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Work on the  measurement  of i n s e n s i b le  w a t e r  l~~~ by r e s I s t a n c e  h ’,’~- ro-
mc t rv and deve lopment of s u i t a b le p a c k a g I n i ~ f o r  t h e  w i p e — o n  c a t l n g  w i l l
be con t inued d u r i n g  the  balan ce of t he  y e a r .

~~~
__.—~~~ The u p — t a k e  of l a b e l led  p r o l  In c ha s  t e u ’ t i  ri emoust r a t e d  t (~ r o r r e l a t ’

w i t h  the  f o r m a t i o n  of new collag i ’ n in b u r n e d  ir e ls u s i n g  r ; i t  • H it ’ t t cl i —
n ique  doe s not d i s t± n g u i sh  d i f f e r en c e s  between the  ra tes  o t  l i t - d i n g  of h i i r ~~
covered by t he  wipe—on coa t i ng  and uncoated  c o n t r o l  b u r n s .

• ~ C 1
—

~~ ~~Using  U~C labe l led  PCL , it has been d e m o n s t r a t e d  t ha t  PCI. is no t  ab-
sorbed by the tissues from the wipe—on coating. I n  add i t i on  to t h e  w c r k  to
develop a w ipe—on coating, developmen t of a fle~~~~le burn covering h i s  ( O f l~
tinued. A new , cut plush knit PCL fabric laminat’?d to a plasticized I’CL
film has been demonstrated to be b e t t e r  than any previous c o m b i n a t i o n  t e s t e d
In conforming to comp lex and changing shapes such á~s the back of a r a t .
More s i m i l a r  f a b r i c  is be ing  kn i t  for  f u r t h e r  t e s t ir \g  by D y n a t e c h  and the
Navy .  The p r a c t i c a b i l i t y  of measur ing by au to rad iog raphy  the  ingrowth  of
new t i ssue into  the fabric film laminate applied over full excision wounds
has been demons t ra t ed .  Autorad iography  experiments  are to be carried out
la ter  in 1977.

S t e r i l i z a t i o n  s tud ies  of bo th  the new wipe—on coa t ing  and the  new
fab r i c  f i l m  lamin ate w i l l  be conducted in 1977. 
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Section 1

p SUMMARY

During the period January 1, 1977 to June 30 , 1977 , a new plas t i -

cized version of the poly—c—capro lac tone  (PCL) wipe—on solution p reviously

designed fo r  use as an immediate post—burn treatment has been evaluated at

NMRI on pigs under the supervision of Captain Burgoon D . V .M .  I n i t i a l  resu l t s

show a significan t improvement in the rate of burn healing and reduct ion of

scar formation .

Work on the measurement of insensib le water loss by resistance

hygrometry and deve lopment of a suitable packaging for the wipe—on coating
p 

will be continued during the balance of the year.

• The up—take of labelled proline has been demonstrated to correlate

with the formation of new collagen in burned areas using rats. The technique

P does not distinguish differences between the rates of healing of burns covered

by the wipe—on coating and uncoated control burns .

Using 11
~C labelled PCL , it has been demonstrated t h a t  PCL is not

absorbed by the tissues from the wipe—on coating. In addi t ion to the work to
• deve lop a wipe—on coating, development of a flexib le burn  coverin g has con-

tinued. A new , cut plush knit PCL fabric laminated to a plasticized PCL film

has been demonstrated to be be t t e r  than any previous combination tested in

conforming to comp lex and changin g shapes such as the back of a r a t .  More

• similar f ab r i c  is being knit  for f u r t h e r  t e s t ing  by Dynatech and the Nav~ .

The p rac t i cab i l i t y  of measuring by autoradiography the ingrow th of new tissue
into the fabr ic  f i lm laminate applied ove r fu l l  excision wounds has been

p

1
p
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demonstrated. Autoradiography experiments are planned to be carried out

later in 1977.

Sterilization studies of both the new wipe—on coating and the new

fabric film laminate will be conducted in 1977.

p

2
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Section 2

INTRODUCTION

The program at the Dynatech R/D Company to deve lop a synthetic

polyme r burn covering is midway through the fifth year. The main objective

of the program is to develop a synthetic polymer burn covering that will re-

duce dehydration , seps is, sodium loss , scar formation , morbidity, and mortality
in burn patients. The material is to be producible at low—cost and in l a r g e

quant i t i es  so to be immediately availab le in event of large scale disasters .

The speci f ic  tasks proposed fo r  the f i f t h  year are the f o l l o w i n g .

P Task 1 — Continued Test ing and Evalua tion of Immediate  Pos t—Burn  Wipe—on

Treatmen t System

Close communications and assistance with the pig testing at NMRI

• 
will be an integral part of the program . Techniques will be used to

quan t i f y the results on animal testing such as resistance hygrometry , use of
1
~ C labelled proline to measure quantitatively the rate of wound heal-

ing and of ~~C—poly— c—caprolactone for evaluationof possib le polymer up—take .

A practical applicator for wipe—on fluid will also be developed.

Tas k 2 — Complete Preparation and Evaluation of Poly—c—caprolactone Fabric!

Laminate Burn Covering

Work on this task will continue , but at a substantially reduced

level. Specia l attention will be given to the complet ion of all polymer , yarn ,

and fabric preparation during this presen t contract year. Evaluation of
p

• 3
p
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s el e c t e d  f a b r i c/ l a m i n a t e s  on animals w i l l  be c a r r i e d  out , i n c l u d i n g  adhe rence

measurements  and d e t e r m i n a t i o n  of ~~C prol ine  ing rowth  i n to  the f a b r i c .

p Task 3 — Supply Samples and Coordinate  Work w i t h  NMR I

The Cont rac tor  shall mainta in  close coord ina t ion  between work a t

NMR I on swine and the burn coverin g t e s t i n g  and eva lua t ion  at Dynate ch .

Samples will be supplied to NMRI and results using this material on smaller

an imals ~,nd other tests wil l  be well documented.

Task 4 — Evaluation of Burn Covering Mater ia ls  in A n t i c i p a t i o n  of C l i n i c a l

Tr ials

Standard sterilization procedures will be evaluated and tested on

both the wipe—on and the fabr ic / l amina te  bu rn  t rea tment  systems . R a d i a t i o n

sterilization and ethylene oxide sterilization will be evaluated. Appropriate

FDA staff will be contacted to determine potential requirements. Communica-

tions with FDA staff on other biomaterials development programs have proved

to be valuab le in anticipating regulatory requirements.

p
This technical report covers the progress during the period

January 1, 1977 through June 30 , 1977 , on the above tasks . The work on the

wipe—on t reatment system is covered in Section 3; t h a t  on the p o l y — c— c a p r o l a c —

tone (PCL) fabric—PCL film laminates is covered in SectIon 4. The p r e l i m i n a r y

findings of the first tests by NMRI of the wipe—on system on swine are also

presented in Section 3.

The s tudy  of s te r i l iza t ion  procedures , 2ask 4 above , has been

P postponed un t i l  later this  year when the specific products likely to be used

for clinical trials will be more precisely defined.

4
p
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Sect ion 3

DEVELOPMENT OF WIPE—ON SOLUTIONS FOR

IMMEDIATE POST—BURN TREATMENT

3.1 Introduction

In the Fourth Annual  Re por t  on this project submitted January

31 , 19 ’7 data are given showing that one coat of a wipe—on coating con—

ta i ni n ,.~ 10’ by weight of poly—c—caprolactone (PCL) dissolv~i in a 4/1 by

P v ’ lti m t mi xLure of acetone and methylene chloride significantly reduc~ 3 in-

sensible water loss (IWL) from burned and abraded areas on the backs of rats.

The coating also appeared to promote healing especially of abraded areas. Ft :—

ther study of PCL coatings are currently being carried out on pigs at the NMRI

P under the supervision of Captain Burgoon D.V.M. (USAF). During the past six

mon ths , considerable progress has been made In the study of the formulation

and testing of PCL wipe—on coatings.

p
3.2 Evaluation of PCL Wipe—On Burn Coverings by NMRI

Dynatech engineers visited Captain Burgoon D.V.M. on June 27 ,

1977 to observe the tests of our wipe—on coating on young pigs burned with a

2.22” diameter branding iron heated to 65°C in an oil bath. Each pig, which

is 10 to 12 weeks old , is shaved on both sides. The iron is app lied in four

places on each side with dwell times of 10, 15 , 25 , and 45 seconds respectively.

A f r e shly heated iron is used for each application. The burns on the lei ~t side

of the pig serve as controls. Those on the right side are covered by brushing

with one coat of wipe—on coating using a nylon paint brush . The burns will he

observ ed f or healing and photographeo weekly for a period of at least two

mon ths. The 10 second burn is 2nd degree and heals naturally. The 15 second
P

5
P
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burns are borderline between 3rd degree and 2nd. The 25 and 45 second b u r n s

, L r . -  lcd degree and h ea l  o n l y  b y format ion of g r anu l a t i on  t issue . A c i r c l e  is

tatnoed around t’aJl burn  to delineate the area. Changes in the  area of the ta —

t , ’ t~~ I circle during the healing process are indicative of scar tissue formation.

Formula t ion  26359 containing no plasticizer peeled off rather easily

and was only marginally effective . Formulation 26387 conta in ing p l a s t i —

c izer was more adherent and significantly ef fe ctive in promot ing heal ing ,  and
reducing scar formation. The formulations submitted are as follows :

26359 26387
Submitted Submitted
01/26/77 05/23/77

Pol y—c—Capr olactone lOOg lOO g

Triethyl Citra te ——— 33g

Methy lene Chlor ide 200ml 300ml
p

Ace tone 800ml

Methyl Acetate ——— l200ml

3.3 Measurement of Skin Contact Temperature (TC.)

The Dynatech R/D Company manufacturers a thermesthesiometer

(Trade name Thermotouch) used for measuring the temperature which skin reaches

when in contact with various surfaces. The instrument is constructed according

to the specifications and procedure given in National Bureau of Standards Tech-

nical Note 816. The skin contact temperature, or TC value , vari es with

the nature of the surface coming in contact with the skin as well as with its

temperature and contact time . For example , a metal surface feels much hotter

and is more hazardous than a plastic or wood surface having the same temper-

ature . One of these instruments was used to determine the dependence of the TC

value of an iron similar to the one used to brand the pigs (See Figure 1) upon 1)

6
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whether the iron is heated in air or water and 2) upon whether the iron is

wet or dry .

The results given in Table 3.1 show the Tc value to be the same whether

the iron is heated to a given temperature in an oven or in a water bath and wheth-
er it is wet or dry . We were unable to test irons heated in an oil bath such

• as that used at NMRI as any oil on the iron would damage the orobe on the
p Thermotouch instrument. However, if the oil is w iped off the iron caref ully,

the Tc value would not be expected to be affected by this mode of heating .

Comparison of the results presented in Table 3.1 with the data plotted shows

that with the iron at 67°C, at least an 8 second contact time is required to
p produc t a third degree burn on typical human skin. At NMRI, they have found

that a 15 second contac t time on the young pigs gives a burn which is border-

line between 2nd and 3rd degree when the iron is 65°C. Figure 3.2 is taken

from the NBS Technical Note 816 referenced earlier.
p

3.4 Measuring Pervaporation by Resistance Hygrometry

p As indicated in the Fourth Annual Report on this project , a

resistance hygrometer has been rented from Hygrodynamics Produc ts , a divi-

sion of American Instrument Company , Silver Springs , Maryland . We are cur-

rently using this equipment with the cup described in Section 3.6 of that

p report to measure the rate of water vapor permeation through the various

films used to seal the vapometer cup containing water and comparing these

results with those obtained by measuring water vapor permeation by weight loss.

When consistent results have been obtained , the equipment will be used to

p measure the effectiveness of wipe—on coatings to reduce the water loss from

traumatized areas on ra ts .

3.5 Proline Un take by Traumatized Areas
P

• The purpose of this experiment using rats was to determine if

p R



P

Table 3.1

• p Tc Values Obtained from Branding Iron for Various Contact Times

When the Iron is Heated in an Oven and in a Hot Water Bath~ ’~

• p Mode of
Heating Tempera ture of Tc
Branding Iron ~3randing Iron°C Teqpera tu re °C ____ —

2Sec. Ex2osure 4~~~~~~~~~~ ure ~~~~~~~~~~~~~

p Oven 67.2 ± 0.1 55.8 ± 0.5 58.3 ± 0.5 60.1 ± 0.4

Wa ter Bath 2
(Iron dried 67.6 ± 0.3 55.3 ± 0.1 57.6 ± 0.5 60.4 ± 0.3

before testing)

p
Water Bath
(Iron left 67.5 ± 0.4 55.6 57.7 60.5

wet)

p
• NOTES

1. See Figure 3.1 for sketch of branding iron . Values are given ± the standard

deviation. If no ± given after value only one determination was made. The

iron temperatures were measured 9, 8, and 3 times respectively for each mode.

- ;, p The Tc values were obtained with the Thermotouch after calibration . All

values except those with no ± were obtained from the mean of three readings

except where indicated.

2 .  Average of two readings .

• p

p

p

p 9 
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there was an enhanced uptake of tritiated proline by traumatized areas and

if application of a wipe—on burn covering would show reduced

trauma signified by reduced proline uptake. A similar experiment was reported

in Section 3.5 of the Fourth Annual Report on this project. In the latest ex—

• periments , changes in procedure were made to correc t inadequac ies in
the previous experimental  design as f o l l o w s : The ra ts  were s a c r i f i c e d  24

hours a f t e r  t rautnat izat ion and treatment  wi th  labelled proline .  The route  of

labelled proline administration was os rather than I.P. Two groups of

rats received a mild burn so that the degree of uptake of labelled proline by

living and dead tissue (eschar) could be compared.

From the data which are summarized in Table 3 .2 , we conclude as

• follows:

1. Proline uptake by Groups II , I I I , and VI are almost the same

and significantly greater than the controls. In these three
P cases , the trauma was sufficiently severe to kill the skin of

that  reg ion.

2. Groups IV and V received milder trauma which did not kill

P the burned skin. In these cases significant ly greater proline
uptake was observed than for the other groups.

~~. Apparently tritiated proline can be used successful ly  as a

measure of collagen format ion  in t raumat ized  areas. However ,

if dead eschar is formed, no proline is incorporated into
this , so results on a DPM/gram basis do not r e f l e c t  the h igh

counts which would probably be obtained for newly formed

living tissue.

4. Groups II and III showed similar uptake , as did groups IV

and V.

P
We conclude from the above that while the presence of tritiated praline is

~
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Table 3 .2

Proline Uptake by Traumatized Rats (1)

Group Trea tment Comment DPM/g

I No trauma (proline proline control 10492.1
p control) 4426 .5

4783 .5
Mean (2) 6,6OO~ 3400

II Burned wi th  O . 5 O m l e t h —  Burned skin 88 ,636 .4
• 

-
S anal. Covered with is dead 61 ,167.8
• I 1 mil PCL (2) 67,133.7

Mean (2) 72,300±14400

III Burned with 0.50 ml eth— Burned skin 61,655.5
anol. No Burn Cover is dead 80,138.1
applied. (2) 65,753.4

Mean (2) 69,200±9700

IV Burned with 0.25 ml eth— Skin not 58,543.7
anol. Covered with dead 114,599.0

• 1 ml PCL (2) 137 ,940.0
Mean (2) 103,700±40 ,800

V Burned with 0.25 ml eth— Skin not 85,396.8
anal. No Burn Covering dead 138,891.8
applied (2) 89 ,741.0 +Mean (2) 104 ,700—29 ,700

P Vi Cut skin, separa te Skin on cut
from peritoneutn. and area is dead 76,354.1
reseal with wound 64,417.5
clips 71,142.9

Mean (2) 70 ,600±6000

p

NOTES

1. Groups of three rats each (l40—l6Og) were anesthetized with Penthrane
af ter which they were shaved , depilated with Nair cream , washed , and

p traumatized as indicated in the above table. In some cases
PCL wipe—on burn covering was applied to burned areas , but this
preparation contained no radioactivity. Immediately after traumatizatic’n
each animal received 1.0 ml of 10 IiCi/mL aqueous L— [4— 3H (N)1—proline

• ~~~ os. Twenty four hours later animals were sacrificed and a samp le
of skin from the traumatized area was excised for combustion and liquid

p scintilla t ion count ing of 3H20.

2. 20 cm 2 template  used to confine alcohol and de l ineate  burned area .

• p
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indicative of collagen formation in traumatized areas , any difference in the

rate of new collagen formation between traumatized areas covered with the

wipe—on coat ing  and such areas when not covered is too small to be

detected by this technique.

3.6 Absorpt ion of PCL Through Traumatized Areas On Rats Backs When Applied

Top ically As a Wipe—On Coating

In this  experiment , a solution of 14
C labelled PCL was appl ied  t t ~

burned areas on rats backs. Forty—eight hours later the rats were sacrificed

p and samples of various tissues analyzed for radioactivity. Table 3.3 summarizes

the results.

Note that no radioac tivity was found in the blood , muscle , kidney

or urine of any animal. Some activity was found in the dorsal skin of most

animals. This skin was sampled from directly beneath the wipe—on covering .

• However , two animals out of eight had no signif icant  ac t iv i ty  in th is  skin

area.  I t  seems likely that  not all of the wipe—on coating was removed prior

to t e s t i n g  the skin and what is measured is residual wi pe—on coat ing  r a the r

than absorbed PCL. Activity was also found in the feces of all rats except

the controls and in the liver of all but one. The rats were not restrained

pr ior to testing and since they often nibble at the wound area , they probabl y

ingested some of the wipe—on covering.

In order to determine more accurately the origin of the feca l

liver , and skin radioactivity, the experiment was repeated with the rats
held in restraining cases. Results are presented in Table 3.4.

• 
p

No ac t iv i ty  was observed in the livers of any animal in th is

experiment. Furthermore , fecal activity was much less than previously ob—

served indicating that although the cages do reduce the ability of the

P rats to nibble at the wound coverings , they were not completely

p 13
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AB SORPT JON OF I’CI. WI Ph— ON I I I R O L G l I
P TRA UM A ’ I I Z E D  SK I N , SECOND E X P E R I M E N T  ( 1)

Abso rb ed 14
C R a d i o a c t i v i ty , DPH/g

T i ~~sue (,rou 1) I (
~~~~p Ii

Blo od • — — — — ( 3)

Feces 4 1 . 3 7~ 3. 7

• K i d n e y  — — — —

L i v e r  — — — —

Musc le  —

skin  I l l  - I 6~ - 4

U r i n e  —~~~— ( 4 )

• NOTES:

1.  Group  1 2 control r a ts ;  u nh ir n ed  and u n c o v e r e d

Group II  3 r a t s ;  u n b u r n e d  hut c v e r r d  w i t h  PCL w pt — o n ( 2 )

• Group III 3 r a t s ;  hurn~-d and c~ red c i t h P CL w i p e — e n  ( 2 )

• • Group I controls were used to measure background for calculati on of

- • P activities of Groups II and 111 . In order to minimize injestion a: PCI

covering all rats were placed in small wire mesh restraining cages for the

48 hours pr ior  to  s a c r i f i c e .  Th i s  reduced t h e i r  mobilit y but di d not r e n d e r

them c o m p l e t e l y  immobi l e ;  a l t h o u g h  no b i t  ~~~~ ~ tlu hacko vas oh~ er . ed , i t

P is reasonable  to assume t h a t  this did occur

. See Table 3.3 Note 1 for formulation of PCI. soluti on CIs&C1 : P (1 • i r t f \  i t v

2. 700 m Ci/ g ;  solution activity — 0 . 2 R ~ mCi /g

p . One animal had minima l act ivi t v above hnc k~~round . The r € r r a i n i C e -  C o

none.

4. One animal had 131.1 DPM/rnl ; the rem a ining r y e  had C C O f l I . T h i s  a n i m a l

was not the one with • i ~ t iv1~ v in the blood .

p
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effect ive and that a smal I amount of film was ingested. T il l -  r e d C i 4 t i o n  in

skin activit y compared to the va l u e s  in lable 3. 3 was die to excrc ISO of ~reat-

er care in removal of the film prior to samp i lug the skin dir ect lv t o -—

n e a th  it. However , it was apparentl y not possible to remove the w i p e — e n

coating entirely and some ac t i vity was s t i l l  f o u n d .

.
4 One a n i m a l  in Group I I  had some activlt’-’ in i t s  blood, minimally

P above background . Another in this group had 13.11 DPM!ml a r o ve back ground  in

the urine ,a~’ri n a small amount . As the first experiment showed no blood or

urinary acti\ity, we are confident that this represents contamination of the

• samp le rather than a reproducible experiment and result.

It was concluded tha t  the PCI, in the wi pe—on c o a t i n g  is not

• absorbed into tissues through either normal or burn traumatized skin.

P
3.7 Study of Plasticized PCL Films

Initial data on plas t ic ized  PCL f i l m s  was seen in Section 3.4

• of the Fourth Annual Report. This work has been continued and the results of

P the current and past work are summarized in Table 3.5.

For the lates t PCL wipe—on coating submitted for trial by Captian

• Burgoon (See Section 3.2 of this report), a formulation containing 33 PHR of

p trieth l citrate was selected as PCL films containing this amount e

triethy l citrate appear to have ampl e strength for a wipe—on coat l f l ~~ with a

minimum increase in water vapor transmission compared to films ot unpia n t i—

cized PCL.

Similar films were used in mak ing  the f i l m — f a b r i  l t n i i c ~~t c s

• discussed in Section 4 of this report.

To dup licate t h e  water vapor transmission (V I  CCI full tb i~~~~C o ’ S S

P
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normal human skin which is about 83g mm/24 hr.—m
2 

(See Note-), Cl P C I .  film having a

of 8 .5g. —m m / 24  h r . —m 2 
should be about  0.1 mm thIck (0.004”). Th e thlckIwSF

of a one coat app l i ca t ion  of the wipe—on s ol u t i o n s  be ing  t e s t e d  by C a p t a i n

Burgoon (See Sec t ion  3 . 2 )  is 0.02 to 0.04 mm (1 to 2 m i l s )  hu t  since the

eschar  over the  t r a u m a t i z e d  area is also a mo i s tu r e  h a r r i e r  eV f 4 t h ig h n c _ t

as good as normal  skin , the water  loss f r o m  a burned area covered by the wi pe —

on coating , should be close to tha t  of normal skin . We w i ll  be a b l e  to

ob ta in  ac tua l values on rats to verif y this assumption when the evapometer

ment ioned  in the previous sect ion has been (Cal ibra ted  and can be used to

measure the IWL f rom normal and t raumat ized  skin both  w i t h  and w i t h o u t  a

wi pe—on coa t i ng .

3.8 Solvents for  PCL Wi pe—On Solutions

The f i r s t  PCL wi pe—on solution tested was made by d i s s o l v i n g  PCL

in tetrahydrofuran . Aromatic so vents are not suitable for this application

because of their toxicity , so am a t tempt  was made to fo rmu la t e  the wipe—on sol-

ution using non—aromatic solvents. A number of solvent combinations were

tested using their solubility parameters as a guide but no satisfactory com-

binations of low boiling oxygenated straight chain hydrocarbons were foand .

However , both acetone and methyl acetate are satisfactory solvents if mixed 4/1

by volume with methylene chloride . The 4/1 methyl acetate/methvlene chloride is

the be t t e r  solvent of the two and is the solvent used in the p l a s t i c i z e d

PCL wipe—on coating being tested by Captain  Burgoon. See Table 3 .6  f o r  d a t a .

Captain  Burgoon s ta ted that  fo r  f i e ld  appl ica t ion , he would l ike

to have the wi pe—on coating supplied in a t in  can wi th  a b rush  as an i n t e g r a l

part of the cover rather than in an aerosol can. He stated that t ore was a

danger that  an aerosol will rupture  at the tempera ture  which can be reached

under field conditions .

(Note: See Table 4.1 in the First Annual Report for data on the water vapor

transmission of human skin.)

P
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( C O Y  OF SOLVI ITS FOR POLY—, —CA PRO I.ACT I)NI

Volome R45tlo
of SoIve~~t Si,L I. l i i i>  >r .,4et I I 4 (lot C i

~~C f t  • Sc_ I i c c _ ip C- .. - . Sc _ I > -en t  t !L~~~ _~..97 - .  L f r  C

4C eef le —— 9.15 9.03 l . ..>i 79

li l c_c_c_Ce —— 9.74 8.59 4. 4 10)

1 f C o C h v l > -oe c h l o r i d e  —- 9 . 5 3  8 . 5 2  5. 034

T e tr a h v d r •~f or a n  —— 9 . 5 2  9 29 2 .  ~ 4 .~h
p 

5. 6 , - C or,. —— 9 1 0  7 4 9

6. M e t h y l  A c e t a t e  — —  9 4 9  7 . 5 6  5 . 7 2  —— no

7. Eth ’.-l A c e t a t e  — —  9 1 0  7 . 44 5 .1 9 -— no

8. Mr- thc_- 4 Ethy l Ket ne —— 9.27 7.77 5.06 - ~0

9. Methanol —— 14.28 742 12.40 — -

13. Ethanol —— 12.92 77 3  10.45 — —  no

11. Ethyl Ether —— 7 .62  7 0 5  2 .88 -- no

12 . Ac_~ t .ne . Ethano l 9/1 10.1 7.62 6.5 — —  Fair , ri C • - ; • -

• C-f . Methyl Ethyl K• e’n~-
Ethanol 82/14 9.92 7. 74 6.04 - —  ri

C- . . M,- thvl Ethyl Ketonc
Ethanol 75/25 10.18 7.75 6.41 - — no

IS .  Acetone
(ethylene Chloride 4/1 9.29 7.65 5.18 — —  Y 4 - r i . e r r  i t

15’ f
16. Acetone

P Methylene Chloride 3/1 9.29 7 .6 5 5 1 8  - .  h , C 1~~ 4
(404 15

2 7.  .Ccetone
Ethanol 95/5 990 7.59 6.35 — -  Fair C

18. Acetone
Ethanol 90/10 10.1 7.62 6.9 - —

19. Methyl Ethy l Ketone
Ethano l 82/18 9.92 7.74 6.04 ~~

-

40. Methy l Ethy l Ketone
Et henol 75/25 10.18 7. 75 6.41 - P C -

21. Eth yl Ether
Ethanol 56/46 9.95 7.34 2.90 - —  i-

22. Eth yl Acetone

p 
Ethanol 78/22 C . 94 7 . - f . 44 .>c .  ~

- i

23. Methyl Acetate
Ethanol ~ 10.17 ~~. 44 6 .2.. - -  Fair n o  eq.

t o  nc_tO-er

24 . Methval \eet , ,te
Methanol 9 1  10. 45 7 .51 6 .63  — —  Fair ~~ t eqc _ . C

to  C01ri C t  5
P

25 .  Methval A c e t a t e
Meths- .ene Chloride 1 945 7.75 560 -- Lola at a C

C 4- .4O i .,ri c_ , r  1 - .
hen r - be .

I C of
-c_I nte r , -- . I..

p
(I) For sol~ h 1 I Ic y p.~ e r r  ‘ - r ln d l- iC ,l 4 C  — --,. ‘4 ! ~~-.- — ~o. — , - C- • - f Palnl Tech 4 . 104 iv -

Va1 i~- -. for m Ixture , ..lculrt, he aa,umtr, - F 
~~ ‘• - , . y 4  ‘44 ~~l ’  ‘~~~. C C l,. t o t a l  Sn ‘r C O . C C  ( ‘ n  C ’

the volume C r.. Inn i v  .-.o- ri
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3.9 Status of Proposed Program and Plans for the Remainder of the Calendar

H

This section covers Tasks 1 and 3 of the program for 1977 described

in Section 2.

Dynatech personnel are cooperating w ith NMRI with the t e s t ing  of

the PCL wipe—on coating on p igs and in i t ia l  resul ts  with the p las t ic ized

wipe—on coa t ing  show sig n i f i c a n t  improvements in wound healing . Work is con-

tinuing on the use of res istance hygr metry f or measuring insens ible wa ter
loss (IWL ) over burned areas and animal tes ts with the appara tus developed
are scheduled for July or August. Uptake of labelled proline has been dem-

onstrated to correlate with the formation of new collagen In burned skin

areas using rats, but any difference in the rate of collagen formation between

traumatized areas covered with wipe—on and those not were too small to permit

measurement of the improvement by this technique.

Use of 14C labelled PCL has demonstrated that  there Is no signif -

icanc e of PCL uptake by the tissues from the wipe—on coating when it is applied

to burns on the backs of rats.

The w ipe—on is currently being supplied in cone top cans and a

separate  nylon brush is used f or applicat ion of the coating . Capta in  Burgoon

is of the opinion that a similar package, except  having the brush an integral

pa r t  of the can cover , would be quite suitable for field use. This package

would be preferable to use of an aerosol can which could rupture at the high

temperatures sometimes encountered in the field . Work is continuing on dev-

el opment of an aerosol package which would be suitable for hospital use.

Cooperation on the pi g tes t ing at NMRI will cont inue during the

balance of 1977 as will development of suitable wipe—on packaging .

20
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Sect ion 4

SYNTHETIC GRAFT

4.1 Introduction

The Fourth Annual Report  on this project reports that

two fab rics knit at Titone , Inc. in Burlington , NJ, under the direc tion of
Professor  Thomas E dman of the Philadelphia College of Textiles and Science would be

evaluated during the coming year. One of the fabrics is a looped velour

similar to fabric IV—22 described in Table 4.2 of the Fourth Annual Report

and the secon d is a cut plush fabric with an open weave des igned to conform

p well when spread over a complex shape such as a rat’s back or a knee or elb ow .

The cut plush should be easier to remove from the healing tissue than the

looped ve lour evaluated previously since the pile of a cut plush is for med
by individual fibers rather than loops.

p

4.2 Preparation and Evaluation of PCL Fabric—PCL Film Laminates

Laminates were prepared by bonding 25 u thick films of PCL plasti—
cized with 33 PHR of triethylcitrate to the b ack of the fabrics. Four dif—

ferent laminates were evaluated as follows :

1. Laminate using looped velour similar to fabric IV—22 (See

Table 4.2 of the Fourth A-inual Report on this project).
P

2. Laminate using cut plush with a pile height of 0.8 nun ( 1
~~” ) .

3. Di t to  with a pile heigh t of 1.6 mm ( 1/l6~~) .

4. Sane as 3 except sample cut on the bias.

‘t .
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The detailed results of the tests on the laminates when applied

to full excision wounds on ra ts’ backs and the test procedure are given in

Table 4.la and 4.lb . We found that the cut plush fabric laminates con f ormed
better to the rat ’sback  than  the  looped velour laminates  and that there was

slightly less damage to the underly ing tissue when the pile of the cut plush

was 0.8 mm high rather than 1.6 nun. Apply ing lamina tes cut on the b ias helped

the graft to conform to the complex curves of the rat ’s back . Use of plasti-

cized PCL in place of the unplasticized PCL used in earlier tests also he lped

the fabric to conform easily to the undulations in the rat’s back.

It should be noted from the data obtained that the average lami—
p 

nate adhesion to the rat ’s back was about the same on day 1 as on days 3 and 6.
However, we noted that fa ilure of the new tissue was pronounced when the fab ric

was removed the next day , but by day 6 tissue failure was minimal. Apparently ,

it takes several days for the new tissue growing into the PCL fabric to become

strong enough to withstand having the fabric stripped from the wound without

damage .

Samples of the tissue from the underlying wound were taken from

P the backs of rats 19 and 20 and preserved in forinalin so that they could be

examined under the microscope to determine if there was any difference in the

kind of tissue between the whitish non—vasculated tissue obtained from the

back of rat 19 and the red,bloody, well vasc ulated tissue obtained from the

P back of rat 20. The microscopic examination showed that both samples are

typical healthy granulation tissue with no significant differen ce between them.

Figures 4.1 to 4.4 illustrate some of the results obtained on rats

with the cut plush fabric. Figures 4.1 and 4.2 show the excellen t adhesion

due to growth of new tissue into the fabric one day after application .

Figure 4.1 shows tissue failure on rat No. 8. Figure 4.2 shows good adhesion

but no tissue failure on rat No. 38. Figure 4.3 shows how well the new fabric

conforms to the back of the rat. Figure 4.4 illustrates how the PCL fabric

PCL film laminate can be remeved 6 days afte r application with minimal tis~ ue

tearing. 
-
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Table 4.la

ADHESION TO FULL ThICKNESS EXCISION WOUNDS OF

PCL FASRI C — PCL FILM LAMINATES (1)

P PCL Film 
3Rat Laminate Fabric Thickness Adhesion 5/cia after

No. No. No. (2)  
__~~~ ~~~~~ 3 days ~~~~~~ _~~91mnents -

26379A 26347 —1 38 75 Stiff fibers in one small area of l . . b r l

2 26379 8 “ 48 70

3 26379C “ 48 109 Tissue failure .

4 26379 13 “ 38 111 Tissue failure.

5 26379E 38 78 Good conformance — lot .~f blood in ;‘w
tissue. No t issue fai lu re .

6 26379F 38 _ 54 Little or no vas c u la r i za t t on  in Clew

tissue. Goo d conformance. P~~- small
Averag e 41 73 110 66 pocke ts — no infe~ ti on visib le.

7 26384k 26347—2A 25 54 Tissue failure .

8 “ ‘ 124 Tissue failure .

9 “ “ ‘ 50

10 “ “ “ 43 Tissue failure .

I i  “ “ “ 14 (5~ Fabric dry — little adhesion .

12 “ ‘ -, 64 Tissue failu re.

13 -- “ “ 43 Fabric conformed well to rat s back.

14 “ “ “ 18(s) Fabric conforming to rat s back.
small  pocket near ed g -  -

C 15 - -  -, 
54 Fabric conforming. One small pocket .

16 59 Like 15 excep t some tissue !ailurr- ~,o r

* shoulder of rat .

1/ “ “ “ ra t died

P 18 ‘ “ 59 One small infected pocket. Some t i > sn e

failure.

19 ‘ 45 New tissue not s-asiui ate d . Pa rt of r o w
tissue carried away on burn - ‘ c _ r i  r in 3. p .ir ( -
No t issue tearing beC-’ so c u r i e , i n ’.,

20 -- “ “ 63 New tissue well ves ,- u l a l e i  . 1>’ C 1cr-i,

failure .

2 1 -, “ “ 64

Avera ge 25 68 55 “8

(1) See Table 4.lh for ,-onclud in g da ta as weU as for exp lanation of i, , t ,- ..

I
p 

2 4

i’ .. _~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ _______ - 4



r 
-_ — -- 

_ _  ~~~~‘- —--- - --.--~~~- _ _

a

Table ...

All/liSt e. TO /11.1 lHi, ’RC/ /.SS EXCISION WOUNI)S ‘IF

PCi. FABRIC — PCI FILM L0Mlt1ATES 1
~~

PCL Film
tat Lamin ate F. , i , r i -  1,1, So,- ,... Adi,esicn, o / o i ~ 

after
N,, . 41  -i t d ~~ ~,~81! ~ _ _ ~~~~~~~_ç9~~~~ 5~~b _ _

7? 1” ~~~~ iS 4 7 — 1 0  25 SO i’,,,,r “oil one si de .

2 “ I, ‘ - ‘ c  bind ,,ne s ide .

—1 ‘ - , 2 3

25 ‘ “ 1 Sma ll  anb,,nded a re a .

Smal l  anbon ded --

.17 —b ‘ ‘‘ a t ,  - v v , - Is..,,, C,,  I C . . , . - - i i ,  i d e .  Per ’ sCr 7

2” —7 ‘ ‘ b o a  I,, - Strips s - i l  , — ,, ,. . 5 . -c , C o r

C a l  l,,re ‘‘e r rat ’s sp i n e .

—~ 
.- ‘‘ 3I, I ,,, d f i t .  - t r i p- i.- . II.

10 —9 “ 04 One wrinkle. ,,nsi d,-ra- - ’ ,- t i,.,,,, t a i C - .,r,- .

31 —10 “ “ SO One snall “me,’ t . S -n, F is,. 0 ri- .

12 — I I  “ “ 50 I ,,verinp strIps rie.,~~C - iron, t i n,’

33 —12  “ ‘ 64 One laro,.- , ,’ i t.  N,r uc _ ia r , ’ ,, ’ ii. . -~ - -

P 1-. —13 -- “ 54 5,-il va r ,  ,,l.O ,-r ’ new C s...,, - C- s r i ,  
s t r i p s  - lean .

5, ‘ , as 15 .

36 —1 5 “ “ 
~~, Sonri ,aeaki,’ adC,’ ri- ni .,r.- .ri- ~ l t5 11C r . , -

new i i . -.~~,,, L ueut ’,.

Average 25 iS S~ S I

p ,7 Isissi -i 36347-2A~~ ‘ C C 1 issu, f.siio re .

iS — 2 “ “ 2 5  SmaJi onbonded arm-a.

, ‘ l ’i  —3 “ “ 25
- .0 — . ‘‘ - . t r s su,- ‘ . , I i u r , -  -

2? Good - .1  - b, r , :-s -

p —6 “ “ 21  - ; . ‘ c _ - i  ‘ 1 .  S : r ,~~

- ‘  —7 5 -, 5’,- I I  - ..,n- ,.C ,i,~~ . .  r~ s- . ,  -

• . —Il 12 — - r,- t i ss ue  t a i l  Ire - ii,,,- r ca  I - -, - - ... —

i cr -ne’ 25 32

- 
S.’ rio

(1) F I l m s  i f  PCI 0, - r i- i-i C C r - — a ~ c C iI~~ I’n itS,r,g a Or .,dlev ilad,- s.-r  F , - C , - .- C,,,’ .i, ~~~~ C r - . F ,  c r ’ ,, - -- ‘ s r  - -- ~. ,. - ,
p late o lu— ’ t r.’,,te.i w i~~t , C r , k - -Fe 31 ‘ ‘ ,,‘r , , t e . ln,- .1 pc _ C i i i  si t , a ret-,’ ’ C - i . F  i.-~~~ t TOP. ICr , s - i  , . F, , r I - ’ ’ , ,’ . - 2
100 p i n  by S C - ‘1 PCI ‘ i , . - ’ , I i .  i . C  s i  - - 1 , 2  tIe1 ’ ~~~

.
~ - , i l  ,.rr Cs Fv 5. - of - , 1 h-i- C i t  r - , ’  F r  — ,~ - I F  icer

Co. • ln , .7 - .C iss, ,i is’.i in ‘14 8 parts by o F , - C TOt . sin,, 0-s at F , , , .is t  i c y ,  C ’ ,, - , , : ..,v prriss.’.r .n - i ’ - ~~~’ t’ . . ’ ’ , I I F I
Aft.- r 2 h-v ,rs , the lam iv., ’ .- wa n removed and e v a , - , , a r , - ,C ‘S r i ,  sn F at room ,‘np. ,.,tur ~ - F. - ,‘r,- ‘ - . , I ,, r , - q i d ’ , , , C C l i
-,,‘- ,—- ,r in g the f i l m  ‘ i. i - v - - i s , FE - , - i. ,nrt n ‘ I s  5’ , - ; r i  trimme d to x 44 cm and tCu or r ,-t’ - . - ,r, 1, - r;,,C,-,,. ‘ - t , -

• samples were applied to C ., C i  mx, trios s.r,,ojv ,.,, t I , -  ‘o i l-  c _ f  r u ts  ‘a p p r ’ x .  v i .  ‘l m iris, C . even -r p ,.~~J C,rr ..ess
stee l woond c_ lips. At the tim e ind iv at e , ri, -  anim als were injected C C ’ . , .rit l, a ,-th ,~l ’ , - I - c _ C  c_ ,r . 1 , 1 . 41, , - - - .

clips were removed . th,- ui - r I. ,-ta, - /oi from the co in . tnimc.,-,1 to ., width of 4 rn , F ’;,- rat c r - n t , - - on ., ‘inns . ss c_ri, t

P S r I, pa li ed From the rat using an Instrun Tensile Tester at a rate i’f  1.? -*1 , tj a h -rij , ra, . -r , , ,,  .7 . -. c m i ’ ’
a ‘ n e d  - r - ‘ F r i a r  i c r  ‘‘0.

(2) Des.- ni p si .’n ‘ii C . , C , r i .  s i . ’, C.. ’ - — PCI. br,crhed v, ’C , , , , r  w i th  CIa, r , ,, b c _ i l  i,,~ s is l Ca r  to F r i  522 — , - . , , . - . , _ ‘ .er C
1. 7 in S F ’, annual c - c _ - n ’  C , r.- d i . , ,.  11 , I971 , Ilynate ch Sep’’rt 441571) . ‘ 5 4 5 —- h — Pci ‘ r j ’ 7 : - S ’ — - - h  r i ’  s t  F ’  - ,-

‘ - i -  r i m  ‘ i  c i,,, I s’ ,-, ’ S i c - ’  7 In Ith annaa l Fl- C
~’’r F o p . c i t .  ‘ ,7,r ~~A ? — 2 P  — sun .’ ,.. i - - n  , ‘ O . . c _ t  1 , 0  —c ifi -

ii) Aver ,.-,- adhe sion i:, lbs/in . ,‘-F .,inr,i hv rs- .,..,,rin ~ ‘he ,,r,r,, under rtr ,’ ’,-, qt r . , in  - ,,rve ‘C t,- I ‘,, th, - s . - 1,- c -i
I n -iC r ’’, Ten s ii,’T, -,t .-r and i , i l i n 4 4 hv 1 4 ’ . prodi,,’F c_ f  ti,e C,r n i.-t , of tI,e , ,,r’, in tl - sF , ., , Ii,,- - , .  - an- ’ ’ - i - r n ,
nam ;—i ~’ v i i F I r  in I ‘ .. — Ti’ -nn’ rF 4 4 / n  ‘ lb s/in dirido try I J’i . I . trio .,’ - -, applIed or, 3/ Si ’’,
Fabr i- — ,‘rpt r i  , t rn, 4 -C , -

) (5C 0- ix. - ‘,~I,- / In ,r- .-r a,n.

2..

-
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Figure 4.1 Rat Number 8 sacrificed one day post application of laminate.
Note that the tissue has grown into  the fabric well but is
too weak to withstand removal without tearing .

p

(
p . I - 

-
.

p

p

Figure 4.2 Rat Number 38. Sacrificed one day post app lication of
laminate. Note good adhesion as in Figure 4.1 , but tha t
this time tissue did not tear when fabr ic  was removed.

p
25
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P Figure 4.3 Rat three days after application of laminate. Note excellent
conformance of laminate to the rat’s curved back .

P

P

a

a
4

p

Figure 4.4 Rat 19 sacrificed six days post application of laminate.
Note that fabric can be removed without tearing the under—
lying tissue and that underlying tissue is strong and healthy .

I 26
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1500 g of PCL fiber prepared for us last year by the Southern

Research Institute has been sent to Professor Edman for preparation of addi-

tional cut plush fabric with a pile height of 0.8 mm (1/e
li) . We exp c_. ct to

obtain enough material for the additional tests planned by Dynatech in 1977

and to have enough l e f t  to permit  l imi ted  t r i a l s  by the  Navy .

4.3 Tissue Growth into PCL Fabrlc—PCL Film Laminate Burn Coverings as

Measured by Uptake of Tritiated Proline

The purpose of this experiment was to determine from the up-take

of tritiated proline the rate at which tissue from the traumatized area - 
-

grows beneath and into the burn covering. Using the data obtained , we plan - 
I

to select the time, amount and specific activity of the proline injection re-

quired for future autoradiography experiments.

The samples were taken by carefully excising the fabric keeping

the underlying tissue intact. The thickness of tissue adhering to the fabric

varied depending upon the section of the rat ’s back in contact with the fabric.

The following diagram illustrates this.

Thick

The raw data is summarized in table 4.2. In table 4.3 the data

has been averaged according to tissue distribution. There seems to be no

significant variation in the samples taken from the rats given all the proline

in one injection and sampled 24 hours later and those given two in jec tions a t

24 hour intervals and sampled 48 hours after the first injection . Since on ly

two rats were used for each group , large variations between individuals may

mask trends.

27
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TABLE 4.2

Up—Take of T r i t i a t e d  Prol m e  in Tissi i~ h ’ni.7.’lth PCI, F,-ihr ic—PCL Film

Burn Coverings.
P

Tissue
Group Sample Dis tribut ion DPM/Gram DPM/ cm2

I 26347—2B—1. Thin 5,222 ,504 509 ,557

P 
—2 Medium 1,997 ,578 260 ,557
—3 Thick 2,209 ,448 437 ,016

—2D—l Thin 1,284 ,596 61,363

—2 Med ium 2,095 ,147 185 ,570

—3 Thick 2,595 ,290 418,259

II 26347—21—1 Thin 5,618,613 402 ,082

—2 Medium 1,529 ,459 317 , 727

—3 Thick 550,460 99 ,083

P —2E— 1 Thin 3,367 ,150 309 ,375

—2 Medium 5,137 ,096 1,720 ,927

—3 Thick 689 ,165 205 ,291

III 26347—2L—1 Thin 2 ,458 ,559 546 , 773

—2 Medium 2 ,071 ,287 496 , 270

—3 Thick 2,072 ,084 1,092 ,679

26347—2S—l Thin 2,743 ,363 363 ,630

—2 Medium 2,816 ,087 713 ,049

—3 Thick 2,823 ,769 897 ,331

‘1 ,
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Table 4~ 3

Up~-Take of Tritiated Proline in Tissue Beneath PC I ,  F , , b r i c PC I.  F i l m  l a m i n a t e

Burn Coverings.

Summary of Data  f r o m  Tab le  4 . 2

Trit.iuni Recovery

P
Tissue —3 .7

Di’~Ix1’ ) /r’ratn C i ’ ~~v 1( )  / i - ~~ .
Group Treatment Distribution .of fabric plus of fabric plus

Loderly ing Tissue nius underlying tissue

I one 5~iCi/g Thin 3254± 1969 285 ± 2 2 4
dose Tissue Medium 2046 ± 49 223~~38
sampled 24hrs

• later 
+

Thick 2402± 193 428—9

Mean (1) 2567 ±1369 312±172

II Two 2.5i~ d i g  Thin 4493±1126 356±46
doses at 24hr Medium 3333±1804 1019±702
intervals—Tissue + +
sampled 48hrs Thick 620—69 152—53
after 1st. Mean (1) 2815±2230 509±603

III Two 1.25U Ci/g Thin 2601±142 455±92
doses as in Medium 2444±372 605±108
group II + +

Thick 2448—376 995— 98

Mean (1) 2498±356 685±272

Notes: (1) M,~an of all values from Table 
4.2 ÷ standard deviation .
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The experiments show clearly, however , that there is enough tritium

in the tissue of all groups for future autoradiography experiments . We the re—

fore conclude that one injection i.p. of 5uCi/g will be given and that samp les

will be taken for autoradiography 24 hours later.

Twenty four hours after the last injection , the fabric was re—
P 

moved with the underlying tissue intact . This new tissue was not evenly dis-

tributed but ranged from very thin to thick. Therefore three samples of known

weight and area were taken from each burn covering for tritium analysis.

These three were representative of tissue distribution , one thin to almost
P 

bare , one with a medium tissue layer , one with a thick tissue layer. Each

sample was oxidized in a Harvey Biological Oxidizer , the tritiated water col—

lected and measured by liquid scintillation counting. Table 4.2 presents re—

suits as DPM/gram as well as DPM/cm2 for each rat.

4.4 Progress on Tasks 2 and 4 of Program Proposed f or 1977 and Work Planned

for the Balance of the Year

P The cut plush PCL fabric which was developed in 1976 laminated to

plasticized PCL film has been tested on rats and has proved to be a signifi-

cant improvement in the ability to conform to the complex and changing shapes

of a rat ’sback in comparison to all fabric film laminates tested heretofore .

Additional quantities of a similar fabric are now being knit using PCL fiber

spun for us during 1976 at the Southern Research Institute. We soon expect

to have enough fabric for additional animal testing by Dynatech and l imited

testing by the Navy.

Experiments with tritium labelled proline have demonstrated that

enough tritium will be absorbed in the new tissue growing into the fabric film

laminate to permit study of the growth rates by autoradiography techniques.

Autoradiography experiments with the new lot of fabric are planned as soon as

the fabric arrives.

30
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Ste r i l i za t i on  procedures for both the new PCL f ab r i c  PCL f i l m

laminate and the latest plast icized wipe—on coating are planned for  late r

this year . See Task 4 in Section 2 , the in t roduct ion to this report.
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