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INTRODUCTION 

Statement of the Problem 

Pluronic polyols are non-ionic surfactants which were introduced in the 

early 1950's. These compounds are non-toxic and range in physical form from 

liquids and pastes to hard solids. Two commmercial non-ionic surfactants, F-127 

and F-68, have been shown to have beneficial effects in wound healing. However, 

the most advantageous method for administering F-127 and F~68, as well as the 

more appropriate time intervals to obtain the greatest _results, have yet to be 

determined. The specific ·aims of this study are as follows: 

1. To assess the effects of parenteral application of F-68 and F-127 on 

flank wounds in rats after initial healing periods of either 24 or 48 hours. 

2. To ascertain if there is any difference in efficacy between topically 

applied Pluronic polyols, as reviewed in literature, compared to their parenteral 

application. 

3. To evaluate the histologic status of the experimental wounds versus 

their controls as to collagen formation and maturity. 
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Review of the Related Literature 

Recent advances in our understanding of growth and development have 

led us to the realization that previously unattainable tissue regeneration and 

repair_ are now within the scope of patient care. The process of healing begins 

soon after injury and cannot be completed until the injurious agent has been 
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· neutralized or destroyed. Inflammation is an important component of wound 

healing. Many inflammatory cells are part of the process and include neutrophils 

(PMNs), lymphocytes, plasma cells, macrophages and fibroblasts. 

Neutrophils are the first leukocytes to emerge from the vessels in 

significant numbers. They are motile phagocytes which locate their target by 

chemotaxis (C5a and C567 are important chemotactic components).1 

Lymphocytes are the military of the immune system and are found 

throughout the body in lymph nodes, the spleen, bloodstream, lymphatics, tissues 

and secretions. The three types of lymphocytes are B cells, T cells and "null" 

cells. The B cells, working very closely with the T cells, give rise to antibody

producing plasma cells and come from the bone marrow. T cells are in the blood 

and lymph and recirculate from the bloodstream to the lymphatics and back 

again. The T cells often act as helper-cells, driving antibody formation by 

stimulating the proliferation and differentiation of B cells. The "null" cells do not 

recognize antigen but possess receptors by which they can bind to antibodies. 

Accordingly, these cells do not have to recognize specific antigens and they 



neutralize any cell which becomes coated wi~ the appropriate type of antibody 

(IgG).1 
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The macrophages have the functions of debridement and the secretion of 

growth factors which stimulate the proliferation of fibroblasts and new blood 

vessels. Macrophages are key cells which drive the initial phases of wound 

healing. They appear early in the process to secrete factors which induce 

fibroblasts to signal fibroplasia, collagen synthesis and angiogenesis. 2.3 Browder et 

al, 4 injected macrophages into experimental wounds in rats, which resulted in 

enhanced collagen synthesis and wound breaking strength. Fibroblasts synthesize · 

and secrete collagen, proteoglycans, and fibronectin in the healing w_ound. 

Proteoglycans are the chief component of the connective tissue ground substance. 

Collagen is secreted by fibroblasts in the form of tropocollagen molecules. These 

molecules are released from the cell to form collagen fibrils. As fibers are 

formed, the tensile strength of the wound increases. However, fibroblasts are 

unable to produce collagen efficiently in the presence of bacteria and their toxic 

products. 

Many factors present in wounds appear to be chemotactic for fibroblasts, 

· such as fibronectin, lymphokines and platelet derived growth factor. Fibronectin 

is the major protein found on the surface of cultured fibroblasts. In vitro, 

fibronectin is an analogue to myofibroblast cell and has been shown to bind to 

collagens.5 Fibronectin can be demonstrated in granulation tissue before collagen 

appears. It is a major component of reticulin which plays an important role in 
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the early phases of healing. Reticulin is not solely fibronectin, but is also 

comprised of type III collagen and possibly non-collagenous glycoproteins.6 The 

predominant collagen in granulation tissues is type I, but type III collagen is also 

present. 7 The newly secreted proteoglycans and type Ill collagen $pecifically bind 

to fibronectin and provide tensile strength to the wound while the fibrin clot is 

being lysed. 8 Most of the type III collagen, proteoglycans and fibronectin are 

subsequently removed and replaced by type I collagen with a scar formation. 

Fibronectin is chemotactic for macrophages and fibroblasts and due to this 

and its adhesive properties normal healing appears to be improved. 2 Any 

depletion of the substance during healing causes a decreased wound strength. 

According to Nagelschmidt et al,9 fibronectin is a fundamental part of wound 

healing. This group utilized two groups of Sprague-Dawley rats: one group 

received standardized grade three bums on the abdominal skin and the other 

group of rats was injured by excision and sutured. Both wounds were assessed by 

planim.etry on day 2 and day 7. Human fibronectin and gelatin were administered 

by parenteral injection. Plasma fibronectin is an essential component of the non

specific host defense system and any loss of this protein is assumed to cause a 

dysfunction of the reticuloendothelial system. Deprivation ·of fibronectin could be 

achieved by inject~ng gelatin because of its high affinity for fibronectin. Gelatin 

mimics the physiologic situation after injury because of the post-traumatic 

decrease of plasma fibronectin caused by high concentration gelatin-like 

degradation products originating from the wound. This study demonstrated that 



additional systemic doses of human fibronectin_ did not affect normal wound 

healing in rats either negatively or positively, but deprivation of plasma 

fibronectin resulted in retardation of wound healing.9 

In the study of periodontal wound healing, several pharmacologic agents 

are being evaluated with the goal of increasing the rate of wound healing or 

enhancing wound strength. The Pluronic polyols F-127 and F-68 are non-ionic 

surfactants which are members of a series of 32 commercially available 

condensation produc.ts from block polymers of poly( oxypropylene) and 
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poly( oxyethylene ). The latter, poly( oxyethylene) is water soluble regardless of the 

molecular weight and the former, poly( oxypropylene ), is water insoluble at 

molecular weights over soo~ The condensation reaction yields varying products of 

different molecular weights, all having a central hydrophobic core with hydrophilic 

groups at both ends (Figure 1). By ~arying the ratio of the starting hydrophile to 

hydrophobe, multiple Pluronic polyols are produced which possess different 

properties. 

The Pluronic polyols are characterized by high molecular weight (from 

1100 - 14,000) and predictable behavior. The manufacturer (BASF Wyandotte 

Corporation) has a grid diagram which graphically represents the various 

behaviors as they relate to molecular weight of the various polyols which are 

available on the market (see Figure 2).10 ~e Pluronic grid enables the user to 

select the desired polyol or combination of polyols with various physical forms 

and molecular weights. For example, L-64, a liquid, has a molecular weight of 
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1,750; and P-75, a paste, has a molecular weight of 2,050. The polyols located in 

the lower right portion of the Pluronic "grid," are the most soluble because of 

their higher hydrophilic (water loving) capabilities. It has been determined that 

polyols have excellent emulsifying capabilities. The best emulsifiers are neither 

completely hydrophilic nor lipophilic ( oil loving) but a combination of both.10 

Pluronic F-68 has been employed as an emulsifier for an intravenous fat emulsion 

and has also been patented as a suitable emulsifier in an injectable anesthetic 

because it can be sterilized following preparation and is stable on storage for 

periods of at least six months.10
•
12 

Pluronic F-68 (a solid with a molecular weight of 8,350) and F-127 (a solid 

with a molecular weight of 11,500) are apparently free from hazardous 

toxicological or irri~ating properties. In a series of tests. using rats, Pluronic F-68 

administered orally in doses of 2.5 g/kg daily for up to two years resulted in no 

taxi~ manifestations.13 The oral LOSO for Pluronic F-68 is 15 g/kg by body 

weight.13 Pluronic F-68 is excreted in the urine unchanged within 24 hours after 

IV administration in rats.13
·~

4 F-127 at a dose of 100 mg/kg body weight was 

administered intravenously to three female Mongrel dogs to evaluate its 

absorption and toxicity in the systemic--circulation. Results demonstrated that at 

6-hours 33% of the F-127 was recovered in the urine and that· by 30 hours, 68-

75% of the administered Pluronic F-127 had been excreted by the kidney.13•15 

Pee et al, 16 in a study designed to stablize the enzyme urease, using a 33% 

(w/w) Pluronic F-127 vehicle solution, stabilized the protein-F-127 vehicle which 
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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]). Tfieprefix 
"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 a hydrophilic portion 
represents 70% of the total moleqular weight of the molecule. 

courtesy of Dr. Shahan11 
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was injected into rats. The half life for F-127 following an intraperitoneal 

injection of 1.7 g/kg was estimated to be 20.± 90.9 hours by renal elimination.16 

Pec's findings suggested that F-127 may be useful as a parenteral vehicle in which 

to disperse protein therapeutics designed for sustained delivery after extravascular 

administration. 

Skin sensitivity studies using Pluronic F-68 and F-127 have been conducted 

on dogs, rabbits and man. A paste containing 75% Pluronic F-68 was rubbed for 

one minute daily for 10 days onto the abdominal skin of rabbits, then fourteen 

days after the last application the paste was applied again for one minute. There 

was no visual or histological evidence of irritation or change in cell morphology.13 

Another agent containing 26% Pluronic F-127 was applied to intact, abraded 

rabbit skin for 24 and 48 hours with minimal skin irritation as defined by the 

Federal Hazardous Substances Act.13 

The antimicrobial activity of the bacteriostatic agent, hexetidine, in 

combination with the surface active polymer, F-68, was evaluated for activity 

against the following organisms; Pseudomonas fluorescence, Staphylococcus 

aureus, and Streptococcus faecalis. The Pluronic polyol F-68 demonstrated no 

antibacterial activity on the growth of.any of the organisms. Hexetidine alone did 

show antibacterial activity on the above organisms at 10 p.p.m. (parts ·per million) 

except for E. coli which required 80 p.p.m. When hexetidine (50 p.p.m.) was 

combined with F-68 (100 'p.p.m.) however, the activity of the combination was 

greater in the presence of small amounts of F-68. This was probably due to the 



non-ionic surfactant's ability to inhibited the growth of bacteria.17
•
18 This effect 

occurs in the presence of certain culture media and micro-inoculum broth, 

however, if the concentration of F-68 continues to increase the activity of 

hexetidine gradually decreases.17 
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The use of Pluronic polyols for wound cleaning has been examined by 

Rodeheaver.19 He demonstrated that mechanical cleaning of wounds with 

sponges soaked in Pluronic F-68 prevented development of experimental wound 

infections with minimal tissue abrasion in rabbitse Staphylococcus aureus was 

introduced into wounds which were then treated by mechanical cleansing with 

sponges, dry or soaked with 0.9 per cent sodium chloride or with various 

concentrations of F-68. All treatments effectively removed bacteria to reduce 

infection, but tissue damage from the Pluronic polyol F-68 containing sponges 

were minimal. Although Pluronic F-68 does not have any intrinsic antibacterial 

activity, addition of Pluronic F-68 to the abrasive sponges facilitated the bacterial 

removal during the surgical scrub while tissue trauma was minimized. This dual 

effect of the surfactant resulted in a dramatic reduction in the infection rate of 

contaminated wounds. 

In support of this finding, Edlich15 noted that Pluronic polyol F-68 

combined with Betadine Surgical Scrub solution fot the treatment of · 

contaminated wounds (Staphylococcus aureus) exhibited 0% infection as 

compared to 66.6% for the wounds treated with Betadine Surgical Scrub 

(without polyol) alone. Edlich concluded that a non-toxic surfactant (F-68) 



improved the therapeutic value of surgical scrub solutions in treatment of 

contaminated wounds. 

The polyols have also· been used intravenously. These agents can be 

selected for their various properties to either bind, stabilize, alter viscosity, or 
) 

11 

affect several parameters concurrently. It is alleged that Pluronic F-68 has the 

ability to decrease blood viscosity and decrease platelet adhesiveness. 20 Ketchum 

et al,20 studied 146 femoral arterial repairs in white rabbits to determine the 

effects of Pluronic F-68, Ringer lactate and heparin on platelet adhesiveness and 

blood viscosity. Injured vascular tissues attract platelets to form clots and 

Ketchum's study indicated that Pluronic F-68 not only decreases platelet 

aggregation but also enhances their disaggregation.20 .The data further supported 

the author's hypothesis that: (1) Pluronic F-68 acts as an anti-Hageman factor. 

This is important, because the Hageman factor is known to induce platelet 

aggregation and to initiate the intrinsic phase of blood coagulation. Pluronic F-68 

appears to prevent microvascular clotting, and to retard blood ·coagulation both in 

vitro and in vivo.20 The mefhanism of action remains unknown. (2) Pluronic 

F-68 possesses an anti-factor VIII activity. Factor VIII, a high molecular weight 

glycoprotein which is synthesized primarily in the endothelial cell, supports the 

normal platelet function of adhesion. (3) Paton, 21 and Ketchum20 suggest that 

Pluronic F-68 is not an anti-thrombin agent, but appears to possess some heparin

like properties. It was shown clinically by Paton that patients given Pluronic F-68 

after being on cardiopulmonary bypass for one hour had decreased blood viscosity 



12 

and cellular resistance.21.22.23 He also found that when vessels were completely 

occluded by platelet aggregates, no resumption of circulation could be 

accomplished by administration of Pluronic F-68. However, the polyol appeared 

to function when the circulation remained intact. 21,22.23 

Hymes et al, 24 noted a decrease in the surface tension of blood in animals 

treated with Pluronic F-68. They evaluated hemorrhagic shock in three groups of 

dogs: (1) F-68 0.4gm % was dissolved in Ringer's lactate solution; (2) a group 

treated with shed blood alone; (3) blood plus a volume of Ringer's lactate 

solution equal to twice the maximum amount of blood in the reseIVoir. Catheters 

were placed into the femoral artery and vein for shed blood and returning it. 

Pluronic F-68 reduced vascular resistance, significantly lowered_ blood viscosity 

without hemodilution, and markedly lowered surface tension suggesting that the 

reduction in surface tension may play a significant role in capillary circulation 

when the diameter of the vessel approaches that of a red blood cell.24 

During cardiopulmonary-bypass surgery, postoperative hemorrhagic shock 

is a potential sequela. As was stated earlier, Pluronic F-68 influences various 

properties of blood: decreasing platelet aggregation, reducing vascular resistance, 

lowering blood viscosity, and lowering--blood surface tension.25
•
26 The reduction in 

surface tension between plasma and red cells would enhance the ease of 

deforming the red blood cell membranes. Surface tension plays a significant role 

in_ capillary circulation when the diameter of the vessel approaches that of the red 

blood cell.25
•
26 Experimentally, hypercoagulability has been associated with 
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hemorrhagic shock which in tum can lead to intravascular coagulation. 25 Pluronic 

F-68 administration has been shown to prevent aggregation of platelet 

microthrombi, and if infused early, restores the obstructed microcirculation and 

counteracts the effect of disseminated intravascular coagulation in hemorrhagic 

shock.25 

Thermal bums are a major concern in any military conflict, and are one of 

the more common medical injuries of society. Any procedure or material that 

would enable one to treat burns more economically, enhance healing and repair, 

favorably alter the pathophysiology at the bum site (heat loss, water loss, 

infection, electrolyte loss, or eschar formation), be easily applied or removed and 

possess topical anesthetic action would be readily embraced by the medical 

community. Nalbandian proposed that Pluronic F-127 mimics the normal 

functional epidermis and may be utilized as an "artificial skin" for bums and 

wounds. Its properties are compatible for carrying bacteriostatic, bacteriocidal, 

and other adjuvants to accelerate wound healing.26 The reason Pluronic F-127 is 

used in preparation of artificial skin is because of its high molecular weight; it has 

the ability to form a gel at only 20% of its concentration in water at 25 degrees 

Centigrade. The Pluronic polyols which are able to form gels in water at 25 

degrees Centigrade at various concentrations are noted to the left of the dark 

black line, and those Pluronic polyols outside of the dark line will not gel at any 

concentration (Figure 3).27 
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The addition of bacteriostatic/bacteriocidal agents to an aqueous solution 

containing a Pluronic gel forestalls infection and provides a functional first line of 

defense while the reparative processes are _enhanced. 26 It was concluded that 

Pluronic F-127 seives as an ideal base for bacteriocidal and bacteriostatic agents 

in the treatment of full thickness thermal wounds because it can be applied 

topically as a liquid to the bum wound site to reach into every crevice and 

contour before gelling at body temperature. This provides full surface coverage 

by the agent.26
•
27

•
28 

Paustian et al, 29 administered Pluronic F-127 to rats which had received a 

third degree bum. The anterior chest wall was immersed into a hot water bath for 

twelve seconds; and thirty minutes after wounding, the Pluronic F-127 was 

administered via the tail vein as an intravenous medication, with normal saline as 

th~ control. Following sac~fice at 48 hours, it was·noted that the Pluronic F-127 

treated group demonstrated less wound contraction than did the controls. 

Histologic ana~ysis showed a reduction in the degree of.vascular necrosis, fibrin 

deposition, perivascular fibrosis, edema and erythrocyte extravasation in the 

Pluronic F-127 treated animals. 

Several -collaborative studies by. the Department of Clinical Investigation, 

Eisenhower Army Medical Center, Fort Gordon, Georgia, the United States 

Army Dental Corps Periodontal Residency Program, and the Emergency 

Medicine Section, Medical College of Georgia, Augusta, Georgia have obseived 

the influence of Pluronic polyols on wound healing. A recent study by 
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Fitzpatrick3° evaluated the effects of Pluronic F-127 and F-68 on healing of 

surgical wounds in rats. He concluded that with the administration of Pluronic F-

68 and F-127 given intravenously at the time of surgery, the breaking wound 

strength decreases at 24 hours as compared to saline controls. However, the 

breaking wound strength was greater than the controls at 96 hours when Pluronic 

F-127 or F-68 were administered.30 

In reviewing these previous studies on wound healing the present study was 

designed to determine the most effective time_ intetval between wounding and 

Pluronic polyol administration and the most efficacious mode of treatment in 

dispensing the Pluronic polyols at a wound site. 



Figure 3 .. 

Gel Properties of the Pluronic Polyols 

The Pluronic polyols with lqw molecular weights do not form gels at any 
concentration in water. The Pluronic-6 series, including F-68, form a gel at a 
minimum concentration of 50-60% at room temperature, Pluronic F-88 forms a gel 
at 40% at 25 degrees Centigrade, and F-127 forms a gel at only 20% of its 
concentration in water, at 25 degrees Centigrade. Pluronic F-127 has the ability to 
become a gel when it comes in contact with the sldn at room temperature. The gel 
can be heated or cooled down innumerable times without a change in properties. 
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MATERIALS AND METIIODS 

Experimental Population 

To assess the effects of parenteral application of F-68 and F-127 on the 

healing of wounds, a rat model system was employedo The study population 

consisted of adult male Spraque-Dawley rats each weighing 300 - 450 grams. 

Weight matching helped to provide 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 91-75, 

approved on 12 September 1991, by the Institutional Review and Animal Use 

Committee, Dwight David Eisenhower Army Medical Center, Fort Gordon, 

Georgia. 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 Procedures 

In preparation for surgery, animals were anesthetized with Rompun (2.5 

mg/kg body weight, Mobay Corporation, Shawnee, KS) and Ketaset ( 44 mg/kg 

b.w., Aveco Company, Fort Dodge, IA) by intramuscular injection. Additional 

doses were administered as needed to maintain anesthesia. The anesthetized rats 

18 
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were shaved on their left and right flanks, extending 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 the wound edge was 

undermined with scissors to a distance of one centimeter to permit ease in 

separation of tissues at the time of sacrifice. The wounds were closed with 

interrupte~ 4/0 silk sutures (Ethicon M-164 with X-1 Cutting Needle, Ethicon 

Corporation) placed at one half centimeter intervals along the entire incisions. 

Following the surgical procedures, the animals received Stadol (30 micrograms 

per kilogram of body weight, Bristol Laboratories) as needed for analgesia based 

upon their observed behavior. After an initial healing period of either 24 or 48 

hours, the appropriate medicaments were injected parenterally. 

Experimental Groups 

The control and experimental groups consisted of twenty animals each, as 

follows: 

Group I: Incisions were made and closed as described above. A 

parenteral dose of 8 ml/kg body weight of normal saline was given every eight 

hours after an initial healing period of twenty-four hours post-surgery. Ten 

animals each were sacrificed at day four or day six ( eight hours after the last 

injection). Weights were monitored daily. 

Group II: The incisions were made as previously described. A parenteral 

dose of 8 ml/kg b.w. (12 mM) of Pluronic F-68 was given every eight hours 

beginning at twenty-four hours after the initial incision. Sacrifice was at day four 



20 

or day six with the last injection eight hours prior to the first sacrifice. Weights 

were monitored daily. 

Group III: The incisions were made as described. A parenteral dose of 8 

ml/kg b.w. (12 mM) of Pluronic F-68 was given every eight hours, starting at 

forty-eight hours after initial incision. Sacrifice was at day four or day six with the 

last injection eight hours prior to the first sacrifice. Weights were monitored 

daily. 

Group IV: The incisions were made as described above. A single 

parenteral dose of 8 ml/kg b.w. (12 mM) of Pluronic F-127 or saline was given at 

forty-eight hours after the initial incision. The animals were sacrificed at day four 

or day six. Body weights were monitored daily. 

Group V: The incisions were made as described above and a parenteral 

dose of 8 ml/kg b.w. (12 mM) of Pluronic F-127 or saline was given once at forty

eight _hours and again at seventy-two hours after the initial incision. The animals 

were sacrificed at day four or day six. Weights were monitored daily. 

Group VI: The incisions were made as described above. A single 

parenteral dose of 8 ml/kg b.w. (12 mM) of Pluronic F-127 or saline was given at 

seventy~two hours after the initial incision. No further injections were given 

before sacrifice at day four or day six. Body weights were monitored. daily. 

Tensile Strength Measurements 

In preparation for determining wound tensile strength, animals were 

sacrificed while under anesthesia by induced pneumothorax as outlined above. 
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Sutures were removed and a area of the skin was removed from around each 

incision using a template The incisions provided two strips, each strip two 

centimeters in width (Figure 5). Each of these segments, labeled "A" or "B" from 

the anterior to posterior, were assessed for tensile wound strength by a constant 

speed tensiometer (Kaynes, Inc., Honey Brook, Pa.). Wound tensile strength 

readings were read from a dial gauge showing one kilogram maximum force 

divided in ten gram increments (Chatillon Force Measurement, Greensbore, 

NC).31,32 

HISTOPATHOLOGIC STUDY 

A skin specimen (labeled "C" on the template in Figure 5) from each 

incision area, to include surrounding normal tissue, was used for histologic 

evaluation. The specimens were fixed in 10% neutral buffered formalin, 

embedded in paraffin, cut in four micron thick sections, and stained in order to 

monitor the diversityin the connective tissue fibers. For this purpose tissue 

sections from both the control and experimental animals were stained with 

Masson's Trichrome. This stain was employed to observe collagen maturity, 

which imparts a dark greenish-blue color to mature collagen while less mature 

collagen generally stains light green-blue in color. The immature collagen is not 

stained by this technique. 33 Adjacent sections were' stained with pico-Sirius Red 

F3BA stain and obseived with a polarizing microscope. Pico-Sirius Red F3BA 

stains the mature collagen fibers orange-red and the young and very fine collagen 

fibers green-yellow, and the thick strands that are still less organized stains 
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yellow-orange. 34
•
35 This method is specifically used for eliminating other fibrinous 

materials such as fibrin which might be present as a result of wounding. To 

preclude investigator bias, histologic slides were coded prior to data collection 

with the code broken only after the histologic analysis was complete. The 

microscopic fields (10 random fields per slide) for study were selected at a 

magnification of forty power and positioned within one pointer width from the 

wound. This produced ten high power fields per wound that did not overlap and 

which covered most of the area adjacent to each wound. The fields were studied 

utilizing a magnification of fifty, one hundred, two hundred and four hundred 

power. The constituent cells_were differentiated by morphologic and staining 

characteristics. An estimation of collagen deposition, mentioned above, was made 

on a subjective semiquantification scale ranging from O (none present) to 5 

(three/quarters of the field), see Table I.33
•
35 
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TABLE I. Semiquantijicatlon of collagen maturity 

Description 

Primarily only fibrin strands (morphologically detectable c~llagen 
lacking) · 

Very fine collagen fibers verified under polarized light 
(less organized) 

Prominent short fibrous strands. under polarized light ( organized 
collagen strands just beginning to form) 

Definite bands of collagen formed, but still comparatively less 
organized 
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Perfectly intertwined collagen bundles of mature collagen intermixed 
with fine less. organized fibers 

Generally mature collagen 

STATISTICAL ANALYSIS 

Statistical analysis consisted of multivariate analysis of variance to compare 

the body weight and wound strength obsetvations at fixed time periods post

surgeiy. The time periods selected for sacrifice of animals were at day four or 

day six post-surgery. These time periods were selected following a review of · 

observations made at forty-eight hours, ninety-six hours, and one week in previous 

studies. 11
•
30

•
36 Unpaired Student "t" tests were done at the points of interaction 

seen on graphs of the means of the groups. From the histologic data random · 

frequency field counts of the areas were calculated within each group and time 

inteIVal using chi-square analysis. 
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to be made at time of sacrifice. 
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RESULTS 
I 

The effects of intraperitoneal injection of Pluronic polyols · on surgical 

wounds in the rat were assessed by tensiometer wound breaking strength 

measurements and histologic characterizations. Changes in body weight were 

monitored. The saline controls for groups (N, V and VI) were standardized 

using Group I as a model, and were found not to be statistically different 

Body Weight 

The body weights of the animals in the control and experimental Pluronic 

F-68 and F-127 groups were monitored daily and the averages are presented in 

Figures 6, 6a, 7 and 7a. Body weights of the animals ranged from approximately 

320 grams to 415 grams. The animals tended to gain weight during the 

acclimatization period, but body weight tended to decrease for one or two days 

post-surgery. The rats tended to a return to pre-surgery weights by the end of the 

four or six day post-surgical periods. Although the changes in body weight within 

any group were non-significant throughout the four day or six day experimental 

periods, they d_id appear to fluctuate ~th injection of the drug. The body weights 

for saline control (Group I) data were available for five days only. 

25 



Figure 6 

Daily body weights (grams) for experimental groups I-VI, day four graph. 

Group I Saline Control 
Group W F-127 at 48 hours 
Group V F-127 at 48 & 72 hours 
Group VI F-127 at 72 hours 
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Figure 6a 

Daily body weights (grams) for experimental groups I-VI, day six graph. 

Group I Saline Control 
Group W F-127 at 48 hours 
Group V F-127 at 48 & 72 hours 
Group VI F-127 at 72 hours 
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Figure 7 

Daily body weights ·(grams) for experimental .groups I-Ill, four day graph. 

Group I Saline Control 
Group II F-68 at 24 hours 
Group III F-68 at 48 hours 
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Figure 7a 

Daily body weights (grams) for experimental groups I-III, day six graph. 

Group I ·. Saline Control 
Group II F-68 at 24 hours 
Group III F-68 at 48 hours 
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Clinical Description 

At the time of sacrifice, wounds of control animals appeared dry, and 

closed with only minimal edema being evident. Slight bleeding was noted during 

harvest of the saline control specimens in both the day four and day six sections. 

In ·contrast, while the Pluronic F-68 and F-127 treated animals at the day four 

time interval also presented minimal swelling and clinical edema, clinical 

observation suggested a more moderate bleeding in response to harvesting the 

specimens. By the day six time interval, these groups attained the same clinical 

appearances as the respective control groups. 

Wound Breaking Strength 

Tensiometric measurements of wound breaking strength were made at 

either four or six days post-surgery, immediately upon harvest of the tissue 

specimen·s from three hundred and forty male Spraque-Dawley rats. Each animal 

produced two specimens per side for a total of four specimens per animal. While 

' 
sutures were not removed until immediately prior to specimen harvest, it was 

noted that some sutures were already absent by the time of sacrifice. When this 

occurred and the wound remained clinically intact, the. specimens were harvested 

and treated as normal. However, when the wounds opened following early suture 

loss, additional animals were surgically pr~pared for placement into that particular 

group. All measurements within each control and experimental group were 

averaged and standard deviation calculated for comparison purposes. 
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Pluronic F-127, Four Day Study: Results of wound tensile strength 

measurements made at day four are presented in Figure 8 for animals a receiving 

single dose of F-127 at either forty-eight hours post-surgery (Group IV) or 

seventy-two hours (Group VI), and two doses one at each forty-eight and seventy

two hours (Group V). These values are compared to those from the saline 

control animals (Group I). The wound breaking strength at day four, the control 

group average 0.21 ± 0.05 kilogram as compared to 0.17 ± 0.04 kilograms for 

Group IV, 0.24 ± 0~05 kilograms for Group V, and 0.22 ± 0.04 kilograms for 

Group VI. After four days of healing, only the animals in Group V had wound 

breaking strengths which were significantly greater than the saline control [Group 

I (p< 0.05)]. Group V average breaking wound strength was significantly greater 

than Group IV at day four (p<0.05). The average wound breaking strength of 

Group V vs, Group VI and Group IV vs Group VI were non-significant. 

F-127, Six Day Study: Figure Sa provides comparable experimental data to 

that presented in Figure 8 except the healing period was extended from four days 

to six days. Group I (saline) animals had an average wound tensile strength of 

0.43 ± 0.01 kilograms compared to 0.69 ± 0.11 kilograms, 0.56 ± 0.14 kilograms, 

0.59 ± 0.21 kilograms for Groups IV, -V and VI respectively. The only significant 

difference obseived in results was between Group I and Group IV (p<0.05). The 

average wound breaking strength for Group IV vs Group V, Group IV vs Group 

VI, and Group V vs Group VI were all non-significant. 



32 

F-68, Four Day Study: The results of observations made on wound 

breaking strength at day four post-surgery for animals receiving saline (Group I), 

F-68 every eight hours initiating at 24 hours (Group Il), or those delaying the 

start of dosages until forty-eight hours post-surgery (Group III) can be seen in 

Figure 9. The average breaking strength of Group I animals was 0.21 ± 0.05 

kilograms. Corresponding data for animals from Groups Il and III are 0.21 ± 

0.03 kilograms and 0.24 ± 0.06 kilograms respectivelyo Only the difference noted 

between Group I and Group III were found to be significant (p<0.05). The 

average measurement for Group II was not different from those of Group I or 

Group III. There was however, a significant difference between Group II and 

Group III (p<0.05). 

F-68, Six Day Study: When the period of observation was extended from 

four to six days, Group I animals ( saline control) presented an average wound 

strength of 0.43 ± 0.09 kilograms (Figure 9a). Group II animals, whose eight 

hour injections of F-68 were delayed until twenty-four hours post-surgery, had an 

average breaking strength of 0.46 ± 0.81 kilograms which was not significantly 

different from the average of Group l However, when the administration of the 

Pluronic polyol was delayed until forty-eight ·hours post-surgery (Group 111), the 

average wound strength was found to be 0.48 ± 0.07 kilograms, a value 

significantly greater than that of the control (p<0.01). When comparing the 

average wound breaking strength between Group II and Group III at day six, it 

was non-significant. 



Figure 8 

Wound breaking strength, parenteral administration Pluronic F-127/48 (Group IV), 
F-127/48 hrs & 72 hrs (Group V), and F-127/72 hrs (Group VIj post-surgery vs 
saline control (Group/), day four graph. 
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Figure 8a 

Wound breaking strength, parenteral administration Pluronic F-127 48 (Group IV), 
F-127/48 & 72 hrs (Group V), and F-127/72 hrs (Group VI) post-surgery vs saline 
control ( Group /), day six graph. 
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Figure 9 

H1-Qund breaking strength, parenteral administration Pluronic F-68/24 hrs (Group II) 
and F-68/48 hr (Group Ill) post-surgery (dose administer every 8 hrs) vs saline 
control (Group I), day four graph. 
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Figure 9a 

Wound breaking strength, parenteral administration Pluronic F-68/24 hrs (Group II) 
and F-68/48 hrs (Group III) post-surgery (dose administer every 8 hrs) vs saline 
control (Group/), day six graph. 
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F-127 and F-68, Changes in Wound Strength With Time: The 

experimental design provided at least some opportunity to obseIVe changes in 

wound strength with time. It is obvious through comparison of the data 

presented in Figures 8, Ba, 9, and 9a that breaking strength increased by at least 

100 percent throughout the forty-eight hour period. All day six values were 

significantly greater than any of the day four values, both within the same 

treatment regimen as well as between the different groups {p<0.05). 

Histopathologic Observation 

The pico-Sirius Red F3BA stain depicts collagen organization based on the 

distinctive hues. The varying patterns of colors have been interpreted as follows: 

(1) Green-yellow fine collagen fibrils generally less well organized. (2) Yellow

orange thick strands still less organized, and (3) Orangish-red organized collagen 

fibers generally considered morphologically mature (Figure 10 and 10a ). 35 A 

histogram of collagen frequency at day four for Groups I, Ill, IV and V was done 

to demonstrate the semiquantification of collagen maturity (Figures 10b and 10c ). 

Groups II and VI were omitted due to small sample size. 

Effects of Pluronic F-127 on Wounding Healing Day Four or Day Six: 

The Masson's Trichrome stain (collagen stains blue) for Pluronic F-127 control 

animals, day four, showed fine filaments of collagen as depicted in Figure 11. At 

this time period a number of prominent vascular elements of varying sizes 

representing neovascularization were also noted. The F-127 experimental group 

treated at forty-eight hours post-surgery and sacrificed at day four exhibited 



Figure 10 

Reference photomicrograph of pico-Sirius Red F3BA stain (greenish-yellow) for 
inte1pretation of sections under polarized light (original magnification Xl00). 

Figure 10a 

Reference photomicrograph of pico-Sirius Red F3BA stain (orange-red) for 
inte1pretation of sections under polarized light (original magnification X400). 
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Figure 10b 

Masson 's Trichrome stain histogram of collagen frequency at day four for _Groups I,-· 
III, Wand V to demonstrate semiquant.ification of collagen maturity. 

Group I - Saline Control · 
Group III - Pluronic F-68/48 hrs post-surgery 
Group W - Pluronic F-127/48 hrs post.:.sl:l,rgery 
Group V - Pluronic F-127/48 & 72 hrs post-surgery 
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Figure 10c 

Pico-Sirius Red F3BA stain histogram of collagen frequency at day four for Groups I, 
Ill, IV and V to demonstrate the semiquantification of collagen maturity. 
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prominent short strands of collagen fibrils indicative of enhanced organization 

(Figure12). These sections also exhibited chiefly a moderate number of chronic 

inflammatory cells. A host of hyperemic vascular elements were also noted. The 

experimental compared to saline control demonstrated an increased collagen 

formation at day four (p<0.05). 

Pico-Sirius Red F3BA stains at day four, for F-127 saline control visualized 

under polarized light demonstrated fine to moderate sized collagen fibers in the 

area of wound healing shown in the right half of Figure 13. The darker areas 

devoid of any formed materials represent the original wound site which is not yet 

completely filled in or may be due to artifacts of preparation. The experimental 

groups for Pluronic F-127 treated at forty-eight hours post-surgery and sacrificed 

at day four and stained with pico-Sirius -Red F3BA stain demonstrated increased 

collagen formation and organization throughout the specimen (Figure 14). In 

general the day four F-127 experimental groups contained more prominent fiber 

formation as compared to saline controls (p<0.001) . 

. The F-127 saline control tissues stained with Masson's Trichrome at day six 

demonstrated definite bands of mature collagen formedo In addition, prominent 

fibroblasts and- mononuclear cells are also noted (Figure 15). Pluronic F-127 

experimental group treated forty-eight hours post-surgery have well-intertwined 

mature collagen bundles at day six (Figure 16). In addition, intact surface 

epithelium, sweat glands, and hair follicles are also present. Comparing the 

experimental group to the saline control, the collagen appears to be mu.ch denser 
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and abundant than that obsetved in the saline group (p<0.05). At higher 

magnification the F-127 experimental group clearly demonstrates thick collagen 

bundles (Figure 17). A number of fibroblasts and a portion of a sebaceous gland 

are also noted in the upper right comer. 

Pico-Sirius Red F3BA stain saline control at day six under polarized light 

exhibited bands of collagen formed bQt generally appeared less mature, as shown 

·by its light greenish-yellow hue under polarized light (Figure 18). In the 

experimental group of Pluronic F-127 treated at day six, animals sacrificed with 

treatment at forty-eight hours post-surgery showed dense mature collagen fibers 

(Figure 19). In addition a number of hair follicles are also seen. The 

experimental group's collagen was very well organized with few areas of less 

density than was seen when compared to the control group (p<0.001). P~co

Sirius Red F3BA stain experimental group treated forty-eight hours post-surgery 

and obsetved under higher magnification demonstrates brilliant red coloration 

indicative of 'Yell organized and mature collagen (Figure 20). 

Effects of Pluronic F-68 on Wound Healing Day Four or Day Six: 

Wounds of Pluronic F-68 saline control sections at day four stained with Masson's 

Trichrome stain depict prominent streaks of collagen formation (Figure 21 ). 

Pluronic F-68 experimental group specimen treated at forty-eight hours post

surgery and sacrificed at day four had increased collagen bundles, but not as 

dense as well organized collagen (Figure 22). Many fibrobla~ts, inflammatory 

cells, and hair follicles are also noted. The experimental group of Pluronic F-68 



(forty-eight hours post-surgery) had increased bands of collagen bundles 

compared to saline control (p<0.001). 

Pluronic F-68 saline control stained with pico-Sirius Red F3BA stain 

showed less mature collagen formation ( at day four) as indicated by a faint 
• I 
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greenish-yellow color under polarized light in specimens treated at forty-eight 

hours post-surgery (Figure 23). The experimental specimens of Pluronic F-68 

treated forty-eight hours post-surgery demonstrated increased amount of mature 

collagen formation (bright orange-red), compared to saline control during the 

same time inteival as s~en in Figure 24 (p<0.05). 

The day six Pluronic F-68 control treated twenty-four hours post-surgery 

and stained with Masson's Trichrome showed a definite demarcation between the 

early wound site on the left side of photomicrograph and the uninvolved tissue 

site on the right (Figure 25). Fine strands of collagen are noted in the left 

section of the wound site whereas the uninvolved tissue had denser collagen with 

fibroblasts and blood vessels present. Pluronic F-68 experimental group treated 

forty-eight hours post-surgery and obseived at day six, demonstrated perfectly 

intertwined collagen bundles with hafr follicles, fibroblasts and blood vessels 

(Figure 26). Comparing the experimental group to saline control· in early wound 

site d_emonstrates significant increase of mature collagen vs saline controls 

(p<0.01). At day six the saline control animals had a comparative lack of mature 

collagen formation ass~cia_ted with the surgical wound. 
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The control sections of Pluronic F-68 stained with pico-Sirius Red F3BA 

stain and examined with polarized light at day six showed less organized collagen 

formation (Figure 27). Although, the control groups generally demonstrated 

definite collagen bands, the collagen lacked organization. The experimental 

animals administered Pluronic F-68 forty-eight post-surgery showed a significant 

increase in mature collagen formation over saline controls at day six as seen in 

Figure 28 (p<0.001). An increase in mature collagen (orange-red) in Pluronic F-

68 experimental animals is depicted at higher magnification (Figure 29). 

While pico-Sirius Red F3BA stain specimens provide more precise 

information under polarized light than did H & _E stain for collagen, other stains 

were utilized for comparison. The Masson's Trichrome stain appeared to be 

much more sensitive for collagen and more vivid than the H & E stain. 

Regardless of the treatment period, F-127/48 hrs, F-127/48 and 72 hrs, or F-

127 /72 hrs, the quality of collagen depicted did not differ for control or 

experimental groups of F-127. 

Statistical Analysis 

The one way analysis of variance showed interaction between the means of 

the experimental groups and their respective contrbls. Application of the 

Students t-test to the means of the wound strengths within the time interval of 

each treatment type, as compared to the control, and between experimental 

groups produced the levels of significance shown in the results section. 



Chi-square analysis showed significant differences between collagen 

deposition in control animals and experimental groups, using both Masson's 

Trichrome stain and pico-Sirius Red F3BA on both day four and day six. The 

categorization of each specimen as to the quantification and qualification of 

collagen are shown in the results section. 
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Figure 11 

Masson 's Trichrome stain, Pluronic F-127 saline control day 4, fine co/la.gen fibers 
exhibiting a light blue hue. Many vascular elements are also noted. ( original 
magnification Xl 00) 

Figure 12 

Masson 's Trichrome stain Pluronic F-127/48 hrs post-surgery experimental group 
measured cit_day 4 (original magnification X200). 
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Figure 13 

Pico-Sirius Red F3BA stain under polarized light, _Pluronic F-127 control at day 4, 
demonstrates fine collagen filaments at the wound site representing the right half of 
the photograph. The dark area represent artifacts at the wound site ( original 
magnification Xl 00) 

Figure 14 

Pico-Sirius Red F3BA stain under pola,ized light, Pluronic F-127/48/72 hrs (Group 
V) post-surge,y experimental group at day 4, prominent mature collagen fibers 
( orange-red), and less mature collagen (fa int green-yellow). 
( 01iginal magnification X50) 
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Figure 15 

Masson's Trichrome stain, Pluronic F-127/48 hrs post-surgery saline control at day~ 
definite bands of mature collagen formation, and mononuclear chronic inflammatory 
cells are noted ( origi,nal magnification X200 ). 

Figure 16 

Masson 's Trichrome stain, Pluronic F-127/48 hrs post-surgery experimental group at 
day 6, well intertwined mature collagen, as well as, many sweat glands and hair 
follicles are noted ( origi,nal magnification X50 ): 
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Figure 17 

Masson 's Trichrome stain, Pluronic F-127/48 hrs post-surgery ~erimental group at 
day ~ higher magnification demonstrates thick mature collagen bundles. Also noted 
are portions of a sabaceous glands exhibiting coarse cytoplasmic granules ( original 
magnification X 400 ) . . 
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Figure 18 

Pico-Sirius Red F3BA stain under polarized light, Pluronic F-127 control at day 6, 
bands of less mature collagen (less mature green-yellow, original magnification Xl00). 

Figure 19 

Pico-Sirius Red F3BA stain under polarized light, Pluronic F-127/48 hrs post-surgery 
experimental group at day 6, dense mature collagen (mature collagen orange-red). 
Hair follicles also noted (origi,nal magnificatio~ X50) 
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Figure 20 

Pico-Sirius Red F3BA stain under polarized light, Pluronic F-127/48 hrs post-surgery 
experimental day ~ brillant thick mature collagen formation (red) and hair follicles 
under hig~er magnification are seen (origi,nal magnification X400). 
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Figure 21 

Masson's Trichrome stain, Pluronic F-68 control day 4, slight streaks of collagen 
formation, as well as sweat gland and muscle tissue ( (!rigi,nal magnification Xl 00 ). 

Figure 22 

Masson 's Triclzrome stain, Pluronic F-68/48 hrs post-surgery experimental day 4, less 
mature collagen formation represented. Fibroblasts, hair follicles, and inflammatory 
cells are also noted (original magi,fication Xl00). 
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Figure 23 

Pico-Sirius Red F3BA stain under polarized light, Pluronic F-68 Hrs control at day 4, 
less mature collagen formation (green-yellow) but mature collagen (orange-red) is very 
limited ( origi,nal magnification Xl 00 ). 

Figure 24 

Pico-Sirius Red F3BA stain under polarized light, Pluronic F-68/48 hrs post-surgery 
experimental group at day 4, had less mature collagen in the center and more mature 
collagen formation at the periphery (origi,nal magnification X50). 
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Figure 25 

Masson 's Trichrome stain, Pluronic F-68 saline control day 4 definite demarcation 
line of the wound site with fine collagen formation, whereas the mature collagen next 
to the epithelium is rather dense ( original magnification X50). 

Figure 26 

Masson 's Trichrome stain, Pluronic F-68/48 hrs post-surgery experimental day 4 
increase collagen formation (blue), hair follicles, fibroblasts and blood vessels are 
present (01igina/.magnification X200). · 
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Figure 27 

Pico-Sirius Red F3BA stain under polarized light, Pluronic F-68 saline control day ~
less mature collagen formation (orange-red) also note the black holes throughout the 
specimen ( original magnification Xl 00 ). 

Figure 28 

Pico-Sirius Red F3BA stain under polarized light, Pluronic F-68/48 hrs post-surgery 
experimental group day 6, increased mature collagen at periphery (orange-red) and 
less mature collagen (~ellow-green) at incision site (original magnification Xl00). 
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Figure 29 

Pico-Sirius Red F3BA stain under polarized light, Pluronic F-68/48 hrs post-surgery 
experimental group day 6 under higher magnification. Note increase in mature 
collagen at incision site (original magnificatiorz X400). 
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DISCUSSION 

This research investigated the effect of the parenteral administration of 

Pluronic polyols F-68 and F-127 on the breaking strength of a standardized 

surgical wound in a rat model system. The histologic composition of collagen 

maturity in wounds was also characterized. Body weights of the animals were 

monitored daily, beginning with the day of surgery. 

As can be seen in Figures 6 through 7a, there was an initial variation in 

body weight between the different animal groups prior to the beginning of the 

experiments. While efforts were made to keep body weights within a narrow 

range, due to the large number of animals and the time required to do surgery on 

each animal, some time elapsed throughout the experimental duration which 

allowed continued weight gain. 

At the end of surgery, the animals generally lost weight for a few days and 

then returned to baseline by the time of sacrifice. While there were changes in 

body weights· noted in individual animals, none of these changes were significant 

within a group. from surgery to sacrific~. · Further, neither the administration of 

the Pluronic polyol nor the saline had any discemable effect on weight g~in or 

"loss, thus affirming that Pluronic F-127 and F-68 have low toxicity.13 
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This study confirms earlier studies of shorter duration in which the 

Pluronic polyols F-68 and F-127 promotes an increased early wound breaking 

strength.11 In the present study, it appears that these initial effects are further 

enhanced when the administration of either Pluronic F-68 or F-127 is delayed 

until forty-eight hours post-surgery. F-127 was given as a dual dose at forty-eight 
( 

and seventy-two hours. In comparing the present results to those of Shahan et 

al., 11 the selection of the- route for administration of the polyols is apparently not 

a critical factor as to the outcome. In both studies, the wound breaking strength 

at four and six days were similar n;om treatment group to treatment group, 

whether the drugs were applied topically at the wound site as a powder, 

intravenously at the time of surgery or by intraperitoneal injection following 

surgery. 

Soft connective tissues are composed of cells, predominantly various forms 

of fibroblasts, an extracellular macromolecular matrix comprised of collagens, 

proteoglycans, some reticulin network, and in certain tissues elastin.36 The initial 

restoration of tissue continuity and the early development of wound strength are 

achieved by a means quite distinct from collagen fibril and connective tissue fiber 

growth. Three mechanism~ follow the-- inflammatory phase: contraction, repair 

and regeneration through completion of the healing process. Wound contraction 

is the mechanical reduction in size of the wound defect as the result of movement 

of the myofibroblast cells which appear in the wound area two or three days 

following injury. 37
•
38

•
39 In a skin wound, part of the wound is closed by contraction, 



part by reparative or granulation tissue and part by regeneration of epithelial 

cells. 37,38 
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The breaking strength of a healing skin wound is initially negligible, 

increases steadily as the scar tissue matures but remains less than that of the 

intact dermis from the same site for a period of.time. The development of wound 

strength in the early phase of incisional healing continues until adequate 

interaction between the new connective tissue matrix and the original tissue bas 

occurred, after which the myofibroblasts disappear from the healing wounds. 40 

While the appearance of fibroblasts is indicative of wound contraction, the 

reappearance of myofibroblasts in the mouse model is the signal of termination of 

active wound contraction.44 

The analysis of results from the four day experiments where Pluronic F-68 

was given at forty-eight hours post-surgery revealed that there was a significant 

increase in wound breaking strength compared to saline controls (Figure 9). 

These findings are in agreement with earlier studies of McPherson et al., 41 and 

Fitzpatrick et al., 30 which observed significant wound strength improvements after 

four days. The results for F-127, given at forty-eight hours post-surgery as 

measured at four days suggested a decrease in wound tensile strength compared 

to saline controls, but the difference was not significant. The varied effects 

between F-68 and F-127 might be due to a more prolonged influence of the latter 

on clot formation and possibly clot lysis, because of its longer biologic half-life. 

Stone et al.,42 using a similar system, noted that F-68 retards clot formation at 
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fifteen minutes post-injection but not at twenty-four or forty-eight hours. F-127 

had a more prolonged effect; clot formation did not return to normal until forty

eight hours post injection. They also suggested that any possible effect of the 

Pluronics on clot lysis be investigated. 

The present study demonstrated no significant difference in wound 

breaking strength at four days when Pluronic F-68 administration was initiated at 

twenty-four hours. This finding would agree with ·the above hypothesis that the 

Pluronics act by disruption of fibrin clot formation; and its possible effect on clot 

lysis could retard initial wound healing.11.30.41 As mentioned above, Stone et al.42 

noted that the rate of clot formation· decreased for F-68 when measured at fifteen 
\_ 

minutes post-injection but that it returned to normal by twenty-four hours. The 

lack of increased wound strength noted here at twenty-four hours could possibly 

be due to a clotting effect. Thus, Pluronic F-127 and F-68, through inhibition of 

clot formation could diminish early wound tensile strength, with the duration of 

influence bein~ related to each drug's biological half-life. 

The present histologic evaluation of animals given two doses of F-127, at 

forty-eight and seventy-two hours, correlates well with the significant increase 

noted in wound tensile strength at day- four (Figure 8). The work of Forrest40 

also supports these findings. He observed that fibroblasts (myofibroblasts) which 

are derivep from the local tissue cells plus the new capillaries begin to appear in 

the wounds at twenty-four through forty-eight hours respectively. Subsequently, 

the deposition of collagen fibrils can be observed on days three and four; this 



latter time being the earliest point at which deposition of collagen was observed 

in the present study. 

Madden et al., 43 observed that the rate of new collagen deposition is 

directly correlated with gain in tensile strength through the first 10 weeks of 

healing. The histologic assessment of Group V animals (F-127 given at forty- · 

eight and seventy-two hours) confirms the observation of significantly increased 

tensile strength that was also observed at four day (Figures 8 and 14). 
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The time at which the appearance of new collagen was first noted by both 

Forrest40 and Madden et al.,43 is somewhat later than that reported by Cohen et 

al., 44 who made observations on the initial phase of wound healing. These 

examiners reported that following an initial inflammatory phase there was a 

period of increasing substrate formation, to include the synthesis of collagen as 

early as twenty-four hours post-wounding. Most of the activity is in the 

panniculus camosis layer, the muscle layer surrounding the abdomen of the rat. 

This collagen synthesis was determined by the autoradiographic demonstration of 

H3 proline incorporated into the wound site, presumably as collagen bound 

hydroxyproline. The current study can not determine when new collagen first 

makes its appearance, nor can it resolve the above controversy which may be due 

to the different methodologies employed. As mentioned, Cohen et al.44 equated 

H3-proline incorporation into peptide conversion of hydroxyproline whereas 

Forrest40 utilized the electron microscope to demonstrate the presence of 

collagen. However, Madden et al., 43 concluded that there is no direct correlation 
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between the total incorporation of labelled praline and the content of labeled 

hydroxyproline in wound tissue. They further stated that measurements of total 

radioactivity following labelled praline administration cannot be used to estimate 

the rate of collagen synthesis. 

Ross et al45 supports the hypothesis that significant quantities of fibroblasts 

do not migrate into wounds until day six which suggests that early collagen

synthesizing cells must be of a local nature. They further stated that these 

fibroblasts are dormant until stimulated at the time of wounding to initiate 

collagen synthesis. 

It has been suggested by Levinson et al., 46 that the epidermis is largely 

responsible for initial wound strength up until about five days post incision and 

that the dermis then assumes .greater importance. This sequence would be of 

benefit in the early application of the· Pluronics studied by Shahan11 where the 

drug was applied topically only minutes following surgery. He found increased 

vascularity after topical application. In the present study, Pluronic F-68 and F-

127 were given parenterally at twenty-four, forty-eight and seventy-two hours post

surgery; and while vascularity was not measured, any influence of the Pluronic 

polyols as late as twenty-four and forty-eight hours might still enhance wound 

healing. 

The rate of epidermal repair is dependent upon a number of 

environmental factors, which include hu_midity over the area.47 Pluronic polyol F-

127 has the ability to retain moisture within the wound when applied topically by 
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i~ gelling properties at body temperature. F-127 thus shows a potential 

usefulness in areas in which early protection of a wound is desirable. The wounds 

created in the present study were incis~onal and non-contaminated and presented 

histologic results demonstrating numerous cells migrating to the defect when F-

127 (Group N-forty-eight hours post-surgery, day four) was used instead of saline 

(Figure 30). Epithelial cells not only bridged the wound gap but also occurred in 

the suture tracts. 

Collagen plays a crucial role in wound healing. The histologic evaluation 

of pico-Sirius Red F3BA stain when examined under polarized light gave an 

explicit indication of the total mature and less organized collagen fibrils present 

in the histologic specimens. Pluronic F-127 (Group V given at forty-eight hours 

and seventy-two hours observed at day four, and Group N forty-eight hours at 

day six post-wounding) revealed more mature collagen formation under polarized 

light than with saline (Figures 14 and 20). This dramatic difference could not 

have been observed using H & _ E stain. The above findings were also observed in 

Pluronic F-68 Group III (f<?rty-eight hours measured at day four or day six) as 

seen in Figures 24 and 29. The Masson's Trichrome stain does not stain 

immature collagen, but does stain mature and less mature collagen, although less 

dramatically than pico-Sirius Red F3BA stain. Using these two dyes to stain 

adjacent histological sections allows a better assessment of both collagen maturity 

and quantity. 
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Stein et al., 48 reported that sutured wounds' of rats on day five after 

wounding had peak protocollagen proline hydroxylase enzyme, which hydroxylates 

peptide-bound proline activity, as an indicator of collagen synthesis. 

It is well documented that wounds with poor blood supply heal slowly. The 

Pluronic polyols used in previous studies1t.20
•
31

•
49 have been shown to increase the 

blood flow in the microcirculation of the wound. The vascularity of the healing 

wound in these different studies was observed to be increased in. wounds of 

healing animals given Pluronic F-127 and F-68 at forty-eight hours post-surgery, 

as compared to controls. The present study observed increased breaking strength 

and collagen formation during the similar time interval and results could support 

a possible synergistic effect between increased blood flow and vascularity. 

Pluronic polyols have been used in various forms in medicine to achieve 

different results. Pluronic F-527, as an example, has been proven to be effective 

in treatment of sev.ere burns.26 It forms a gel (twenty per cent solution) at body 

temperature, increasing its potential for several useful purposes. When 

attempting to regenerate the periodontium by guided tissue· regeneration 

procedures, it is a challenge to protect the wound both early and long-term while 

the periodontal ligament cells migrate-into the region. Pluronic F-127, because of 

its gel potential, would not provide a protective barrier during wound healing if 

epithelial migration occurs easily at the suture site. F-127 would be more 

beneficial during periodontal surgery such as open debridement or implant 

procedures. F-68 could possibly provide an environment conductive to positive 
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early wound healing when applied at the wound site which could prevent 

epithelial migration and enhance microcirculation to the treatment site. This may 

also preclude the development of a long junctional epithelium. 

· Protection of the treatment site long-term may require delayed 

administration of the Pluronic polyol to the surgical site thereby, enhancing the 

environment in which the periodontal ligament fibroblast develops. Increased 

wound breaking strength and mature collagen formation might be accomplished 

with
0
delayed administration of Pluronic F-127 and F-68 after an initial healing 

period of forty-eight hours, as demonstrated in the present study. 

In the future, Pluronic polyols should be investigated to determine the role 

of early collagen formation in the early stages of wound healing. This could be 

accomplished by incorporating radiolabeled proline which would identify. the types 

of collagen. Employing pico-Sirius Red F3BA stain under polarized light with 

growth factors could determine possible synergistic effects in conjunction with 

Pluronic polyo~s on incisional wounds. 

SUMMARY 

The specific aims of this study were (1) to assess the effects of parenteral 

application of Pluronfo F-127 and F-68 on flank wounds in rats after initial 

healing periods of either twenty-four or forty-eight hours; (2) to evaluate if there 

was any difference in efficacy between histological use of topically applied 

Pluronic polyols, compared to their parenteral application; and (3) to evaluate the 
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histological status of the experimental wounds versus their controls with respect to 

collagen formation and maturity. · 

Neither of the experimental drugs were found to have an effect on the 

weight gain of the animals. An evaluation of the histologic status of the 

experimental animals versus the saline controls with collagen-specific stains 

demonstrated the presence of mature collagen by day six in the wounds treated 

with Pluronic F-127 and F-68. Masson's Trichrome and pico-Sirius Red F3BA 

stains both provided a distinctive method of identifying collagen at various stages 

of maturation. The collagen present in the wounds of the various experimental 

groups. was in a more advanced state of maturation than that in the wounds of 

saline controls. 

The greatest wound breaking strengths were obsetved in animals that 

received two parenteral applications of the Pluronic polyol F-127, one at forty-· 

eight hours and the other at seventy-two hours. The Pluronic F-68 administered· 

parenterally every eight hours, beginning at forty-eight hours post-surgery 

appeared to overcome the wound weakening activity of the drugs which has been 

noted by others at earlier time periods following surgery. The time dependency 

of results is postulated to be at least partially due to the clot inhibitory properties 

of these drugs. The wound breaking strengths at these time intervals for F-127 

and F-68 show good correlation with the histologic demonstration of collagen by 

pico-Sirius Red F3BA staining. 
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Further, the route of administration of the Pluronics, whether administered 

topically or parenterally results in enhanced wound strength. Thus, the method of 

application ca~ be selected for the individual wound under treatment. 
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