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. . PREFACE

The healing of wounds involves growth prooesses, Jhese processes
inolwdo dovelopuont and mitosis ot cells, and the synthesis of tissue compone
| ents, In order that oells muy divide, grow and metabolize mornally, either in
a young growing organisn ox in hoaling wounds, the proper bullding materials
nust be availadble, There must be vources of enorgy 8o that these anibolic
procescon may go forward, She physical environment must be adoquate for these
resctionss Many factors influence and modify the rete of the processes connaote
g cd with coll proliferation and growth, Modification of any of these faotore or
Wl procossen can tu expected to affest growth as woll as wound healings |

B chances in the nomal vadanse of sevorel-homonad fostors in the body
| are known %o altor the course arthdhoaunz.. Themmrinvm&mmtor

Bl these cubstances exert their acticn te unknown, For instance, it is not knom
Jltor @ given homone nay affect the metabolls changes which acocspany wound
healimg. | B
It hus bean mhown that wownd healdng dnvolves hanges in eulfur
Botbcisom, Synthesis of proteins rich in swlfur anino sedds ocours in the

B 7o tsoue, - Thare appears to be an scoeleration in suLfwr meteboiim, and en
§|irorcasod retontion of slfur, (VAlldameon and Froms, 1955) In this thests
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7411 bo discussed the results of en invootigsticn on the astion of cortain

hosmonal faators from wounded suimils on the ustobolise of normal snimals,
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I CZNERAL ASPECTS OF WOUND HEALTNG

sequonce of Fvents 4n Healing

then injury ccowrs, the wounding cbject ioam behind 4t & nass of
doad and injwed colls, DBlood vesscla are damaged causing blosding and income
plote olrvulation in the injured tissue, An accwmlation of matabolis products
resulte in the wound ayea, probably contributing to arteriolar and o spillary
dilataticn and to inorpased capillary pemeadility, which in turn oaunos an
exudate of fibrinopgen containing fluids to accuanlats in the injwed ares, The
blood and the exudates moon olot on op of the wound, Tids is the start of the
formation of the #sosb, which oonsists uostly of tissve Lragmonts, and olotted
' blood and £ibrinogen contalning exudates, UMemath the soud the regencrative

prosesses bogin to take places | | | |

Hoodham (1952) dividea the soquence of events following treuns into
gl e partss 1) wound closwre, 2) demclition and defunse, sod 3) healing, The
formation of the sosd belongs under the first heading,
| The phase of “"denolition® takes plece during about the fivet three
Jléas after wounding, During this tins foreien organisns end inorgenis matter
“ in the wound area are mowd by ingestion or phagooytosis by polymorph laucow
, hpmmmummmymmwmmg,ommmmum
f|frm cxygen starvation or from the effect of noxious agents, The dead oells
, are partially destroyed by sutclysis with thelr own proteokytds enmymes, pare
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t1a1ly vomoved by phagoaytusis, by macrophages of the tissues, snd by Lymphow
cytede . : |
- Aftor dofonse and denolition arw completad, the aotusd healing Bta.rt.T
to tukeo plucos In o okin wound, oopillary loops start to grow out supplying
autrionta %o tho dncroasing mumbers of oells widch starb to Gppear in the
wound arcd, These ure embedded in an amorphous ground substance and inolude
the comnoctive tinsug oolls, the fidbreblogts and mash cells end eplthelial
csllss Soame of those cells probably migrate fraa other parts of tha bodys
cthors multiply Ly witoois in the wound area, How collogon fibere start o be
formed by the procass of fidroplasie, Progrossivoly inoreasing anowunts of
collagon uppear in the wound during the f4ret two wooks of hoaling, The Sene
plle strongth of the wound, whioh has boon used extonoively sg a criterion for
the rate of healing, seeus to bo proportional to the mownt of collagen formed
in the wound, This new wound tissus 48 known an the gramulation tisove,
Usually the size of tho soar uwltisalely resulting fm‘muﬁhw is mmaller
than the mize of the original wound, Oonfrustion of the wound, which starts
with t&»apmamnmwmmmum mm mmvwnd, mmtwm
reduction in mine, ' ' R

Connective Tisswe

Sinoe wounds 1in mest organs of mamwls hesl lerpely through the
formation of new connootive tinsua (Howea, 1954), & shork dasoripticn of s
tiosus secns to be in oxdor, cmct.‘mn tizeue or nessnohymes 1s found thavughs
mumwmbw. Ita strvotural components ave the grownd swstancs, £ibery
and cnl].n.




5
. Tha ground substanco consiste in part of tiseus fluld, drived

Maly £aom blood placna, but in addition 4% hna & hich contant of mucopolyw
succharides and moepalysaccharidowprotein ocsplaxes, Anong theve casbohydrate
ocuponente six dAfforemt kinds of muopolyeaccharides have beon 1dentified
(toyor ot al,, 1956), Moommiumor those oax'bohydmuocmpmwnts in the
ground pubetance and their degroe of polymerization greatly varies in different
tissucn and with tha apo mah@a of damlomom cfnpaxﬁo‘nlwﬁnm
(Catohpole, 1957)) (Loowi snd Mooz, 1958),

| Collugen is the major fibrous wnmmtotmttypec otommouw
tissuwe, It hus & mlauw]a' hieh contant of glycine and proline and aoaomta
for practically all the lvdxwwpmum tannd in f.ho bodys (Bdwords amd Dmp}w,,
1957) . conagan:xam:mm au:.tux-m.moman and the arwmatio aino acids,|
mammwdcmpwiumaf uo‘u.agenu ahmiu'i‘nblex. canﬁbm
mtmnawm fom ove insolubls in watory mbanﬁns it s comvorted to a
wator Boluble bstancs, gelstin, Undor the clectron siorosoops collagmm
fmﬁahwuwwwwdmmﬂnwmmmw (amm.,
(Evlmn, 195h)

 The ocolls of the comnective uemw am imo.twd .in collagen mﬂm&u

(5%ams, 1540)e It 1o os yot wclear whother thous cells eluborste collagen
fibera as mh, or soluble collapon pmumorn £ron whilch collagen £ibore are
pmaip&tahd mtho groud pubstonce, Thamu oosH Mdmou to :mdicat-a that
ﬁ.tmxn aight be formed wta!.da the fibroblagd Navberger, (1955). The CoPOLy=
Baccharldos of the grownd subztance seets to play & part in fiber formation
(T chbergor et als, 1951)s Those carbohydmh acrponants have thodr origin
Unlod edthor to tho masd colls (Asbwdtamm. 1954L), or possidly the ﬂbm-




Anino Acid

TADIE I
Amino Aoid Compondtion of Collagen

o _.-Collagen
. m.ggg e
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Glyetne 2.2
Mantne 9.8
Louging 4 Taclovatne 56
. Valine . o 3
| Toreontne 2k
. Jothonine . . 08
Cyotine 00
C Preltne - B2
| Wydvempreline . 12,83

. Trptopne . 0,0 .
O R X I
Motidtne 08
 HydrogAystie 2
Aspartds Acid 63
Glutanic M&d‘\ 113

. % Boows, E1lob and Moss, 3953




wmwf’ (Loyor, 104hT)

satobolie Tyvents Durineg Youd Healine

m»mnmhutﬁwhamamﬂmmndmtmmfamumm‘
collapon L£ibore, mwmmm,umwwrmmm,mmm
sollapon fibers goom to bo formed Lyca & precursor, pmomgm (Omklwutoh,
1950) e mmmmms Ain duch tinpuos the sotivity of the sonnective
tiuous oolls, tho caspoaition of grownd substance and collagen foruation are
ologoly elated (W“W} 1955) MMum«mmmm
stance in powing and mgeiwmting Yssues dﬂrcm Lrom that of tiosues that
have ceansd pmmamum‘ Pubryonic tissuse and pranwlation tissues from
hoaling wounds have been Xoported to absorb in vitre 655 labeled sulfate from
themﬁm,w!ﬁhm&naw musole tisave showed no such capacity (Layton, 195%
Holtike (1957) hos roported an increassd 1nmmcm&on of 835 3abeled sulfate iy
wound tiosus of skin wounds an compaved to skin tiseue frcm the mmmo nninuls,
It has bosn establichod that practically all of the 85 fomnd in the skin,
B attor 6% mitate asmintatration, 4 sncorporated 3 sulfated mopOlysacChae
I 710 (Bootrta and Gardoll, 1953)e .
i mwwmnmawummwp«mmuamm
B the polyosccharide concentration of the wouwd tlaove, As the collagon ontent
I inoroncon, the muscpolysaccharides deoresse (Dunply and Udupa, 1955)s During
J the firut doya of houding the muopolysacsharide conatituents of the grownd
| substance oontelin nore mhbio ooupononts ﬂmi lator during the course of
f] tealing, This 18 trus also in developing tismues frow the fotal and newborn

aninal, and prebably indicates that ground suwbetance 4n mrowing and reponorate
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! 4ng tisaves containg musopolysaccharide constituenta which are in & less

| polymorisad state than in nature tisouos (Gorsh end Catohpole, 19L9) Catchpole,
1947)s The yolative amounts of seversl established mucepolysaccharides of the
grownd subatance of embryonic skin have beon found to be different from those
of acdult skin (Loewd and Moyer, 1958),

‘ &long with tho increase in wound strength and collagen contont of the
§l ;ronvlation tiseus, thore s aloo en incresse 4n tho concentration of the sule
| fur anino aolds in this tioeus (Willdsmoon snd Froom, 1955)e Thoso snino acida
y aro provbobly utilised for protein symthwsis in the wound tisave, During the
first few days of healing there pecm t0 bs &n sccumilation of proteins which arq
' relatively rich in methdonine and low in cystine, Later, proteins having &

5 hig,hnr percentage of oystine are synthesised,

: Since wound hesling involves increasod pynthesis of new protam,
Pt protolin metabolisn of an injured enimal could be expested to be different
fren that of & normal animals After wounding thers 4s a&n increased excretion
‘ of ndtrogen 4n the urino, and & mg:a’bim mirogen balance, Howover, the ratio
* of mlfur to nitrogm excretad 18 not such 68 ono micht expeot from tha breake
Wiom of tissue protain, Thore sppesre to ba a med retention of sulfur

B ("ianson et als, 1951)s 7This ssoss to indicate thet after wounding,
Wlthouch body proteins are broken down &t an inorsesed rate, the sulfur anino

‘ tclds are not excroted to the seus extent ag ara the othor anino aoids, It
Wecns that during ropalyr of wounds body protsine am broken dorn at an 1ne
floroasca rateo topmauam'poolct the sulfur anino scids which can then
S teod 40 the hoaling process, probubly for tha syntheais of the sulfur wiino
cldupich proteins mentioned before, The romaining anino aodds then are left




in puch & ratio that they cannot be utilised for protein synthscle,

Jb has been showm that 4f wounded anisols am fed & hich protein
dlot, thele wounds boul faoter than wounds in 4rinls fed & lomprotein diet,
Howoverr, thore pecus 40 be no rolstion botween tha rate of healing of wounds
and mtropen Antke and retention, Healing seoss to be influenoced by the
presonce of the pulfur anino aclds in the diets The sddition of methionine or
cysting t0 8 loweprotein diet causes an incresse in the rate of healing
(rillicmoon et al,, 1952, 1953, 1954)« Othor snimo acids, essential snd norse
sosontdal, do not seen to have this offeot (Morris et al., WLS).

The gulfur of wethionine con be lrreversibly converted to cystine,
Sinoo cystine supplomentation s1so has & benaficlal effect on the rata of heald
B 110, 3¢ socun nighy provents that tids astm acld 1o the lindting feotor in
:‘Mpmmwzmmmm“wmmmmwwmwmmn
:&a 1954) o -

Stuiles by Willlanson and From (1955) with 5°% Lobeled mothdenine
end aystine indlcate that durdng healing of wownds, there i on ineressed rate
of sulfur motcbelism, Thore is & repid incorporetion of the label into the
wound tiosus, Tho wpteke snd loos of methionine 635 is groster in okin and
mzols tissua 4n wounded rate than in uminjured snimals. The total contont o
ating of liver, skin, and muscle does not chanpe much aftor wounding, Howe
wvor, after 59° cyotine adaindstrution the Lebol 48 lost more quickly from
those tissues 4% wounded then wmounded sninels, indicating that thore is &
mmmpmwmr‘efmm:wncmmrwunﬂrm

mmmwmumvmumwmm
the 835 content of tispuws cooww in the Liver, mmuu:mmmm
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soase 4n the 85 cystind and methienine content in the lvar aftar wounding,
tore 48 al5o & docrease in the totol liver mathicnine after wouwnding, Thene
indings sugpeat that tho liver makes & contribution of wethionine to the
| vound, Thore also have buan data rwportod which indicote that muscle methice
| mu nebilised to the liver after woumding wmmdﬂmnie, 1956).
| mmw,mmmuwmmmwmummmmm:
thon gives yize to the inopprda gulfate shioh 40 exoreted in the urine or ine
corporated in the mucopolyssscharides, Vounded annals exerete 1Arger anounts
of sulfate 59 than do wioudod rets after the admdrdstration of 65 lobeled
pothionine or aystine to wounded and unmounded rate. This suppests en increasd
Moammwwmmmm:ummmmwy (M1ltanacn en
Fromn, 1955). i | B |

Hethioning is the Cimt nsmntul m.wu anid whose dolioiency during
prutein depletion 4a mmmmmrwandwmm@;. Mindnistration of
mathlondng to woukled, protein depleted rats inoresses tho conngon contont in
the wounds of these aninala, and thus alsa the Sonsile sirength of the wounds
(Uupa ot aley 1956)s In proteln doploted aninals thers appears o bo & dofect
in tho eulfation of muoopolysaccharddes in the gramletion tissue (PoresTausyd
and Thien, 1953)e Distary mothionine seens %o wstors this procass towards

nomal (Bderards and Dunphy, 3957)e mmwmmwmmm
dwing the healing process is not knam, | | |

. Durphy et ele (1955) have pmuxmd Bovaral mmmmn %o explain
o sotion of cottdondne in restoring hoaling towurds the nomal in protain
doploted andmule, It 4o known that a portion of the sulfur eming soids .

utilized 4n the hosling of wounds 4n rats maintaimed on & protein froe,
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gothioning supplessntod diet, are dorived from the breskdown and utdlisation
of 1iver and muscle proteins (Willimsson and Fromm, 1955)s Mothionine increascs
the biologleal value of dietery protein and Lincreasss the nitrogon balance in
rats (Forben, 195L), Sinilarily this anine acid might exert an influcnce in
nereasing tho efficdency of the motabolisu of the proteins dorived frva other
body tissusa for use in the ropalr proceas,

It has boen homn that ehidk Sibrcblasts cultured on @ synthotio
gulture mediua royuire the sulfur smino acide for survival, Moderate culture
survival ocours in the absonce of methicnine, provided that adequsts cystine
i» prosent in the medium, For maximum survival, methionine is necessary in
sddition to cyatino, (Morgan and Martin, 1955), Dunphy e% al, have considered
the possibiiity that methicnine might ast direstly upon the proliferation of
fibroblasta, |

Exhwards nndlmnzﬂw {1957) postulate mtmiwomntmchanimof
action ut‘ mothioninoe in hoaling 4n protein sterved animals might be connected
with the motoboliom of vitanin C and the adrenal storvids, this offoct residin;
in an altered ration of adrenol etoroids excroteds Protein stoarvation has been
found by these workers to depress ascorbio acid metsbolisa in tho vet, The
adulnistretion of methionine tonds to rentore the ustebolism of ascorbic scid |
mmmmuwmwamummm. The chenges in adrenal ssocrbip
§o0id seom to be acvompaniod by nhamma in tho netabolisa of adrencoortical
hormones,  advenslectony uppum to have a simdlar nomnlinina offect 83 methice
Rine supplementation on healing in protoin starved axinals,




IX HORMONAL Il:%'FI.UEME ON WOUND HBALINO

Disturbonoces in tho nomal hormonal balance in the body often result
in alterations in the coupositicn of comnective tiasus, This has boon shown
to bo the cago with growing and devoloping connective tissue as well &s in
‘hoaling wounds, (Asboe-flansen, 1950, 195Lj Castor and Beker, 1950; Holden and
adan3, 19573 Idwsrds and Dunphy, 1957; Howen, 195h; Woltke, 19575 Ragun et al.,
Y93 Teubenhaus and Amronin, 1950) One night suppose that in somo cases theae|
alterstions would be & fusult of general changes or disturbonoes in the metabw
dlim of the organism us & whole, For instance, dlsturbances in carbohydrute,
protein, or minoral metaboliss micht be reflected in roactions involved in tha
naintainoncs, growih or rogsnosation of the oloqonts of the mesenchynal tissuos,
flowovar, thore ave also indications that homones exert @ direot effect on
cméﬁw tisnuay thelr action boing mnmm on all three mpmm of this
tiasue colls, fibers, anmd mﬂ mmm. Since the iwoonnlw ewntanowl
&0 wmw:uy dorived L£rom m:i dnpendont upon the cellwlar olmmu, homoml ,
Mnamamcauaprobnblthoeffoatsmﬂwatmm of the othor two ;
tomponents, Convervely, beosuns thc procens of womnd healing involves maboncL
ad growth phoncmons, 4t requires altorations in the metabolio ovents in the
orenism as @ whole, in additlon to specific events in the injured tissue, Th
chenges in nitropen nd sulfuy metabolism in the orgsnion during wound healing
were briefly described before, 'moae altered netabolic resotions, tnd the

2
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gronth processes in tho :’._xumd tissues, could conoeivably be dopendent on
changos in the secrotion of various hormones, or én altered sensitivity to
pomones by target tisewes, t'fbcm offects being oﬂcimny brought about by the
gtimulus of wounding, | | |

1t 40 ovident that there 16 an interdependence among the various
homonas &3 thay influsnce tho motaboliom of the body 88 & wholo or as they
affoct opecificully She compositicn of mesenchymel tissues, This probably can
also be extended to the procoss of wound healing, BRI ’

PV
« ’ ‘ i .
DR I *
P i
H

Tmoid Homona end Thyrotrophin

Early veports conceming the effact of thyroid hormons on wound heals
ing seon to indicate that this homone inoreasces the rate of healing (Avey,
19363 Needtuom, 1952)s Homavar, later work showa thet tiyroxine changss the
sorphologioal composition of the wound tissve and that it delays the incr;aaa
in tensile strength of granulation tissue (mm,‘ 19555- |

The primary effect of the acministration of thyraxins to nomal
arinals 19 an inorossed axygen consusption by these animals, Aduinistration of
thyroxine to nomasl amimals leads to elterations in the deormal connootive
Yesuo, which dvolude & reduction in the cormtont of mucopolysocchorides and the
nuber of mast oells in this tisnue (Asboeeilansen, 1950)e

The relosse of the thyroid hormone from the thyroid gland is stise
Wated by the thyrotrophis hormone of the anterior pitultary, The release of
this horaone, in tum, i rofulated by the smount of thyreid hommone in oiroue
lation, In addition to stimulating the activity of the thyroid gland, there s
evidonco that the thyrotrophic hormons alse exerts a direct effect on comnece




ik
tive tissue by stimulating on incroased sccumulation of mucopolysaccharideo,

the chenges obzorved after thyrotrophic hommone stimulation, althouch being
post marked in the retrobulbar comective tissue of the eye, are alse found in
B c-1itoral muscles, porirensl, auwdllary end peritestioulsr ropions, Thyroxine
inhibits the exophthalmio effect (Smolser, 1938; Asbos-llsnsen and Ivoreen,
1952) e | -

Histologlcal nﬁady of gramlstion tiesue surrounding turpentine

in the formation of a larger amount of intercellular subatance in the granuloe.
tion ticouo than ususl, Thyroxine seema to stimulste the formation of gronulee
tion tisous in thyrcidectominmed rato, These workoers also repord that thyroxine
does not wlter the strusture of gramulation tissus in intaoct rats,

o uolﬁ;o (1955); uaing the inorease in tc’mgun astrength as & noasyre of
the healing rato, showed that thyroxine doleys healing in skin wounds in guinea
pigo. This effect was produced by the injaction of thyrexine buth in thyroidec
tamized and in intagt enimals, Throtrophie bomono"«u shown to have no effect
o the rats of hoaling in thyreidectomiued guinea pige, dut to inhibit healing
in intact enimals, Tho lack of the thyrold hormone did not sccm to affect
hoaling since thyreddoctomised and intaot controls showed similer rates of
ha#ung. Studying e incorporation of 635 Lobelsd sulfate into wound tissue,
loltko (1957) fownd theb thyroxine izhibited the fixation of 855 mifate into
¥ounds, but not inte intact skin 4in woundod guinea pigs,

A deficdency of vitawin C is know to delay the healing of wownds, |

Wacorbic mold having & role in the formation of highemolecular weight soid

sbucassos by Tauwbonhaus and Amromin (1950) indicated that thyreidsctomy rosults|

Bucopolysaccharides and of ocollagen £ibrils (Robertson and Hinds, 1956;
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pandelli, Fell and Kodiocek, I9L5)e Moltke (1956) investigated the pousibility
tpat tho inhibition of thyruxine upon wound hoaling might be duvo to an antagon
4m of thyroxine to ascorbie scid, Me found that the inhibiting effects of
thyroxine and souxvy wore not interdopondont, the effeots of thyroxine wpon the
sata of increase in tnosile strength ofwm& in guinea pigs not being alfectw
od by the supplenontation of sscorblo asid,

Adronal Cortlonl Hommonss
Wm

The adrenocorticetrophic hormone, through 4ts stiaulation of the
adrenal gland, 48 known to affoot the composition of comweotive ticaves, Relow
tivoly larpe doses of ACTH or cortisone have the effect of dimindshing the
muber of bbth f£ibroblests (Costor and Baker, 19503 Bodden and Mlans, 1957) and
of mast colls (AsboewHlansen, 1952) Zacharise and Moltko, 195L) in the tismuas
of nany opacios of ardnals, The morphologdcal mm of the oytoplasm

of the maad cells is wltored in that thero 1s & losa of pramules, which are
rw; in sulfated uwopolysaoccharides, 7The fomation of compouents of the

J cound substanco 4 dnhibited, AsboesHsnson (1954) found that mast cells in

§ twor connsotive tissus from cortisons trentod mice had & lower uptske of §3°

R idelod sulfate than did the most colls from untrontod nice, FPurther data by
Luyton (1951) and Rice (1956) indicato that cortisona irhibits the formation of
R oilcatod mucopolysaosharidons Schiller and Dosfuan (1957) have reported that

h; b only the whake of 655 liboled sulfato in chondruttin sulfuris acid, bub

P o the incorporation of the lable from cllb acotate in hysluronie acid in the
J°iin of rats 18 dooreaned by the sduintstration of cortiscre. Halfalife

| Stominations showed aleo & docresse in ﬂw' turtwover of éhom:'oiun sulfuric
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e

godd ond hyalurerdo seid,
Collagen fiber romtim {a"aldo Arhibited wpon cortisons treatoont
(corards and Jones, 19533 Castor and Bekor, 1950)s Ths poosibility hes been
congidered that the primary effect of cortisone is on the connootive tissue
| colls, which are the source of the othor Amportant connsctive tissue cmpomzitu,
| 1ne muoopolysaccharides and the collagon fibers (Teubenhaus and Amromin, 19503
ggubonhaus, 19533 Spain and Uclemut, 1950),
 The offecta of the edroncl atorcids on the cellular somporonts of
prandation tdssue are simdlar to tho effects of these storvids on tho cells of
gonnoctive tissuo, & smolleor muber of mast colls and fibroblasta bpim; found
in granulation tissue of omem treated animuls than in mwm controls,
The £ibroblasts in the granulation tissue of gortiscne treated animols are
mallor dn aise (Rugen et al., 19L9) Tewbenhuus wnd Amreain, 1550) end the mast
cells boocme degramilated (Asboowilanaen, 195L). e "
The data conceyning the effects on healing by the adrenal sortioal
swroidu, and especlally thev 4CTH, have beon quite inconpistent, This prodbsbly
is dw o tha I‘wb' matkhiah dogasn of thoso b'mpom 1s required for wmost
tninuls, tho senoitivity to the corticoids varying with the wpesies and the
pyniocal otate of the animale, and with the type of injwry, ACTH probably
cxorts 4ts effoct through & otimiation of the adranal oortex to produce hydro-
wrtisone, Evon smoll doses of cortisone mtorrem with healing 4f the aninal
18 malnourished (Findlay and lowns, 1952)s | |
. admintstration of carticons and hydrocortisons Ls known to produce
§ hagative nitrogen belances However, this sotion 6f the adrensal cortiesl
*toroids 15 nob the sole cause of the effects on'wouwsd healing, ® 1t has beon

e %
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fond that looal application of 'oorunqm or Wmm&nom to axmrdmnm‘
gounds interforvo with the healing process {Shapiro, Taylor, and Taubeonhauvs,
1951) 'ﬁorphalogionl ohanges appearing in gramﬂmim tigswe whioh hna been
1ocally twoated with theso stexcida corrospend to those in wounds dur!.ng
mwnu aom:am acminintration (Zachariase and Moltke, 195L)e
nana:qroort:lcoatemm, which has bean ¢lasood with mmat o its

actions on comnective tissucs ss an ':lnfhmatory" homona, 88 contrested to
sortisone and hydrocortisono on boing "antiminflamnatory” homones (éslye, 195
exorts offeotas on mnula'aim tigsue which ‘eppear to be opposed to the sotion
of tha latter steroids, Teubonhaus ard soyomin (19L9) have roported that pro=
1ongud treatnont with ﬂm&ﬂimﬁem acatate rosulied in stimﬂ.ntod
foruation of mmnauon Mem mnnd twpmum induced sbevosses in rata,
the amount of tha tisous beﬁ.mz inoreasad ('rmabanhauu, 1.9&9] Pirent et al., 1951,
Descoyoortdoontorone scetate iy countnmt the xmwy mm of cmﬁnm
cmmzmm um (ramzzm s al,, 1953). | |

Croerth Romm

Hypoplyoectony 4n All epeicies cbserved is knowm %o cause retardation
of growth, The smministraiton of orvde ﬁmw extracte or puriﬁ'od growth
homone to edther hypophyvectondsed or intact animals of many apeaaes maulu
Manimmmmd rato of growth, The inorease .’mbodywigmproduoedby growth
homomumfmmmmmmmmormmmmmmmuﬂmmf
Ussues of the body, there being an incroused retention of mmm and an ine
Sfoase in the quontity of protein in the body, - |

Loon of the anterior pituitary leads %o & tondency to hypuglycens and
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1000 of hepatic end musoclo glycogen on fastinge Thore ia an inoreasod senale
sivity to insulin und in incrosscd rete of utilimation of carbohydrate, The
uts1dzaticn of dapot fet scams %o be docreased, Purified preparations of
growth horaone can revorse all these effects and can exert effects of an
osporite t7po in nomal enimals, It has boon shown that growth hormons prepard:
tiong matore the deoreased oonsentration of liver REA obzerved &n hypophysaoe
tondsod rata, tho DNA boing littlo affected (14 and Evans, 1948),

viound hoaling has been found to be morkedly reduced in hypopysectoe
pized rato, Tho formation of granulation tissue i@ very scanty, Taubenhaus
and Anrocin (1950) cbsarved thet aduindstration of growth horaone to hypophye
pectonised rate csusos wounds @o besl norually, Depsnding upon the smount d’
horwono used, the Anownt of gremilstion tiseus 4n these aninsls may even be
increased above norwale RS ' | .

If nomal rate are mmmmmmmmwmm, haaling
is stimulated, Howover, axcessive amounts of growth hormono have bosn found

to inhibit wound hoaldng, The morphologloal appsarance of this growth hormons
stimulatod gromulation tissue s chmngod in that there are increased mubers of
rmmmw, those colls being lurpe, but otherwise of & nomal contour and
mmamrm The formation of collagen. fibere . s.a memmed. hm t!m grownd
mdbotance doos not seen to differ from that of wounds of untvested animals
(Tewenhous and Anronin, 1950), |

Advenzlectony has beon wporwd ot to a&‘focﬁ wound healing, however,
the precance of ﬁuadmalmrt«:uw to bs necessary for stimletion of
Cranulation tisshe: ﬂ:mum by hmux ' honione (mmmm ot a:.., 1952),
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The fact that cell prolifexation 1s initiated in an injured tissus,
pos coused mony theorden to Le put forward es to the stimulun %o thoe healing
proccsBe Tho thoory which has caused the most experimentsl Sinvestigation was
tw Mwound homonos® theory. (Arey, 19393 Teir, 19503 Sundblom, 19L9; Auerbact
1952) It was thoughd that injured oolls might release factors which would hav
an offoct on mitosle, Barly work on the factors influenoing wound hoaling had
aomiatod cu&nly of the direct appnoaMsm of 'mriouu tissues, tissue extracty
end other axmatanma *bo the wounds, Ixtraocts of orushed tissuos, vhich wore
Wﬁhmntaingmﬁhpmoﬁmtwtommﬂhhofinpoﬁmwinm
hoading of wounds, m«mmﬁmumunwmmmmomw
(aroy, 1939)e Abssnoe of atmdnrdﬁ.mum in the products sdainintered 4nd
difforences in the w the mmm had been omducted, uwited im oontm-
d&a’tcry and equivooal resulbs,

Latar, studies wore mpmm conosming ﬁm nmm of- growth prouots
ing ﬁm axtraoles on haaling; wounde in experinental animals, Thess socmed t4
umme that there is abum for tha supposed existende of smthpmoﬁng
subatances in tiscue m:mm (Ooak and szm, 19423 Amrbwb, 19!45; Tolr ob
aly, 1951), . - o

. Telr (1950) showed that sidn hes o Wth pmoung factor which 1a
totive in the ldving maminm. ¥ith injeations of nkin oxtreots frem nowborn
Tatg & stimadation of mitom ael) divieion in the ap:!.t.bnnw of tho okin of
Youn; rats wap cbtainods Sxmpemzmotmhodamoh, uwr, andtbynm
tiasuos alse showed itosiswatimilsting action on hemoiogm tissve,  Teir
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gurthor voported that these mitosds prouoting mmta also influonced wound
posling of skin wounds in rats, there being an ﬂ.nnraued rate of mmonanaﬂ
tion (Teir ot al,, 19513 Tolr, 1956)e
BarxDlon (191;9), using tensile uu\math 48 & messure of healing,
found that when two wownds were made sucesnivaly in the skin of rubbits, the
Jocond wound healed faster than the fireh onse Thds finding asy suggest fhat
the stimulus of wounding roloases & healing promoting factor into the oirculse

tion,

Iverbach (1952), on the othor hand, cbserved that 4f the last phase
| dwmmamnaofatmzawmﬁmmtomwtoooincidawi_.th
the phase of active proliforcticn of tho mmﬂ.m tinsue in & soocond wound
in the seme animal, thore was ah inhibition in tho rute dhﬂ;n&;ﬁtho' |
socoret wound during @ lnited tise pericd, Suggesting the existonce of on ine
Mbiting factors . | | | |

© Noridn (3956), repoatodly inJocM.ng a diffusiblo pertion of inflasme.
tory exudatos in the skin ox ooy of rebbits, tound proliferative yeeponse in
te opitheliw and the cartilage &t the site ef m«mm. while wemuu o
Plamaa naumzm mah mﬂm. . ‘;‘.,.' RS AR




1T EXPERIMENFAL METHODS

In the experiusnts to be descrivod, the SpreguesNawlay otroin of
sibino ¥ate wes uded, To insure wiformity and to eliminate the effects of the
winal’s dnhorent horuonal aystoms, ouly adult femsls rats wore uscd, The
niwuwmomunﬁmamammmmwmmum
grams, snd averaged 220 grs, '

A synihotio bwnl det, cminmg all the diotory substances known
to be nocoosasy Lfor the maintainence of the albmo rat, was usod, In these
experinents, however, the dist was deficient or complotely lacking in protein
(0-27 casein)e The ccopositicn of the busal proteinefres diet is ghown in
Tdle II, ¥hen the diot contalned mm.n. 1% vus awuuma for wn oqnim
1ot walght of suorose,

The aninmole wore kept in individunl wetabolism capges, 4ml otch was
ivon 8 graus of the dist deilyy tils wmount of food 10 slways completely conm
nued at the end of 24 hours, Tstilled water was given *ad Mbitus, - To et
the minals gt aoclinated to the synthetic dist, m:«m manum ;
Wﬁﬂmdmwm oﬂm* mpemmtnl procoduress: ‘ -

Toundéng Prosedure

Tho rate wore mwtmna.md with & umommm wwtim or nod:hm
Rexbutal, (aug./mo Pe nt), thammwmamrmm

n




TABIE IX
Gonposition of Protein-rres Diet
men o L
Swroes ., &

. .Thissine Fydrochlorids - .
. Pyridoxina lydrochloride .,
 Caleium Pautotbenate
Cmmestter 0 ima T
Peatno Bomsote Actd L1l i\y |

' Nicotine Acid Amide i . - BECR

2otiyl Nophtaguinons 08 L.

| Vitontn & (from elemm pervesersbm) . OO .
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WM%MWM@B:@WMMM nose alose %0 & piece of sbsorbent
cotton sonkod with ethere ' |

The hadr in the reglon of the back of the nock and shoulder blades
woo 0aroNully out down to the skin with sciscorss A oircle, b eu, in dtascter,
mtmdmmmwimapm. The alin was then excised dowm to the

ciomrthommnmd. mwmmwwwnmmmmf

topload disturbance, |

Then 4t the tormination of the experiment, 4t wes desired to cbtaln
gdn and wound tisoue samples, the animils wore anosthosined as proviously
dosoribad, To cbtain skin tissuss, the hair on the back of the ardmal wua
clippod with smmm‘md then shaved with & yesor, Some skin wis miuéd, and|
blottod to reucve any blocd, and wolghad wet on & RollemOulth balances The
cab s somoved fran the wound end the wowd tissue was excizod, blotted and
wighed, Tho tiouues were pleced into lebeled vials and kepb fregen wntdl,
snlyoes eould bo carried out, Then thay wore dissolved by heating with 2 ule
oto.sumn,mupwsom.wmmmmdmmammmm |
masurod out for w.t.mm, total mm, 935 dmmmzm.

Con.wtim of !m..m gm, hm

Atﬁwnmaﬂwwmmttwmtabmmmmmm
theroughly with hot water and a datermnt To uollwh urine suaples, the cagos
Yore washed domn with diotdlled water, the washings being added to the urine
Wroady wollected in & busker, The sumples were then nade wp to Voluw in
100 m1, volusetido flunkm, filterod, and placed in urine bottles, A fow drops
o $oluone wore added %0 cach gmple ‘to s0IVve 40 @ presexvative, and the
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tchv atoppored bottles wore stored in & refrigmvater ab 5°c wntdl andysos
omnd be m. '

mmﬁiﬁ , Plorma Serplos

. In oxder to study tho affeots of iy factors relonsed dn the blood
stromm aftor wounding, 4t was deoired %o obialn plamas sanples fyom womndod
wd wvoundod andmaly, The prows of wounded and nemal rats, being kept for
s purpose Ware cAven & ptodk dlete Touxlod aninala were kept in Andividusl
wcose Bach day L mge/rat of sodiva neabutel was given suboutanacusly, and ond
% thrve nl, of blood was cbteined fron each andnal by heart punsture, A enall
szhwmwmmmmmmmm; Tha collootion
dbwm%wmmwwmmduawwmmandmumﬁmtww
%o Bix days,

mpmmmmwymmmrmmmwmm
Mdrimfmmmmam. mAm,mnnwupmmmm ,
| ottlon and stored in & deatocater $n the rerrigerutor ab 59, -

Tho nderokjeldahl, nothod was used for the deterination of total
Mtropgn 4n tlesve wd wrino acmplss, An sliquot of urine, o t4ooue hydrow
Yrato wos moasuwed oub nto an 8% teot tibe, One wl, of aoncontyuted
Tlfurio soid was edded to the tube and the mixture was dligeatod on & send
Yath for two howrn, hen & fow dropa of 308 hydrogen poroxide were edded, and
%o a2 poaton mﬁn@mm&mrmwmu. HWbrogon in the forn of
inos or anidew 46 comvorted by thiopprocodure into sumcrduwn pulfato,
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The dipested matordal was then transferred to & mloro-Kjeldahl dige

yation opparatun, and mode alkaline by the addition of 15 sodiun hydroxide,
o jeboratod anmonia was digtilled into a mossurcd volume of standard sulfuric
scid solution, The unount of amonils distdlled into the acld wan estinatod by
gtratdng the renodining sulfurdoe acld with a standord sodiwm hydroxdde golutiond
potiyd rod was used s an indicatory From the muber of milllequivilenta of
wid end bege uso, the amount of Ritrogen in the Aliquot was estimated,

Data on recovery of mitrugen fyom sulfurio ecld digeats of glutenlo
sdd wre shomn in Toble IXI, ' - '

!otal Sulfur

(no wl, of oomantm%d ndtric aold wos ndded to an aliquot of urine,
or tdecue hydrolyquate end this solution wes hhon alwly hoated in an 8" test
4o on & oand both wntdl 811 water had mmpomtcd, Then the temporature of
to sand bath was ralsed and the material 4n tho tube was digested untdl the
centanta of the tube were almost colerlans, nost orpando matter belng oxidised,
T insure the oxidation of sulfur to sulfats, & few drops of 307 hydropen
prexide woro added to the hot tube. This treatment wan repeated coveral times)

[

M for pulfoto, Mplicate or 'bripncau umlen wore alwaye pyepered froa each

Wino op tisgue opocimen,

Tho nuthod of Toenndes und Bakay (wss)mmuorﬂwmm

Uon of sulfote, This 45 & turbidinetrio method, and depends wpon the produce
o of & suspension of barium sulfato, |




TARLE XX

| The Recovery or’ Hitwopen from Olutamio Acid

yhardo a-cid : Mtremen in
Olutaaio A

193 e T Ok mpe o 0ol mge
Wer9mge  lldmge - LATmg.
15,728 1,08 nge T 190 g

trocen Found

The Rocovory of Sulfate fxva Urine Digosts
{Addad %0 Uring as NaySoy3 Oalquhwd a8 Svlfur)

geino Ddgosk . Bulfur Found |

Selowine | oBm. e
S nl. urine 0.5 ug 8 ~ - ,v , 0.16 . ' ‘
Salo urine 0.00mge 8 . Od9mge Olmg
Sul,urine OMSsge 8 . Oflmge . . Odms

L
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The Lollowing reagents wore pmpamd:

1. Doappit Iv To 390 ule af 95% sthyd slochol and 220 ml, of prow
gylone 1ol 4n @ volunotric flask, 500 ul, of distilled water wore addod,
hen Poli mls of concentrated nitric acid were added and the contonts of the
flaok were nade up to volwme with dictilled wator, |

2. [eagent II, Thio roagont contained 15 ml, of 1,34 M bardm
chloride solution per liter of ufal.ut&on, cthorwise having the same conponition
as Neagent Xy | |

3. mandard. A mia&wd anowt of sodiun sulfate was disvolved in o
portdon of Reagent I to produce a solution containing 0,10 $0 0415 ngs of
sdfur por nl, of solutlon, | .

To tho test tube contoining the digested urino or tissus sample 5,0
a}..ofammmlmmwﬁod. The tubo was emmmmmormmwmm
dissolved, Then 5,0 ml, of MM I were midnd rm a Lontedlowing pipet‘ta,
tho tube wag sheken and after 5 minutes the dogreo of twbidity wes rosd 4n o
KlattuOumorson spactrophotmoter (using the blue f1lter),

A stundard ourve was proparad by measuring oub various aliquote of
tho otandard solution, miing these w to 5.0 nly with Resgent T, sdding
feapent II, and yeading in the spoctrophotometer, A standard curve 4s shom
in Fige 1¢ The amount of eulfur in the cigeeted sample was estinatod by roade
ing from thia curve, A curvo, aommmuvawmpum,mmdw
hours within the time thut sulfur detorminaticns were run,

Data on recovery of sulfate, aftar known oty at‘ aodim aultato
mmwwwdmmﬂmmm,mommmh XIT,
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| potormination of 035
{

Duplicate sliquote of the spociuen o be anclysed for total 855 wore
dmowd in an ddontdosl mannor aa wos dowribod for tho dotormination of total
pulfure To the residus in tho d&gaa’dm i ma mm mu;;:ix aodim sulfate
to mnka 62 ngs of bardws oulfets upon amﬂm of bnrma ohl.orido. m barium
plfato pmdp&tata wup m.goatad for 20 minutes S.n [ wm wber b«th and
alowed to cool overnight harom filtration, '

Tho bartum sultate prectpitate was then filtored cito & Yhatnan J50
tliter papor 2.4 oty 4n diemoter using sustion, A upem Traserlsb £1ltoring
mmlmiwd m-wu Wum wad, mrﬁ:l.hvinsw mmlma, the
piden of tho mm mﬁ tho mmwu worg mhad twice with acobone, BWGT
wig continued wntil the pma&pumnm dr.n mm tm mv«rpaporm phcod
into o ptadnless ptosl p:mmm

A Tracorlab Autcosaler with an SCWL6 Whaa Flow Gounter was used|
to doteruing the motivity of the radioactive swples, Using & stencard G4 |
Napla, the gpovating velta of the cowtor was found to bo 1250 valts, Backe
pouwd roadings wore rde vach day thut saples vare snalysed rm- 835 mvw.
Mplmmtww aounted teo to thive tinmen, mﬂhwm%wmwwwm.
| The emound of 62 ng, of Vartun sulfate was ved for each sanple,
ltinco this welcht of carrier hud been found to produce & saple of infintte
| tcknonn, A polf-abuorption euwrve for 895 gulfste with barius sulfote carrier
% thom 4n Fig X This curve was obtatrod by adding varlous snounts of
Sodlun eulfate to uuquow of 535 1ehaled cyn‘wm wnd then Wtina these 48
llmwg dencribod for 895 detorminations,
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IV [ESUIIS ARD DISCUSSICN

rrovnd Foctora” 4n Flasma

It hiag boon reported by nany workeors that injured oolls produce or
pwwo tho production of varicun facters which have the ability to alter the
ate of wound healing (Aruy, 39363 Auorbach, 19LS) Teir et aly, 1951 Markin,
1956)e It couwdd be m:cm that these factors would appoar dn the blood os,
indecd, results mpurbed by Bandblem (W9L9) and Avexbach (1952) seea to dndie
sstes It condd wold Bo thot the metubolic chanpes cbhoerved after wounding,
vhich includo a mmﬁw ndtrogen balance and robontion of uulfw (wilidamson
ad Frouesy 1954), ooudd be brought sboub or ab Jesst ml‘:mwd, by these
hormenad £o5tors, | - o ‘ .

To tash this hypotheais, the following exporivent was carried oute
Threo proups of edpht aninaly wore dcelinmated to & protoineiroe died for throd
tagm, Aftar the mcolimptisation poriod, each animsd in Growp I wes piven an
intrupordtonoal injeotien of @ solution contalning S0 mge of dwfed plasma, |
mich had boon proviously chioined from wouwnsdsd rets, The aninody in Crowp I3
wro piven plooua from mmw'mw, and those 1n Crowp IIT chbained injooe
Uons of physiologlonl saling, Ezwh b was wloo injected with & sdlution
ntatntng 5200 of of 85 laboled Lecyntine, The adaisdstretion ef plasca
W saling soluticn wos continmed for tan days, snjactions being nade tadon
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iilys Thugy ench ret ia Growps I ead II was given the equivalont of 100 ag,e
& driod plosna por daye During this time 2l-hour uring ssnples srs collectad
pd analysed for nitrogen, total sulfur, and 53, 5ince these endnals wore not
¢sd wry protodn, the mitrogen and sulfur valuss cbtatnod in Group IXI can be
penoidered to Bppx‘wdmwly roprosont mdtrogen and sulfur balsnce, The feccs
wore Dod analyned, Homal)m mmofumammmmwﬂww
ae contained in tho weine (Deach et al,, 19L2), |

Tho data on tho ewretdon of nitrocon by thowe three grovps of
winsls 1o presonted in Tuble IV end Plg, ITX. It oun ba moen that while
woro 18 no cipnificant Afforenss in the exoretion of mdtrozen Vetwaen the
sninals vooeiving *wounded plosus and thove ynosiving phymiologlosd saling, tho
rats whioh wore injectod "mml* phzma mmmw uppmm‘.ty noxe nitvogon
than tho othor two grovptiy

| mhmwmmwmmamﬂmmmmnorm. %
gpears that the anduals vhich wers injectad plasns Lron wrreunded vats and
hooe vhich GLd not Yeoslve sny plasn, wioreted pinllar ancutd of culfur,

Mo [rowy of 10te vhdch wan plven plusna from wownded sninals, excroted lecs
nlfur than the otter o grovpa, o

© Pron thoss data 46 &ppoars thab the ardnals An Orowp II have vespondd
o to the sdnlntrtration of plasma by an inoressed exmvetion of nitrogon, Thisd
fobehly 1a due to the aduinmlstration of tha plasma proteins, Part of the
Ylact mlith bo producad by the hormonal canposition of the plisas, Tha fact
tiat tho donor aninals wore bled repautedly for sovered dayn, could aoncadvably
bve produced & condition of stress, Stressful otimuld ove kncwn to .mmm
Yo concontation of ACITH in the blood (5&?01‘!3. 1957)0
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TABIE IV
Exoxotion of litxopen and Total Sulfuy
(nge/raty/day)

Qrovp IXT

L7r.2 43,2
CL7.B2h  Lllt2.7
A0S 3670249
UBe1t346 39461341
L0285 20,0£241
33015340 26,540
| 29420052 2254145
23126 46042
2040810 25,2116

‘M,ﬂﬂd .

|+ Injaaticn of plaana mm on M dny

34210607

2.,010,27

2.510.18

" 2.3+o.25
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Toto) Sulfue
Crop X~ Crop L
3.4 3.0
3,310,530  3,9:0.,14
| 3.0:0.18  L,3'0,12
| 2,51008  3,620,20

| 3,140,23

Je2:0,31

| 2,610,
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3.:3«:.19
2.710.@?4 '
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© 3.0

3,010,288
Lelt0s27
Le110,22
3,5t0328
3,510,17

3,010,417
| 2,0:0417

 3.310,28
0 .
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e injoction of tho suuo anounte of plocma protoin cbiained from
opdod @ninale ool de axpocted to produwe pintlay resultds fomover, thesa
il exorotod less nitrogen than ¢4d those which wore injected pluma

ohtained Lrom umrowndod rats, | It therofore appoars that 4w presonoo of ine
ped tiooue in tho donor animal hag cawad the reloase into the circulation
of & factor or factors which have the ability, when injocted into intaod arde
pols, W0 cmse 4 reversal of the inoroased nitrogen matabolism produced by
plasma without thove factord, |
Geopardng the data on nitropon snd sulfur exorotdon 4% axpeors that
{n the animals treated with "nornal” pluasna, the inoreass in excrotion of
nitropen 8 not follewed by an proportional imoreass in the excrotion of sulfzy,
gince the smowint of sullur wos approxinatoly the sese in the wines of Crows
I and IXI, Althouph the wmmtidn of nitrogen 414 not &ilfor botwoen Croups
T end I¥Y, t}w eieantdan of sulfur soors to ba .'wrmrin roup I than 4in the”
othor o grouss, It sppenrs, Wwrelore, that plama Lrom wounded sninals
containg Gonw substance that utinulatos the vodontion of sulfiw,
] To compare those Lindings to the sulfur and nitregon motdolisa in
§ roundod antnads, 45 hos boon shom that there 48 an Inoreaso in the excrotion
| of nitroren and & relative decroasto in the ereretim of sulfur ulter wounding,
f iy has beon s.txmxpmwd to mean that ﬁmm u an excosn requisenont for the
§ cutfur antno aolds during the hocling procsos, the Buzpius nitrogen betng
‘ eoroted (“$1l4awen and Fronm, 1955), |
| Tho rosults dbtalnod fxom work with 55 lobolhd sulfur ardno acds
fl idilcate that the rate of swlfur setabolisn &n increascdl furing the healing of
§ Fonds,  The uptcke and loso of the 3% 1abel in ghtin, jmsclo, and Lver tiooud




37
1 groatar in wmded x-aw thon 1n wninjured andimals, Wounded rats exorete
oo aounts of 835 than do unvounded anos (rilldcomnon and Prcem, 1995).
In thds exparinont, data on axeretion of total 835 and 5% epocific
,tivitios in uring aro chown 4n Table ¥ und Fige Ve Thooe Gate indicate that
poro 18 & vory olizht inoroaze in the exorotion of lubolod sulfur in Growpo I
wd 11 &8 compared o Croup 11T, Apparently the adnindstration of plosm prow
tins oauson an Lncrvase in tho notdolim of sulfur, Ploasma from wounded ratd,
o o0t ot the dose used, oaused no furthor changu,
A% the teruination of the eperinont, the livors, kidngys, adronals
ad orarios of each MMMMM Thoga wedipchta m reserdod dn Table
n. The livers and kidniys 4n Grovp IX wore sigmdlicsntly hoavier than those
in the other tero groupts  This fact Lurther voma o0 Indlcate that the adolne
rtroidon of plasma hoy caused changes in the protein metabolisa in these
wiraly, and thad plosms Soo wounded aninels WWWMGW&.
o adointotontion of plamma ::N’Wim to protain doficiont anis probably
blays tho deplotion of tdosue proteing, while saw Lastors in blood of woundec
kinals tend to stimulate the bawakdown of protoime in these orgens in cader
that the brocladonn products nzy be uvadlibls Lo the healing procvess

The resulis on aesretion of sulfuy and nitropsn by the erdmals in
tis cxperinond socn to &dd 40 the evidence ﬂwﬁ the homwonal vompooition io
hnpod 4n plame of wowkded antxida, Howover in this exporimenty wing e
Wunded aniuale, thore wes a setention of both nitrogen ond sulfur, widde
Wwing couson incressed m%romn»nmmtim{ Poamlar ﬂaﬁ facy that the need
for t480ua ropair wey étmmtt sltoved the ratio of come amdne Solds yuquired
Jt0 protain oymthusts, In sddision the dosae of ploma used might play & Told
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The Exarotion of 635 Labled Total Sulfup
and fpecifio Activity in Urine
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1
s the results, Furier, the work of Zonkin (1943) indicatos thet injurad
wlls &0 fool Lor glusonsogonesis,

The quosticn still rouains as to whad the epperemt changes in the
pomonal. coaponition of bloed during tho healing process are, The doviations
froa noral metabolien 4n injured enimals, A &b all, can only partly be oe
;ibed $o changes in adronocorticold production as indtiated by the stross of
wraunie  Adrunalectonized aninals mointained on constent doves of cortisono
for the charactorietio motebolio response to wouwnding (Ingle, 195h)s Hoove
(1957) hao ouggosted that wounding {a pooe woy may alter the intorcediary
wtabolion of pltultary hoxsones snd adienal steroids, Thore poons to be @
sicht riso of the storcid homones dn the eirculation of adrenalectonized
imnimals mainteinad on cunctard dose of atorvids after tiosus danage, beooune
o ruduced clearance fram the blood, This effect ‘epparently 4o absent in |
tiresy of othor types than timwue damage, Thooe homonal ard wotabolio changosf
W:iot, thorotors, be pmdt.madlw. wone mubntence or swbatancos relessed fram the
Bsrod tiooua, |
V4th rospoct to the thyrold horsona, there 4s contradictory ovidenoed
Bl rry and Gecmald (1949) found no change in the proteinevound iodine in
Wrttonts after nild surpical trawa although inorganio lodine was ncressod in
Potn wrine and plasms, possibly suggesting dnovnsed dostruction of thyretd
Biccona 1n tho pertphory, The work of Shiplay and Maolutyre (1954) and of
ﬁ Miocotzon and Harkardt (1955) indicates that tyrold activity 1 nob much alters
Bl v7 moromy. The vork: of Golborg et &, (1956), on the other hand, tndte
$lston that thore 10 & change 1n thyrotd sctivity after wowniing, Those workers
Bizothastse that there 4o an dntorrelationship betwoon thyreld and adrence




"
ortical sotivity after trewa,

Troma appoary 1o be accompaided by 8 redustion in ponsdolroplo
wtivitys This micht bo rolated to catabolio and nutriticnsl changes essoclst.
of with injury (oorw, 1957)e R - |

growth Hormona

Rypophysactouy in sll specion obgexved 1o khom to caupe retardation
of prowth, Laok of the anterior pitultary has also beon reportod 4o cause
mtardod boaling of wounds (Tawbenhaus, 1950)e The eduministration of purifiod
rrovth hornone to elther hypophyseotomined or intaot animals of mory specice
reoults &n an incroased rate of growth, This may be axtonded also to the |
aling prosess, nince the work of Tawbenhaus (1950) Andicotons thet the admine
istration of growth homiono to hypophsactaaised rota ouuses hooling o spproso
W7ics nomat, while acaintstration of this homons to intsat enimala producer
Wl tncrvnsed rato of fomation of gramilation tissuss Crowth homons, in many
Wiocion of entnals, couses changos in motsbolism, 7he wmosh epparont affect s
@ s.mmwad retontion of rdivopon (us protein) in tho tisaws, Ths 18 acoce
prded by an dnarcased mwmtum af fot (Young, 1945) Oreerbawm, 19933 Crootie
bas, ot aly, 1993)s X 48 wnkrom whethor growth homono affeots wound heals
i throush ta action on protein m&nbaﬂm in mmml, or 42 4t also has &
hoodad effect on the hesling procoss,

To cccpare the effack of Crovth homone on mtrocen end sulfur |
1 Jutabolinn in wounded and in wouwnded aninals, the £olloving expsriment was
f mﬁod wut, Fomr grows of oix rate wexe allomad to beocsw acclimated to &
5 cosotn atet for two days, Then each eninal 3n two of the growps was injocts




L3
o8 vith 045 sls of a solution eotimning 0,25 mge of purified growth homone,
apsolved 4n 0,05 M phosphate bufler &t a pHl of 8, Tho aninals 4in the other
o crows were each injocted with 0,5 mls of the buffor, ‘Thase injections
wre pade twice dally, end woro contimwd throughout the oourse of the cxporie
Lonte  On tho fourth day of the scclinatization pericd, one of the growps of
wto which recoived growth homens nd one of thome whidch did not, ware anes
oolsod ond wousdody The rematning tm grows of eninale were snesthasised,
bt wore not wounded, Each animsl was injeoted with L0 ricrowcuries of 35
1obelod Lemathioning, MWW how urmo aaaplcs ware oomma thmnghout
tho course of the experimont,
The groups now wayes

Oroup I ‘ummdad | R

Oroup I = umrounded and growth homaone . ‘

Group IXT s wounded o

Group IV w woundsd and growth horuone
Fros the rodioally dncressod axovotion of nitrogen, sulfur, and 855,
ind Jose in body wedght by the aninals in Group IV, 4t was guspected thut scne
o the rats in this growp must heve bean sick, Thorefore; part of ﬁn'mﬁ»
¥nt wap repoated, min time three groupy of animals were uaad. - One growp
{(Croup TVe) rocaived 0,5 mge crowth horons per day, the other growp (Oroup
Me3) was glven 1,0 mge of growth homone por day, while the eninels in the
Wird group (Group nmﬁé}u‘ mbmd with 0,5 mle of phoaphate buffor daily,
of those andunals were wmnthd, snd each was adninistored 25 microecuries ‘ot
5 Laboled Leethiontne, L R
Data on tha exoretion of mitrogon by the aninsle in these two parts




, . , L
o tho experinont (Fxporimont A and Experinont B) cen bo sson in Fige VI Ib
gresrs that in umsounded rats growth homone causes & relative retention of

girogen, while me causos incroassd nitrogen excretion, Growth homone
sinindstorod to wounded sninals couses & marked docrease i nitrogen excretion,
moro doas nob gcen to be any apprecisble differcnce betwosn the enounts of
dtrogen exeroted by the group of woundod animuds which wore glven 0,5 mg. of
growth hemono por day and those which recsdved twice this anount of the
BOXvIONO. |
’ mmmuénod‘wthhommtommw«weoadcw '
;P nifmﬁan rotantion which sppears to be groater than the retonticn caused by|
this bomons in unwounded rets, From & camparison of the results of the two
mrta of the expariment (Wxperiment A end Exporinant B), At wold sppear that
M ihe axoreticn of nitrogen is ’dnpmnaod by erowth hormong to @mmu tha
Qo 22v1 10 wounded end 3n wimounded ratay I¢ 18 true that the gromth hore
wne troated wwonded animale 4n Experiment A mmﬁad somevwhat haa nitrogen
3 than the growth homone treatod wounded ruts in Expordmont B, However, it
llereurs that the lowl of nitrogen excretion was aluo sLightly dowsr 4n Grow
Wz than 30 Group T2, althourh these two grovps of aninals were identically
Theso data on nitropon excrotion, ‘thmfow, ueen to Indicate that
furth horsons, under the conditions eof this mr&mnt. doprenson tha 6xXcIOw
fftion of nitrogen to a dofinite level, mgnrdhaa of whothor the aninale are
4 Jroundod or note A8 han boon mentionod burm,xwmwung couses sn inoveascd
brost:down of tisoue proveins and inorcased exoretion of nitrogen, this pmq
leing largoly due to tha inorcased weed for sulfwr anino acids, It eppoors
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pat the acrintstration of growth homono has eithor the effuct of inhibiting
inio broakdown of tisous bro’bain, or of caucing a retontion of tha broawdown
products 4n the bodye Tho work of Ruwsall {195h) indicates that the ndtropen
phontion oausod by growth hormone 18 not the result of an inhibition of amino
1 aoid catadoliem, 48 & rosult of the influonce of thits homono the rate of
Bl coval of exogencus amino scids fran tho blood in inoreased end not decroasad;
furthor, prowth horvone causes an Inoreased memoval of these amino aclds frun
the oiroulaticn even in the abgence of liver function, It also appoars that
gurth homona doos 1ot effect the Liborstion of &ning aclds Srom body protodn |
(Hobensany 1950}, sinee the hoimm hao beon shown to cause & proportional
tooreaso 4n excretion of total ”tﬂ.ﬁmg@n and inotoplo mdtropum after adalnistres
M iion of Szctoplo glycines Trom this evidence 1% sppoars that the ritvogen |
Rllvtontion caund by rovth homons 15 nob th result of en fnbibitien of auino |
lid catibolisn op protein breskdown, but rathey & resuls of inaeased w@m
by the tiosuss of anino acids oo proteins, It might, therefore, be mgposed
| that the products of the inoressed tisove bwakﬁm, oaused by the prescooe of
injured tdsoue in the body, sve used Loy eromﬁm into bw protolng
wday the Inflummos of growih hormone, |

Data on the excrotion of total sulfuy nﬁa pm‘am in Fige VIl
tnly elightly lowew exoretion of aulfur can be noted in the wwoumnded wth |
horions trested mnimdls than in the utreated mn.. There is not much
dfforance botwosn the smound of aul&'ur exsrotad hy tho woxmdad andl unwounded
ninals which were not trouted with growth homiono, The growth homene trobte
W, wounded 1ats (Crowps IVe2 and IVe3), seon to excroto loss sulfue then the
Younded, rrowth hormons wntroatod andmals for o fow doye alter wanding and
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| tron agatn durtng the lattor part of the exporimont, Figs, VIIX and IX show
{ cota on tho axorotten of total 635 in the urine snd the 835 spocific activitier
B y=on thoso data % eppoars that, althourh the difforences are slitht, the
| normal, grewth homons treoted rate excreted loss 853 than did the normal
Bl cninale, vhile the wounded rate exeretod alichtly smore of the isotope, Thore

i s 5 S
b e S
e A RS AN AT S

__é mounts of nitrugen exorated, In Pxporisent B there ave definitely lower

[|exoretion otarts to increass and to gpproach that of the woundod, prowth
| hormono untreated rata, The 835 sctivity also dooreases at this timo in tho
[|uring of the wounded growth hommone treated setay the 535 epscific sctivity

$lottor part of the exporinant sulfus saino scids wore usod 0 & croater oxtent
§thon bofforo, and rotalned in tho body in such a retio to other anino acids that
i <cess nitrogen had to bo exereteds Furthoy, 1t might be supposed that this

L8

w0 lons 635 exaroted by the crowth homuons troated, wounded aninale than the
untroated, wowwad rato durdng a Ser duyys atﬁwmﬁm md then again durl.na
the lutter paxt of thoe axperinent, | .

From theao data 4t appoars that the sduindstration of growth hurwone
1 czuses & slipht decrcose in the uotabolism of th. sulfwe amino acids, or a
m‘l:cmum of those saing aglds in the bedy,

Canpuring the data on the excrotion of nitrogen md totud sulfur, 1%
f con be seon that vhile the ddfferences in sulfur nxumtion botwoen the two
prowps in Experiment A are questionablo, there are cbmm difforances in the

mounts of eulfuwe oxoroted by tho growth hormone treated aninals after the
slxth ox neventh duy following wousling, while around this time the nitrogen

dees not chonges
Fron theao da.m the mterpwtaum nicht be dywm that dnring tho
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mwntim of sulfur 4is assooistod with the hewaling process for no such chanped
san bo geon in Experdimont Ae Twbonhaus (1950) hes reportod that whils small
dozes (200 ) of growth homone seea to favor heuling in xuta, larce doses (500 )
yihibit 4%, Tha duta of this experimont micht indicate that the rulatively
Ml 1erce doses of growth hoymone glven the andmals have inhibited healing curing
Bl cod ofter healing, during whish time the not retontion of mulfur wea low,
W15 oty in boaling micht have boen duo to deffclonoy in @adno selds roquired
in the healing process caused by an increased synthosis of proteins in other
A then wound 4490u00, If tha retentdon of sulfur, acocpanisd by an inoresso in
mirogen excretion, 48 enough beais for the mupposition that procosnmes of
W iio0ue reronaration ore boing carriod on, then i could be sssused that the
mdbiumdmmngwurmdmwmmMmMWMmWﬂnJ
sixth or soventh day afisr wounding.
Atmwmumorummmmmmmuumwm
malysed for nityopen, sulfuy, and 635, The ratics of sulfur to nitrogen and
the 535 epucific sctivitics in akin and wound tissue sre shown in Toble X,
Qrorhops no grost welght may be attachod o these results, becauso single,
pocled sazplen were usad for the analyses, k
Fran the sulfur to nitrogen ratlo in wound tlosug, 5t nmmm that
Erwm hormone hat couned & docrease dn the relative suount of sulfur in this .
{iisouo, This nicht give oupport to the suponition that healing wes inhibited
Iy rowth horaone dn this experinent, since the dogree of healing 4a known to
o rolatod to tho mout of ovltur antno acids 1n the wound tissue,
The 535 gpooific cotivity is higher in both skin and wound tissus in
_Afrowth homons treated aninalg, - This nay indicata that prowth homons hos
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TADLE X :

Tho Sulfur to Nitropon Ratio
And 635 fpooifis Aotivity in fiin and Vound Tisoue
| e
m&mm% 1t "'Jn'l“%%ma I3
Sdn 0,279 0.11.9 0,260 . 0350 0,270 0,32
Yowd _f- o= odm T 0,530 0,800 0,730

’Ai.

5355;»::1:1« Aotiviw
e ons e 5.8 s a3 Al 213
E Youd = e o 51.9 50 )




eugsed elther an Incrvased uptake or & doocrvased twmover of the sulfur amine
sels in thege tissuess From these data no difforence in response to growth
normons betwsen okin and wound tiseue can be sson,

o .
s
)
. .
. .
Lo . . L o
i i . [ Chy E
. o s v
s .
i
* ks
. ' N K .
: . h
- [ . N
. S
« - . .
! »
. ; 5 o
. i .
4
AN > .
. .
+ * L N
Vs
A . il
. B
. . B E
e .
"
4 1o s 0
;
. )
LA
i .
i ;
x -
4 .
; 2 5 o
o
N s 3 : N
, i .
PN
T e
i ! ¥ . ’ ‘




BULBURY

| Tho purpose of this thosis 18 to invesiigate whother sose of the

B otabo1ic changus which have been reported by Wlldamacn ob als (1952-1955) to
= ascanpany wound hasling, could be brought about or influgnoed by hormonal favw
orTe

| It was desired to investizate whothey changes in the motabollsn of

_' pulfur and nitrogen could be broughd shout by homonsl factors melessed in the
Al :-rul0tion by tho wounding stinulus, To stuly this, plaus frou wounded
wiinoals was injocted into unwounded, protedn deficlont rats., It was fowxd that
control &ndmale which were injocted with plasna fxan unwounded xuto, excroted
frore nitrogen thon did anlnsls which were ‘#lven plam fron wourkled rn;ta or
those which did not recoive any plesma, This might ihdicnt‘.cva stimulation of

] nirogen rotontden in the aninals receiving plasma rm woundod donors, The

on of 5%, tho udnintstration of plaana protoins probably coused @ elight
incroage in tho metubolisn of nuW; The changod hoxymonal ccmposition of

| /frlanna frou wourded rats cougsed no Surthor changes |

| It vas concludod that the changes in nitvogen and sulfur motebolisn
mmd _b;, the injootion of pum Laom woundad animals add to the evidonce
st 120 nomenat compoettton ta ehanced 4n the blood of woundod antzals, Tds
' Plasma appurontly contadnod same ooaponent or oouponente wilch sre lacking in
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2 plama ofummuiﬂadanﬁmla, and which have the ebility to inorease anabolic
roactions in the body,

The affect of the pitultary growth hormone on the netobolism during
gound hoaling was olso studlod, Growith homone st the relatively larpe doses

Hlused 4n this exporiment sppoared to dopross the excrotion of mtrogen. toa
" lidorinite lsvel, repmdless of vhether the experiment andmsls were wounded o’
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