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PREPAOLE

Biopey end analysie of the high energy phoephate fractions of
misels in honlth and diseess hes besome o promising receareh approach
0 o bettor uwnderstanding of muscle pathology. “everel variable fes~
tors prasent problems in interpretotion ond comparison of data obtained
in this way. |

The fastors investigated tn thio study may be divided intn three
grnoral eategories:
1) nslostion of the snacthetie agent, and the duration of enssthesia
used in ohtaining the biopsy specimen
2} the seleotion of representative musqles o bs uced for saupling
5] the type of blopey technique used in obtaining the muncls esmple

The snsethetic agente investigated in this projsst were sodium
pentobarbital {Wombutal), » barbiturete producing enesthesta of inmter-
maiﬁa durstion, and prreeine hydrochloride (Nowpesine), a looal an-
sothetic sgent. Bispeles were taken at regularly spreed intervals from
doge anenthetized with sodium pentoberbitnl, and aleo in animnls in
which proesime hydrochloride infiltration wao used 4o produce anenthesis.

tn effort was wade to utilize se many 4ifferent museles as possible
for gomparieon in this projest. Huseles wers srbitrarily divided inte
two groups, "setive® and "holding". The "sotive" mueccles imeluds muscles
which sre ordinarily coneerned with shord bursts of tetenis sotivity,
suth as Juadrigepe Pemnris, Ylamor Digitoris, Gnetroonemius, and Tri-
gopia The mucelss designeted ae “holding® muselee include thoss ordineri-
ly conasrnsd with the meintemanse of posture, such se Restus ibdeminis,

Tnternal ibhdominel Oblique, and “wternal Abdemine) Chlique.



filopey technigues were inveatipsted by s ermparison of the sten-
derd rurgiond tedhniaue, in vhich the rspeoimen wes diceeeted Pres frem
the adisemnt musele meae and suboaguently frogen, and the "in 2ite” toch-
nious, in which the opacimen wan Progen in situ snd later separated Crom

the min bady of the musels after pravervation was asoursd.



INTRODUCTICN

l. The Riochemistry of Skeletal Vuscle
A. FEnergy Vetabolien in lMugole

The direet sources of energy utilized for musele contraotlion are
the high ensrgy rhosphate compounds. The energy storad, and released
by the splitting of these compounds is provided by the two basic en-
ergy-producing mochaniome in the esll, tha zlyoolytic ocyele and the
tri-ocarboxylic acid cycle (resciration).

Fnergy is stored and utilized by & unicus mechanism involving the
interrelationehiv of two imrortant organic rhosvhate eomrounds, creatine

rhosphate and adenosine triphosprhate. (ATV)

Q

H~N- B-OH

‘ OH N=C

9’”“ | ]

N"CH3 H'C C‘l\i

: Il CH rzﬂf%ﬁfw e 0
H-C-COOH N-C-N- C-C-C-C¢.-0-P-0-P-0-P-oH

H HHHHH, dH CH  OH
CAEATING PHOSPHATE ADENMGINE TRIVHOS PHATE

These substances exist in esullibrium with sach other in the cell;
erestins rhosphate ecerves as the reservolr of high energy bonds, and
tranafers theﬁ to ADP forming ATP, which {2 the immediate source of
ensrgy Tor musele contraction. Mydrolysis of ATP, which occcurs ocinoei-
dent with contraction, ylelds adennsine diphosphate (ADP) and inmorgan-
ic phosvhate (IP). As the high energy bonds of AT are derleted by
contraction and other metabolio work, ADP 48 verhosphorylated by crea=-

tine rhosphate 4o reform ATP. These gomrounds thus maintain the follow-



ing relotionships with one another.

) ATP + HOH —ADP + [~PO,—IP+ Enerﬁtj]

@ CeP + ADP ¥=Cr + ATP
fucolyst
A 1P + Eneraj from {?)x?dafio:“" ADP—ATP

Renction (2} ir roversible, and oreatine phosphate pessrves are

LI

reploniched from ATV when 3t fo available, during the resting phave.
Turing prelonged eotivity, 27F is ecntinually repleniched at the ex-
ponoes of orestine phosphate, ss thet the Pirst indicetion of high ensr~
gy bond depletion in roflected in o deoreuve in the lovel of erentine
phosphate. ATP, in tum, is preodused through o series of posetions,
glyeolysie snd oxidotion, from inorgenie phosphate and A0, {Reaetion (5))

The gongept of the high snergy bond 29 a soures of energy for con~
trastion is & relstively resont development. Uarly workers believed
thed luetie acid fPormed fpom the degradation of glysogen was the energy-
produeing ronction resprmeible for eontraction. Meysrhof (1), in early
invsostigations of the thermodynemiss involved in eontraetion, eoncluded
that laetio neld alone enuld nri asoount Por the quantity of snerpgy con~
ecorned in eoniraction. lence, annthar soures of energy was sought.

In 1927, "geleton and ‘pggleton {2) dievovered o labile phtrerhoyue
esompound present in the triehlovoscatic acid exirset of musele whieh do~
somposed slowly under the eonditions of the srdimary pasaphats detarnin-
ation. Thie substance wen eallsd "phoaphagen” and shrrtly after, was &-
dentified by Floke and “ubbatow (3) 4a srontine phosphate. 24t about the
ssne time, Lohmann {*) identified ansther nreviously unresegnised com-

ponont of the musele phosphaldes, by subjedting the trichlorcacetis seid
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extroct to aold hydralysis (1 V.hydrochlorie seid) Por sevon minutes.
In 1929, Lohmern and Piske and tubbuficw (3) fdemtifiad thie substance
as adenmnsine triphosphete.

The Pinel blow to the Isotie neld theory teme when Lundepanyd {6)
demonstrated that frog musele polsonsed with iodongetate wus sapable,
efter death, of rerferning up to one hundred contragtions withowt amy
inerense in leectie avid. This proved that anaersbie astivity oould ce-
gur without sceumulatirn of leetis acid. Lundegaard showed in addition
that musels eontrsetizn enntinues until dephosphorylation of eremtine
phoephate is esmplete, and that high energy bonde oan be provided by
glyealysis,

Lohmarm (7} ohowed that erestine phoephute verves se the yeservoly
of phouphate bonde, demonstrating thad in musele extraots, creatine
phosphate ie dephospharyleted only in the pressnee of AUP ap ANP (adan-?-
ssine monophosphate ).

Lipmarn (8) developed the eonsept of the high cnergy pheaphate
bond, end esrly investigetors, ucing seld and ensyme hydrnlysia, showsd
the energy velus »f thic bond to be epproximately 11,000 salories pey
mles More recont investigetione (9:10) have chown thet true velues
sre migh lower than this, from 8,500 to 7,900 ealorios per mole. These
veluea are still sonsidernbdly higher then the energies of phosphate
bonde of other bYiolopleslly fmportent phoephates. (11)

The oarly workere who balioved that snergy wen provided from the
braalkdown of glyeogon %o lastie aseid ware partinlly cerrest. Olyeolysis
providas scme energy in the form of ATP su shown in Plgure 1. iwmder se-
robic and ansersbie econditions, glyoecgsm 4 broken dowm 4o glusnce-i-

phosphete by phosphorylace; glueose-l-phosphets thenm pesees through a



pepins nf chesienl tronsformations o Prustose~l-f-dirhoephats, with
the expenditure of sne (7P. (resetion b} RHext, Prustose~l-f-diphos-
phate 1o clesved ¢s form tws triosze phosphate molagules, 3~phosphogly-
esric »ldshyde and dihydroxyasetone phosphates. These fwe substenees
sre in cquilibrium with =ns ennther, and are intersonvertad by tricce
phoephate fsomorase. Turing the sonversion af S-phosphoglyseric slde-
hyde to J-phospheglyeeric seid, »n intermedists produst, l-¥~diphoepho~
glyaerio neid 4v Cormed, whish, upon rescting with 20°, yields ATP,
{renstion 7) Turing this prosess, 2 hydregéns are relemved which eom-
Bins with dipheephopyridine puslentide (TPV] to comvert 4% t5 ite re-
duoed ferm, DNVN.OH. Under ammerabie enditione, T7H.2% fe oxidized
to DN by pyruvie =old, the mein snd~product of glycolysies by this re-
aetion pyruvic aoid 4s corverted to lnetle seid. (resction 12)

B-phosphoglycerie seid forme 2-phosphopyruvie seid, emol form,
vhich rengls with ADF to form 177 and anolepyruvie seid. The ultimate
end-preduct of 440 chain »® reactions is laetie seld. Under sernble
conditione, the "PH.2i formed during resetions 7 end 10 {s onidized
through the flaveprotedin, eytcohroms, rnd oytochrome nxidass syatome,
o form wnter and N7N, with the pradustion of 3 2970, The ITR 4= then
avsilable for further reduction by hydengen. Lsotis seld dons act ag-
cumilate uniess the oxidstive processaes fail te keep pree with the gly~-
solytie reactisns, ond pyruvic seid must roact with DIN.2Y to form lne-
tie anid.

During glyeslysis, then, 10 270 are produced for each 0-8 unit of
glyergen metabolised. "ns 27TP s used in the acnversion of frustose~f~
phoephate to frueioseel-f-divhoephate, leaving o net grin of § 470 por

C~8 wnit ~f glyengen.



the oxidetive oyole uounlly produses the grestest Preation »f TP
in the muecle sell. {(Pigure 11} Pyruvie acid in the chief end-produed
of glyeolynie, and the oxidetive oyele consiots of the oxidation of py-
ruvie aeld with the produstion of utilizable anergy ne ATP. Iyruvis
acid v deonrboxylated i aeetats, which is introdused ints the evele
by the agtion of Coenayme /e« [ostyl=Uoi condonses with omaloneatio
aeld to Porm oltryl-Cot snd eltric soid which progeeds an ar-und the
eyele. The Pinel end-produst of the oyele 4e sunlosoetic acid, which
ia aveilable for further condensations. “ome pyruvie seid ic sarbony-
latod ond thus enters the oyele as oxanlossetete, 477 4a Pormed Prom
the oxidation-redustion reactions nceurring incidental to the nxidetion
of hydrogen stoms from various mombors of the eyels. The sxidetive oon-
densation of pyruvic soid end ~geloscetic seld is the sourge af 3 179
in renction 6 thers in o lons of 21, whish iz tekem up by triphospho~
pyridine nuolestide, =nd leads %o the predustion of % 270. The ennvar~
sion of alpha=ketnglutarie sedd to cueeinie asid soerunts fop & 290,
2 ATV ars produced by the eonversion of sucelinie noid to fumsrie noid.
‘nd finelly, the 20 Inet in the ornversien of malie aeid ¢~ oxalosge~
t1lo pofd resct with 'Y end leed to the produstion of 5 277. In summary,
aagh mole of driose snioring the mxidative eyole ie responsible for the
production of 20 470. This means tho% 40 47" are prodused for each mole
of hawxose metabolized. If the hewone ir derived from glyengen, & net
gein of 39 ATP results, zines 1 AT is required for phosphesylation, as
desoribed previously. If the hexose 3¢ fres and not dorived from glyeo-
gom, 2 17P ere lost by phospharylation of hexove, lesving s net gain of
38 :77.  The oxidative syele thus ylelds about four times more enorgy

por gluonse molesule then ths glyeslytic system. In addition to pyvu-
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vate, preducts of bete osxldntion »f Patly seids, and of the oxidation
»f smino aoide enter the tricarboxzylie seid eyele ae shown &n FPlzure 11
These represent additional soursss of AP, exelusive of hexosse metabs-
1isme Letninger ot 21 (12) have shown that the beta~exidetion of fat~
Ly acide is alse productive of ATP.

Be HHusele Mroteine,; Contraation, snd idemocinetriphosphatane

"hile ATP provider the divest energy nessssary to produce musele
contraction, the proteins of musele are reeoponsible for the mechani-
eal not of emtraction. The entire provese 4o derived from an inter-
astion of ATY and these proteine.

The ten importent proteins inwlved in thies activity are actin
end myosin. weber (13) firet poctuleted that mysein was the main eon-
stituent of the sontrnctile parts of musele fibrile. iynsin i3 o leng,
thin, moloeule, and ir compoved of twn nlemente, the “mercmyseins®.
"sont-dyorgl (14) nan shown that snch mynsin molecule i3 composed of
six moromyseine, two hesvy molesulss, ealled !emeromynsine, and four
lighter ones, ealled Lemeromyosine. Thess appear 4o bs arpenged in &
speelnl way, with the four lemersmyssine in & line, and to ond, and
ons Hemparsgyooin at eash snd »f the chein. They are bound together in
this arrengement by paptide bomde. The two meresmpnnine hove been sepa-
rated from one annther, and possass different properties. Y-mporomynein
is the more sotive of the two, snd possessss tha mbui‘hy t» intoreet
uwith aetin, as wall an the sbility to split high energy bonds from '70.
The phenomenon »f contraction requires thet mynein be precmt in 4ts one
tirety, with both meromposin elements in their proper erveangement.

tetin is a "globular” molecule; nleetron micressopy reveals thet

patin is elther round or very nearly 20. iotin existe in twe forams,
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which are designated the P (Pibeoun) ond 0 (globular] forms. The net
af émtmctmn appeare o be relsted tn the pelymerisation of sotin
feom the & %o the F Porm. This polymerisaetion iz depandent on the pre-
eenoe of AT and magnesiue lon. Aetin binde 29T, anleculs Por moleonls,
and dephosphorylates 14 during pﬁhmarimtima Myoain ssuses inetan-
tanenus polymerisation of setin from the § to the F form.

| fatomyoain ie the product of ermbination of eetin and myorin, IR
sppears that wysein is dinsopisted into actin and myooin during rest,
and um’bmeé during contrastion. TP 4o negessary for the dissneiation
af actomyccing thie requirement 1¢ ermpetible with the knouledge that
ATFy required for gontreotion, ds ales a substence negescary for re-
laxation of sksletal musele. (12) The resulting form of aotomyrsin da-
pands ot énly on ATP, but sles on the state of fonie balenoce exicting
in the gell. The details of thie relationship are bayond the seope of
this ddsousnion, but in genersl, it may bs snid thet megnesium and po~-
teosium ions ars of great lmportance in the setivity of ATP and the
sdnte of vizenanity of the protein-A7F ocomplex, respectively. The con-
ventional viaw of musele eontrnetion hes ineluded the folding or shop-
toning of the mpssin mvleculs as the fundamontal progess. The eontrae-

tirn. oyole mey be renresented by the Pollowing sohowme:

0 Gare

MYOSIN ATP ACTIN (ACTIN F
(G) + MYOSIn)
D GATP ACTOMYOSIN
TELAXATION GNTRACTINR

Naferenge wae mede sorlier to the ability of H-mepsmponin 4o aplit

hie high energy bond of ATF with the produstion of free snergy. This
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progesa irn scormplished by the enmyme, sdencsinetrirhosphatese {#9Taee).
In 10%0, ngelherdd end Liubimnve (16} gemonstrated that wynsin pos=
nesgen ATPree aotivity and in resent yesrs it hns been sotablished
that ATPese and myoosin ave fdentioel. feeent work (17) hus shown that
misele somtains two ATPmoes, the myofibriller, snd the granular. The
myofibrillar, wvhich 2 epparently identienl with mynsin, ic responsible
for the mniority of ATMease setivity in the eell; snd is nosumed @ be
intimatoly enncerned with eontraction. The gremuler T ues fs loeated
in the interstitial granules, ihicﬁ include the miteehondria. It so~
eounte Pop 10287 of the !iTase setivity. Investigatione have shown
that mitoshondrial 1T7ass in musele 1o similer to 2TPase in other tiee
UG
e  Gollular Organisetion snd Biochemies) lfotivities in Muselse

In ernsidering the possible offeets of anesthetic or other exter-
mal agente ~n the bischemionl relations of mucele, it s af Importance
2o note the differencs in strusture snd enrvesponding diffarsnces in
ghemical requirewents »f Aifferent musoles. ‘zemt~lyorgi (1} neo
pointad ~ut the parallel botween suncle Aumotion end hischemieal struo-
ture. Active museles such sae the Flight musels of pigeon and hemrt
ruseles ubilise sxidetive meteboliom primerily for 47" maintenance.
Theee muselos gontein & low level of eresntine phoophate. “keletal
munoles which are engaged in pretursl meintenznce depend msre on the
glysolytic eyrtem for A7 maintenanse, snd usually have a higher eorea~
2ine phovphate leval. These blochemieal 4ifPepenges ave rofleeted in
the eenstitution »f the respegtive musele eelle. The following s a
dingrammatic ropreventetion of the arvengement of somponente in the

munele oslle



13

SARCOPLASM

MITOCHONDRIA

MYOFIBRIL
— EMDOPLASMIC
RETICULUM
SARCOLEMMA

The granulse, whigh ommtain witochondria (17,18) vary in sisze
and number with diffapent types of susele. It hes been setablished
(18,19) thmt mitochondrie sre respomsible for oxfdatisn and phosphory-
lation, and thed the preservetion of mitochondrial structure is depen~
dent in turn on a kigh energy phoephate rosorve. It is not surprising,
thsrefore, thet s ¢lose relationship hes beem Pound betwoen mitsehon-
drial content end the onfdative ebility of muselen. Thoece musales
which depend on oxidetion Por ATP mainbenanss heve more mitochondria
of higher oxidedlive activity them those which rely primsrily on gly-
ealyeine The lotter oonelst of pals fibars posr in mitochondris with
& low oxidative aetivity. It ic evident that indiscriminede selestion
off musele sswplss for high energy phoephate analysis mizht exsrt onm-
siderable influsnce on the values obtained. Por exemnle, this hae
been borne out by the shaervatisn thet heart mussle {1%) eontaine mueh
lowar Jovele of oreatine phosphats than various ckelotel murcles. In
sonridering serial biopey teshnigues in hummn beinge, in whieh muscle
senplee are takon Orowm varinus museles at d44fPerent timon, the fwplien-

tiom that the mussles seleected must ba eomparable fe obvicus.
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11 Vedes of  etionm snd Medabelis  £regts ~f itnestheties
hs nfidies Ventobarhitsl and feloted Parbiturates
s Chemienl Cowmposition, Distribution, nnd Oollulay ites of

Lotion

sdfum pentoberbitel i the ondium salt of the othyl, lemethyl-
butyl derivetive o herbiturie netd. (20) ¢ nhan 1nng been uend as
" hyem*-ﬁls and in cufficient dosen &é" eapable of ppodusing » surgie
onl Jowvel »® ppesthesia. (21) Yt €5 of ntapsst o invaaﬂé;&to fte -
pooeible offeets on the bigh smergy phosphate reletionehips of muse
ela far three reserms.
{1} “odium pemtobarbital ir the smalogus of thispental, o wide-
ly used surmionl spesthetie, snt 21ffers chemicnlly frem
the letter only in the roplusement of an owygen etom fop o
*ml-"mr ﬂ&ﬂm in the 08 panition.
_ i3
N é\ /CHaCHy s C/N X CH,=CH,
\

"“HJ‘H -CH.-CH %
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{2} Investigations have showm that the berbiturstes ape widely
diotpibutad thesughout body tissuss when adminietorsd in
snasthetie doses, snd are spepifically rresent in ckoletel
susele. (22}

(3] nesemt inveetipations inte the paseible siten of sciien of
burbiturates in the eall indiosts thet thay prodably influ-

moe the high energy phoaphste lavale of the tisoues &n which

CH'CHz (‘H). Hs



they are nraceni. (95}

Deteminetion of the dictribution »f barbiturstes in the ani-
ﬁ:l body has beon delapad by she meior 4427%sulty: the lack of &
highly rpesifie methnd hy which the fmdividusl barbiturs’es my he
separated Orom thelr metabnlites. In 1087 feadie ond asssciates (24 )
dayelaped o methed 2 grmparative partition ratina, whish, when ap-
plisd to organie sxtreetion prosedures, made pousible the sore see
surnts detarainstion 2 thase oomvounds in verious bady tiecuea.

The bi-lnplesl dlstribution ~f o drup i determined not enly
by 15 ebility 4o pometrate copillary and seil mem'renes, but also
by the extent ® which 44 40 houmd by tissus proteineg, nuelels acids,
and =they specifie tiseus slemertn, such as Pat. iﬁnmiﬂg, e nu~
moraus nnnlyses of bady tissuas following barbiturate admindetration,
barbituratos probably enter oll body aelle. The extont of himi.ing\; to
protaine differs fpom ome derivetive %0 ancthar, snd 10 0t Iseet papw
tislly eorrelated with the length of the cdde ehedns, 7} =nd ng. (28)
Mrding do slee influenesd by sther chemienl dif'farengens the thinhay~
hiturates are boumd to o greater axtent to humen serum slhumin them
thelr oxygen analagues. Fop oxemple, under the seme eonditions, 407
nf pantaberbital and 687 of thispental are houmd. “entohaphital alno
d1Pfern from thispental ir 4te dietribution in body fat. ¥4 is leos
eonpantestod in Pas depats (P6) apa mret workers Peal that thle 41PPep-
enoe 15 pertlslly responsible for the longer setinn of pentobepbital. (27)
fnth are congentrated to npproximetsly the seme axtent im ockaletsl man-
01s,(28) g skeletal muccle tekes up less barbiturntes then sther $is-
uee, ruch sz 1iver, kidney, nnd besin.

The exaet eellulay oite o asticn »f 2he Barhiturnten hee besn
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unisr invastipation foy wany yenrs. !sat of the work hes been based
an the »riginel im vitrs Invastigations of Quastal, whe, uning guines
pigs, demmotrnted that barbituretes inhibit respiretion of bredn ali~
goe and other $iosouse. (9,50} Gpdeg (31,32} iv 1946 reostuletod $hast
barbitursine astad srecifioally on the gytochrome system, with apéo-
ohrome ¢ reductass an the probable rensitive =ite. “ther investipe-
tors (33) have ormiended thot the pyruvig acid oxidess aystem s the
moot sencitive. fain (P2) 1n nis exesdient review of véseible mdes
af berbiturets sction, summarizes the data of meny ather investigetors,
which show the effeatn ~f harbitupstes on glucose and pyruvate axide~
tinn by various breln preparstion=. Trom hiv caloulaiions 1% 4= seen
that the dvans {iﬁﬁﬂ} Prp varisur bapbiturstes required to produce 07
inhithitions of oxidndiong (!ﬂﬂ} would vopresant from four te thirty
times the concemtyniion eslculnted to amiet in 4he central nervous sye~
¢m during notunl surzieoal ansathesia. These geloulatione were bhased
an the keewn dlstribution of thess drurs in desues, Owmetel (30) gn
hin enriler work had ecnsidered tha poesibility of such o disarepunoy,
end hed esneludad §n hin sxperiments thet the narortic eoneentrations
in vive approximeded these in vites. towever, his esiculetions were
besnd nn theoretionl blood eoneonteations of the drugs, and wers done
without bnna?i% af the {nformtion an tissus distribution available nt
pasent.

‘mme investigutors Peel that feints resulte may be axplsined dy
a prefeorentinl eoneonteation of barbiturates in the deain. Thine has
been daaﬁnﬁfraﬁfﬁ Par anly twn gompounds, pentobephitel, whiieh e oon-
eentrotad sbrut 1L timen, snd senberbital (ethyl, fscemp) barbiturie

nodd ] whieh §5 emoontreted & Limas in brain. (-"”"5'-’5} Nthers have
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falt thet n sn=anllod "sritiesl rogion mey exist somevhore in ths
sontrel norvous syctem wvhich is certieularly sensitive o the bar-
bituratac, Thile thera 12 no svidence to surport this 9ﬂﬂtult§¢,
"1licins (36) and othars have shrwn thet barbiturster exerd sn eccsen-
tinlly eounl ofPuot in depyascline omypen uptaks in various parte of
the eentral norvous syobom.

‘ovopal sboopyntinne suspest thet inhibition o axppen untsie
slone promat expladn the aetdsn »f barbiturstes ez ane-thetie egente.

wich (37) nao shown thes derrosnlion of Punetinrnal esnecity precedes
doppansion of tho gsrabral metebolie rete. Othors (38) heve shown
that I nerve eonduation nd onygen emsumption are mecsured slmul-
fanecunly, nopve eonduetiom is deprevsed bHalope nwypen eonsunction is
fapoired. Tuehel {397 nase shosn that in vitre, barbiturates deprese
ersatine phouphnte and rrise inorgunie phesphate levals of wsmealisn
bralin, abesrvetions ehich are ooumpailble with deprnseisn »F antdation.
lingavor, in vive, sfter cdministention ~F barbitureton, ereatine vhoae
phate levels in brain rice with gorrasponding depreseion of inorganis
phoephate.

In 198), ‘redy and Peldn, using ret liver mitochondrial propera-
tiona, demonetented that thispente) fnhibits the Porsstion of high
enorgy phesphaie bonds. This was shown by & serked doprsseion of In-
srganis phoophate uptske (807) at » lovel of thiopentel whieh deprseved
oxyzeon eonsumpdion lese then 107, (50) it soneentratione which inhi-
bited oxypen uptoke 507, fnorgenie rhosphate upteke eeased nltogethar.
There pesulte indigats & site of seti~n im the proeees soupling oxide-
tirn and phoophapylstion. 3¢ s of perticular signiffesncs that the

esneanteatione o barbiturate reguired ¢ produge SO tahibiitien »F
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foymmtion of luagh SRGREY pooshate bonds gopres;end elusaly 0 the
soncentration of harbiturates in Lo cissres during surgical aneo-
thecias

Phe postulotion of an anecupling weohanism ae 8 ™ oF action
of barbituretos dn the eoll is supported by other obecpvatione. Low
ernsentretions of pentobarbitel and phensberbital tave boen obhserved
to otdmulate oxypen wisko in bmin slieen. (81 onge errueet of
inttiel ctimuintion with low ooncenteation Pollowed by as;'«.ma‘uim
wﬁh higher eneentrationt 1o & aomern cne produced by dnoen une
oourling egente, fuch pe 2, dedinityr vrencls ohnecn {3"?;‘ pretulatan
that sush an effect mey revuli freoz ¢ aocusuletion of inosgenie
herrimts and phoephnte redertore whigh cepwe $o vartinily regulate
the oxidation rate In a osll.

volannen svd & 13408t (530 nuve shows that coversl berbiturates,
including remtoberbitel, tnhibdt esetyicholive synthevin 4n seain
riiese, at & ovncontration whieh ~prduers wearly comclete inhdbition
of inorgenie rhotohmte wtake.e Cknoe hieh energy tonds ape pequived
fep the synthecis of seniylencline, thess ohesrvations support the
theory of an wunsoupling netion of ¥hwees eomocunds.

vore ryesive icomiimation of the mede of wnooupling action dme
not yey been acoomplisheds “mxwell end Migkel (34) ngve - howny, howe
ever, that the AT ase activity of rat liver sttoehondria is mevkedly
inereernd by 2, dedinitroshencl, B familisr urcow ling apent, st well
65 by varioue barbiturates. Inder comcarsble eonditions, AT mse acte
ivity in rat brein remeine umeffocted by these szents. Yhem A7 ase
aetivity of ret brain s denrecned by ethylenediaminetetrancotie aoid,

berbitumtes and 2, h=dintir o bapsl inorense notivity 42 & neay nop-
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=l !wéln The asipgnifiennes ~f thess studlen ir nmot altegether
slear, but i apprears that the enayme aysteme of Aiffersnt tissues
ds ot pegavenrily pespond dn the cams mannep &0 barbituretes. 1%
haw hasn shown (US) ehat the A%Tave aotivity oFf skelota)l murecle mi-
teohondrin $e aloe dnerenced by unerupling agente.
In mummery, it aprears at prasent that barbiturstes heve thrae
affasto upon the metabnlien of gellar
{1} an dnhibition »f oxtdation, an affeet which 1 pot marked et
the uoual asnesthetie ornesntreticns amployed
{2) en iohibition of ~xidativs vhosplorylation, which commes
ernatdorable signifionnee et ordinery snesthotie ovneentea~
Unne
{3} a poenible stimulatory offegt om 2TPane notivity, =hich ap-
papontly e not eonstant for 51l tiesues, =nd whieh ir «ffsg-
tive on the Tece »f muccle mitoehandria
In view of these Pindings, 1t da cvident thet levels ~f high ener-
ey phosphate sompeunds in muscles taken for analpels under codfum pon-
toherbitel snesthestie might be oxpeoted to chow mome altorstisn from
levsle in unemesthatized satmels. inoe the ATF lavale of mussle are
uninte ined o¢ the expense ~f the ersatine phosphate reoepveir, deprese
sion of the erentine phosphate Praction of susele would not be ayre
prising under these cireumctangan. Tne mipht ales expest musgles oube
Jectad 0 the affugt »f the berbitureton Por a l-ngsr perded of time
e oshow grenter altepatiern. On the sthee hand, o neentrations of pen-
tobarbital in mucele tiseue sey be incufficiont 40 exart such offeote.
If the Snereace dn "TPane sstivity deccridbed by Vexwell and Nichkel 4e

significantly greag In musele tdcsus, 'me might axpeet, In addition,



8 derression of ATP levels.
2« The fotion of Barbiturstes on fusele Tirsue
In 1995 ¥rantz ot al. (46} demonotrated thut thispental and
pontebarbital esused priontietion of musele éontractione in inner-
voted and denerveted dog mucele. In this ond ndditione} work, they
have shown that barbiturates which srs srot sotive in potentisting
sntynetinon sre alen thase ghich exert the mnod denvension on the sone
tral nervous system, and exhibit the grestest binding by tiseus pro-
tofnes The woed setive eosprunde aler possess & lemsthyl, butyl group.
(A7} Theve workers frel that the teiteh potentiation mey be attributed
to dewproseicn of the "tulfering® action of the "sarien slnotie® copm
ponent of miseles ¥111, $n 10AT, desoribed this oonpronent ae the growup
of olements eonsloting of aporlar and potiouler tiscuss between Pibeps,
epi» and pmriiqwim, and carentemma. (58] rhe presumed sotden of 4hie
eomponent f= the partial *bufPfering® of the surole oontrectisn. Dew
proasion of this alement would sllow 2 grester Prsotion of the true
eontraetion ¢ be transmitted to the recording apatem.
Theos workers ales found tor mein physinleriecal effeots of dhe
barbiturates on musele contreotions
(1) Thinbarbiturates exhibit & nonecpeeifie hineking ="fect to ad=
mindotered druge which act st the motnr endenlate, sush as age
stylohnline, ourere, and nrostirmine. There 4= no evidenae
that the thicrharbitureter int-rPere sith normel Srensmisaion
2% thiz nite.
(2) The oxybarbiturntes 3~ not st &n this munrer, hut are notable
for thelr enteg nimm ¢ transmisaing at the woups-mu oulay

dunotion.
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fe "prgnine Hpdroghloride snd “thap Logal ‘neavinetis igente
1o Chomistry ond Yode £ fotion
Peogein. f0 the diet'yleminethyl aster f rera-amin bona~ie
neid. Chmm sdminictored by inteotinn, 4t 10 an offesetive loeel snan-
thotio axnts Tt 10 papidly hydr-lysed in the tfoouss ¢t~ P orm rara-

axin-henznie seid and diethylemin-ethon~ 1.

Z
x
»»

[}

'

[]

[ ]

]

[}

[}

[)

i

[]

'

]

|

- NH, ‘ ‘
F—me (Yoo
b CHCHy |
\/ CHy~CH, \/ ‘ —

\ COOH
COOCHCHz N P+ AMINGBENZOIC DIETHYLAMINOETHANOL
PROCAINE éH’:CH‘c, ACID s

T% ban bean detorainsd (59950) 4heq the charescn) gle activity

of tha ermp~und vesideo in the tﬂal‘kiylmim group of diet ylanine~
ethannl, ss slown sbaves 4 olightly alkaline medium i negestapy
Pap the fydenlysis ~f prooaine, and normal ticaues sro within the
affactive pange Popr fhie sotivity. (%1}

Az in the orse of the horbiturates, the oxsgd mechaniom by whiech
logal snesthetion nr-duce thelr affeet n the tissue they s'nteet has
8ot yot hean datermined. Through ut the years many the ries have
syolved o-neorning this netion. In some osoes, many £ the seme ma~
ghunims discucned esrlier ar roselible m-das 2 notion Py the barbi-
faratos have hoon poctulated.

Orasne (ve) in 1086, subliched an sxesllent roview on the nnow
v ble mechanirme ~f netion f rroonine and ~ther l-oe) aneastheties.
The sotion f a 1neel anesthstie deremds on tw banis rrovertios of
neres Cibare, which are exeitabdbility and Sransmissi-n abllity. Theoe

twe cearerties are decendont wron at least three megtaniomss (1) rxye



gen ennewsrtiong (2} depslorization and renclepisetion, and (3] al-
terati-n in nwmirans cormenbility.

The initiation and transmisei-n ~f an imculre sl ng o nerve io
ansoaietad with alderatisne ~f Lhe membyane wﬁmhl, ehich undey
rorting e-nditions pmrunte %0 about 60-100 milidvolta. The changes
in mombrane rotentisl result in dornlurizatizn ~f the r~larized adio-
aent nembyana, and eauce » wave ~f dor~lnpissticn o spread elong
the narve fiber. The membyens potmmtial & n reelly dependent on
oxddasion for mintenanoe. (92) 11derations in mombrane retential
are alos see-mraniad by changen in membrene rermeadility. Under nop-
ml e-nditione, the mesbprane ~f & pasting navve 1v oore verpeshle ¢o
oogassium done than ¢ o dium done. Duping decolarimstion, s migra-
tion of sodium 4-ns sercss the membrane fnt the eell ~esuss » and
peataseium moven agrose the membrone in the sppocite diveetion, wt
of the e21l. During the vefractory nerisd, o sraduml s-vement »P &-ns
begk theough the ecll membrene coours with restoration ~f ~~larity.
The sotive otate $¢ thus eowcglated with a great inorence in rormese
bility »f ths membrane ¢ oodfum i-ns.

It hox been shown (52) ghae neves twrules tranmiselon i eosned-~
atad with en inorssce ~f ~sidetive metahnliem., V-wover, ac yot, there
is no proven rolati-n betwesn the pate ~f sxygon wrtake snd the netusl
enrnaity f~p nopvs tiesue furetion. (£3)

Hany wopkors hove Pald that the eaetin ~f sreonine 40 due 4 do-

rronadon ~F cxygen conmummtion in the nepve gell. *hile, as was »ointed
nut sardier, all investignt PV agres thet come anesthetier {the bapbitu-

reton) esnsdstontly decress ~aygen oonsumrtion, thers iv less agreement
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mesng investigntors et all 1oewl anesthetiss produce thio affact.
Yary ctbrdanger are envable »f blesking narve oondusticrn. Tor exame
rla, votaceium ehloride in mi'flei-ont s-nesntretions blosks o ndue~
tion, and thiz 4o seermranied by am incraaced rate of ~xygon upteke.
“n the ~thar hand, +~dium eaide end hydrowylesine dayrana ruygen s n-
sumeddon without lncairing o-nduoti-n. ‘fside 40 knoen ¥~ act av an
wng-unling agent, reevonting rxidetive rhosrhorylation, (2h,38) 5.
9=y 0t ¢ neantrati-no which effestively rreveont nerve fmculce trano~
minnirn, the lneal ansothetie, ehl-oret-ne, dedrescsn ~wygen e nuum -
tin, but cvonine doos ned. Investigat vs have chewn that rrogeine,
at onrtein oneantestione, deoan devrsce ~Xypon urtoko. (58) ilrwavar,
at 2they g noentraticrne, it stimmlatos ~wygen o-ncumction. (86) In
vinm ~f the pope regsnt thesries encorning the mrdes f setion of
anostheties, it w uld be wwsac-mable ¢+ e nolude that thi- «Ffect
nloms noed bo the cols setdin ~f sp-eaine, v indeed, thet ¢ (s a
sfsnifioant aoti-n st all.

Ancthepr hyp~thesis o noarne the affaot £ Ingel ancothetier on
dnr~larizati-n f pepve Plhera. It 40 P intorast that high e neen~
trations f potacrium ohl ride, menti-nod above, arpeer ¢ block
nopve o fidueti-n by rravention ~F dercolarisstion. (57} Faghmen oo hn,
(58) in nin dnvestigntions »n the soti-n ~f seetyleh-line st the myo=
noural ‘uneti-n, hao noctuleted en interesding ite of setion Prp pow
onine and ~thop terdiary nitr-pgen ceovnde. He helievars 2had trance
uiorion ~sours in soc rdeonce with the Pllowing ~chome, in which sen~
tyloholine 4c boumd ¢ a ®ctornge reotetn® {0 ) and 1o polesrad by on-
efitnt ry ~timuli 2 ecmbine with the “regordor subetanse® (R). 24

thir podnt the regerter changer 18 e-nfigureti-n ¢ gorescnrnd with



the dotied line ae shoen below, ond peo wsebly inerenicr the mome

brane permoability t0 sodium fonc.  Lestyloholdne ecterrce {0) act
on the froe esher, whidh &0 in equilibedum with the ectopspogopior
gomrlons  Hydeodyode of thic ermrlex #a1llowe, and the eageptor poe

turne to i¢e normal chape ae 2olepity returnc.

s T E SR - i ]

I &N '
T ‘§f Esterase :

. \L / I

: 2 : CeP

I

: "‘\\ 1L/ ‘\‘ | ATP 7/

:\\ - § : Pool

| 6 - Ac +Coh

i Ch Ac :

!

k ————————— A —c,:éo—A-—Z' B 3 AMP= PP

In bhia ctudionr widh procaine and ~they Soptdnry nitropgon o
pounde, Machmansohn Prund svidones thead there sub-teancer arpnearsd -
pomeote with acotyloholine Pop &he regendsr rubctance, snd probably
exert their sctione by proventing dop-lepizati-ne.

Theps &5 mueh diragreement among ~ther workers rogarding thic
pronibls dopolarising sotirn of reveadne. Toman (=) and ~thap: (60}
have sointed cut that at ¢h: wuml elinleel enemntrotio-ne mpoloyed,
eeogaine and engrine 4o ot dnflusnce aombrane rormeability aoorosiably.
Alooy dorclorisation 40 nod rrodueed by anecthetie d 0o ~f ehloroatones.
Yany workoro fenl thet denclapizetiog Intorfeorence, like dopreccicon »f
oxygmn ¢anmriisn, carn-t Tully sx-lein the ancsthetie nr peptis of
reonine and cther agend .,

An ~ldep theopy of renoeine aetion po fulatrs sltsration fn the
ermeability of the erll meshrans. Thi: wee S4rot ruggerted by Haber

in 1907, end later cdvenced by Li3Ye (61, 62) snd vintor $ein. (63)



A erpollary of thic hypothendn would decignete the cell vrfeee ac
the primepy oite of sotirn, rather then 4w interier of the esll.
Li¥ide and vintepotein have dowonotrstod $hat varioue anqcthetien,
including rr-cnine, dmﬂ;m pombrane cormeability., Groene (52} pom
1eve: that 1nesl mnecthotlies produee thodr reimepy offegls by spee
duaing changer in membrane cormeshility shich ir turn altor the wouel
fonie «hifts o% opved during norve fumcul s tyanceds cdon. Ve end
cthops (59) bolieve that the megtaniom of this action § by colap
poooaintion ~f the anine group of the lresl am 't"‘ﬁticvﬁﬂent with
rolap groups in the lipo=npotain ~0 tho nerve membranc,

Thepe &0 alen aon ldereble dicngrosmont among suthors with reow
gerd ¢~ the srplicabllity ~f the Hayep~‘varton law ¢ lreal enocthet-
foee Thie law stater thet the spesthetie notivity ~f a chemioel 1
rolsted 40 440 ralative colubility 4n fet a0 e m ared 4 water, and
£ of fmpoviencs beosurs of t¢he high 1irid eontent of the central snd
ropdchopel nepvous wyvtemse Grosne belleves that loesrl ane: thetien
£ollom Wide lswe Lofgrem (59) n 1908 osrrlcd sut a somslete shycdoo=
shemion) inveotigeti-n ~f crrening, and eonoluded ¢hat 1oeal anec=

hetien do not ernf~ra ¢ the Wapspe varion lowe fHe boliover ot in-
d1rfaremt mare~tier which adhare ¢ tha Heyer= vorton rule vr-dably
ect through Vandepwanl fopeen, sdiractive forges brtwoon (nlute snd
sivent mrleoules, (6h) 1n arntredl tinotiorn, the i;ma- 1roal anoothes
tio: aot thr-ugh g omionl eombination.
nenos (96} hmo orntributed em~thor portdnent b orvstion rolaw
tiwn 4 ry-oaine setion -m erad nerve. He vhowed Lhat with low on-

gomtratione of vpeeadne, un 4 020, the rooriratory pate man inoprosood
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¢~ 207 above the original leval. A% higher onoantrati-no, pecpipe
atd'm war podusad, untll st % 44 weo only cneshadf of the cpigined
waluas { oo Plpars TX) ™ menowencr 40 highly ugge tive o f an
ung-urling setirn of or ouine, cdnilse ¢ that dicow ood In the oo~
tin on barbiturats seti~ne 4% cravont, B dnvectigation her been
dons ¢ rurrort thic proeibility.

In umsary, then, the i6e of astisn ~f rroeaine and ~they loe
enl anv thstle 1 nrt yob slesr. ‘tany hy-~thecoo exirt, ap-ng them
the dorpodon ~f cxypgen utake, sltepetion ~f mombrance ormeahility,
and Inteefaronss with or srovention of decelaviuation, The po o ibE)w
ity F an unorw ling setdiom yomadn ¢ he en idorad. Trom the ovie
demas nt hapd, it sroasye idkely bm% 43 0furent logndl ano-thelbior
may sxert sntipsly d4Pforont offeste on nopwe enlls &0 rendute anvos
thno s

e The Aetirs of Loesl Anesthetier on My ﬂ%

In 1918, Fubote and Yecht (88) wopking with Prog and rat Je.-
iy onmmur, rhomed that famercing ap exoci-ad murale rreraration i
17 recenine oolution desronced mucele ﬁmitubiiity and deoponned the
hedoht of mucels ontreatione. larvey (66) in 103¢, dnvortigeted the
effagte ~f intpe-arteriel -peovaine in ascti-n n the Tikinlis nticus
mpele oFf setre o Prund thet under sueh e-nditi ne ths resronve of
the muels 4~ dipest ~tisulati-n remeined normal, slih-ugh reorone
1~ indireoat ~timdation thr-ugh the nepve wee merkedly torairede ae
¢ ond 708 (67) wore fmrrs e9d with thie ourers-like v v rty of
re-eaine. Curers prevents the responee of su ole &0 sestyleh-line ag

the motor wndeclnte, although there §0 no Inhibition £ sertyleh lina



proves IXIX. & Ooppeedocp oF the  timulation and Decrs fon
of “sypen Uotalta Tpoduced by Troceine and Thiooontel

Ie { 2bowe) The gour e of popiretion in orad nerve with
rpeenine. Drttad 1na porrs ont the rp~iable evurie boe
twean ointe A sed H.

e [ Helow] The swygen eorvumetion of mmé liver mit-ohondpia

with thi comtale
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produetions  The muoole whoue morws upely hiae been trosted with eue
rars will eontimue ¢ repond to divsct o vmicsl end electrical -tim-
ulatirn, but indireot rtimulstion d-so pod rroduge o ntrasdi-nn. Cu=
rape &0 direetly nntegonized by prootigmine and noo tiguine, o me
soundls whieh Intibdd oheline=o topure 8t 20 my--ncural ‘unoticn and
reslong ond inten 4fy loeel dopc-lapimation ot the mobtop rﬂﬁ*rintw‘
Novin (68} and ~thor hoves n-tad that rreenine Infiltration in wa~
sles of pepcone afflioted with mys thenfa gravi load ¢ & grest in-
srea e in m: ole womkne . Thic 4l es o sppears ¢ be couoed by in-
ability ¢ utlllzs scotylehline at ihe my-enoural ‘unetion, and §
markodly fmop-ved by the o-mp-und. which §nhibit eh- linoe: topn s,

s and Yood Pound that crposedne preatly redues gentrseti-ne aPtor
e tigeine eduind tratione They Intoyrpotod thi- 48 e vory 4o mosn
that »pr attﬁﬁ may dneres o acetylohline np-dusti-n, thur lisiting the

Lo ~F notdon »f ppoctigmine. Thece hoepvetion are cqually eme
patibls with the hyoothe 40 of Veohman-ohny the ~eme 2Pfagt: would be

can 47 cr-enine ormbines rraferentially mith dhe acotyleh-line pogore
Lore  Howavap, the ~boervetion by thers wopkers thet rr eadne door ng
fepadr mu ole o niesetion 1 dueed by inﬂiruat ctdmsletion unl. pE-
tignine £ reeoont £ fnecmratible with crovicye b spvalione.

1men and © table (69) uoing intre-artorial dn sebi-n and 4i-
root munole in eeti n, deen-trated that proseine dorrscce axeitabile
ity of ckelotal murele ¢ alout the came lovel a0 that f Lhe nerve:,
They Pasl that 1resl) ano tieotle sr-duse s gmopal ¥ peotopls mie de-
erecfon ¥ whigh affogts not only norves, but su ols and ~ther ti sues,

The quaptity of reoeedne wond dn theon axocplemt e pear: emes - fvag



in additi-n, the Poot thet ry-oaine darrecsss mu-ele exeltability
wish sdminl tored intra-artorially or intreme cularly ¢ bardly ade
squate avidence that it exert: an inderendont action -n mucele tive
‘wee An ano thodie adadnd tored in this sermer say producs 40 ofw
faet: thr-ugh the nerva: In mu-ele. Prioaine, when adnind teored by
the uruml teohnigues - provide looal anevtharda, drer nrd srdiner-
ily galin rueh saos-s 4~ wuelo 2 war ppovided in thi excepimont.
There 4¢ w indiceti-n at rra-ent that nr-eaine hydrochloride,

ued a sn are $hetls dn loead) Infiltretion, bould alffest e high
opepgy oropcaonts of mioeles Homewsry it But e bSorns in sind that
the cunet wede of setion 1 $111 undotormined. Prooaine, due to

v repid hpdr-ly i Prllowing &n cetion, necbably door mot pene-
trate ad soomt €1 cuas supreaiablys The poooihle ef Poste ~f ¢4 sus
#5luti~n hould not be cverlooked when amploying & 1-os) anethetie.
Thic fagtp & depemdont 'n the toohnique ~f admini-testi-n. It 4.
“bwicuc thet any fluld dn ceted dirsotly ints murele 2iope will al-
ter the levale of chemien] evn tituemts of that th-cue, In order %
inure s reali-tie ehomioal picture. f macele 4 cue, esre i b be
taken ¢ re trlot vrooeine in cotdon 4 arear which will ot be u od

for the d"fi'tﬂiﬁ‘%’.f‘ﬂ af dhee olwmamb o

I, Vractienl Aoplfeation ~f Muogle Boriy and fvely i dn Re sereh
. M1 torieal fsoksround
Bl or whieh dnvolve mucele, directly ~r indirecily, sre a=
mong the many in whioh pathogenecde 40 coorly under toode  larly of-
Ports 4 dlepover coooible motahniie locione led ¢ the recognition of

the potamtialitins of ghomionl snaly g ~P mucelas In 1030, Rainh-14
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ot al. (70) utilized mu ole analy-is in an abtempt to svaluate the
efPeet of glycine admiﬁi°tratiﬂn in ma-cular dyctrochy. ‘pseimens

af muccle were taken Prom the Vertur Uxbornus, which ma: selacted

due 4 the frequency of it: involvemont in the dl-emars. Witrous ox-
ide and rrocaine anerthesia were uced, with & ~tendard bicniy tech-
nique. The murcle was mot Prozen prior to amalysis. Nevin (71) al-
zo in 19%4, rublirhed a study of muccle chemi-try in mya-thenle gra-~
vic and ~dher diemre: a¥focting mu-cle. Amytal and ether wore ured
in difPerent sarer, snd musele -sleoetisrn included nearly every avail-
eble mu cle which wa- eng-untered during various -urglieal prosedures.
In early -tudien sush &« the«e, very few of the factor: which ares eon-
~jdered of imprrience trdey were rec-gnized. The impﬁrténce ef ore-
corvation »f the labile high energy ¢ mpound: by adequate freezing
has now heen ectablished. Work carried sut in this laboratery in the
rast =ix years hae roced cevsral mdditirnal prodlems in the interpre-
tatisn snd ecompari~-n of deta.

It hee been demn-trated (72) that the creatine phosphate levele
in the leg muccles of yate can be desressed by adremalectomy, and that
ghe level ean be rectored by the edministraticon of glysreyamine { guani-
doagetis aaié«) Rats were anscthetized with Nembutal, and the muc-
cle birnsier obteined by a -tandard technique of freezing the leg,
in 24tu, with 2 mixture ~f dry ice-ascetone murch. In 1952, Dix-n, Fe-
terson, st al. (13) studied oreatine phresphets levels in the anxiety
fatigue syndrome by musele blopsy end amalysis, and demnstrated e
significant depre-sirn of crestine phoerhate levels in afflicted in-

dividunls. Clindieal imrprvement reculted from the admini-tration of



a

glyecoyendne in thece sub eole In Lhese oaves, awcie bi-‘*'g ries
wore Mkﬁn fyem pontecls ann atfiieted Enlividusls, ueing thiow
pental anestiecin in the sm oridy of osees. roesim and pontos
talne wers wed in ¢me insdanese. Reotur Abd minds ma;nlc "o
tphen fop blorey and the viomdurd rurgieel biopey deotmicie with
tumedints freesing of the muvels wamples wae ocarried cut. Work in

frh) tn the effeete of alyccoyamine 'm aresdine jphosphate

PPLRTHCS
lovels of wusole dn sultirle selororin, rhowetodd artheitis, end
ety aonditions hes fntroduced Purthey variatione fnmte bioray.
studiere ‘pocrnl end cthey redatives lave besn wed a2 pro-ed-
foation Tor {he biopty, and sylossime hpdpoobloride und reoeaing
hpdroghloride, sdeinietered by local Iniiltietion, are now tha ane
esthetioe of shofen. in ths work now undermny, Cundricern Femopls
1% pererally wed s tin mecle Cop sam ling, with cesaciomml seme
riws of fleeve end Trieers inolwded. The viendard surgiosl biojey
tearmioue with fueediate Freesing of m semide L2 uow in use.
He bjectives of This ~tudy

In $he otudfes undertaken, involving bicpay vancling for clewm
i1cal amalysie, the verfoty of amsotiwiic sconts used has wot beom
aimimuﬁ\m s rossible Lportent fector in reoulte sttatned. The
moat vorular methods of snesthestn ab rresent ave tie fnduetion off
goverel snesthevia with ¢hdorentel and thw lneal infiltestion with
rrogeine or u releted anentlatios In soms dnctenens whibre thispental
is wsed, t'o tise butweon induetion end obtelring tie hirray 45 wmye
fable. In thie prolest, a study of the joeeible vardaticne intyoe

ducsd by the bapblturates end prooaine $e underisken. In odditiom,
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the oo dhle «Pffeots of nealonged duretdon of anecthe ie were in-
vardipatad. ~dium pentoberbital { Vembutal) we woed in nlses of
thisrantal hegeura ~f the exrene and 4iPPleuliles fm ndmind-tratlion
sitendent ¢ the we ~f the lattsy.

Av was disoucsed ppeviou ly, the roscible coureer of arpop do=
piued from Andl erimdnets mi gle olesti-n avrs sl - fmsordsnce. A
grmpardoon »F vardeus ckeletn) mualer wao done ¥ #rtablich the im-
vortance ~f this fast r.

Thers 4 12¢71e doubd that the techniqus ~f mu ole bi-puy ~ué
npaner diope deden of the vample have en fmrorlont ol &n the pre-
rorvetion <P high energy omocundc. Tee tashnlques: were eomoared in
this pre agtt the otanderd curgloal tesimigue whieoh hac been wied in
reaond fnvetisstdon: dn thio ladhovet vy, and the in ftu teshnique,
whieh se oed in enrlier &nvectigeation: on the leg: ~f rat: end 4

1) 4n uee in this laratory.



23

HUTNTD
Ao elugtion of Antmals

Thirtern dogn, welighing beteesn ninetesn and tweonty-rfive rounds,
w.qm chtained Feom the Univer ity ~Ff pegon Vsdieal eir-1 kemmel«
for axropinment. perfremed dn this pr sot. ALl smimsl: wove -f oim-
ilar nutritioral tatu-, and off-rt were made ¢ ~hizin sniml. of
trectnble Lemreramont » Yhensver po o fhle, hoptebsired andml veors
utilized in order 4 expedites urglosl teshniguwwss. ‘eeh amiml weo
‘mepitiend ™l wing ccurletion oF the exveriment in whioh it ea
uoad.

Be Provaveti-n of Aninnle

infmel. wore selsgied ‘everal day: price & tha & ntewrlated sxe
verinent. eeh andmal wac broougih down Prom e kennel 40 the labe
cpatopy O9¢ cne o more chept pepriado, one=ial® L0 cpe houp, of
"reientation” oo thed he might beoome aaguotoned to hins anvipomeent,
ind ¢ nindelve apprehoncfon. In soavers) secer 4heo andee) wa: intpe-
dueed £ the dog urgery boerd during Wi indtial i 24,

“rice o ench cerles of bicrcfen, the enime) e lws-bilized -n
the dog curgery board and the oite ~P the dnitdal bl oy war 0liroad
wnd chaved fres of tmir. A1) andmals were spethetined with codium
ventobarbital (Nowbuteal) adwinictored in an inttizl droa -f B wile
ligrams por kilrgram fn%e the ‘upuler velinm. This wec cupp lomented
Re peconeary throughrul the ecuroe of the exrorinent by 2d42%48-nal
intravanous in eotions 4o meintain rn edequate curgleal lavel of
anesthecda. Opriteria wied 4o detormine thi- level insludnd the re -
plvntory yata, heapd rete, sornsal rel'lex, comnlsds laek 2 peopopne

o radnful timuld, end degres ~f mgle reloweti-n. Yn thic ex-epe



fmont it &0 partioculerly ftm-ritent = sohleve an adeguete degree

of relavetions In osme caces, the Pirst BMopoy was teken aftep
loeal dnfiltrati-n with proenine hyde-onl-rides this war £-1lowed
by Somedints adnint trati-n +f Hembutal.

s Blopoy Teeimigues

‘ach oxperinont eoniloted of nerfal mesle blconvien, colseted
feom 48fPopent muneles. A% mr time wan & veoond biopoy taken Prom
an areh rrovicusly treumstized. These bicpey teeimiques were sme
rltyed. They were (1) the “snateh” supgles biopey, in whioh the
misole was dlorected free of ad seomt ticoue and quickly frosong
(2) the preomine blopuy, &n whish ryisr loonl $afiltretion oFf nde
neopt ckin end mucele t1oue with procaine hydroohloride was dome)
and (%) the ® 4n oitu * teoolmique, in whish the wuiole wao axre ved,
frozon fn odbu, snd lator remcved. The Pir -t tw tremique: apre
eruparable ¥ e ormwrnly used surgisel tesimiques which have beesn
smploged 4n ~blaining huren wu-ele 31-oue armliysed ir thd: Jabopae
terye The thind teohmique heo been utilized *n retc in thio labops
atory in exverinents whish hove reavioucly been decopided in thie
therfu.
1. The surgloal "smeteh® bopay
In ali eeves the andme) was snesthotised with « dun yoent baphe

11 or prreadne.  An offord was made t0 approxisete the amme Lagh=
nique shioh $o ~pdimpeily used dn ~Hiainting humen sucsle bl-pufen,
vith the sxeeption of esepide teolmfoues The «kdn ~vop the Wiop oy

"d%e man shaven nearly froe ~f dmir. Whon wuiteblo snesthaste was



~btained, a 4= om. vkin inclnicn wan wade, in the wmme plane aa
the murele fideps &~ be weod fop blopsye kin Plan: wore mobilised,
and any feank bleoding wan sontyolled with hewr sdatu. ubcutans-ue
tieone and fat were disssoted Ppee - the underlying musele. Yhen
s mffictont aves ( sriromimetely 4-5 on®) of the underlying muiele
hed boen exyeoced, o olamy war applisd ¢ 8 9mlil bEts oFf moole v
sude The clamp was held up, with some tencion sxerted wron 4%, 4o
facilitate ponceml of the specioon. Uding cither & "oalrel ~¢ ofie
sopag B oquere of wussle menouring abrut 3 X 2 X 2 oms v‘aﬁ out f'row
frem the underlying mucele and plunged fsmediotely, with the clamy
411 in plece, inte a minture of dey fce<acot-ne Pmuh®. The muc-
ele sample was packed in €8s sdxture until fecgon o-13dly ( & mip-
uten)s The olamp wes then remcwed and the semple was quickly wespped
in te- layers of ahilled alu_r.lum g8l The :ﬁ‘piaﬂ were obored in
dxy foo («70"6‘)- torage at thie tomveyature hao boen vhown o vpe-
vont doetortoretion of Lhe labile phrirhate Pemoti-ns Pop repi-de we
to teo woeltis

The biopiy teshnique was <tandardised o= St all mmles were
takon quickly and fyogen fmmedintely. The pr-eodure was timed frn
the mwent =f the first mecele fnoioien §0 the Lemersion of the cam-
ple in the dry les-nootcne mixture. aﬁ n time d4d thi: intorvel ez«
cead 12 veorndny dr wond gaser 4t wao B0 csoomde. Immediniely 0ol
owing the blopuy, blseding Cyom the blopgy vite wer orntr-1led with
hewo stats and vessel ligetion. In oome Inctenes:, anti-heswophilie
gl bulin, & o nvenient el-tting szenty was sprinkled om the biopay
aite. Vounds wers then reeked or wutured to rrevent furthor blesde



inige
2a The i ealne” Nispoy
Ir seven oases, ssmples of Qusdpicens muzels wers - bained un=
doy 1reml yrocoine infiltrati-n rricy € general sancoghects with

Towbutals “ne vep pent proesine hyde o ehd eide with 1 mle of 11 30

000 epdnertrine hpdroehloride odded rop 100 ml. weo useds  In gone

erel, the swount used Moy recduction «f the P14 blook wes I0-20
2lsy and an additioml 4-10 =), eno in esoted Inte the susole sdiaw

gemd 40 the Mopey eite. Thie amumt §s roughly comparable ¢ thet

uvoed in dosal infiltration for humen hicpotes.

The £a1d blogk was seo-mished by ubsutenscus infiltraticn
of rrocaine elong an imspinery cquepre with an area »f ST om?. This
tretmique shvuld enuse ne hermPul offsote to the mucels tioue edfu~
ated helow. After wniting -3 minutes Poy leesl nnesthetie notirm
e bogcme of'fegtive, & skin inciedon wer msde in the mmmop (pevicus=
iy doceribed. After disvegtirn oF whmmw: fat and axposurs of
the muscle, sn additiopl 4«10 m). +f proonine was in soted deep in-
¥ the pavirherel mucele torus. This edditionel rrrenise f0 net al-
ways used in wemn bopesy worke It wee neercsary dn theoe enoen bee
oause ~f the behavicr of the apimals, ¢ fnoure sdequate anesthesie
ond 4 prevent wvemsnt. Gere wno teken to direst the needls -ut o
away feom the vart of €he muvele ¥ bo taken fop dopey. 26 wes hered
by this tecdhnigque ¢ avoid any fiocwe dilution ~f the peplmm. Ml
lowing thds rpooodurs, mucele we. taken in o samner identionl ¢ 4dat
rpavicusly deoaribed.

3. The "fn «ttu" tee'nique



e vr——-

In nine ancoo, the S finel blorofes teken undor gonersl anese
theoia bafore saordPfies of the anfmels wore of the Jartrconemfus mus-
8les. The Pimal nemple, the Oncteconomius on $he oprooite side, was
takon In the Pollewing menner. The incivion wan made in the umml ey,
end the musale exncaeds In eddition, the skin flare end limiting cube
sutanvous tlesuns wore demen buck In crder o sxpose 5o muth < the mune
ole as poosible. A tray of dry loseseotome "muek” and o beakep full of
'm sixiurs wers prerared. The tyay war plaged under the mucels, and
simultenscusly ¢he bealrer full of the minture wa» emptiod cver the muow
clo and famedintely welghted down. In this eny, the ontive aree cf sx-
roned musele was uryounded by the dey foe-sset-ne mixture. Ton mine
ulan wore allomed Oop adequate fressing, snd the fyogen wuscle sample
wed quickly disseoted cut with ehilled beme shesrs, end presepved inm
the usual mermor in ecoled alumimm Poil for dry-lce stopage.

De ‘slogtion -f Munclos

in el pt wnn made ¥ csoure pesimens of A4fPersnt musclas during
theoa exrepiments. An arbitmry distinetisn war made botwoen the "so~
tive® mucolon, whish are srdtmrily s-noorned with hopt burste of Lo
tanis orntreotion, ond the *helding” muccles, whish are acneerned in
reviural minteranoe. Thirty-saven "aotive® musole bis;slas wape obhe
tained undey Membutal ensethenia alone, end thess insluded £{fteon Cued~
rigepo Pemrrie, tw- Plaxor Digitoris, olsven Jastroonemius, end nine
Tricopss The "holding” mweeles oBtained woye PLfteen tactus fhdowings,
thres "atermal Abdemine]l (blfque, and ~me Intermal Abdomined © blique.
In moot gaoes, bokh "holding” and "active® muvelas wers obtained frem

engh anfmle Contrel camples wope shtoined Cop emrartoen ~f 4w "in



situ® teehnique, using the Onsteosmemfus susele, and the “preesine®
taohnique, using the Jwmdricepe Temorie. In six dnotances, ralred
Trioens sam lon wore chisined in which cne seople oFf oagh rair pes
takon with logal proosine infiltreticn, afler gonoral ancsthenia with
Yembuial) hwd boon agevnr 1iched.

« Dupetion of inesthosis _

In opder ¢ dotermine ths possible af'feets of extended durstion
of shoethesia, sawplens wers taken at varying interwnls uwp ¢ =ix
fhours Pallowing indvetion. &mﬂ%”.““m Hombutal wae meintsined
during theas rerjode. Intoryals varied Peom 48 ¢ 200 mirutes bee
tween anrelos,

"o Cghoms of ipalysis

Husele samr:les wore ammlyssd e incpganie (Meuphete, craatine
phoerhete, reaven minute hydyo lyasble rhoorimte Peacticn {whioh in-
eludos AN emd AT}, total nold ecluble phoaphete Peaotion, t-tal
vhosphrrue, dry weight, ersatine, and nitrogon. Im nome gaves analye
sa8 of $he pomeonllagencus pretedin frection wors earsied ~ut.

X. poreretion of Piltvate

Round-botiomed 12 nl. genteifugs tubes, ontaining 2 wl. of 100
triohlorengatia acld (702 ), and Fittad with rubber 540 pers, ware
pagind {n dry doo for ten minutes. The tubes were wired fres of age
esve wolsturs, welighed gulekly, snd pepacked in dry foe. Tiosues
wore sliged with an apraretus uxxwmm In "late L. Tt expeisted
of 2 wotal plate Pittnd with & moveble sdeoe of angled sluninum
rlnged on o oontainey rartially £1l1ed with dry f0e. vaighed tubes
wore incepted through the hole dn ¢he plate o rest on the dry dee.



TLATE L Thia 41lusteates the technique of slfcing the Ppoe
zen maole { 100-200 mg. samples ). The musale 40 held dn the
engled alunimm through the hole with the lefe handy sliene
are out with a sharr biade ints the Prozen tube which rests
belows The sngled alustmum 4 koot oo} by dry foe rosting

on it.






ho

The susele sam-ie wae held {hrough the cpening in the angled alusd-
mm end canples welighing 100200 mg. were o11ced with a rezop blade
directly into the mouth of the tube. | ince brief orntast with air
onussd eondersation of modsture om the Yisaue nliess, vemylos were
eldond quiokly. Any odharent pleces »P tiseus wers wired fronm the
mouth and cfden of the tude with Pilter papsr, the ctoppers were
thon reclaced, and the tubes verasked in dry foe fop a Pow minuten
o incure adoguate freesing. Tubeo wers guiokly reweipghed snd re-
rleged In the dry doe.

An emah eamrle was uuua‘. one or twe sliess of tfoour were
rleoed on o »lide, stxined with udan 111, and exnained under the
diosnoting miarcseore for astimtion of fet o-ntent. 0y on arbi~
trary sethnd of fat greding In veo in tids labowatory, ssuples vepe
olaveified an O= 1+, Y= 2¢, and 24- 5+ for fet.

The woighed frrsen tisoue wer triturated with & footed glase
rod efter mofstening the Siseue with % drors of enld 200 202 ( late XIX).
hon the tismw had hetn rertislly bdroken ur in & wif rm menney snd
avpasred wat, 1t was worked ur the vide of the tube with the rod,
snd then refyrmen in dry 108. 4 seornd trituration was dope ¢ rule
varise the Progen ticewes e gluse red wes rinced with 7.8 xd. of
107 Y0A, mking o tetal wolume of 10 mle ("late TAL)e The rubber stop-
pers ware replaged in the tubes and the tisruwe housgenates frogen and
thawed thyes tises with intermitient ohaking. Aboud ten sdnutes was
allowold 4o comolete this peogens. The tubee were placed in an angle
eontrifuge end srun down at IB00-200C ™o fop 2 40 3 minutos. The



LATE X Afder the Progen nliced mutels In 4he tube lus

ssan wolgiod, 3 drepe of 107 TOA are added. The tienwr Is
then orushed mith e Tooved glaes rade The opigirael T ml.
of WS TCA sre frozen in the bottom oFf e tube, with the

e gle tizene resting on Bor.






AT IDDs Pellrwing Sritumtion, 7.8 m). of enld 100 108
ave sdded to the minved mmale for axipaetirn of L4 surele
vhosvbatess This tube will be frozen and thawsd Siree tines

i~ agsure doruption of ¢he oells.
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supernntant *luld wee then Piltered through Thetmen © 42 filter
papor intc tubes m:@.-&m on dpy fo8. The Ciltvete waz voed fop
the doteruination of incrganie rheschate, oreatine phosphate, AN
and AT, totel oreetine, snd the total mold =oludble phesphate Frage
tione
T Chomfosl DNotermimations
As Incypanie Chonpinte
Ieagipdtation of the fncrganie rhosphate wee oarried out ag-
pording & the wethod deceribed hy Poske and ubbaitew. (3)
Heagontat
{1} Celetum shlopide reagent. 107 Coalotun ehloride { 153 gm.
CallpeRtip” dim 100 ml, A8rtidled wmatep) smturated with enle
eium Yydpexide and allowed 4o ntand overnights
{(2) 20 Kym"ﬁ. S gme Yo i in 28 ml. di0tilled water. Yade Cresh
avery twe weoks and atored in o reraffin bettls to provent
#1lleate omtaninetion fe-m the glass.

{3} 107 trionlorcnontio aold { T0a )

(8) "renclphtialein dndiestor. 1 gm. chemclphthalesn in 100 wi.

of 9%l aleohrl.

Metheds Thres mls allquete of enoh semple of Piltrate, pirotted
immedintely won thewing of the frogen filteate, wore rlaced 4n 15
2l gradunted conteifuge tubes, and 2@‘}}’ Yo' X wne added from o onpe-
flinry pipstis until the Piltrate was alisline 4o phen-Ydphthalain.
‘o drop of indiestrr was added 4o cach tubese The nolution was thep
maoketitrated with 107 m& wntil & Yipghe pink eclor mes ohtafned. A
hlank e ntaining 3% ml. of 1008 70 was treated in the reme manner as

the PLltrates Afer neutyalizetion, 1 mls of 109 eelcium onloride



e |

poagent was added and the sides of the tube wore rubbed with

glann pod &0 initiate rreefritetion of the {norganis phoaphate
feaction. The spentine shosphmte rewsine in volution undsy these
gondftdons. The oalolum selt of AT, ehieh 1+ formed under the oopre
aitione of this dotermination, Yegine to deteri-rebe afier ton sine
utes, libepating incrgente phoophats. Por this pescon the semples
vere nllowed ¢o tfand exactly ten miwutesny the glars pode wepe then
Finoed down with d:481lad untor end ramovede Tubes wore centpi-
fuged at 3000 R'¥ for &4 mimutes, decented, end the rrecipitate
warhed with & ml. of d{stilled water and 1 nl. of the calofum chlor-
fdo reagorts mmples vers then recentrifuged and drained a second
timge The s;ani'ganic rhrarhate preeipitats whioh vemained wes dive
solved dn 2 m). of 10F TOA, 2intilled water wan added o make to

10 ml., end the rhosrhate eontent was determined by the Gomerd wethe
sd &~ be deveribed.

8. Oreatinve "hocphnte ,

Teo nls sliquets of the Piltenten ware ;fretted inte 1% ml. grad~
unted sentrifuge tubes, wede wp o 10 al. with dfstilled vater, snd
the phasphopus e-ntent determined. Teo ml. blenks of 10K T0A ware
trosted simtlnely. The difference between thw imcrganie phrosphate
rreciritated by calolum chloride and thw phoepherus found dn the TOR
riltrate was talen a0 the oreabtine phosphate phost horus.

Ce AD" and ATI

The adensaine diphosphate plus adencsime i hosphate Ppastion of
the TOL P1ltrate was Poumd by determining the rhospimts present afe
tor o savan minute sedd hydeclyede { 300 € 4n 1 ¥ O ) end thenm



subtracting Prom this value ¢he swount of phosphate dn the TOA
Piltrata. “ne mls aliguote of the samples and 1 ml. of 307 TGA

az & blank wore yipetted ints 1% ml. gredusted cemtrifuge tubes,
Gl 2} 2P ooneomtrated HOY added o cach, end the volumes mede wp
o 2.5 ml. with d4sti)led weter. The tuber were coveped with mare
hlaue, viaced in 8 bholling water bath Pop seven minutes, and e-~led
in running ter watepr. The volume wer ad usted to M0 ml. with die~
ti1led wntop and the phosrhate erntent determined.

te Deteruination of "hoarhate

hasphede wee dotorsmined mzf- rding 4 the methed of Gomord. (r8)

Ranpant oy

(1) olybhdto=mulPurie reagent. Ufx 2 volumes of o OF sole
ution of sodium oo lybdate { Napito g» 2020 }, 1 volume
of 10 B sulfurie seld, and 1 volume of dictilled satar.

{2) nadueing solution. 1 gm. Clom { pemstiylasinophonc}
sulrhate } in 100 wls of & 3% solution of sodiuws bi-
sulfite.

Methndt 2.9 mle of molybdie-sulfurie sefd respent and ) ml, of
reducing o lution wers added 4o sach tube ocntaining 10 nl. of wole
ution feom the three procsdures aboves The wvolumes weyo made up %o
I8 ml. with dletilled vater; and the tubes Pitted with ¢ight rubber
atrrpers and mined thopcughly by dnveriing thems ‘Haxfmum optieal
donaity of the solution wae reached in 3% wminutes end remsined stable
for an additional 48 minutec. The solutiome wepe tronefepred to 10
mre cuvettes and wead in the Ooleman undor  peatrophotometer ad

GO0 mus Tash cet of sarlse was pend with 140 yerrestive hlank ret



ot 1000 tyanenfonions The mge of phosphorus san detornined from o
salibration curve made with ¥ig4« Complote sdhorents to Neer's
law vae Pound in ccnoonteations of 0.008 to 0.08 mg. of phosphorus.
Condoulntions g~ /100 gn. ticwve_ me. U (semple) X x 10
Tieeue ot ¥ ml. Pllteete
"o Detornminetion of Total soid Uoluble "hesphmte
The t~iel soid soluble plesplete popresents the inopganis ;hooe
rimto, orentine phospimte, AT and AD , snd hexoes phospladen. J4
weo determined by the fellowing teolmiques
ne mls of the *0A f1ltrate wss piredied Ints e tent fuds, and
0.28 uls emerntrated vulfurie neld and fNomgar granule wers added.
Tuben wope heated om the ¥'eldahl resk untll the sclution beswme
slightly brown, with ssgnpe of shite fumes. Four dropo of % hydeoe
gor: reroxide were added und samplee boiled for %0 minutes. Tubes
vers oooled, eppronimmtely S ml. 4854411ed water added, end bHodled
for Plve additional sinutes ¢o olear the solution. ‘amples wors then
goolad, diluted ¢o ercroximmtely 20 ml. dn genduated oylinders, and
S ml. of rodium molyddate resgont and 2 nl. of Ulon added 2o sesh.
The solutions wors diluted ¢o 50 ml., well wined, and allowed &0
ntand Pop 45 mimiten, Oolop development wao yend at 650 mu. ‘ach
sample was vun in duplicato with o eonmtrol vempls.

Galoulation: mgs = Wﬁ_@
Yo torge wh.

Ps Detepuination of Creantine
Remgentas

{1) 3, Sedinitrobonscie seld reagent. 28 ul. of 107 squecus sole



&7

ution enigdrown Nagls wan added nlowly with eonctent mixing

to 10 gme 5, Dedinitrobonseis acld. 78 mle dlotilled water wan

add-d ond the nixture heated %o bofling to dissclve the solide.

(2) 3% haH

() 1w mo}

(h) 308 TOA
{8} “tanderd eveatinine sclutiom= 10 mp. cpestinine/ ml. in
0.1 B H0Yd  Dilute working stendsrds O.0h syp./ml. and C.01 mg./ml.
in 0.1 ¥ 101
Urratine was dedorminsd secording ¢o the method of langley
and Tvans. (76)

Hethedt “ne ml. aliquots of the 704 extrect Piltrate wers diluted
to spproximmtely 3 al. with diotilled mater and the tuber oovered
with aluwdnum fodle The tubes wore sutoclaved in @ precssure ocoke
ar at 1020 pounds steam rressure fop 30 mimtas. They sere thon
eooled, and 6 drops of 3 N MalH added 45 sach. Camplen were diluted
to 10 nl. with diedilled water, and 3 nl. of 35, Oe-dinitrobomscic
aneld reagent quickly ndded, follewed by C.b mle 3 M Na'lHe The sole
utione gere diluted to 15 ml. widh sater, mived thopoughly, end
roured Inte puvette tubes, fecsuse of the riotosensitivity of this
renction, tvhos were sllewed %o stand 4n e derk placs for ten mdnutes
2o slliow eclor dovelorment, end rosd lomedietely spefnet a eonteol
end blank st 40% mus A 1 m)e aliguet of 0.8 wge standard creatinine

wer run wlth enoh net of determinaticonn.

Calovlations et & 1 % 1.16 = mps orontine
% ( fnatﬂrs X tlooun oh. s

- ﬁmm:uﬂan nf Uey Velght



fommining mecsle tisrus was ellowed to thaw auickly, and ¢
into smell plegee wmder m divsecting wicrcoroupe, eave balng e on
tn rances uil shvioun fat and gross eontesimnetion with sommestive
sireme. Thie ryrendure muet be dome quiskly, 5o that the thawed
mmole sample has mo oppartunity e lose Pluld by evepvyation.
Lengthy mardruletion of tissus predisposes ¢ high dry welghts.
Thase piscss were plased in rre~seighed =ample bHottles and put ime
mdfetely into an oven maintaining & temcerature of erproximately
00 0. Tops weve vomvved from the bottles during the drying perind.
Aftep 25 hours o longe, camples were rewoved from the oven and
veighed. The rer gemt dry weight of each saemple war enloulsted by
differonce. \

le Teoimique fop Detopminmtion »f Total (hoerhorus

The total phrerhorus peprecents the seld ocluble Practions of
mrele rhosphepus plue phospholipide and phosphoppoteine.

Vethods 100200 pw. camplee of dry tiseus wore weliphed out in
presweished hosting hottles, 2«% ml. of 4istilled wator and } ml. of
eoncentreted *ulfuric aoid and a Venger zrenule were eddeds. Tubes
woye hegted on & ¥ eldehl yaok until the solutisns beceme brown,
with ostape of ghite fumen. Piftaen drops of % lydragen persxide
waye added to elenr the solutions Sanplos weye rehentsd and addie
t4onal hydrogen peroxide added wntil the sclutiomn beonse olear.
Aftey ne oolopy tmd developed over a pepiod of thirty minutes haate
ing, and e solutions beeswe turbid, the hotiles were sonled and
&«7 mle di0tilled water added. The samplae were then bolled B wine
wtos ¢ alear the solutions, evcled, and diluted to 25 ml., After
thorough sixing, & ) n)s aliguwt of sech sclution sas pipettsd into



e —

by

a 1% ml. grdunted contrifuge tube, dijuted ¢ 10 ml., and phous

rhorue deterninsd as previowly doocribed.

= iﬂj E tiasuo wte

I. Detarnimation of Total Mitrogen

-

Unloulationr  mg.

Total nitrngen une determined by modifiontion of the methed of
Ainetmrt, Orondahl, and veot. (77)

Reagente ¢

{1} 0.01 » 101

{2) 10 ¥ Yo'y

{3) Boric naeid 20 }

(4) votlyl vedestiylons blue Snddemtor { & dpore ved to ome

drop hlue ) |

Nethods 4 ¥ mle alfquet of the solution used for the deteruine
ation of totel pheaphorus wes plnced in & ¥ sidehld flack with a
Fongay granule end © wl. of ds4illed waters The ¥ieldeh) flask
wne attached t¢ a vaouum dletillntion apraratus) the yeseiving
Plask eontained 25 ml. 2% borie acld and 8§ drops of methyl rede
motiwlons blus §ndicatopr. | A vasuum pusp wat attached and the oye-
tonm wne avasusted &> 20«%0 mm. woroury. The veouum pump eus de=
tncted, and 6~7 wle of 10 W ¥a Il weve added 2lowly ¢ the ¥leldenl
flask through o stopesak without bresking the vaomm. The £ el
dahl Plack wae rlened dn & bolling water hath for 10 sinutess dur-
ing thin peprled, the 1itersted amsonls from the ¥ oldahl flack was
eolloctad in U receiving flask, shich was oooled by & e-ntinuoue
siream of tap waters, The yeoeldving Plask wes then removed, end the
solution badketitratod with C.0Ll ¥ NOY ¢0 o rink end point.



Caloulations mg. ¥/ mg. tionus _ X fach:
tivawe wi.

7o Doterainetion of Non=Gollagensue potoin

The nem=oollagencue protein was detormdned socording to the
mothed of Liliential ot o1, (78)

Reagontas

(1) 6.0B % Ma' K ‘

(2) Biuret reagemt of Pelehrolbemume O3 Ow 'y C.0F Ya and

D teortrete, and O KY dn C.2 W W' R

Hetheds The determimation of poneosllagencun ;rotein wae made on
the TCA rrecipitnied mwale. The precizitated ticoyes wepe washed
with d1s4211ed wator and the surernatent carefully remsved, 0.08
W Ml vme added %o make a 10T weight $o volume colution. After 18-
20 hourn at poonm tempereture, the Na'll extrect war Filtered fyom the
inecluble aollsgencus protedn recidus. The peotein sontent of the
sxtrast was then detormineds Two mls of $he extract, 5 ml. of 0.08
N Fa'fly and 8§ mls of the bluret weapent wers placed &n 2 suvettoe,
pontly uixed, and insubuted fn & waier bath at 30 ¢ for thirty wine
utes, and road st OFH s in thm Colevan Junior Cpestrophctonmters

Coloulstiont gme ¥ protein =

el
X ticoue wolight




B)

RUGULTS AND DIROUSBIONR

T. Interpretation and Analysis of Data

The Prllowing determinationa were perforned on ench sample: ine
organis rhosphate, oreatine zicephate, ATP snd AP, seven mimute hydro-
lyaable phosrhmtoe, total asid soluble phosphate, Wwtal phorphorus, total
altrogen, eveatine, dry woight, and in some onces, mon-e:llagensus proe
tsine In nddition, the peresntage of erentine bound as ersatine phope
rhate and the ratio of sreatine phosphate t@ noneosllagencus protein
wore enleoulated. Infiliration with f24 or oomnestive tinsus ineresses
proprrtionstely the dey welipht of tiesue samples, while dilution with flu-
$4 desvensss dry weight. The sreatine phosphete to non-collagersus pro-
tein ratio apposre to be relatively constant in nerwal mmeelep 4t ia
prineipally of use 4n the shudy of discresd musole or mussle in which an
sbnoymal bioghsmienl state exiate.

411 reosults wers wrraeim. priocy %o amalysie of data, to a dyvy
wolght of 24.70. This welizht wae arbitrarily dotermined se the mean value
of the dry welghte of ssuplos fyom the first five experimental animale.
Fach growp of muveles analysed, ewclucive of the samples taken under pro-
eaine anesthosin and the samples with high fat ecntont, 9'wwed Wn dry

welghts which correlated clacely with this velue.

TN« Compurisen of the Riopriss Obteined ¥ith Progafne Anssthesis snd MVeme
butal Apesthosia

Two growpe of muselos wars studied: Trioops and Quedrisceps Femoris.
In esoh group, mucclos werso taken uoing procaine infiltvation end Vspe

butal snesthesie. “even Quadricern susoles wore sbtained by proeains in-
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Pi1eppti-n Yaleps poneral anec-therda with Fembutal war induced. Moup-
goan camlar of Quadeisers wers ~btsined aftep Nombutal anectherie.
The pooults are sesconted in Tahla T M0 cignifieant difPerence
wops found batesen the tw- grour . The erlterion ~f ignificencs dn
thir labewmtopy §¢ P (0. “ma oF the ‘ampler taken under rr-esine
Inflltraticn howed merked devistion from the cther member. of the
groune  In thic cample, lower valuan wers nhtainad for inerganio
phecovhiste, areatins pheorhata, 21T and AD0, ceven sinute hyderolys-
phle phevrbate, total soid oluble yhroshate, erestine, and non-
e-Negen-us rpstein, A1l of the s determineti-n: weps perfopmed on
the P41trete Prom the met wu ols hruwsgemate. The nitergen, 2ol
rhoorhopas, and dey welght ~f thic amcle, rerfousd n dry tioowe,
wore within the wunl limite. ¥t 40 Peld thmd thic Al erevaney o=
bably reflect: a saetis) tiioue ilutdon with the rpoeonine o luti-n,
whioh wao mod smvked dn the rordicon o2 Lhs sucolo which wae uied
Py the Pilépate rearapsticn.  vidently the remeindey 8 the mu ele
ramie weo mintme lly affocted.

Takla IT hewe a gomeaprtinn ~f dhe Tedesrs macglen. The Tirst
growp endste of cevon comrles which wers Mained with recouina in=
£#41eration Prm snteels whioh hed been srevicusly ane thetized with
pambutal, erd were meipteined under gormpal ansothacia during the rpoe
ceinn birreles. tThera mmplac mizot be prushly e-msaradle & camples
taken Prom hman: in which srdermts 4 henvy barbiturete ;re-medlon~
ticm had hese wood. Fins cameler weps taken under barbliurets aner-

thaida alene, Be cigrifioant differonce mas found betwesn thers teo
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prourey, avd no unuianl velues wore chitnined in «ither ¢ha Newbutal
or preceine biopsies whioh wmight cuggest tocwe dilution.

Tt nppesprr Prom the above resulis, that the metheds of smesthesle
yred were comperable fpom $he stendicint of hicehenieal enslycis.
1% §0 sloo rendily evident that eareful srntersl of the teehnique
of rrocaine aduiniotration Io an fmvortant factor in ssouring ove-
rareble reculin,

O, Ceaaploon of amcles  Bleined under Vombutal fnacthenia o
Diffepent Durations

Prp the seke of clarity, ond in crder 0 includs as many vam-
pies as ponnible, ramples geps divided inte thpee eategoriess (1)
throe tmben iméiltnly aftoy Enduction end w 4o 00 afnutes al-
bop indugtion +F amertheciay (2] throe taken between 100 and 200
minutes ollowing induetion of emecthecday (%) thore tnken after
wors than 200 minutes ef'ter induetion of anesthecia. | leven muie
eles ware inoluded in the Piret growr, ton museles in the seeond
groupy and five pusoles In th« third geowws ALY muceles selected
fop thiz ¢ merison were “sotive” mureles. Yo wiznificant A1ffer-
snone wers Pound betwesn the muselen taken in the Pirvt pericd snd
thors taken in the latey pepiode, { Table 1) Under the conditions
of hfn sxperimont, barbiturstes do not appear “ignificantly 4o ine
flueree the hochemionl ~tability of skeletal musele over e iongsd
poprdods of &ﬂnib&ﬂtmtﬁn. me mennured by the teghniques in thie
Inboratory.
££. & Comparivon of the *Lotive” and "olding" luveles

The arbitrery distinetion mede between these two groups of sure

¢les hae boen dosepibed previounly. Thirty=veven aotive muselas wope
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grmpared with ninetesn holding mweles { Tadle IXje o rnignificant
difforences were domonctratad hetwssn the inopmanic phesybata,
oreatine phrarhmta, tetal nitrogen, ercatine, ser cent bound prese
tine, moneoollugernoue yotein, and crontine v’%m--‘s‘xase o noneonlleg-
encus protedn retde. The levels of ATT plus 4DV, seven mimste hy~
deslysadle plvosphate, total seid sciuble phosihate, and total rhoee
yherus Precticns of the helding muvelen w@n elenifionntly lowey
than those of the aetive ml-wv!em The averags dyy welight of the
helding muceles sar sipnifioantly higher thmn that of the aptirve
muvelen. In exanining the individual museles o mprining sach seprien,
it n" e tod tmxl the holding mucoles erntained a =uoh higher rpoe
rorbion of M- fad samples then the sctive muvgles. ix of $he
nineteen lding muceles wore in thic emtegory, s orwmared to three
off the thirty=saven astive mucalos. Therefors, in cpdsr ¢ datop=
mine what vearistions sight be due ¢o difforences §n fet e ntend, o
gompapicon of veven tamples geaded M2+ fat with nine cawples graded
fetp fat wae dore.

Table ¥ vhows thet r«m;-hr; graded 24=%¢ fmi diCfay 2ipniticant~
Iy frem camclen graded H-2¢ fat &n ATY plus 200, 4o4a) mofd woluble
pheophnte, and $2%e1 rhosrhorus. In eneh orce the M3t samples wore
eipniticently lower then the o2 samples. Yo oxr lonsticn of thece
neparantly randen 44Pforences ean be offered, but 4% ervears evident
that some of the differonce hetwosn the setive and W iding museles
vdght be excladned in thin rertioulay sertes by the higher fat cone
tont of ¢he Molding Qufschz:‘

In order ¢ demonstyate whether op not all o2 ¢his of "sot was
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due to high fﬁt gontent samples, active and mldw mieles wape
eompared agnin, exoluding the 24« 33fat sanplss from wash Eroup
{ %able TIi. Fven without the high fat ontent semples, & highly
nizni”icent d4rPorence in the AT7 plus AN pentent of these e
groups s evidents The holding musoles had & sipnificantly lower
AT” then the aective mucalen, and the A1Prorences bhetween the noven
minute hpdrolysable phoorbuts and total phosrhopus, whils reduced
sotpwhat by the oxelusion of tw semples of Wph fﬂ. sontent, are
ot411 sugpesidve of & peal Aifforence. { 7 (.m P01} The signife
fivante «f the differones in Lhe AT sontent ivy, in faet, even greste
ar in the mwales in Table TX then when thw fat samploe sve inelu-
dod { Tehls IW). Thie Ineresse in sfgrificance §: exrlatnable ;by
the Taet thet the standerd opror of the 29T Pfractions 4= deoreesed
by the exelusion of ¢is high fat sum:-,!.n» he spparent difference
hetwoon the aotive end olding muceles in AT lavels, witheut L
condtant change in the oreatine rhoophate lovels, eannot be roade
tly explatned. '

X & Crmparivon of Tan Vethoade of Moraping Gastroonenius Musw

elaa

The tectmiques used fop pprouring Tastroonemius ramples have

hoen desortheds A oomparisom wan mmde of nine mplee obtained by |
the "in oitu” tecimique and aleven musoles chiained by the ~tendapd
surpicel bicpey tectnigue { Table TXL)e The twe growne sy S0
e eomparable 4o smeh sthey, cinee ne signifionnt d4PPerences vore
found Por any of the anmlyssd compomente. ¥t may be soneluded that
sdegunte oomrarebls rresorvation of the mwelp my be nohdeved by
efther teginique, = long as reczing in effiolent.
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mﬂﬁﬁ ﬂz

1. The ofects f Vewbutal snectherda, rreesine snecthe fa, dursiion
of apertha-la, murele soleetdom, and teehmious of biorsy “n the high
energy rhrorhate fracticns in the surelas off dogn nan beon invertls
geted.

2. Yo cdpniffeent difPerensas were Pound botwesn any ~f the Frao-
tirne enalyzed in ormparable mucelec tekop undor Dombutel ensctherds
and thooe taken with yr-esine inPiliraddon.

B, Mo dgndfiosnt €4°feronge eould be demon treted betwoon mislon
hiipodsd coon after induction of anvrtherfs with Veombutal and thore
birpried ot warying tng-*rulf thupoafior.

b, & vignitficant d4Pferones between the nolive snd holding wme eles
par deprnctratsde Thopo was 8 lowoe Yowed of 477, sovmn minuts hy-
dr-lymshls rhnorhate, t-tal sold +luble pheorhage, snd t-tal vhooe
rhmpge in helding micelse.  The dry welghto wore ignif’hmntly. high~
or in the W lding su eles, The o differences mey be rertially ox-
rlained by the 44fevencer In Pat contemt botwoen the tws mu cle
geounne A rignifienntly lower lovel of ATF in the holding muieles
wan demn-tratsd which ould n~t be oxrloined by diffepomesc in fat
gontont.

9. tuseles graded 24«5+ fet o ntained dgnificently lower 177, to=
tal nodd -lubla phoorhete, snd t-4al oh -I":'g'u: Preetione than su«
oler whieh were gradod MH-04 Pet. High fet o ntont sopoar 4 be oo

~oalated with unrelinble porglén,



Td

6. Mo diffaronnar wers Foumd dn anp of Yo Practionc spelymed, bee
teoan s oalar “htained by the tandapd wrglioal b~y epd thiee fp-
arn fn It
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