating muscle
fibers are noted deep to the healing wound. Congested blood
vessels are also seen. Original magnification JOOX
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Figure 12
Histology Slide, PVP, 48 Hours Post Wounding
Few inflammatory cells are noted in this view. Extravasated blood
is apparent in the wound. Moderate size blood vessels are seen
adjacent to the wound surface and are congested. Muscle
degeneration can be seen. Original magnification 250X
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Figure 13
Histology Slide, Pluronic F-127, 96 Hours Post Wounding
Moderate cellularity of the healing wound is seen with round cells
predominating. The fibrin clot is still evident but epithelium
appears to cover the wound surface. Focal area of inflammation
can be seen deep to the wound. Original magnification 1OOX
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thickened and covered the wound in some specimens by the one week time interval.
Additionally at the one week time interval many wounds displayed bridging of
collagen fibers across the wound surfaces (see Figure 14). Several chronically
inflamed suture tracts were seen in the tissue adjacent to the wounds.
Polymorphonuclear leukocytes (PMN)

(see Figure 15) were seen in greater

numbers in the no-treatment control at forty-eight hours than either the Pluronic F68 or F-127 treated wounds. By ninety-six hours the levels of PMNs were reduced
in all groups with the PVP treated group remaining higher than all other groups.
The no-treatment control still remained higher than either Pluronic F-68 or F-127
treated groups.
At the one week sacrifice time the no-treatment control value had fallen
below the other groups and the PVP group still remained the highest. The general
pattern seen, was a gradual reduction in PMN count throughout the experiment,
except the PVP treated group demonstrated an increase in PMN cell counts as the
post-surgical time increased. Figures 16 and 17 illustrate the PVP group and F-68
group, respectively, at the one week time interval.
The lymphocyte count (see Figure 18) at the forty-eight hour interval revealed
a higher count for the Pluronic F-68 and F-127 treated groups when compared to the
no-treatment control group. By the ninety-six hour interval, the no-treatment control
group had achieved levels similar to the Pluronic polyol treated groups. The PVP
treated group showed far fewer cells than any other group. At the one week time

Figure 14
Histology Slide, Pluronic F-127, 7 Days Post Wounding
Collagen is noted bridging across the incision. Few inflammatory
cells are seen in this view. Sebaceous glands and hair follicles can
be seen. Original magnification JOOX
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Figure 15
Polymorphonuclear Leukocytes (PMNs)
Mean field counts from wounds treated with topical powder
applications.

.
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Figure 16
Histology Slide, PVP, 7 Days Post Wounding
Numerous lymphocytes are seen to dominate this wound. Little
evidence of new collagen formation can be seen. Congestion of
blood vessels is still noted. Original magnification 250X
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Figure 17
Histology Slide, Pluronic Polyol F-68, 7 Days Post Wounding
Closure of the wound site by collagen fonnation is noted in this
view. Few inflammatory cells can be seen in the tissue.
Glandular tissue and fibrosis of the areas around the glands is
noted. Original magnification 250X
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Figure 18
Lymphocytes
Mean field counts from wounds treated with topical powder
applications.
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interval levels for all groups were -reduced with the no-treatment control remaining
higher than the Pluronic polyol or the PVP treated. groups.
Cell counts for histiocytes (see Figure 19) were less than other observed ~ells.
At the forty-eight hour interval levels were similar for all groups with the notreatment slightly below the Pluronic polyol treated groups. By ninety-six hours, all
groups had demonstrated increased cell counts but all remained similar relative to
the other groups. At the one week time interval, cell counts showed a reduction in
histiocytes in the no-treatment, Pluronic F-68, and Pluronic F-127 treated groups
with the F-127 group reaching its lowest level noted at any time interval. Histiocytes
were not present at increased levels at forty-eight hours, but did peak at the ninetysix hour time and were, by 7 days, demonstrating levels similar to the earlier time
interval. The PVP group did not follow this pattern showing hlcreased numbers with
time.
Vascularity (see Figure 20) of the healing wound site at the forty-eight hour
time interval was much higher in the Pluronic F-68 and F-127 than in the notreatment control group. At the ninety-six hour interval the no-treatment group had
reached the levels achieved by the Pluronic polyol groups at the_earlier time interval.
By the one week time interval a reduction of vascularity was noted in all groups
except the PVP treated group. The general pattern of neovascularization was an
early increase in the Pluronic polyol treated groups which remained high at the
middle time interval followed by a slight decrease at the one week time interval. The
no-treatment group started low and reached a peak at the middle time interval and

Figure 19
Histiocytes
Mean field counts from wounds treated with topical powder
applications.
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Figure 20
Vascularity
Mean capillary field counts from wounds treated with topical
powder applications.
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then decreased to levels seen at the early time interval. The PVP started low and
continued to increase through the one week time interval. It should be noted that
the Pluronic F-68 treated group started as the highest group, remained at high levels
and ended as the highest vascular group.
Statistical Analysis
The one way analysis of variance showed no statistical differences between the
means of the experimental application groups or their respective controls.
Application of the Students "t" test to the means of the wound strengths within the
time intervals of each type of application produced the levels of significance shown
in the results section.

DISCUSSION
This research in wound healing investigated the effects of the topicill
application of Pluronic polyols F-68 and F-127 non-ionic surfactants on the tensile
strength of surgical wounds.
characterized.

The histologic composition of the wounds was

When the Pluronic polyols were applied in the powdered form

findings suggest that at the ninety-six hour time interval, the groups treated with
Pluronic F-68, Pluronic F-127, and PVP had a significantly higher tensile wound
strength than the no-treatment control group. The F-127 wounds exhibited a mean
wound strength almost fifty percent greater than the no-treatment control for the
same time interval, while the F-68 and PVP yielded strengths which were one third
greater than the no-treatment group. At the earliest time interval, forty-eight hours
post-wounding, the experimental groups all demonstrated reduced tensile wound
strength compared. to the no-treatment control.

These reduced strength

measurements were significant only for PVP and F-127. At the longest time interval
studied, one week post-wounding, the experimental groups receiving a powdered
medicament application all demonstrated reduced wound tensile strength as
compared to the no-treatment control group, with only PVP showing a significant
reduction(p<0.001).
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The· irrigation applications of Pluronic F-68, F-127, and Shur-ClensR
demonstrated an increase in wound tensile strength over that shown for the powder
topical application groups at both forty-eight and ninety-six hours post-wounding.
The controls, from the powder and irrigation experiments, demonstrated similar
wound strengths. The wounds irrigated with T-Prepc, a PVP containing iodine
wound cleaner, demonstrated strength levels comparable to the PVP powder
administration group at the forty-eight hour time interval, however, by the ninety-six
hour time interval the powder PVP application was significantly greater than the TPrepc irrigation group. The greatest effect in the irrigation application groups was
seen at ninety-six hours post-wounding in the Pluronic F-127 group, although all the
Pluronic polyol containing irrigation solutions, including Shur-ClensR, were
significantly stronger than the saline treated control group. It is considered that
irrigated wounds would retain less of the test material from the irrigation solution
than wounds treated with the powder application of the same ingredient. The
enhanced wound strength demonstrated by the irrigation groups may indicate that
a reduced local dose may provide a better response than the relatively high local
dose seen in the powder application.
Tensile strength found in early wound healing, up to fourteen days, can be
attributed to an increase in collagen deposition which is primarily due to the increase
in the number of fibroblasts called to the healing wound site.49

The earliest

fibroblasts are of a specific type called myofibroblasts, so named because they possess
a contractile action in addition to a collagen deposition ability.50 Their ability to
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synthesize collagen is directly related to the oxygen concentration51 and to the
nutrition52 available at the wound site. The nutritiqnal requirements, primarily
glucose, amino acids, and electrolytes ~nd oxygen are available as a function of blood
flow through the wound area. It has been shown in research by Ketchum (3), Grover
(10), Gaetgens (11), Paustian (14) and Lee(17) that the Pluronic polyols produce
effects on the blood components resulting in an increased blood flow in the
microcirculation, reduced edema and a reduced blood viscosity. These effects
enhance blood flow in wound sites and thereby increase the availability of oxygen
and nutritional substances. It may be that this increased perfusion results in an
elevation of the tensile wound strength seen at the ninety-six hour time interval in
this study. However, an increased amount of oxygen to an area may permit an
increase in the production of oxygen free radicals by the inflammatory cells which
may be detrimental to the wound healing process.
It has been shown in studies by Paustian 14 that in the treatment of animals
with bum wounds the administration of Pluronic F-127 reduces fibrin clot formation
in the early time intervals. As discussed previously, an increased wound strength at
ninety-six hours was seen in this study. This may have been due, in part, to a thin
fibrin clot having a reduced wound dead space permitting enhanced vascularization
resulting in an increased number of endothelial cells producing type III collagen.
The thin fibrin clot may, however, present some disadvantages because wound
strength in the first twenty-four to forty-eight hours is derived from the fibrin clot
and from deposition of collagen from fibroblasts which reside in the subdermal layers
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and endothelial cells from blood vessels in the area of the wound. The experimental
groups at the forty-eight hour time interval in the current study showed a reduced
tensile strength from that of the no-treatment group. Therefore, reduction in the
thickness of the fibrin clot may have contributed to the decreased tensile strength.
An interesting phenomenon was noted during tensiometric measurement of

the wound specimen in that there appeared to be two plateaus of wound strength.
As tension was applied to the wound, the tensiometer measuring gauge steadily
increased reaching a plateau as the outer skin layer separated. The specimen was
not completely divided at this point, still being bound at a deeper level by a fatty
layer deep to the dermal layers. Tissue from this fatty layer continued to resist
separation and again the strength measurement began to rise achieving a second
although less pronounced plateau as this deeper layer separated. As noted in a study
by Cohen54 of the tensile strength of surgical wounds in the rat, initial wound
strength was provided by the layer containing the panniculus carnosis.

The

panniculus camosis is a layer of fat, connective tissue, and muscle found just below
the dermal layer in all fur bearing animals. In Cohen's study it was found that the
early tensile wound strength originated from the collagen produced by the fibroblasts
that reside in the panniculus camosis layer. In the present study, the second, higher
reading made during the tensiometer measurement of wound strength was probably
a result of increased strength from this panniculus camosis layer and was therefore
not recorded as the true wound strength. The first number was, therefore, taken to
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be the true -tensile wound breaking strength as a closer representation of the wound
healing in man.
Measurements of the tensile wound strength in powder treated animals made
at one week post-surgery demonstrated a reduction by the experimental groups which
was significant only for the PVP treated group. The failure of the PVP group to
demonstrate wound strength comparable to the no-treatment group may be related
to the continued acute nature of the inflammation found in the PVP group at the
later time intervals. In studies by Seale55, Hulme56, and Regoeczi57 PVP is shown to
accumulate in inflammatory tissue and may prolong, at least in the times studied
here, the acute inflammatory phase. For repair to properly begin the acute phase
of inflammation must resolve prior to the reformation of the collagen matrix seen
as the healing sequence progresses. The reduced strength noted in the other
experimental groups, F-68 and F-127 were not significant and may only be variations
of normal.
The cellular and vascular components of the healing tissues were
characterized histologically by microscopic cell counts. PMNs were found in greater
numbers in the no-treatment control group than in the experimental treatment
groups.

However, signs of infection were not seen in either the control or

experimental animals. PMNs appeared decreased in number in the experimental
groups compared to the no-treatment control group. One of the normal initiators
of the inflammatory response is the activation of the complement cascade by
activation of Hageman factor (coagulation factor XII) by its exposure to negatively
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charged surfaces, such as basement membranes,

collagen, elastin,

and

glycosaminoglycans in the cut wound margins60, with the resultant chemotaxis of
PMNs to the wound site. If cut surfaces are coated with a water layer , thus covering
some of the reactive sites18, a reduced level of PMN chemotaxis may be seen
resulting in a reduced number of PMNs in the experimental groups. This may be a
result of the water coat formed by the surface action of the polyol on the damaged
vessels and collagen found in the surgical wound. As the healing progressed the
numbers of PMNs steadily declined in the no-treatment, F-68 and F-127 groups.
However, PMNs in the PVP group remained at a relatively constant level possible
because of PVP retained in the cell of the inflamed tissue thereby producing an on
going acute inflammatory process as noted in the preceding discussion.
Histiocytes, the tissue macrophages, were present at similar levels in the notreatment, F-68 and F-127 groups. The PVP treated group demonstrated decreased
levels in the early time intervals which gradually increased to levels comparable to
the remaining groups by the seven day time interval. Due to the general low number
of histiocytes found in all groups, it is assumed that these cells were .present in the
tissue at the time of wounding plus monocytes that were immediately available from
the circulating blood. As time increased past the intervals studied, an increase in
histiocyte count would be expected. The histiocyte is the controller cell causing the
fibroblast to increase their production of collagen and calls more fibroblasts to the
wound area. 61. 62 Additionally, mediators released by the histiocytes are important
in the migration of new blood vessels into the wound. 61 It is possible that those
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histiocytes present at the time of wounding became active due to the ensuing
inflammatoryprocess and were accordingly important to the neovascularization noted
in this study. It has been determined by Hunt, et al

61

,

that a minimum number of

macrophages must be present for effective angiogensis and deposition to take place.
Below this critical number of macrophages some healing will occur, being controlled
by other types of inflammatory cells, but at a reduced level of effectiveness.
Lymphocytes are characteristic of a more chronic inflammatory response and
in this study appear to be present in elevated numbers in the F-68 and F-127 treated

groups at the forty-eight hour time interval.

By ninety-six hours the levels of

lymphocytes in the polyol groups and no-treatment group were nearly the same with
a subsequent reduction of numbers in all groups at the one week time. No particular
association can be seen with regard to lymphocyte count and tensile wound strength.
Vascularity of the wound site was found to be increased in the F-68 and F-127
treated groups when compared to the no-treatment group at forty-eight hours post
wounding. In a discussion by Niinikoski52 it is noted that fibroblasts will respond to
increased blood perfusion in wounds by increasing their production of collagen.
Therefore the increased vascularity noted at forty-eight hours of the Pluronic treated
groups may be responsible for the increase in tensile strength found at the ninety-six
hour time interval in the same groups. By the ninety-six hour time interval. all
groups reached similar levels of vascularization.
Factors which may influence the observations made in wound healing studies
should be considered when designing an experiment First, the use of an animal
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model for the study of wounds has definite limitations in that it cannot be directly
extrapolated to humans. The ability to control behavior during the healing time is
illustrated by the observation of lost sutures prior to sacrifice time in both the
control and experimental animals. Additionally, it is possible that the emotional
levels of the experimental animals may influence the healing process. This was
demonstrated in the current experiment when, in an attempt to control premature
suture removal by cage mates, rats were housed one per cage, rather than three per
cage, resulting in very agitated behavior. Behavior returned to normal when groups
of three rats were returned to each cage, implying that physical contact is very
important to the psychological well being of the animals.
A second factor to be considered in designing an experiment is the types of
measurements to be made. Tensile strength of the wound is well regarded in the
literature as a measurement of early wound healing.49• 58 The measurement of dry
weight collagen is a precise but very time consuming process which may not provide
more information about wound strength than the tensiometer measuremenf0•
Assessment of the cellular components of healing wounds is primarily subjective and,
when individual variation of the study population is considered, does not differentiate
between closely spaced time intervals. This problem was discussed by Levenson, et
al49 in their investigation of healing rat wounds which could not be accurately
differentiated histologically when short time intervals were studied.
A third consideration is that the method of medicament administration may
also influence the effects demonstrated on the wound healing.

Parenteral
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administration will provide immediate significant blood levels, and for drugs with
systemic effects this may be a preferred way of administration.

This form of

administration can also lead to early metabolism or elimination of the drug by the
body, thus reducing its effectiveness. Additionally, toxic effects are sometimes seen
when a locally applied drug inadvertently gets into the systemic circulation. Some
drugs act locally and are more effective when applied to the local environment
directly.
In unpublished research by Fitzpatric1Ci9 a significant increase in tensile wound
strength (p<0.001) was demonstrated in surgical wounds of the rat when Pluronic
polyols F-68 and F-127 were administered via the tail vein (see Figure 21).

The

effect was most pronounced at the ninety-six hour post-wounding time interval.
Doses of the Pluronic polyols in Fitzpatrick's study were the basis for the doses
administered in the current study. In comparing the results of parenteral, topical
powder, or irrigation application of the Pluronic polyols, as a percentage of their
respective controls (see Figure 22), one notes that the greater wound strengths were
demonstrated at the ninety-six hour time intervals. Additionally, the parenteral
administration of both F-68 and F-127 produce greater wound strength than any
other method of administration. It is also interesting to note that the other forms
of administration, powder application or irrigation, produce similar wound strengths
at the ninety-six hour time interval for each medicament regardless of application
mode. The polyols have demonstrated the ability to provide some positive wound
healing effects when applied either parenterally or locally, with the parenteral route

Figure 21
Wound Strength, Parenteral Administration

* p<0.05
** p<O.OOl

Significance:
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Relative Wound Strength, Pluronic Polyols
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producing the greater increase in wound tensile strength. With further study of the
effects of the Pluronic polyols on wounds, different forms of application, different
intervals of administration and possibly the use of some carrier mechanism may
provide a better response.
A fourth consideration is the type of wound being used to assess the wound
healing effects of a drug. Position of the wound on the body may enhance or inhibit
the response. Choosing to undermine the incision, as was done in this study, may
provide a different environment for healing. Perhaps the use of an inert non-stick
barrier, such as TeflonR to aid in separation of the wound margins from the
underlying tissue at specimen harvest may enhance assessment of the true wound
strength. The use of burn wounds, as opposed to cut surgical wounds, will provide
different amounts of tissue destruction and provide different types of information
about healing. The nature of inflammation differs in burns and cut wounds in that
vascular leakage is from all vessels in a burn wound and only from precapillary
venules in the surgical cut wound.
The last factor to be discussed is choosing the proper type of control for the
experiment An obvious selection is the use of an untreated control, as in the
current study the operation was performed with no medicaments placed into the
wound prior to closure. Additionally, an attempt was made to control the effect of
applying a hydrophilic powder to a cut wound surface when PVP was applied directly
onto the wound surface prior to closure. Unfortunately, the PVP may accumulate
in the inflammatory cells and prolong the acute phase of inflammation, at least in
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the concentrations found locally after direct application to a wound. Other powders
were also considered, talc, for instance, but was discarded because it does not
dissolve and would serve as a stimulator of a granulomatous inflammation reaction.
Likewise caraganeen, a plant lecthin, was also considered but also discounted
because it is a known inflammatory agent.
Potential uses for a non-hemolytic surfactant can be found in many areas of
medicine. In surgery the demonstrated increase in wound strength in Pluronic
treated patients could shorten recovery time and the increased blood profusion rates
of the tissues could make wound healing more predictable. A common problem in
hemodialysis is the destruction of blood cells from trauma in the extracorporeal
portion of the process.

These patients usually demonstrate elevated bleeding

tendencies due to platelet destruction. Treatment of these patients with a Pluronic
polyol prior to dialysis could impart some protection for the cells and help reduce
the possibility of clotting factors released by the ruptured platelets from causing a
disseminated intravascular coagulopathy which may cause an elevated bleeding time.
The Pluronics have already demonstrated a positive influence on treatment of third
degree bum wounds demonstrating reduced edema, fibrin deposition, wound
contraction, and

in~reased

tissue perfusion.

Future studies of the Pluronic polyols should include an investigation into
their mechanism(s) of action. Whether they provide only surface action or may
actually concentrate or promote some growth factor which enhances the healing
process has yet to be demonstrated.

Timing of the drug administration may
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influence the degree to which the Pluronic polyol can effect the healing process.
Therefore, studies should be conducted which explore the relationship between time
of administration and time of wounding. A dose/response investigation should also
be undertaken to determine the optimal dose of the Pluronic polyol. The effect of
the Pluronic polyols on contaminated and infected wounds and their effect on
antibiotics used to treat infection in tissue during the healing process should also be
investigated. Specific applications, such as the effects of the Pluronic polyols on skin
or mucosal grafts which might increase the predictability of success in these
procedures, should also be explored.
SUMMARY
Positive effects of Pluronic polyols F-68 and F-127 on wound healing have
been shown by using a rat surgical wound healing model. A predictable increase in
tensile wound strength has been demonstrated at early post wounding times. An
alteration of the cellular components of the wound, as well as, the rate of
neovascularization has been suggested.
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