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I. INTRODUCTION

The blochemistry and physiology of the nitrogenw-contalne
ing compounds found in muscle tlssues have been studled with
increaging intensity since the sarly 18th century. These
atudies have evolved into our present-day knowledge which ine
cludes th@ angwers, wholly or partlally, to many previous
viysteries, such as: the isolation and characterization of
many of these nitrogen-containing compounds; the mechanochenm-
istry of contrachion; the effects of the balance or imbalance
of non=-nitrogen congbituents; and the great importance of
mebaboliam and the dynamle state of all components. In ad-
dition, ﬁh@ effects of environmental stresses have shown
that the chemlstry of muscle tlssue ls well balanced, a cone
dition that 1t is imperative to maintain.

The effects of some of ﬁh@sé oubtside influences must of
nocessity be studied with dead muscle, ag coupared with physio-
logical muscle. When such factors as high and low lempera=-
ture effects are studled, isolated muscle tlsgsue 1s more practi-
cal. Controlled autolysis studlies more clogely approximate the
physiclogical situation. In feeding experiments the effects
of such envirormmental factors as dlebtary deficlencles proceed
in the living tiesue, In the interpretation and correlation
of the deta obtained with living and non-living tissues, the
state of the muscle must be kept consbantly in mind,

Vertebrate striated skelebtal musculature is sufficiently

ginllar, for example, in load-work, resting btension, contraction



gnd chemisgtry, from speclies to speciles, to warrant campariséna
of date obtained from various enimal sources. Therefore, this
study has drawn upon several vertebrabe specles to provide a
variety of muscle tissuesg, for example, fresh and frozen beef
and chicken; fresh puinea pig and rabbit; and canned meats of
different kinds, iIncluding fish., This procedure has aflforded
not only a wider view of the muscle chemistry of vertebrates
but has prepered the way for a more careful study of gome
species which are subject to some of the environmental in-
fluences to which man is subject,

A deficieﬁcy‘of elther vitamin ¢ or vitamin E may constl-
tute an environmental stress which is known to affect skeletal
musclé, in securvy and dystrophy, respectively. DBecause pro=-
teing are highly significant in muscle tissue, these nitrogen
coupounds, their wmetabollc enzymatic degration, and their
frectionation and identification have been studied, in relaticn
to certaln envirommental factors, in the investigations which

are herewith described,
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IT, HISTORICAL

The following review of pertinent literature will be con=
cerned only briefly with the yhysic&l structure of muacle, and
will deal mainly with the chemical mekeup of muscle tissue and
the means by which these constituents may be altered or af-

- fected in certain vitamin-deficient states, and by various
treatments such as heat, storage, ete, Wherever possible,
citations presenting information concerning the physiology of
skeletal muscle, under some of the above conditions, are in~

cluded,
A. The Structure and Chemistry of Skeletal Muscle
1. Struecture of skeletal muscle

Balley (1,p.18) has stated most aptly that

From the modern standpoint, the chemistry of

contraction is the chemistry of the proteins

compoging muscle, and 1t 1s not possible to

conslder the proteins of muscle or of the

Libril without relation to the mieroscople

or submleroscopiec structures found in cone-

tractile cells. |
The protelns of muscle are influenced by envirommental factors.
In the living muscle the protelns are in great flux and will be
affected by stresses of meny types. It is strongly suspected
that the enzyme systems In muscle are most vulnerable under
stresses such as invading organisms, excess activity and
fatigue, and the adequacy of the supply of chemlcal compounds

which the muscle regquires for normel functlioning. These enzyme
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sysﬁemﬂ,éré belleved to affact the proteins of muscle even after
the anlmal 1s no longer alive, as ﬁsmenﬁtrated by such phenomena
as autclﬁtie‘éh&ng&a«aaﬁ~rigar,mnrtiawiﬁ,ﬁ,ﬁi,iza}. Therefore,
it is qulte reasonable to study musQXa'pratain in living and
ﬂﬁn»iiviﬁg grayaratiana,hﬁlﬁ.uﬂﬁérfeenﬁrella& conditions; and
quite raasénabiﬁ»tﬁ suspect that some correlations may exist
between the chemistry of muscle in a living animal_éxymsed to
envirorméntal stresses such as deficiency diseases, in which
the chemical balance af the tisgsue is upsget and diminished cone=

tractile peﬁar,raauits, and the chemistry of muscle from that
animal after‘daath.

Before considering the effect of these stresses in relatim

to the metabolism of mnseia protein, it is desirable to pre-
sent a brief survey (2,3) of the structure of skeletal muscle
and to characterize the proteins which have been found, A
muscle studied microscopically in cross section will be seen
to consist of bundles of muscle fibers or fascliculi. About
each fasclculus is & sheath of commective tissue, the perimy-
up of all the faseleull,

siume The entire mass of muscle, made
is surrounded by a strong connective tissue sheath, the epilnye
glum. The individual fascicull may be irregular and manyw
sided when viewed 1n cross section and may vary quite maricedly
in size, Within each fasciculus are the musels fibers, as
illustrateﬁ in Flgure 1, which shows two muscle flbers from a
rabblit. In A, the fibrils are uniformly dietributed; in B,

they are aggregated into groups. In microscoplc section, at



Figure 1, A B

Figure 2,

Figure l. Cross section of two striated muscle fibers
of a rabbits In A, the fibrils are uniformly distri-
buted; in B, they are aggregated into groups (Cohne
heim! & flelds)‘ (Maximow=-Bloom) .

Figure 2. The separation of a muscle fiber of a rabbit
into fibrils after treatment with nitric acid, (Maxi-

now~Bloon) »



laﬁst, these {ibrils appear to be irreguler rather than cire
eulayr; however, in unfixed material this mey not be true (2,3).
Within the fib@rsvaaeaaimnal nuclel are visible; in memmalian
muscle these nueclei are close to the periphery of the fiber,

Each muscle fiber is enclosed in a tubular sheath, the sar-

colemna, which some suthors regard as & product of the cyto=
plasm of the mmuscle cell, while others believe 1t to be a grcw
dust af the connective tiasua surrounding the muscle fibers.
However, its chemlcal reactlons are not the same as those of
collagen and elastine, The fibers may vary in width from 10

to 100 u, Within the sarcolerma can be seen the fibrils as
shown in Figure 1. The gratspiaﬁm-wﬁigh.s@p&&&t@s these
fibrils is relatively undifferentiated, and is termed the sare
coplasm, Some hilstologists group the fibrils into sarcosiyles
while Gﬁﬁﬁ?ﬁ congider the "sarcostyle" to be synonymous with a
fibril,

A muscle ls essentiaslly a fibrillar structure. When the
musgcle is éap&raﬁaé aarafuzlg it can be dissected progressive=-
1y iInto fasciculi, fibers, then into sarcostyles or fibrils as
shown in Flgure 2, which illustrates the separation of a rabbit
musele fiber into fibrils. It is believed by some that the
fibrils which appear in fixed preparations bub are not always
visible in living uninjured fibers may be artefacts (1,2,3).
| The longitudinal sections of skeletal musalﬂ Br'S MOYEe Te-
vaalihg. Viewed in this fashion many nuclel are visible and
the aress_atriatiana appear very plainly, both in gections of
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whole muscle or in isolated muscle fibers, When the muscle is
not coniracted, the dark and light bands may be of equel width,
These dark and light bands are termed the A and I bands, re-
spectively, Vhen muscle filbers ave examin@d under polariged
light, the A bands appear doubly refracting, or anisotroplc.
This ia believed to be the result of the presence of doubly
refracting filaments aligned in a parallel fashion. The I bands
are lsobropie and appear dark, TFigure 3 illustrates these
pointsg,

Blochemists and physiologlsts have employed some of the
phiysical properties of protoplasm in elucldating the structure
and composition of muscle proteln, Of primary lmportance is
double refraction or bilrefringence. |

This physical property may be described briefly as follows:
When, upon pagsing light through a substance, the index of re-
fraction is different In two directions, the substance ls sald
to be amiﬁnﬁrﬁpia§ When the index of refraction ls the same
in all directiﬁns, the substance is lgotroplc,

When a light, either ordinary or plane polarized, is
passed through an anigobrople substance, the beam is broken
into two rays, or doubly refracted, The itwo beams emerging
Irom such a substance are plane polarized and the planes of vi-
bration are at right angles to each other, Light whose plane
of vibration la parallel to the optic axla of the substance is
called the extraordinary ray; the light whose plane of vibraw
tlon 1s perpendlicular to the optic axls lsz lmown as the ordinary

TAT e



Figure 3. Stained longitudinal sections of portions
of muscle fiber of man, T., telophragma; I.D., in-

tercalated disks. (Jordan: Anat. Rec., 16:203, 1919)
(Heilbrunn).
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If the index of refraction of the exbtraordinary ray is
greater than the index of refraction of the ordinary ray, the
double refraction is positive; if the reverse is true, the

double refraction 1s negative (3,4),.
| The muscle flbers are often free or they may be joined to
the collagenous network uniting ultimabely with the tendon.
The length of the fiber may very from 1 to 40 mm, Of the total
mascle, the flbers comprlse about 85 per cent.

According to $zentnaygrgyi (5,8} the diameter of crossg-
striated marmallan muscle fibers is about 0,1 mm. and each
fibor conslsts of many {ibrils of sbout 0,001l mm. in diameter.
Tlectron microscope studles have shown that each fibril 1s come-
posed of atill amgll@r filaments. Filgure 4 illustrates a
rabbit fibril (6,p.28)

loosened bg'ﬁu@efaenic‘vibratien inte a very
great number of gmaller filesments, many microns
long, which were thus running continuously
through a nmudber of crogs-sbtriations « « « o

These filaments are belleved to be composed
of a positively doubly-refracting protein,

One of these lsolated [llaments lg shown in Figure 5,
£+ HMechanochemistry of muscle

As stated above (1), the chemistry of #ont?aﬁﬁicn is
possibly the chemisbtry of the proteins found in the muscle.
It is believed that the proteing functioning in contraction
are found in the fibril, with the A 5&&&3 contalining the ac-

tively contracting agent and the I bands withstanding the
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tension, Electron microscope studies have shown that the sube
microgcoplc elements Qf the A bands are aligned parallel to the
axis of the fibril, The optlcal anigotropy of the A bands also
indicates this (1),

Proteins play a dominant role in the various theories of
the mechanochenistry of muscle. Ingelhardt (7) believes that
certain physical changes In the contractile substance are in-
duced by chemilcal agents which are produced during the funcw-
tional metabolism of muscle tlssue. IHe emphasized the combinam
tion of adenoginetriphosgphate with myosin to form a complex of
ﬁhﬁ enzyme~gubstrate type., He believed that myosin was the
principal compound {or compounds) involved in the mechanical
reactions of the muscle fiber., The interaction of these two
substances is manifested in mugcular works

Sandow, in 1949, (8) expressed rather close agreement with
Engelhardt's views, with the exception that he placed more em-
phasis upon actomyosin, rether than myosin, as the principsl
compound involved in the m&ch&n&c&&mﬂsﬁry of muscle., In any
event, 1l appears from the evidence, as presented recently,
~that the proteins in the muscle are vitally important in muscle
contraction.

In addition to the influence of the probeins of muscle
upon contraction, it may be mentioned briefly that other factors
are concerned, For example, certaln more or less physical
forces may be lnvolved., H11ll (9) has formmlated a theory u=-

niting the mechanical events and energy changes of the active



- 12 =

muscles Furthermore, m§0~neural transmission and electrolyte
distribution are important facktors involved in the physiology

and chemistry of muscle contraction {10},
3. The proteins of muscle

sandow (8,p.513) has stated that

Although there ls no doubt that both myosin
and actin are present in muscls, there has
been conglderable uncerbtainty as to whether
these proteins exist uncombined, in the
resting fiber, or in the form of the acto-
myosin complex, and whether the actin is in
the globular or ibrousg states

For the sale of simplification these protein fractions will be

considered separately.

&8s The myosin fraction, When fresh muscle ls minced
and the jJulce expressed, mumerous proteins may be obtained,
According Ho Balley (1), these consist malnly of enzymes and
are derived from the sarcoplasm. When the fresh nince is
immediately extracted with salt solutions, a viscous extract
exhibiting flow-blrefringence ls obtalned, Von Muralt and
BEdsall (11) gﬁve the name myosin to the fibrous protein
responsible for the high visccaityfmf the extract,

. liyosin is a globulin which can be extracted by cold ale
kaline 3&}% solutlons such as pobagsium chloride and potassium
phosphate, and 1t has been crystallized as a yat&ésium complex
from solutions containing a low concentration of potassium
chloride (12), The concentration of myosin in muscle has been

estimated at sbout 8 per cent., Some of the properties of cryse=
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talline myocsin imqlmﬁ@ solubility in water, a strong bires
fringence of flow, and a large acld-base binding capacity
between the physiological limits of pH 644 and 7.3 {13).
lMolecular welght determinations on myosin have ylelded vary-
ing results in the lsboratories of several groupg of’ workers.
In 3935 Weber and stover (1%) reported 10° as the approximate
molecular weight; this could be decreased to 10° by treating
myosin with strong urea, Guba (29) found tﬁat the urea-
treated myosin had & viscoglity sufficlently low to indicate
e globular shape, suggesting that the whole 1s e&mpwaad'of
smaller globular unlts.

It has been asccepted generally that myosin is the main
protein component of the fibrll and is directly responsible
for the contractile property of musecle, In 1939 Engelharﬁt
and Lyublmova reported (15) that the adencsinetriphosphatase
activity of muscle was to be found in the myosin fraction
and‘aaula not be separated from ik, Although much subsew
quent work has been done, tiils view is still valid end 1s
of importance for two reasons, Firstly, it was known that
the breakdown of adencsinebriphosphate was prectlcally co-
incidental with conbtraction (16); and, s@ﬁandly; its cleavage
elther to adencsinediphosphate or adenylic acid involved a
mpﬁw:'e» of energy-rich bonds, Lipmann (17) believes that the
energy may be transferred to the myosin chains by a phosphoryw
lation of the protein itself, Bailley (1) has listed two

posglible reactions:
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(1) ATP + myosin-ATP-sse — ADP + myosin-phosphste
——> myosin + phogphate

(2) ADP + creatine-phosphate ——» ATP 4 creatine

Bailey (l,p.19) also writes "By the reaction of creatine
phosphate with adenoginediphosphate, the supply of adeno-
sinetriphosphate is maintained at a high level",

In 1942, Pailey (18) reported a study of the activation
of myosin adenosinetriphosphate by the divalent metals, cale
cium, magnesium and manganesge. Vhen nyosin is in en isomolar
solution of these three mebals, calcium will be asdsorbed prow
dominantly; when only magnesium and manganese are present the
magnesium is preferentially a@aar%é&. The sgignificance of the
role ol calcium, in connection with myosin in particular, and
rmascle in general, 1a increased by the following imformaticn¢
It is believed that stimulation of the muscle 1s connected in
some way with the availability of calclum ions to the myoslin-
adenosinetriphosphate fibrillar surface (18), In connection
with thils effect of calclium, 1t has been demonstrated (3) that
if & musecle Tiber with cubt ends ls placed into a solution cone
taining calciuwm, the ion’@ﬁt@rs rapidly through the cubt ends
and a vigorous contraction ocecurs. The addition of excess
aalcium, in amounbs above physiologlecal quantitles, will slow
or stop the respirabtion of musgcle minces (3).

Exeerpts frow Balley's 1957 report (19), which sumarizes

some ol the previous findings of égggr workers on the composgie

tion Df‘myogin and myogen of skeletal muscle are shown in Tables
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I and II, 'inyktha data pertalning to rabbit muscle have been
included in these tables,. '

Table I
Analysis of Pure Myosin and lyogen™

Protein Author ¥ 8 P Tyro~ Trypto=  Cystine
' ' sine phane '

Rabblt ; o ‘ .
myosin Wober 133 wmwew 1,0 0,08 5.0 13 i

Todrick and ) : 2
Vialker 137 1543 0494 oww - \ 0,87

Hirsky 136 =~ —— < . 0.67

Rabbit N o ' ‘
myogen Weber 133 mww=w~ 0,77 0.028 64,0 1.5 o

IrXpressed as per cent of protein; dry welght
2ps cysteine |

be The actin fraction, In 1942, &trﬁnb {20) ammounced the

isolation from muscle of another major protein to which he gave
the name actine. Straub {21) has ﬁlgaiaaﬁaanmany of the proper-
ties af this protein, but the entire plobure is s%till incom=
plete, $zant-&ggwgyi (5,6) believes 1ts most striking proper-
ty is its ablllity to exist in globular as well as fibrous form.
The two forms heve different properties, so that the charactore
istics of the myosin-sctin compounds are different also; only
the complex with the fibrous sctin has contractile power. The
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two forms are reversibly transformed, & phenomenon which
Sz&nﬁ»&ygrgyi thinks oececurs in every contraction cycle.
Actin is probably present in resting muscle in the fibrous
form, but it can be extracted from the tissue only in 1ts
globuler form, |

Actin is not precipitated by alkali salts and is more
stable than myosini however, it ls readily denatured by
salts in media below its isoelsctric point (pH 4.7).

If & dilute solution $$ potassium chloride is added to
a neutral sslutignvaﬁ actin, turbidity davelapg, the fibrous
form is produced, the solution becomes viscous, and daubie
refraction is exhiblted {5}

Actﬁmynsin, as the conplex ig tsrmeé, is viscous and
fihrﬁua, hﬁwevar, the properties of actomyosin vary with the
ratlos of sctin and myosin combined. An outsbtanding property
of the complex 1s its contraction and dehydration in the
presence of certain salts (potassium chloride, for instance)
by adenosinepyrophosphate, If & physiological salt solutlon
in which myoslin is 5ﬁlﬁbiﬁ>i£ employed, the actomyosin forms
& thixotropic gel. If Q»GQ605 %‘&éﬁﬁﬁﬁiﬂﬁt@i@hﬁﬂ?ﬁﬂﬁ& is
added, the viscoslity falls rapldly, but ss the adencsinetris
phosphate 1s broken down by the adenosinetriphosphatase tha
viscosity inereases, If a dilute salt solution is added, such
as 0,05 M potassium chloride, adenosinetriphosphate causes the
actontyosin gel to shrink with a decreasa in water content from
about 96 per cent to 50 per cent (1,21). Bailey and Perry (22)
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have shown recently that the gulfhgﬁryl groups in the myﬂain}
determine the ability of myosin and actin te combine and to
split &dsnaainétripﬁasphaﬁa. | _

Bate Smith (23) has estimsted that the actomyosin complex
comprises 10,7 g. and the sarcoplagmle prgteina 5.1 ge per
100 mles of whole muscle mince, Balley {1,p.21) states that
"the sccepted volume of ax%raeallular'spa¢&~is about 15 ml,, y
so that the corresponding fiber ﬁgnﬁéntratiana are about 12.6 g.
for actomyosin and 6.0 g. for the é&?a&plaamie proteins.”
Thésa figurﬁarreyresent‘mgreZy a uniform distribution of pro-
tein thwroughout the flber, but accepting a division into sar-
coplasmic and fibrillar space, it is wnlikely that the concen-
tration of protein in the fihvizyis less than about 20 g. per
100 ml, of the whole muscle.

Lo Hyo

in the discussion of the proteins found in muscle, while others

ens, Some recent ﬁritinga‘{ﬂégzﬁ) innluﬁe myogens
do not (8)s ¥For the sale of completeness, the myogens will be
Included hﬁrgﬁ ‘These components, g@n&r&li& consldered as myoe
gens A and B, have the goneral properties of an albuminj are
water solublej and can be extracted in amounts of 25 to 30 per
cent. They are bellsved to be located largely in the sarco=
plasm, Thgvmn;aﬁuiarrwaighta of these components are in the
range of 80,000 to 90,000. These fractions havé been obtained
in erystalline form; enzymatiec properties (glycerophosphate de=-
hydrogenase activity) are found in crystals of myogen A obtained
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from rebbit muscle (25), These muscle proteins do not show
double refraatinn of flow (26),

Table II presents data from Bailey*(lﬁ} on certain nitro=
gen Gﬁnsﬁiﬁuﬁﬁﬁﬁfﬂf rabbit»myﬁsinn&mﬁ'mgmgan¢

Table II
‘Analysis of Pure lyosin and‘ﬁy@gﬁn by Bailey (19)

Component Babbitt  Rabbitt
liyogen Hyosin
Sulfupr 1.29 1.10
Amide I as per cent of the B '
~ total nitrogen 5.53 7420

Cystine ,

{Folin-iarenzi-Iugg)(a) 1.96 0.77

(sullivan-Lugg) 1.86 0.62
Methionine (b) 2.80 3440
Tyrosine {c) 4.21 $¢3B
Tryptophane (d) 1.51 0.82

1@%&3@ componente expressed as per cent of protein;
dry welght

Table reproduced Ifrom Bailay, K«, Biocheme. Je 31,
1406-13 (1937)

In 1946, Bailey (27) announced the

presence of an additional protein, tropomyosin, in skele-
tal muscles It 1s a probein of relatively low molecular
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welght, 90,000, and 1t appears to be bound In some speclal
way to the fibrll proteins since it is not present in muscle
press-julce, It is quite soluble in water at physiological
pH, but at pH 6, 1ts solubllity characteristics, in the pre=
sence or absence of salts, suggest that it is 2 globulin,
When aalts are absent completely, tropomyosin aggregates into
long fibers of quite regular width, and the solutlons then are
very viscous, It can be obtained in crystalline form if quite
exacting s@n&iﬁiﬁns are used.

%rspemyasin is simlilar in amino acid composition to myosin,
(See Table II) It is similar to myosin in physico-chemical
properties and is built according to the same molecular plan,
giving an X-ray diffraction pattern of theoC<keratin ﬁyp&.
Bailey believes that "1t seems reasonable to suppose that fropo=
myﬂsin.migbt‘ﬁa‘a unit utilized in the elaboration of mymsin‘
1tself™ (27,28),
os "Protins",
listed asbove, Bange et al, anﬁ;$gsnta&§§rg?£ (6429) have announced

In addition to the major proteins of muscle

the discovery of 6 new compounds which they term "protins" and
waich are belleved by these workers to be adsorbed onte a myosin
skeleton, forming a "myosin system", They claim that only this
"system" possesses the enzymatic and contractile power ab-
tributed to the proteins themselves, These compounds are all
aclid= and heat~stable,

$zant~9y§rgyi has extracted aneth&r\pratain from rebbit
muscle, the Heprotein. It is a negatively doubly-refracting
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prﬁﬁéin,‘laealiﬁﬂé in the I~bands (6)«
Lo The enzyme proteins, In addition to the sbove pro-

teins, there are meny enzymes in muscle, Sandow (8) has eme
phaslized the adenosinetriphosphatase actlivity of muscle and
hag pointed to the fact that the guestions invulva&'in e
lating this enzyme to myosln, other muscle proteins, and conm
traction are not definitely settled, At present this enzyme
is considered of graatrimpﬁrﬁanaa in the chemistry and physiniu
ngy’ef'mméﬁia;=hawaver, it must be recalled that Balley empha=
slzed th@ preponderance of enzymes in muscle minces and stated
that they were "for the most part concerned with the glycoly=
tieleyaia“ (1,pe18)e Such compounds as the carbohydrate enzy-
mes, the dehydrogenases, ete., are ing@nﬁaﬁ in tissve exitracts,

In thelr studles reported in 1939, Lyubimova and Engel=
hardt found that thelr myosin fraction could catalyze the dee-
phosphiorylation of aﬁ@nsaihgt%iphagphaﬁe to the di-phosphate
and ilnorganic phosphate (30,31). The enzyme, as they consldered
thelr compound, was activated by caleiwm and inhibited by mag-
nesium, had an Qgﬁimﬁm gcbivity at about pH 9,0, and was ldentie
fied with myosin, | |

Kielley and Meyerhof announced a new, powerful adenosine-
triyhsayh&%asa in 1948 (32). This enzyme 1s sctivated by mag-
nesium and inhibited by calcium, has & pH optimum around 7.4,
and is completely separable £§ﬁm‘myasﬁm, Th@ activity of this
adenosinetriphosphatase is closely linked with the actomyosin
system in its behavior and, of course, alsc with the contractile

mechanism,
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4, The non-~protein nitrogen constituents of sk@l&tal migcle

For many years studies of the body procegses, such as
digestion, have attracted a large share of investigators'
attention, During the course of such studles, initiated in
1783 by Spallanzanl, our pressnt concepbts of enzyme chemistry
have been evolved, along with basic information concerning
muscle protein extracts, Liebig's nealt extract, employed so
extensively from the 1830'g to the 1870's, was used nobt only
for enzyme gtudlies but to reveal many of the water-scluble
protelins, non-protein nitrogen counstltuents, mono~ and di-
carboxylic acids, carbohydrates, and mineral elemontse

In comparatively recent tlmes, it bas been observed thal
some abnormal conditlons of musele tlssue ave characlerized
by either a diminution or inecrease of one or more of theso Cone
ponents, %hsnvquantitative methods for their determinations be-
came available, more definite informatlon was gained from a
kndwladge of these compounds. The water-soluble proteinsg and
thelr breakdown products in particular have been of especial lum=
portance because of the quantities of these in musecle. Unfore-
tunately, there is still a dirth of rellable quantitative methods
for the protein intermediary breakdown products, but it 1s
posggible to paritition them and to study thelr patterm of dlstri-
bution by sulteble mﬁﬁhc&s of fraectional precipitation (33).

Water extracts from muscle have been employed widely in the
studies concerned with meats and meat products, with the effects

of mumerous envirommental factors upon these; and in studies on
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normal and pathological muscle, From 1900 on, the extractives
. of muscle have been the subject of such reports as that by von
Furth end Schwartz (34) which showed the digtribution of nltro=
gen in the water extract from the flesh of dogs and horses, as

glven in Table IIIX,

Table III

Hitrogen Constltuents of Muscle Ixtracts
of Dogs and llorses

Hitrogen Constituent Per Counbt of Tissue
Ammonia 44B Lo ?,Q
Purines Gel to 11,0
Carnoslne 3043 tO 30,3
Carnitine ,methyl- '
guanidine,otc, 8,2 to 15.2
Creatine and creaw
tinine 26 .5 to 37 ™ 1
Urea,polypeptides, B '
amino aclds Ge3 Lo 1640

ITable veproduced from von Furth, O. and
Cs Schwartz, Biochem, Z, 30, 413-32 {(1911)

In 1912, Bemmett (35) studied the purines of muscle and
found adenine and guanine present, In strieted muscle he re-
ported inosinic acld as a fractlon of the total hypoxanthine
present,

In the same period, there was also a concentrated intersst
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in cveatine and creatinine, Meyers and Fine (36) reported on
the content of these in normal muscle, and thelr rvelatlon to
urinary creatine; furthermore, they found that the creatinine
coeificlent scemed to parallel the creatine content of the
magele, The discovery of the decressed muscle creatine dur-
ing experimental nutritional muscular dystrophy by Goettach
end Brown 1In 1@31,{57) sterted & gseries of experiments which
attempbted to clarify‘ﬁh@ dyastrophy problem,

In the meantime, Gulewltach (88) published his isolation
of carnosine nitrate from striated muscle., This was followed
by numercus gtudies from Hunber's laboratory on the carncsine
content of muscle from various spscles (39,40), and Clifford
(41) studied the effects of storage upon the guantity of carno-
- gine in muscle meats. Studles on carnosine are being cone-
tinued at the present time sinece neither g wholly acceptable
analytical method for its determination nor an explanation of
its presence in muscle tissue hasg b@an found,

The effects of aubolysis and rigor have been the subject
of a great number of publications. HNany of these were related
not nnly to storage conditions but @e muscular atrophy, dys-
trophy, excesslive exercise, faltipue, ete, It was believed that
sutolyslis wasg more rapild in the presence of acid, and Bradley
(42, 43) carried out extensive studies on this phasge of muscle
chemiagtyy and physiology. In the case of rigor, an explanation
‘f&r~thia phencmenon was sought in studying the non-protein nitro-

gen conponents; this problem is stilll unsolved.
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In 1929 Ackermenn, Timpe and Poller (44) announced the
presence of anserine in avian muscle, and this gave impetus
to many sbtudies on the lsolation and quantitative determinae
tion of %hi& compound, Because a£ angserine's chemical rew
latiankta'hiatiain& and carnosine, these compounds were often
studied togethers The di-peptides appear in quite significant
quantitiaa‘im_many;seureaa of muscle and this has prompted a
search for some physiological faaeﬁﬁan aommans@ma%e;wﬁth\thair '
quantitative presence. At the time of writing, this function
has not been discovered in its entirety; however, Bate Bmith
(45) has proposed that carnosine and anserine perform & role
in the buffering mechanism eof mugcle,

‘$ince lsotopes have been available, many studies have
appaamgﬁ which show that . the Qﬁh@@@&ﬂ&us compounds found-in
muscle extracts ave In th@ same dynamic flux aa are other body
eenstituamta. Fnr axamyle, du Vignaau& and cawwcrkara {46) in
1943 é&manatrat@ﬁ that when deuterio-methionine was fed to a
rabblt, the anserine isolated from the tlssues of that rabbit
‘contained the deuteriums. They were able to postulate that the
various ﬁamﬁthyi compounds ﬁynth@siaad by the animal derive |
their m@ﬁ&yl granpa from ”labil@” methyl eaﬂpaunds in the diet.

A ahu&y of bha p&rkitian of 1ntwavammualy administered
amino asiﬁg,waa carried out by Fri@dberg and &reenberg (@?),,
who found that skeletal muscle aanqankratea;anly a small qnan&'
tity of the amino acids,. ﬁawﬁvar,'Fullér, ﬁaubérg@r anﬁywevw
ster (48) found that‘hiatiﬁiﬁa d@fiai&nﬁy in the rat reduced



- 05 -

the carnosine content of the muscle appreclably, while the an-
serine conbtent was affected only slightly.

The following outline will show some of the compounds
which have been reported in muscle extracts, and will also
‘suggest the ea@plaxi%y of working with muscle extracts:

Non-nitrogenous extractives

glycogen
hexosephosphate
lactic acid

Hltrogenous extractives

creatine

ereatine phosphate
adenine

guanine

xanthine
hypoxanthine

uric acid

adenylic acid
inoginic scld
adenylic acid pyrovhosphate
carncsine

angerine

carnitine

The structure of the following three compounds is given
because carnogine and enserine were sbtudled in this work and
because carnitine might be confussd with carnosgine:

Carnosine has the structure

HE ¢ — CHy— GH—CO0H

‘ ‘ %,éCGGﬁﬁﬂﬁﬁﬂﬁg
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Anserine is Nemethyl carnosine
HC ﬁ—~Gﬂé~—%¥—~0ﬁﬂH

‘ l 1= COCH, CHy HHy
fzama*\ /H

CH

Carnitine ls a bebaine of unknown function, having the
structure,

L

3 .
(CHS)ZH 0

3, e ATre i
“CHSCH, CH&C™D
"2 XQGH

The following water-gsoluble vitemins have been reported
(49) present in muscle tissue, and, presumably, alsoc in the
water extracts of such tissue: thiamine, ribeflavin, niacin,

pantothenic acid, pyridoxine, inositol, biotin, and follc acid.
Be Vitamin C E@fieiﬂncy and Iugele Protein Hetabollsm

Vitamin C deficiency was at one time a real scourge of man-
kind, In comparatively recent times the etlology of the dis-
ease has been dlscovered, and at present the role of ascorbic
aclid in preventing scurvy is quite definite., Cases of scurvy
among bthe human population are by no mesns unknown at present,
and théra remain some gaps in our andaratanﬁing of the changes
agsoclated with a defliclency state. One of the gaps is the
effect of the vitamin C deficlency upon the muscles of the
affected animal, and more especially upon the proteins and
other nitrogenous compounds found %o such & large extent in

mugcle,
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1. Qualitative description of scurvy

The genersl descriphtlon of scurvy is somewhat cﬂlareé by
tha extent of the deficlency of vitamin C. Guinea piga,‘Which
are particularly suscepblible to scurvy, develop gross sympboms
in proportion to the guantities of the vitamin supplied. In
cagses where there ls practically a complete laclk of the vita-
min, the animals develop caplillary fragility and then microsge-
coplc lesions in the teeth. About the second weelk on the diet,
activity is somewhat curtailed and the anlmals loss weight
rapidly, with a significant wasting of tlssue., ilost animals
die at the end of the third week, thn the guinesa Digs row-
celve small quantities ol the vitamin, they wmay survive for
some time and develop & chronic condltion with rough halr and
rapid breathing. Upon autopsy lesions typleal mf seurvy umay
be evident,

The teeth and long bones are greatly affected, Firm,
sturdy tissue is not formed, the result being teeth with a
minimum of dentine present and bones made fragile by a lack
of normel osseous tlssues The degree of this degradestion of
tissue depends upon the extent of the deficlency. The fascla
and ligaments are weakened; shkeletal leslons are guite evident
due to the malformed bones; the guma_abamt the teeth are
swollen, aspongy and hemorrhagic; and, because of the develop=
ment of an inferior intercellular materlal in the walls of
blood vessels, hemorrhages are quite extensasive., The scorbutic

gulnea pig sits quletly most of the time in & hunched position
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with his head in the characteristic "tooth-ache, or face-ache
position®, His Joints are swollen and tender so that it 1s
too painful for him to move about and he cries out 1f not
handled very carefully., Toward the end of the disease the
animal iﬁ usually qulte emaciated; the tlssues upon autopsy
ghow s poor, unhealthy color and btexbure, There ig usually an
sbnormal odor from the contents of the gastrointestinal region

with epparent stasis of the whole tract (49).
2+ Blochemical inferences

After scurvy became more clearly defined and definitely
linked with vitamin €, attenpts to learn the underlying biom
chemical effects of the vibamin defici@mcy were forthcoming.
The guinea pig has been employed quite extensively for studies
of this kind. One of the outstanding effects of vitamin C
deficiency is upon the wetabolism of certain aromatic amino
aclds. Sealock and Silberstein (50) demonstrated the lmpor-
tance of asgcorble acid in the metabollism of tyrosine, and sube
sequent sexperiments by Sealock and his co-workers have demon=
strated a similar dependence of phenylalenine and 3,4~dihydroxyw
ph@nylalaninﬁ metabqli@m upon an adequate &upply of the vitamin
(51,52,53). Levine, Marples and Gordon (54,55,56) have shown
that in the premature infant, a similar derangement of the
metabolism of these amino scids may occur when viteamin C is not
supplied.

The above aubhors asg well as Painter and Zilva (57) have



shown that the levels of intelke of the aromatic amino acids
and the quantities of the vitamin avallable to the tlassues
will influence the blochemical reactions which oceur,
Painter and Zilva (57) have shown also that disturbances in
tyrosine metabollism may occur while the tlssues contaln
large amounts of ascorble acid,

Further experiments of blochemical Interest may be cited,
Fishberg (58) has found benzoquinone acetic acid in the urine
- of patients showlng a decreased 6ﬁ§r@ti¢ﬂ of ascorble acid
and algo in patients with cyanocsis, Benzogulnone is capable
of produclng methemoglobin in vitro, When the urinery exw
eretion of ascorbic acld 1s increamsed by the adminlstration
of the vitamin, the excretion of benzoguinone acetle acld isg
reduced and the amount of methemoglobin in the blood 1s de=
ereased,

The administration to rats of a&r&necerticaﬁrcpic hormone
is followed by a temporary decrease in the amount of ascorble
acld present in the adrenals {59)s The connections among vita=
min C, melanin formation, and adrenal insufficiency, resulting
in A&&ison*s disease, have been studled extensively, but the
link, 1f one exists, bebween these factors has not been found.,

Recently more and more evidence has become avallable to
show that there may be interrelatlonships between the individual

vitaming in their biochemical funections., Weodruff and Darby

(60) found that scorbutic guinea pigs fed either pteroylglutamic
acid or ascorble acld along with 5 per cent tyrosine in the ﬁi&t,‘
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excreted i@ﬁs tyrosyl derivatives and keto acids, Uayer and
Krehl (81,62) have reported a commection bebween ascorbic

gcid and vitamin A in the rat; they found a 50 per cent re-
duction of ascorble acid in the adrenals and blood in rats
am»a vitamin A-~deflcient ﬁi@t. The animals exhiblted symptonms

resembling scurvy.

3. Iuscle

2e Gross description of the muscle in scurvy, In severe
sourvy, lesions occur in the ﬁu&clﬁa, A genersal weakness l1s
characteristic, As the disease progresses there is a gradual
diguse of the muscles, particularly those of the thighs. Rather
- than walking in the nowmal waYyy the scorbutlec guinea pig hops
painfully with the hind legs, end a sitting position tends to
relieve the welght of his body from the sore muscles.

Goettach and Pappenheinmer (63) describe the gross appearance
of the guinea pilg thigh muscles &a‘aﬁropbi@d, pale, and with a
yellow-brown color, instead of the ligh%, more translucent
appearance of the control animal, Tb@ tlasue may be calcls-
fled, gritiy when inclsions are made, and has lost a large
meagure of its irritabillity and contractility,

be Histologye. Histologically, fragmentation of the

striated fibers with multiplication of the sarcolemme may be
evident. The primary lesion ls a coagulative necrosis of the
mascle fiber and, as the condition progresses, many of the

necrotic fibers become resorbed and their place taken by fat
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and/or comnective tisaue. One of the @arliaat'ch&nges in the
fiber is shown in the appearance of transverse ridges or con-
traction bands, in which the astriatlons are brought morve c¢closew
1y together. The discs become disarranged and lose thelr
identity by fusing into a swollen mass. A fiber cut in the
long exls will show & succession of globular masses between
whilch the sercolemma ls 3011&@%@&; The sarcolemma nuclel are
diaplawad and diat@r@@d, and tend to become oriented at right

- engles to the long axis of the fiber; they may subsequently
disappear complebely.

The extensive hemorrhages in the muscle tlasue compllicate
both the gross and histologlcal lesions and the poor clreulae
tlon resulting from these hemorrhages is quite likely to affect
the bilochemlcal processes going on in the muscle cells.

So  Chomlstry of nitrogen compounds in gcorbubtle muscle.

The effccta of vitamin ¢ deficlency upon the chemlstry of the
éan&tituanta of muscle tissue have not been studled extensively.
The studles of Wolbach and his associates {64,65) have demonw
strated the offect of a vit&m&n ¢ deficiency upon the formation
of intercellular substances, particularly collagen. There may
be some connectlon between the fallure of this substance to be
formed and the breskdown of the muscle tlssue, but there is no
direct svidence for 1t.

Quite recently Christensen and Lynch (66) have reported
studies on the glycine and glutamine contents of akaietal

mascle Irom vitanin C-deficient guinea pigs. They found thstb
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in the deflclent animal there was & larpge decrease of these
compounids in the musecle, the values falling to 7 and 13 per
centy respectively, of the normal values. When they sacrile
ficed their animals on the tenth,dgy of the experiment, they
found no h@mnrrhage in the ruscles, and the analysis of such
tigsue was comparable to the normal, However, e&n animal that
showed a mild sp@ntaneﬂus scurvy after several months upon
guines pig ration alone, gave date similar to the acubtely
scorbutic animals,

The authors discuss the large percentage of glycine
found in the normal muscles and the diminution which they
found in vitamln C-deficlent animals in relatlon to the high

glyeine content of collagen.
Ce Vitamin E Deficiency and Iluscle Protein lletebollam

Vitamin E deficisncy has numerous manifestations depending
upon the specles of animel, previous dlet, age, sex, and level
of the vitamin in the diet. What the fundamental dilsorder might
be ie stlll speculative. Haaon (67) believes that becauge the
dameage ls largely irreversible, the nucleus of the cell is
affecteds He gives two reasons lor thls: one, that the [irst
visual evidence qf the deficiency is in the structure of the
nuclsus;Aand two, that 1f the cytoplasm of the cell alone were
affected, the damage would not be so central and fundamental,
Thig theory seems to explalin the major effects of vitamin B
deficlency.
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1., GQualitative description

In general terms, vitamin E deficlency results in sterilie
ty of an irreparable nature in male rats; resorption and/or
abortlion of the fetus in the female rat; and also nervous
leslions, inecluding involvement of the hypophysls, hemorrhaglce
lesions, otec., in the rat. The living young Lrom female rats
maintained on an E-low ration will develop a muscular ine

volvement at about three weeks postepartum. The paralysis

which develops resembles an upper motor neurone lesions There
is some question about the relationship between vitamin E dew-
ficleney and nervous tissue lesions (67). It is possible to
develop these symptoms of wealness and dystrophy in adult rats
but about five months or longer on an Eedeficient diet are re=
quired, Although the rabts are unable to usgs the hind iags,
have slight incoordination and some thinning of the hair, they
do not present the same symptoms of extreme weakness that are

gseen in herbivora.
2s Blochemlieal Inferences

The fundamental overw-all blochemical role of vitamin E may
be stated according to Hickmen (68) as follows: "We believe
that vitamin E when synergized to the optimum in the bedy; is
an important blologle in transitu preservative agent both to
the metabolites and to the structural parts"., Because the term

"in transitu" seems to be a new thought as appllied to living
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mnatter, 1t might be explained br;efly. Molecules on thelr way
to the site of biologleal action, or thelr metabolized parts
diffusing away, obviously greatly oubtnumber the few molecules
undergoing resetion at ény one time, These traveling mole=
cules may be sald to be in transitu. The importance of the in
transitu history of a blologleal compound upon its ultimate in
yivo action 1s obvious. The above gquotation may be interpreted
to include Mason's bellef that vitamin ¥ is necessary for the
integrity of the nucleus of the cell, Numerous examples of its
reactlion in oxidation-reduction systems are av&ilabla;Jit hasg
been shown to be essential for the normal oxygen consumption of
many tissues. Hickman has suggested that the abnormal plgmens
tation found in adipose ﬁiaaua of the vitamin E=deficlent rat
and chick is the result of inefficlent chemicel management of
organic resldues arising during the reactions within the cells.
The experimental work on vitamin E,.desigmad to determine
1ts blochemical and blological functions, has been centered
about three of the more obvious symptoms: the effect upon
sterility and uterine pigmentation in rats; nutritional enw
cephalomalacia and exudative diathesis in chicks; and muscle
dystrophy in raebbits end in adult ratg, or early paralysis of
the muscle in weanling rats. Granted, these syndromes are not
very closely related; this clrcumstance has complicated the
experimental concluslons ag to the fundamental reactions of
vitamin E in the animal body. It is quite conceivable thab
the picture is still nebulous., In recent years, the emphasis
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has been on muscle tissue and the present research has centered

about this phase.
3. lNuscle

8e Cross description. When certain species are deprived

of vitamin E, s muscular invelysmant is evident. ‘This has
been termed "muscle dystrophy", although the finer characteristics
of the involvement may very intra~ and inter-specifically., One
of the earliest notations that muscles were involved was made
by Evans and Burr (69) who noted the presence of a paralysis of
the gpastic type in the hind guarters of suckling rats from
depleted mothers. Thig condition usually progressed to a
mugeular dystrophiye In the adult rat placed upon an E«dew
fieclent diet similer lesions will occur in the hind legs. Ab
first tharg is a mere dragging of the legs with slight inco=
ordination, but this condition will progress thcomplete loss
of function. The adductor muscles are involved,»partiQularly.’
Goettsch and Pappenhelmer (63) were the first to describe,
in any detall, the muascle lesions of the depleted herbivorous
animal, Thelr description includes a progressive weakness to
complete helplessness, and finally death. This condltion comes
sabout much more rapidly with this type of animal than wlth the
rat. Mason (67) points out that the nature of the lesions in
nutritional muscular dystrophy is limited almost entirely to a
necrosls of the striated musculature, Assoclated with the

mugele leslons 1s a significant loss of weight and cessation
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of growth, & decreased muscle ecreatine; creatinuria and an |
altered ratioc between the creatine and creatinine in the urine.
- Origlnally muscle lesions were obeerved only in young
animals, but Mackenzie, lMackenzle and MeCollum (70) succeeded
in producing dystrophy in adult rats. It required eight to
tan;mﬁaxhs; but the ul%&ma%@ muscle degeneration was the same,
be  Histology. An adequate histopathologieal description
of the affected muscle has been published by Goettsch and
Pappenhelmer (63)s The changes which occur have been de=

seribed by such terms as hyaline, waxy, or Zenker's derenere
ations These terms may be further characterized as dee |
aﬂriytiaaa;&f & mugcle in which there has been a loss of
striations, a multlplication and lrregular srrengement of
the sarcolemma muclel with a concurrent swelling of the
in the interstitial con-

sarcoplasm, There is often edemes
nective tissues and some calcificatlon of thawnaaratic magele
fibers. The interpretation of the histological picture is
usually complicated by the reparative changes which may be
going on at the same time as the degenerative changes, This
is particularly true in specles that develop this syndrome
under chronic conditions. The dystrophy in guinea pilgs and
rabblits 1s of this type, according to Mason (67).

Chemisgty
muscle noted to be affected by the condition of muscular dys-
trophy was creatine. Goettsch and Brown (37) reported in 1932
that the concentration of this compound was lowered in skeletal

ey . The first nitrogen~containing ﬁumganénﬁ‘of
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mugele in the last sbages of dystrophy, and N1 (71) observed
in 1936 that creatine excretion rose during the last stages.
Horgulis and Spencer (72), in the same year, found that rabbit
museles, which showed marked degeneration on microscople ex-
smination, had a botal creatine content lower than that of
normal muanle‘ﬁisaua. In a subsequent report, Morgulis and
Spencer (73,7.,204) stated as follows:

During the period of progreasive dyse~

trophy, l.e., from the "eritical point"

to the time of death, the weight cone

tinues to fall rapidly. The phosphorus

and chloride excretion gradually de-

crease. The orveatinine and total nitroe-

gen decrease from the high level reached

at the "eritleal point", while the crea-

tine excretion continues to rise untll

the time of death., The urine voluwe de=-

ereases following the brief strong die

ureals at the critical point, but Just

before death a marked diuresis occurs

againe.

When vitamin E became avalilable as the pure chemical,

oc~tocopherol, in 1938 (74,75), it was demonstrated by
Barrie (76) and Goettsch and Ritzmann (77) that the nu-
tritional muscular dystrophy in sueckling rats could be
prevented by this compound, Whenectocopherol was fed to
dystrophlc rabbits, Mackenzle and Mclollum (78) and Mackens
zle (79) demonstrated that there was a sharp drop in urinary
creatine excretion; Shimotori et al. (80) announced that
oc~tocopherol prevented mugcular dystrophy in gulnea pigs reared
on a synthetic diet; and Morris (81) confirmed Mackenzie and

- HeCollum's observation that ec-tocophercl cured dystrephy in
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rabblis,

At this polnt four facts had been made evident: a nmus-
cular dystrophy occurred in a number of species as a result
of a vitamin B deficlency; it was characterized by a lowerw
ing of the muscle creatine with an attendant increase In
creatinuria; the creatinuria was &aevéasad when dystrophlc
animals were givenec-tocopherol; and the muscular dystrophy
digappeared if the case were not too far advanced.

After it wes debermined ﬁh&tgs7ﬁncaph@ral could bhe en=
ployed in curing muscular dystrophy, experiments were per-
formed to determine the dosage level requlred, lorris
gtated in 1939 (81) that the lower limlt for a single cura-
tive dose was 20 mg. Verzar (82) reported that 100 mg. of
the dlwc-tocopherol restored the metabollism of giriated
mugcle and the urinary creatine to normal in a few days.
Pappenheimer (83) found that the daily administration of
¢ mg. of the synthetlcac~tocopherol completely prevented
nutritional myopathy ofyducklings, while a2 1 mg., dose was
ineflective., MNackenzlie, Levine and llcCollum (84) placed the
average daily &ntiwéyaﬁ?eyhy‘rQQuiram&nt of the rabblt for
e;~tecopharal between 0.6 and 1,0 mg. per kg. of body welpght.
Eppstein and Morgulls (85) published that the minlmum requlre-
ment af’tha rabbit for dl-getocopherol, caleulated as the free
alcohol, as determined by the cure of dystrophy, is probably
about 0.82 mge per kg. of body welght per day.
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Mattill and his co-workers (86) and Pappenheimer et al (87)
have published numerous valuable contributions to the vitamln
B~dystrophy problem in thelr studies of oxygen congumptlon under
conditions of vitamin E deficlency. Thls work has led directw
ly into the recent studies on the effect of the tocopherols and
thelr esters in enzyme and tissue functions, Mattlill stated in
1949 (88) that an early guide-post in this search {for the
mechanlism of the action of tocopherol in tissues) was the
ablllty of the tocopherols to delay the anta~axidgtion of wne-
aaturg%ed fats. Far those who followed thilis clue, antloxie
dants, synergists, and co-vitaming became words of ﬁignificaﬁcﬁ.’
Some Interesting matters relating to peroxides and abnormal pig-
ments have come to light. Another gulde-post was the in-
creased congumption of oxygen by the muscles of certaln species
when they lack vitanmin E,

These references to muscle cell regspiration are included
in the present discussion of the effects of vitamin E deficlency
upon the nitrogen-containing constituents of the striated muscle
tissue because of the great likelihood that explanations for
the breakdown of muscle tlssue in dystrophy may be wholly or
'partially found in experimentg of this type.

Two of the earliest reporits upon the oxygen consumption
of dystrophic rabblt muscle were those of Victor (£9) and lade-
gen (90) who found that the oxygen uptake of dystrophic muscle
specimens was higher than 1t had been when biopsy material

frop the same source had been btested before death, In 1941,
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Priedman and Mattill (81) confirmed these daba. The increase
was significant, though at times quite variablg. It wag also
noteworthy that the muscles of young rats (92), old rats (93),
and chicks (92) showed this increased oxygen uptake when de-
ficient In vitamin E, even though the muscles showed little or
no evidence of any anatamicai changes., Kehler (92) believed,
therefore, that the increased oxygen consunmption could be
attributed to changes In the metabollc activity of the muscle
fibers themselves, and not to proliferative activities of con-
nective tissue cells. It has been seen that these connective
tlssue cells invade and finally replace the damaged muscle
tissue, especlally in advanced stages. Further, it hasg been
obgerved that the oxidative changes are highest durling the more
acute stage of the dlisease when there is a minimun of connecw
tive tissue invasion and cures are possible (67).

Houchin and Mattill {93,94) announced that the oxidative
changes are not of the ssuse order among specles, since the
oxygen uptake of normal nuscle 1s g?gataat in rats and lowest
in rabbits. Iouchin and Mattill (93,94) reported these data
from thelr experimental animsls: The Qgg, exprapaeﬁ a8 c.mm.0Op
end based upon the fresh tissue samples employed, was 1,27-1,57
from normal rabblts; 2,22-3.88 from vitamin E-deficlent rabblts;
1.88-2,08 from normal rats; 1.62-3,73 from vitamin E-defilclent
rats; 1,00-2,07 from normal hansbterg; and 3,90~4,67 from vitamin
BE~deflclent hamsters on a lowefat diet, The normal animels were

stated to have been on a stoeck diet,
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These authors demonstrated the elfect of X~tocopheryl
phosphate on the oxygen uptake of hamsber muscle; the ham-
ster has been shown to be quite susceptible to muscular dys-
trophye They found that muscle azlices from the E-defilclent
animalg had an oxygen consumpdion much ahove normal, with
values reanging from 240 to 250 per cent of the normel. The
administration of 5§ mg. per cent <-tocopheryl phosphate in
Ringer solubion decreased this high oxygen consumptlon to
nearly normal, but did not affect the oxygen consumption of
control muscle slices from normal enimals, nor of the muscle
from vitamin E-deficient animals which had been given a thera=-

peutlic dose of the vitamin 48 hours previously (94). After
rthe injection of the slightly water-soluble ester, the phos-
phate, Houchin and Mattill (95) found that the high oxygen conw
sunptlon is reduced to normal in'abauﬁ 4 hbnrs; creatine re~
storatlion after 10 or more hours, and chloride even more de~
layed, Houchin (96) has reported that the oxygen upbake of
rmuscles which alveady conbaln optimal amounts of tocopherol

is not lowered by the administration of additional amounts of
this aampaund;

Houchin's paper in 1942 (96) brought out a muwber of ine-
teresting points, and not a few equally interesting suggﬁatibnﬁ
which link‘vitamin_ﬁﬁdafiaient‘dyatraphis muscle more closely
wlth protein metabolism, oxidatlionereduction systems, and enw
zymes. He observed that mincing or homogenizing the muscle

regulted in s loss of the increased oxygen uptsake which 1s
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chaeracteristic of the intact dystrophic muscle, Spurred on by
this finding and the impllications of enzymic changes, (an one
zyne gysbem disgpersed and diluted with a loss of one or nore
water-goluble components), he investigated the succinic oxle-
dase gystem of dystrophlic muscle, Working wlth hamsters, he
found that the activity of this enzyme sysbem was proportional
to the degree of dystrophy. It rose to as high as 162 per cent
sbove narmal.‘(ékfoeopheryl phogphate was found to lower this
actlvity; while L~tocopherol, elther alone or in combination
with desoxycholic acid, did not, He suggested that the tocoph-
erols reguired phosphorylation in the body before they could be-
come active in this mechaniem. He postulated, too, that phog-
phorylated tocopherols may serve to ihhibit or regulate oxlda-
tiv@‘proesssﬁa of a&al&t&l musele; when these compounds aye abe
sent, oxidation increases, abnormal proliferation of other
cells beging with connective tigsue Infiltration and the muscle
ceases to function normally.

The entrance into the current phase of the relationship be=
tween the tocopherols and thelr esters with enzyme systems
might well be forwarded by considering several provocabive
facts, An animal in dystrophy from vitamin E deficlency has
an increased respiration throughout the system as well as an
Increased respiration and oxygen uptake in the effected muscle
{97)s The chemical compositlion of the ruscle is altered with
a decrease in creatine; simultaneous creatinuria occurs (37,71,

72,73)s Bloch (98) had nobted that in vitamin E deficlency there
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wag a decrease In cholinesterase content of the tlssues, lmply-
ing an association between this vitamin and the synthesis of
acetyl choline,

In addition to the ch&ng@a in creatine contenty the con=
centrations of certain electrolytes in muscle were albered
when that muscle became dystrophice Fenn and Goettsch re-
ported in 1937 (929) an increase in caleium and total phosphor-
us when they analyzed rabbit muscles which showed hilstologleal
evidence of calcificatlion, m@rgulia'an& Osheroff (100), too,
hed noted an inﬁgeaa@d eQ@camtratian of calcium in dysbtrophile
museles In 1941, Axelrod, gt gl (101), in studylng the suce
einic dehydrogenase sysbtem in tlszsue homogenates, discovered
that 1t was necessary to add calcium ion in order to obtain
opblmu sctlivity in aerobic work, This same group also showed
that the calcium Influence was probably an indirect one, that
is, through the activation of diphogphopyridine nucleotidase
and the subsequent destruction of diphosphopyridine nucleotide
{coenzyme I, cozymase)s At the present time thlg theory 1s
accepbed quite generallys. The lmporbance of these chemiocal
changes and Implicatlons will become more apparent in future
work with the enzyme systems operabing In muscle tissue,

The ilmpetus of Houchin's suggestions (96) has continued
into the most recent publlcations, because of the possibllities
involved, The role of phosphate was studled when he found that
this partiaulaﬁ ester would lower the succlinoxldase activity of

dystrophic tissue while oL~tocopherol would not, This brought
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forth to light once more the earller finding of Morgulis and
Spencer (72) that eC~tocopherol when administered to normal
animals would alter the metabolism of phospholipids. Velss~
berger and Harris found that yhﬁapharylatians were improved by
the presence of this vitamin (102)., This work has led into
the present interest In &L~tocopheryl phosphate as related to
enzyme systems, This phosphate compound offers the advantage
of being more readlly soluble In agueous gsolutionsg; when
orslly administered 1t 1is readily hydrolyzed in the animal
body (lﬁﬁ); and meny of 1ts reasctions in vivo are simlilar to
those resulting from the administration of the unesterified
tocopherols,

Mummell (104) had indiceted that homogenates of the
muscles nf some specles deprived of vitamin E show a lowersd
rate of phosphorylation of craatinﬂ. The addition of the es«~
ter to the homogenate did not reaiar& normal phosphorylation,
nor have an effect upon phosphorylations when they were
coupled reactions, It should be remembered that these are
in vitro experiments, and that it 1s conceiveble that the
addition of vitamin E to an intact, physiologicael, living
tissue nmight present & different picture. Certainly the cures
noted with vitamin B therapy are of some import, but here ggain,

when ﬁha dystrophy has progressed beyond a critical point,
vecovery 1s not attained,

One of the most interesting and fruitful lines of attack

on the problem of discovering the funchtion{s) of vitamin B in
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mugecle metabolism hasg been the study of specific enzymes. The
contributions to follow ars of especial interest in a study of
dystrophlic muscle,

Basinski and Hummel (1085) have published observations on
the suceinic dehydrogenase system and the effects of tocopher-
ol esters upon 1k, Th@y worked with normgl and dystrophle
hamster muscle which, it will be recalled, shows an unusually
high aezwi*l;ivitsr to vitemin B deficiency, It will be re-
called, also, that Houchin (96) had investigated previously
the succinoxidase system of dystrophic muscle and found that
the activity of thils enzyme was proportional to the degree of
dystrophy and that &L~tocopherol phosphate in vitro lowered
this activity, These subhorsg reported that they found no
difference in the oxygen uptake quotient in the succinic de-
hydrogenase system bebtween homogenized dygtrophlic hamster
muscle (Qggu 38,2) and the muscle from hemsters fed the same
deficient diet with a supplement of L~tocopheryl acetate
(Qppe 38.5). However, both were slightly lower than the
value obtained when the muacle from hamsters fed the stock
diet was studled (Qﬁgg 4643)

The findings of Basinski and Hunmel are at‘va@iangﬁ with
thoge of Houchin (96) in some respects, For one thing, while
Houchin found n difference in oxygen uptake between normal and
dystrophlc hamster muscle, Basinskl and Humsel did note. The
latter authors belleve that one reason for this difference is

to be found in the ages of the animals used. They publish a
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graph which illustrates that, as age increases, the oxygen up~
take tends to decline, If Houchin's contrel animals were
older than the experimental animals the results from this
group would show a lower oxygen uptake.

It has been found that a definlte concentration of calw
elum i1s required by the succinic dehydrogenase enzyue,
Schneider and Potter had recommended 20 mg. per reaction
flask in their work with rat muscle (106), DBasinskl and
ummel believed that Houchin had used Eﬂkmg. per cent cal-
cium concentration in his work (actually, he used 20 Y per
cent in the buffer or O.Q‘K per {lask), and, therefore, may
not have had complebe activation of the succlnic dehydrogen-
ase, His normal samples gave values which were too low for
this enzyme because the concentratlion of calclum was too low,
and thus succinic dehydrogenase was inactivated, IHowever,
Houchints values for dystrophiec muscle were true since the
conalderable calclium in dystrophic muscle would ralse the final

concentration to the desired level.

Dasinski and Hwmel reported that the sucoinic dehydrogen=
ase system was inhiblted in vitro equally well by both dwg~to~
copheryl phosphate and d-£-tocopheryl succinate; actually the
gucclinate was sglightly less effective in this regard than the
phosphate. They btested, also, the insoluble calcium salt of
dl-o-tocopheryl auacinate and found that it had no inhibiting
effects According to these authors the inhibition of the suc-

cinic dehydrogensge system by L-tocopheryl phosphate is not
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apparent when the concentration of the w&h%té&tg is insuffie
clent to saturate the enzyme., The inhibvlitlion becomes greater
as the substrate excess ls increased, '?&ﬂy belleve that since
eytochrome reductase, Lo axampl@, is an associated systen which
is normally praé&mﬁ in excess, it may be the site of the inhibiw
tione @aainski‘am&~ﬁummél stete "there is probably no direct
involvement of the suceinic dehydrogenase ayaﬁém in nutritionw
al mugeular dystrophy® {108).

Humnel and Basinsil {107) have furthered this work with
normal and ﬁ?ﬁﬁ@ﬂﬁh&ﬁ rabblt muscle, '”hay‘ﬁam@&r@ﬁ the axggan
aanammyﬁiﬁn of skelebal muscle atripﬁ from normel rabbits, which
had yaa@ivaé 15 mge og~tocopheryl acetate in olive oil every four
days, wiﬁ& the oxypen congumpbion ef strips from the same muscle
of rabblis recelving no supplements They found that the respiraw
tion of the dystrophle muscle &trmpa wos aygraximmtely double

hat of the normal strips. uascle ﬂlica&~ﬁid not show thig dif-
ference, They could not esteblish an In Vitra Influence of C-to=
copherol upon eallul&r regpivatlon.

Of particular intevesh amﬂug the nitwagsnﬂacntainimg COM=
ponents of muscle is creatine., The following enzymatic study
by Hummel (108) on the formation of phmgph@ar@atimw eluclidatos
its impar@&naa. Tx& work wes In Eﬁﬁﬁ&* with glyeerophosphate
or fructose-l-G-diphosphate serving as substrabes, and either
normal er»ﬁy&tréyhia hamgter musele, or normal or dystrophic
"guin&a plg w&ael& mﬁﬂmgsmataa, present in hL@ reaction miznture,
The other constituents of the raae@ian mixture are significant

snough to be mentioned, In sdditlen to 100 mge freshly homogene
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ized muscle (10 per cent suspension), it contained in miero=
mole: graaxiﬁﬁ ﬁﬁ@, paﬁgssium}ahlaridg éﬁ@,fmagnaﬁivm chlore=
ide 2@,(n¢gﬁt1;xffda 20, coenzyme I 0,75, é&aﬁ@aina triphoge-
phate 1,33, and sodium phosphate buffer (pH 7.4) 10, In the
serobie axpﬁriméntay each flask alsc contalned 3 X 10~% moles

of oytochroms ¢ in an air atmosphere; in amamrabiéz 10 miocro=
moles of lithium pyruvate under niﬁrﬁgan.( When gly@aruphoa~
phate was employed as the subaﬁﬁétag the amercble formation of
lactic acld and phosphocreatine was very small in tha dystros
phiec muscles. However, thﬁyexygen.u§ﬁak$'waa equal ie that of
the normal sample., Under anseroblosis, lactle acid production
in dystrophic muscle was smaller than that in normal muaaie;
| but the efficlency of oxidative phosphate transfer was greatly
diminished, When fructose-l-6~diphosphate was the substrate,
the effects of dystrophy were less marked; nevertheleses, they
substantiate the experiments with glycerophosphate,

The adencsinetriphosphatase sctivity was appreciably
lowered in the dystrophic muscle from both species, Hummel
believes these are indirect effects of the vitemin E defi-
aiamay‘ He has taken inte consideration, in his discussion
{108), the possibility of the smaller mass of active muscle
tissue in dystrophie animals. In order to test the influence
of cellular destruction, he measured the adaneaiﬁa triphos«
phatase activity and found that in dystrophie muscle & conside
erable destruction of this enzyme had teken place (108).
Lyubimova and Engelhardt (30,31) had shown previously that this
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enzyme 1s closely assoclated with myosin; therefore, dystrophle
mugcle chenges may entall an alteration in the contractlile
structure of the muscle as well as "an impairment in the utile
ization of eﬁergy for contraction®,

Heinrich and ¥Mattill (109) heve measured the creatine and
creatinine contents of normal and dystrophic rabblt muscle. The
enimals were kept for approximately one month on a vitamin Ew-dew-
ficient diet. The controls were fed a supplement of 10 to 18
mg,‘per week of dlegi~tocopheryl acetate in olive oll, Portions
of the gastrocnemius muscle were anslyzed by an enzymle method.
The nuscles from the defliclent animals were found to contain
muach less oreatine than the control ﬁuacl@s.: They analyzed the
liver tissue from these animels and found that, while the crea=
tine content of dystrophic muscle waé low, in the dystrophiec
animelts liver it waaiﬁ to 6 times that found in the control
animals., These nuthors suggest that when the rabblt is dystro-
phic from a lack of vitamin E there is an lnoressed rate of
creabine gyntheslia by the liver and a decreased phosphoryla-
tion rate of creatine in muscle,

Purther studies with adenosinetriphosphate and‘vitamin
B-deficient rabbit muscle have been published by Carey and
Dziewiatkowski (110), They included acid and alkaline phos=~
phatase activity as well, and reported the following results.
The adencsginetriphosphate and alkaline phosphatase activitles
were nﬁt albtered in muscle homogenates from dystrophle rabbits;

however, there was a two-fold inecrease in the acid phoasphatase



activity, This first result does not agree with the flndings
of Humel (108)., Heinrich and Mabtill (109} reported that
L~tocopheryl phosphate inhibited the adenosinetriphosgphate
system; they atiributed this to the precipitation of its ac-
tivabtor, calcium ion, Although the acld phosphatase does not
requlire calcium ion, ity too, was inhibited by L~tocopheryl
phosphate.

Roderuck (111} has studied the level of free amino acids
in dystrophle rabbit and gulnea plg muscle. Since glutemine is
known %o be a neutral compound in which skeletal muscle stores
its lebile amino groups, this compound was studied as a possible
indicator of the conditlon of the amino aclids in normal and dys-

trophic muscle. The glutamine content of the skeletal muscle
of dystrophlc guinea pigs was strikingly decreased. In rabbilts,
the change from normal was less marked, perhaps nob significant.
This species difference may be the result of the fact that on a
vitamin B-deflcient éieﬁ, rebbits become dystrophic within 2 to
4 weeks, whereas gulnea plgs reguire 6 to 7 weelts, The btotal
non-glutamine amino acld content of the muscles was influenced
1ittle, if at all, by vibamin E deficiency. A study of the
digtribution of other aminc acids in this conditlon might be
revealing.

Roderuck (111) postulates that the observed reductlon in
g&utamina in dystrophice muasla may be the direct result of
the loss, "through cowbustlon, of onergy that is normally

stored in high energy phosphate bonds." These data of Roderuck



w Bl =

are quite interesting in the light of a previous report by
Christensen and Lyneh {66}, in their work with scorbutic
puinea pigs, iﬁvﬂhi&h they found &n appreclable decrease in
glutemine in the muscle tlssue. ‘

Barber, DPasinski snd Mattill (112) have measured the
trmﬁsaminaxa activity between aspartic and L-keboglutarie
acids of skeletal muscle homogenstes and found the activity
of dystrophic guinea pig muscle to be less than half that of
nawmaiVmusglea Dystrophic rabblit showed a lesa striking
diminution, The results were uniform whether expressed on
the basls of wet weight, dry weight or total nitrogen of the
timsua#. The éaer@asaé &3tivity~ﬁa§saa¢%‘a§@ﬁam to be & rew-
sult of ahangés in tissue structure, nor was age a variable,

~ Barber, Basinski and Mattill (112) added 0.05 mg. of
pyridoxal phaaphatavﬁa the rwaatian;mixturﬁa. Thia‘amagnﬁ,
equilibrated to allow enzyme-coenszyme complex formation, was
believed to be sufficient to restore the enzyme activity of
the reaction mixture if the coenzyme concentration were the
limiting factor. The decrsase in t&anaamin&tien_waa not the
result of an increaged removal of oxalacetate, as indicated
by recovery axparim&nﬁ; In fact, with &yaﬁ@aphia rabbit muscle
of high concentrations, the recovery of oxalacetlic acld was
greater ﬁh&n'wiﬁh normal muscle., This actually indicated that
normal muscle possessed a better mechanism for the removal of

excess oxalacetate than dystrophic muscle.
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D, In yitro Studles of Changes in Nitrogen Compounds
 of Skeletal Muscle :

The muscles of many animals have probably always conati-
tuted a major portion of the diet of men, At first, he may
heve eaten them in thelr raw state, but ag time went on he
" applied heat to them before eating. Heimay have discovered
aaneurrﬁntxy‘%kﬁﬁfi%,%@@k*iﬁaﬁ“ﬁf@@&ﬁ tb magticate such
treataﬁ/mua@lﬁs;aaﬁ that the rXavwxgwaa%ﬂiﬁrewanty He &isww
covered, too, that by drying the museles in the sun and air,
they would be preserved for future consumption. In comparae
tively recent times man haa_aiaaaVQWaﬁ_abhar means of pre-
serving his muscle-meat foods: canning, powdering and drying,
freezing, etc, He has become ilnterested, also, in delving
into the ressons why the musecle-meat ls still "good" after a
lapse of time, and also inbto what happens to the tissue durs
ing such a treatment, RO

From & more academic point of view, it has been desire
able to study thé effects of these lmposed processings on the
constituents of muscle tlssues, so that there could be
gained some information which might be correlated with bilo-
logical stresses that are continually impinging upon muscle
tissue in vivo. Of special importance is the relation of
nitrogen compounds to muscle tissue under some of these
stressess.

One of the diffleculties encountered in studying the
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older literature was the interpretation of the classiflcations
of the nitrogen compounds and the adaptation of the data to
more recent studies. For example, such terms as "coaguleble
nitrogen" and "non~coagulable nitrogen" are difficult to
evaluate, TFor such reasong, few of the older reports have
been included, but this must not be iInterpreted to imply

that these older studies were, and are, not important; in

some instances these earlier data have not been changed.

1. The effects of prolonged temperatures below 36°F. on

nitrogen constituents of muscle

One of the first studies was reported by Hoagland,
leBride and Powlek in 1917 (113). They had stored beefl
mugele just above freezing for long perlods of time, and |
found these changes: an Increase in non~coagulable nitrogen,
amino nitrogen and ammonia nitrogen; a decrease in coagu-
lable nitrogen., An interesting finding was that as the
amunonia nitrogen accumulated, the rate at which 1t was
formed decreased.

Two studles on aalublewﬁitrogen compounds are of in=
terest, Foster (114) compared, over a lO~day period, beefl
frozen at -8°C, with unfrozen beef muscle which he consider=
ed to have autolyzed, In the frozen sample the soluble niw
trogen rose from 10,8 to 16 per cent of the total nitrogen
in 2 days, while the same fractlon increased from 10.5 to

13 per cent of the total nitrogen in 10 daye in the unfrozen
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state. When MeCarthy and King (115) stored muscle under the
usual ripening conditions, 30 days abt %5°F,., they found a more
rapid rige in sulfhydryl content and in aolubia-niﬁrag&n;anm»
pounds then in muscle stored for only 2 days at 60°F., Results
found by Clifford (116) when he analyzed muscle held at 38%F,
for 3 days, or 25°F, for 13 days, included no change in total
ﬁi%rmgwn; soluble nitrogen, amihﬁ nitrogen, cainosing and creaw
tine,

A study on denaturatlion of the musele julce proteins by
freozing was carried out by Fimn in 1882 (117). After the on-
get of ripgor he expressed the muscle Julce and froze it., He
found that at -2°C, to -8°C, denaturation is most repid, result-
ing in the denaturation of 25 to 30 per cent of the toltal pro=-
toin in about 40 daye time., The additional time of 80 days did
not result in further denaturation; however, when the pi was
lowered from 6 there was o rapld increasge in denaturations
Pimn vosbulated bt the myopen Iraction was most readlly denaw
tured as a result of the influencesg of changlng pH and concenw
tration of the galis in the muscle Julce., This Lrings up the
gquegtlon of logs of water when muscle tlssues are [rozon, g~
pocially at very low btemperatures and ars held there for any
length of time, Reay (112) had reported previously that the
Important change during storage in the frogen state was colw
loidal In nature. He concluded that the muscle globulins lost
thelr power to hold water because they were denabtured as & o=

guld of the action of the concentration of malts in the frozen
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Murther considerations of the pH effects and loss of
nolsture from Ireeszing are found in the reports of Drozdov and
Drozdov (118) and of Johmson (180). The Fformer workers re-
ported that when beef muscle was frozen at -23°F,, there was &
shift In pH to the meld side; there was aslso an increage,
though slight, in protelin nitrogen. Ho changes were cbaserved
&n raaidmal nitrogen nor in anino nitrogen et thisg temperature,
Jolngon studied "bound water" in chicken muscle stored at
«12,2°%0, and -23,3°C. for 6 to O months. ILess water was re-

tained at the lower btemperatures,.

2. The effects of prolonged temperatures above 36°F, upon the

nitrogen constlituents of muscle

It is generally belleved that high,%@mperatarﬁs have
special effects, such as cosgulation, upon the proteins in
ruscle timsue, Of Thesze proteins, collagen and elastin have
been studied extensively because of thelr lmportance in induse
try as well as in the preparation of muscle-nests for food.

Decause ol the peculiar effect of heat on the protein mole-
cule some conceptlon of ite structure is advigable for a better
understanding ol this phenomenon, Protelns are composed of polye
peptlde chains which may be plctured in elther of 2 ways dependw
ing upon the length of the Regroupsi
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Astbury {121) believes that & large protein such as colla=
gen would be composed thusly, with the sequence of amino acids
parallel to the azis of the muscle fibers:

CH i
BpG” g%‘ﬁg K fl:’c N,
¥ —CH O, NH J
coc” Rgo—mm” Bago” Ngu—o0”  Ngo-

Chaing containing less constricted molecules than proline
(above) would have & longer extensilon. Huggins (122) belleves
that the maln proteln chains ave spiral with NHO bridges.

When these long chaing sve treated by heat (@0*1@0“@;},
with elther acid or alkall present (10«15 M), they break, ylelde

ing the constituent amino acids. At lower temperatures and less

drastic conditions, such as are encountered in autolysis studies
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to be considered in more deotall below, the breakege 1s more
selective,

One of the most widely studled effects of high temperaw
tures upon the muscle proteins has centered about the conver-
glon of collagen to geletin. Bendall {iﬁ%} hag recontly degw

eribed the process in & stepwisge fashlong

(1) Collagen 4 is sﬁmvﬁrt@ﬁ,~&% 56°0.=60°C, ,
to Collagen Bs, This results in 2 shortenw
ing of %he c¢ollagen lber.

(2) Collagen B takes up waber with consequent
gwolling and softening of the connective
ﬁiamu@.

{3} Digsolublon of Collagen B to form a gelatin

sola

The last step occurs during prolonged cooking at 100°C.,
or during pressure cooking at 115°C, to 126°C, for a short
time, or by auboeclaving at BO gaﬁn&a pressure for about 6‘hnura'
Bendall investigated also the effect on the creatine, crea
tinine, nitrogen and pH values of cooking raw, lean ba@f muacle,
He found a rise in the ratlo of free fo total creatine, and s
rige in pH due Yo hydrolysed linkages in the proteln molecule,
There wes little effect on the noneprotein nitrogen. The shifd
in pH to the alkaline side accompanied the comgulation of the
proteing upon cooking. He also found that hydrogen long and

phosphate lons have & marked accelerating effect on the rate of



converaion of collagen to gelatin,

Prudent (124) found that when beefl muscles were cooked
in fat to an internal temperature of 70°C., the changes in
collagen and elastin, as measured by her methods, were Inslgni-
ficant., The btotel nitrogen values showed no trend in apite of
gome molsture loss with bime and a difference in lipid content,

Harrison (125}, studying the same beef muscles as above,
found that heating decreased the length and width of portions
of the whole muscle and increased the thlckness. These same
nuscles had been stored at 34°F, to 36°F. and lost significant
anounts of molsture during periods ranging from 1 to 30 daya.
During this storage period the acid conbent of the muscle ine
creased gradually. The cooked muscles were slightly more alliow
line than the uncooked,

Herrison (125) found that all muscles followed much the
same pabtern throughout the storage peviods, In genoral, as
aging progressed beyond two days there was a tendency for the
fibers to become "straighter, with fewer waves, z-z contrac-
tions, twists and kinks",

Disinbegration was evident by the lnereasing fraglliby of
the muscle fiber and by a breakdown of the muscle fibers in
certain areas., The disintegration might extend over only a
few, or over many, strise, Sometlmes the sarcolemna remaincd
intact; sometinmes 1% broke, Aress with protoplassdce disintew
gration had lost all evidence of eltheyr longitudinal or cross

sbrine, and the material within the sarcolemms had a grenular



appearance, In some secblong disintepgration was as avidanﬁ
at 10 days ag 1t bad been at 30 days, with all of them showe
ing digintegration after 10 days. Some disintegration ine-
creased after 20 and 30 dayss

Harrigon found that cooking had the following hisbologlesl
@fféeﬁa: connective timsue belween the fibers appeared granmular,
and, in mscles iu which there were large amounts of collagen,
& £ilm of gramularfﬁiaau@ often covered the entlire sectlion,
The fibers were usually straipghtened, with less kinks, twists,
and waves than the raw [ibers. Cooking did not intensifly the

microgeople characberistics of the fibers.
3. Aubolysis studles on muscle

When the long proteln chains referrved to above are troeated
under less drastlic conditions; when the temperature, pH, and
time are controlled, the ensyme systems in muscle tissue will
function and bresk down these long chains. However, the breake
ing will be much more selectlive than in hydrolysis to amino
acidgs Derpgmamn (126,127) has shown that 1t 1s possible to pre-
dlct the brénludown scheme according teo the structure of the
protvein skelston, the enzymes present, eltc,

Baldwin (128) has these ldeas sbout such breakdowns:

Animal tissues . « + 88 & whole are known
to conbain Intracellular ongymes which can
be extracted and shown to catalysze the
breakdown of proteins and other highemolew
culayr materials into simpler units. It

seems improbable that this is thelr sole
function in the cell, After death, those
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enzymes do in fact lead to the digestion
of mueh of the tlssue substance, a pro-
cegs known as autelysis, and this is why
gome and cerbalin kindsg of meat are allows
ed to "hang® before belng coockeds

These intracellular enzymes of animal tlssues, known cole
lectively as "kathepsin", have been divided according to their
activity. Rathepsin I is homoapecifiec with pepsin which Derge-
mann (186,127) has shown can act only on certain peptide bondsj
for example, a peptide link lying between an l-dicarboxylic and
an l-aromatlc amine acld can be broken if the conditlons are
right. These conditions are that the second carboxyl radical
of the dicarboxylic aeid residue must be free, and there must
not be a free sminowgroup near the peptide linkage.

Kethepsin II is homospecific with trypsin which breals
only linkages adjacent to basie amino acld residues (arginine
or lysine; i1f these are substituted the product resists tryp-
sin), and the second amino-group of the basle amino acid unit
must not be substituted.

Kathepsin III is homospecifllc with aminopeptidage which
will remove a terminal group if the terminal unit has a free
NANO=ZPoUD.

Kathepain IV is homospecific with carboxypeptidase which
wlll remove the bterminel unit 1T the carboxyl radical is free.

In autolysis studies inbteresgt ig focused primerily on the
effecta of these ensymes in the brealidown of tiasué, while in
in vivo studles, these enzymes are concerned in the syntheals

of proteins and thelr fragments as well as their brealkdown.
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Beldwin {128} believes thal these intracellular peptidases
magst have 8 role in meindeining the &y&&m&qvﬁquilibwium or
balance, as proposed by ﬁﬁhﬁ&ﬂhﬂiﬂﬁr (129}, between the cell
proteing and thelr smeller molecules either derived from them
or uzed to synthesize then,.
The conditions of aubolysis, such as Lime, temperature,

Hy, and non-living tigsue, will influence the results from
such studies. The following more recent reporits are inecludsd
to indicate the trend.

Host of the early studles on autolysls have involved
other types of tiassues, such as liver and spleen, and have
measured the effects of subtelyzing engymes upon the formation
of lactle aclid, pyruvic acid, etes Some early aiaﬁ&gs, ine
cluding those from the laboratories of Dradley (180}, Hopkins
(131), Hammett (132}, Parnans (133), and lNeedham (134), have
ghown that the muscls enzymes are gulte active under esubolytic
condltlonss Chen and Dradley (42,43) found that autolysis was
more rapid in the presence of aclds of the approximate concene
tration of 0.04 to 0,02 Il or pH 445 %o 5.0, under which con~
ditions they reported that less than 16 per cent of the prow
tein was digested to amine acids, In subsequent studies (43)
these authors related bthe effects and condliions of autolysis
to atrophle and dystrophle conditlons In muscless Thoy be=
lieve the changes in pH to be highly significant in the pro~
teln breakdown both ln autolysis and in abnormal muscle.

Parshin (135) haes investigated the changes In the nitrogen
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11T, EXPERIVENTAL

The following experiments on skeletal muscle were perw
Tormed in mn atbempt to gain informetlon coucerning the fmnaﬁ
tlons end actions of the proteolytic enzymeas, the latbhepains,
described In the preceding sections The muscle tlssues upon
wiiich the work was done imﬁiuﬁﬁé the psoss msjor, the longlae
glmus dorsl, the semitendinosus, and the biceps femoris (semli-
merbranosus) of beef the pectoralis mejor of the fowl; snd
the thigh mugcles of both the guinea pig and the rabblti,

Pirstly, a partitioning of the nitrogen compounds into
total nitrogen, tobtal non~protein nitrogen, awmine acid niltrow
geon, and ammonla nitrogen fractions was performed, This wap
followed by a further division of the amino acid nitrogen by
analysos fmr.twg amino aclds, tyrosine and histidine, and for
two di-pepitldes, carnosine and anserine.

Total non-protein nitrogen determinations were done on
two different types of supposedly proteln-free filtratest trim
chloroacetic meld filbtrates and btungstle meld filirates, The
reasoning behind this was based on the observatlions made by
iller and Van Slyke (33) that trichloroacetlic acid did not
precipltate probeins quentitatlively, and so it is reasonable
to suppose that intermediate breakdown products from the en-
gymatle degradatlion of protein, such as proteoses, pephtones,
and polypeptides, would also be present in such Lfiltrates (33).
On the other hand, it has been shown, also, (33) that tungstie
acld flltrates contain only amino acids, di~peptides, and other
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low~molecular weight compounds, Therefore, 1t was believed that
Information concerning the extent and type of enzyme action on
musele tissue could be obtalned by a comparison of these two
types of non-protein nltrogen filﬁfa&aa,

The employuent of these mebhoda upon the types of skeletal
mugele ﬁ§ﬁcmiba& made 1t possible to study the effects of tome
perature, btlme, and dlebary Influences upon some of the enzyme
gystens In muscle tlssue, It was h&p@ﬁ that the results might
lead to some deductions concerning the relation of vitemin dew
ficlenclies, nitrogen constituents, and possibly, enzyme asctions

in the tissuves alfected by those dellolenciesn.

Le Uffects of Prolonged Teupersitures ﬁ%l@ﬁ’@@ng

on the Hitrogen Congbtituents ol Muscle
1, Ixperiments with beel muscle

fa  Freparation of the semple. The beel muscle samples

nged in %hié-axﬁgrim@nﬁ had been selected from & yaayzimg gteor
of Bpood" classificatlion. HFach muscle was snalyzed individe
uallys. After the animal was ssorificed, the dressed sldes were
hung in the cooler at 34%F. to 36°F, for 24 hours, The muscles
were then digsected from the carcass, ocub into portions in one
tleipation of all the studles which were planned for them, and
then placed unwrapped onto enamel trays with about one inch
between the porbtions. They were sbored on open shelves in the

cooler at 3&a§, to 36°F. for periods ranging fron 1 day to 30
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dayse. The method of sampling for (.%Mmiﬁal analysis was asg
follows: afbter the first dsy of sborage, an aliquot was re-
moved from each musele and placed into & 2 to 8 oz, cork=
awpmmﬁ @mséﬁwm@mﬁ gless jar, The Jars were placed in
the =30°F, compar
This vesulted in 5 samples (the longissimus dovsi were sece
tioned into "rib" and "loin®) at emch day of atorage, a total
of 30 samples for the enbire experiment,

The conditions of the storage at 34°F, to 36%F, (cut
musclen, uncovered and in the air) resulted in some surface de=
h;;ﬁmﬁ:ﬁ.m which would incresse with time of storsge. There was
loss of molsture after the aliquobts weve plmced in the closed
sample bottles us evidenced by ﬁm quantity of frost mm
these bottles when they were removed from the =30°F, comparte

ment,

tment until the chemical analyses weve made.

The quantity of beef musele in the sample jars v&ma&
from sample to semple and was, in :awsi; cases, somewbat less
than the more desirable 75 to 100 g» of tissue available from
- the fowl or rabblt, The beef tlssue was allowed to thaw, freed
of as much fat as poselble, weighed, and transferred quentlita~
. bively with epproximately £ volumes of dlstilled water to &
chilled Waring Blender jar.

The blending was carried out for R-minute periods with ine
tervening &wmizmtﬁ ehllling in m ice=-salt bath, This prew
vented the tissue from getting warm, After the first 3 periods
’tﬁ% sample was washed down o the bottom of the jar with dis-
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tilled waters It w&sra@viaaﬁia to keep the volume of water as
low as possible, The level of the water wis éeﬁérminﬁé by the
wolpht of the sample., An average of 8 Lo 1@‘ﬁ~minﬁt® periods
wag requlrved for most samples so that the final suspension
would be sulfficiently Iine Lo pass through the tip of a & ml,
volumetric plpetie.

Alber wuflflclent blending, the sample was transferred
quantitatively to a volumetric flask of a size which would re-
sult in a final suspension of & per cent concentrabion, In the
experiments in which the ﬁﬁ‘@f the suspension was measured with
the Declmen pH meter, such measurement was made lmmedlately
aitor bringing the suspensions to the requlired volume, From
this suepconsion or homogenate, aliguots were removed for all
the doterminatlionsg.

The ebove procedure was followed throughout the experle
wents in which a limited quantity of tlsgsue could be used, as
with the first beel samples and the gulnea pig muscle. It was
necessary bto thaw only the beel samples because all subgequent
material was not fromen previouslys, When at lesst 75 g. of
fresh Ligsue could be had, duplicate samples of 25 g, each were
used, In those cases the digsection was carried out and the
migele tissue was ground rapidly through the fine bleades of a
meat grinder, thoroughly mized, and then the £ 25eg. aliquots
welghed as quickly as possibles The greater quantity of muscle,
then, made 1% possible to analyze the tlassue in duplicate from

each animal,
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be Anslytical methods, Total nitrogen was debtermined by

the ﬁﬁ&&l micro-KJeldahl procedure, The selection of aliquaﬁa
for this determination may be donme in two ways: one, 5 mls of
the gugpension 1g pipetied into a 25-mls volumeitric, diluted
to volume with digblilled water, thoroughly shalen, and 2 ml,
of this dilubved suspension pi@@ttaé dir&ctlj into the micro-
Kjeldahl' flasks; or two, B ml, of the undiluted suspension may
be pipetted div&atl? into the miero-Kjeldahl flasks., Vien the
first method wes employed, ms with the firast beefl experiments,
two allquotas were diluted, and duplicabe determinations made
from the diluted suspensions. These will digest more rapidly
than the undilubted semples described in‘%ha second procedure,
but will involve more error as & result of the additional manie
pulationg, Undiluted aaspénaiaﬂ was tested, 5 mls. in triplie
cate, on the majority of the muscle samples.

The formol titration with the Beckman pll meter was usged to
determine amino acid nitrogen plus amnonla nitrogen. The me thod
uged wag & modification by Northrop (lSﬁ,l%?) of the original
Henriques and Sgrensen titrstion (138), end the use of the Deck=
man pH meter made possible a higher depgree of accuracy than can
be obtained with the vigusl obsgervation of the indicabor change
alone, The analyses were made on 5 ml, aliguots of the tissue
sugpensions, usually in triplicate or more unitil good checlis
were obtained.

The details of the formol tltration method employed are

as followsn:
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Five-ml, sliquots of the suspension are pipebtbed into
400=~ml+ hﬁﬁk@&@. Into each are pipetted BO nf of redistilled
waber, It 1a prefereble to use redigtilled waler whenever it
i available; otherwlise dlstilled water may be useds The slecw
trodes of the Declman pl mebter are placed iﬁt@ thig suspension
and the bealter rotated so that the suspension is thoroughly
nixed with the solublons to be added. Tltration is carrled
out with 0,01 H HaOH to pH 7.00. It is necessary to allow
time for thls mixture of suspension and the alkali to come to
equllibrivum after each addition of alkali, At pl 7.00, value
"aY ig read from the buretbe, and recorded,

Twenbty mles of the recommended formaldehyde solubtlon are
then added and thoroughly mized. The volume of the formalde-
Iirde solution used will very with the volume of the suspension
to be snalyszed; approximately 10 ml. of the formaldehyde solum=
tion are added for esch 20 mle of the unknown (suspension).

The mixéura of guspension and alkall is titrated apgain
with 0,01 ¥ NaOIl to pl 9,00, It is lmportant at this point to
allow adequabte time for complete mixing end equilibration. If
this precaution is not observed, accurscy wlll be sacrificed
and acceptable duplication of results will not be obtained,
The reading on the burette when pH 9,00 is reached is "BY,

A blank or control must be debermined with each preparew~
tion of formaldehyde solubtlon which must be prepared freshly
for cach group of determinationss Fifty ml. of wabter ave
titrated with 0.0 I Halll to pH 7.00; 20 mnle of formaldeliyde
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solution are added with thorough mixing and titrated with 0,01
‘I NeOH to pll 9,00, The value obtained at pH 9,00 is "¢,

(B = 4) = ¢ equals the "Formol Value", Thig inecludes both
aniino meld nitrogen and ammonia nitrogen. The formula for the
caleulation of the resulbs based upon the original suspension
is as follows:

mle 0401 X NaCH ("Formol Value") X 0.00014 (¥itrogen

%";@tw) X @gg K}ﬁ,g% = et per cent amino acld nitrogen

ond amsonia nitrogen in 85 g. of tlssue which has bsen

diluted to 500 ml, and of which B-mle aliquots have been
ugeds

For deprobelnization, a 50-ml. aligﬁaé of the #&ﬁpenaian
was pipetted imﬁa an 188-nl. srlemmeyor flask, The tungaetle
acid method as described by ﬁiliaw aﬁ& Ven Slyke (33) was used
with a proportion of 1 volume of both 10 per cent sodium tung-
a%mtalkawﬁ %/%dﬁ sulivric aaiﬁ$~%a 5 volumes of the 5 per cent
tissue suspension. Gradunl addltion of these reagenta with
very thorough mixing was t%&lrﬂiﬁy They were allowed to stand
Lor 30 minutes after which they were centrifuged and filt@maﬁ.

IThe sodium tungetate nust contaln & minimum of sodium

carbonate and/or of molybdate for accurate resulis. The

CePe Crade from either the J.T.Baker Chemical Coa, :

Phillipsburg, H.J., or from Mallinchkrodt Chemical Co.,
Ste Loule, Missouri, 1s satisfactory.

2poth these solutione mist be very acocurately prepared,
It 18 advisable bto weasure the quantity of sulfuric acid
with a burette and the 2/3 N solubtion should be titrated

rainst & standard base to Confirm thet 1% is ectually
2/3 normal.



IY carnosine wag to be detsrmined, the sgolution was not
filtered through paper which adsorbs this di-peptide (138).
then larger volumes of the suspenalon were eumployed, 1t was
helpful to pipette the samples of tissue into 100-ml., centri-
fuge bottles and carry out the deproteinization in them. They
were centrifiwed for 10 to 15 minutes st 8000 to 8500 PePeitey
and the resulting supernatent which was passed through the
filter became a clear and colorlegs Filtrate., The Liltrates
gave negative regults when the bluret test was used.

The tungstic acld method, when soccurabely and carefully
used, is known to result in complete preclpltation of all
pﬁaﬁ@inA&na protelin intermediavy products, leaving in the il
trate only the lower moleculsr welght compounds, or in other
words, the non-proteln compounds. Thege will include many
nitrogen~contalning molecules especlally important in this
study, suech as the amino acids, peptides, ammonia, di-peptides,
etes Hiller and Van Slyke (33) report that the tungstic acid
method, with a DI of 248 to 3,00 at the final concentration of
reagents and suspension, results in practicelly complete pre-
cipitation of proteln molecules, as well as intermediary pro-
tein split-products.

The total non-protein niltrogen In these filtrates was dew
termined by analysing Benl, allquots, in triplicate, with the
usual miero~Kjeldahl procedure for dlgestion and dlstillation,

The amionis nitrogen was determined by the Parnas distile

lation @rccﬁaur@ {139)s Fivewor 10wul, aliquots of the clear
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filtrate wore talken in triplicate.

¢y  BHesults from the beef muscle experiments, The results

obtained with the vorious beef muscles are swmarized in Table
IVe The values as gi?@n are the averages of all determinations
- for all five mugcle samples, The row of flgures oppesite the
first day of storage rﬁﬁr@ﬁ@nta the averages Irom all the allw
quots of all the nuscles tesbed for each nlircgen~contalning
groups For exzample, the figure Ewﬁl‘g, per cent total nlirogen
8t the end of the first ﬁay*a storage reprosents an ovorape
from 80 samples congisting of 4 enalyses for each of the &
different muscles.

The portion of each beef muscle sclected for chemical
snalysis was ahmaﬁn gecording to & statistienl g&ﬁ%&wﬁ dog=-
¢ribed by both Frudent (124) and ﬁmrwiaaﬁ‘(lﬁﬁl, 80 Lthe averases
ultimately cbtained are unbissed so far as Lhe muscle slte is
coneornods, |

he data as precsented sre caleulated on the basis of per
cont of the tlesue ms removed from the sample bottle alter
storage et =30°F, for the intervals Indicated,

The data In Table IV show bthat there is a difference in
the sbsolute qantities of the types of nitrag&m pompounds dew~
termined on these muscles and that these compounds vary in their
percentage relatlonalip to the total nitrogen in the tissue,
when treated as deseribed, However, as time of storage lum
&raa&aﬁ from 1 to 30 days, there is no apprecismble increase or

decrease in the absolute or relative guantiitles of either the
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total nitrogen or the 3 divisions of nitrogen compounds studled,
Teble IV

 Effest of Prolonged Low Temperatures (35%°F, and ~30°F,)
on the Nitrogen Constituents of Beefl Huscles

Time Total Amino Asid Total Ammonia
Hitrogen  Nitrogen Hon=Protein Hitrogen
T | Fitrogen |
- Days Gmu.pc Oms.po pe of T.H, Gms.pe pe of TN, Gms.pc poT.N,.
1 3.51  0,3355 10,12 0.4380 13,05 040181 0,396
8 3495 0,530 8,40 0.3600 9,15 0.0117 0,208
5 2.50 0,458 0,49  0,3809 15,04 0,019 0,498
10 5,70  0.3256 8,78 0.5726 10.06 0,024 0,336
B0 4452  0,3685 5,40  0.5216 12,06 0.0128 0,298
30 B.64  0.8171 8.7 0,4569 12,56 0.0167 0,431

There is o considerable range in all the values; for
example, the total nitropen exbtends from 2,59 g. per cent to
4432 ge por cent, Such differences may be explained, not only
on the bagls of the molgture variable, but on the varlstion in
1ipid content as well. Prudent (124) reporte
varigbles to be influential in her work with aliquots from the
gome frozmen sample. aﬁﬁaﬁﬁimg this explanatlion for the flucw
tuations, it can be stated that there is no apprecieble change
in the nitrogen ﬁ&ﬁaﬁiﬁummﬁa studied, over pmriﬁé: of holding
ab 53@?; ané/wﬁﬁgﬁﬁ from 1 é&?’ﬁﬁ'QG‘ﬁﬁEﬁm under the condltions
clteds
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Experiments with chleken pectoralls major muscle

._ﬁea»wmﬁgpu»:,umm;hwepwﬁf_ wa & ﬁﬁ@@ﬁ@ﬁ@ﬁw and enlarge«
ment bto the mwﬁﬁﬁu further studlies were conducted to ﬁauw the
effects upon the nitrogen constibuents of holding chicken
breast muiscle at a%@w‘ for inereasing lengths of time, Breast

musele (peotoralis major) was selected for this work because

1t could be left intact in the animel during the time at the
lower w&ﬁ@gﬁp&gwwu and w@ﬁﬁgwa complete misoles would be evallase
ble for gﬂgﬁ Yhus elim tnating §ua& sap Hmﬁ problems,

The binds were mﬁa&»ﬁwa@& by severivg the Jjuguler 4@W§u~ shoolked
for 10 a@aﬁﬁ@u and bled for one minute, After e aﬁgk:aa@wﬁ in
water ab wuaéﬁ; for 90 u%aaﬁﬁm* the feathers were removed as&
the birds aﬁwma&%@wa@; The birde were aw@@&& at 32° %* waa 0,
wwn 24, 36, and 48 hours,

The ﬁaa @@aa@ﬁﬁﬂ%a najor gﬁuawmw. right and left, were
m&«a@&a&@ from the u%ﬁﬁ and wnazw& w@&@aw@a_dwww thorough mixe
ing so that the mﬁﬁﬁp ground muscle sﬁu a8 Waﬁ@masaﬁa 88 posslw
‘ble, The two ﬁpﬁ&%@wm of 25 g. each were wwaa@% into chilled
ﬁw&wa@ mw@a@@a Jjars and the proceduve as aaﬁ@am undey pert 1

was followed.

| be  Avalytical wethodg,
wwawqawa,nas ﬁaamw swwaﬁmaﬁ(aﬁm total ﬁﬁﬁi@@@«@ﬁﬁ ﬁ»wﬁamaa.;a%ﬁ
for a&ﬁ&»ﬁ@@ aminoe aecid nitrogen wwﬁw ﬁﬁﬁﬁﬁ»@ ﬁ%w&ﬁm@ﬁ,ww the
waaﬁaw &ww%mawaﬁ.

Two w&mawmwamﬁwaﬁ waaa@mﬁa¢u weres carried out in order %o

The B per cent suspenslon was



*UOTSUSUSTE POJNTTPULL UO DOUTILIONOD OSTVy

«020TUoTay guso ged T pexsvdead ATuseay Oy *SFo3nuTW 00 JI947%

POXOTTI OITAXTIW 6ug puv *TSuliEyus yINoIous UL POPDE SBAM PTOR

OTAO0BOIOTYOTAL Gued aod aw peaedead Lrvseary Jo emntosa Terbe uw

fysuTy JoloumieTae *Tu-0@T uw oqur pezgedid exem uorsusdsns oy
JO *TW QF EACITOI 9V 30 peTaxwo sus uorsBardroead eyl

saoqo oug Lq gou gng guefwea euo Lg peguyrdroexd

ogom UOTUA Spunoduwon aefawy opeuq Jo SeoTsTausnd oUuq 4nogw UOLL

«BUIOIUT UTB3q0 0F eTqIssod g8a 47 fprow oraefung g poavdead

SBIITTI ® UL T UOTHoUnfUOd UT POSN ETM oanpeocoad STU) uSyy 4996

fagoucnded, * mepradedlrod, ao *,sopryded, ¢,sesocezoad, peoues ALt

| ~uoumos exem §v #onpoad umopsBoLq UTegoad yone uUTBLYe 04 oTqw

exom Louq e4va3TIy Surarneea eouyy woas *pegustdroead egq prnoa

soTnoeTon uregoad xeflawy euy ATuo fprow oug Jo jues aod g uwyg

2J0U 40U POUTVIUOD SUMTOA TBUTI 6us 3Byg L8m v yone up prowv

BTUN USTA pesvel) swa uorgvawvdead JBTTWIS J0 aRedTp urejzoad

B JIT 2vug peqgaodex ousm (9f) endyn uej puv J9TTTH 0% JUulpaoocos
N0 POTLIEs Sem uoTselTdroead PTov OTL00BOXOTUOTIL OUJ

*ourTaesue pug feursoudns foursog

-fn *aa%@w@%wﬁ.mﬁ@maa@wﬁ prow outmw ‘utuoiwre ‘usBoagtu upeqgoxd
=UOW TEL0M JL0T POZLATBUR 0194 BOLVILTIX PTOS oTaefung ougy

| saugy Tdroodad

oug 8v PTOV OTL00VOIOTYOTAL UFTH poeaxsdead 803BITTS UT PUNOT

g8 ‘spunodwoo guites X¥TnoeTow MoT oug #nrd fsqoupoad usmop

wyuarq ureqoad quitem Jernoerow UITY ojul pun *E098ITIT PLOV

opgefuny ur punoy §e ‘suoraesay juBtem JOTNOOTOW MOT UR0Q 04U

woTEuOdeng enerTy ouyn uUT ¥punodwos uoeToddTH SUL 0LVUOTLOVLT

- L=



w 75 -

acetic aclid wasg mﬁé@ by digsolving 10 g of the crystallina
acld in distilled water with 6 ml. af aamaanﬁr&t@ﬁ HCLl and
hr@ught to & finel volume of 100 mla in a volumetric Ilask.
The filtrabes were clear and colorliess, the pi In the range
of lus“w

Ae mentioned above, the tungstic aeld Iiltrates were used
for the determinations of hi&ﬁi&iﬂm; t&r@aine,‘marnaaina and
enserine, Exporiments showed that the trichloroacetic acld
filtrates were not sulteble because of Interference with the
diago reactlons FPrecautions must be taken to filter the tunge
stic seld filtrates nob through filter paper but through a
closely woven fabric, glass wool, or some substanee which will
not adsorb carnosine (140), ’

The methods for carnosine and anserine were devised in
{his leboratory by medlifying the methods avallable in the
llterature. Decause of the structural similarity of higtldine,
cornosine and anserine, the analytical methods for them are
involved, It is essentlial to determine tyrosine, for which a
good qm&ﬂtit&ﬁiVé,m@ﬁhgﬁ (Folin-Ciccalteu){141) is avallabley
histidine and carnosine by the dlago method (142,143); histidine
alone by brominationy and angerine as m&thylzhistiﬁina by the
bromination method after hydrolysis. The carnosine, then, is
determined by difference. All the work was done colorimetrically
with the Hlett-Summerson photoelectric colorimeter, and the
methods are given in detall below,

It is aaa@nﬁi&l to be able te determine histidine in order
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to obtain values for the di-peptlides. The method used was a
modification of the original bromine reaction published by
Knoop (144). In this modification the pH of the reactlon mixe
ture was carefully controlled with a sodlum acetate bulfer. It
had been observed by Kapeller-Adler (145) and noticed in more
detall in the course of the present research, that a variety of
colors could be cobtained wiﬁh’&rami&&t@d histidline solutlons,
The color was dependant upon the pH, so that by controlling and
standardlzing the pi, the same color could be cbtained each
time, The modificabion is qulite mpecific for histidine; the
only compounds known at preosent to give color with this test
are methyl histidine éﬂd histamine. The latter is rarely
found in muscle tissue in any significant quantity and the
Tormer is nobt found to any exbent in unhydrolyzed semples, but
1t may be found in hydrolyzed samples 1f anserine had been
preosents However, the method is not so sensitive as might be
ﬂ@ai@@d; 08 mge histidine or less gives an Insignificantly low,
if any, reading on the colorvimeter.
The detalls ol the method ares
Heagent blanics | |
5 mle distilled water, or preferably, redistilled
water, into 22 X 175 mm. test btube
1 per cent bromine in 33 per cent glacial acetic
acld, added dropwise Ifrom & small-bore burette
Mumber of drops is determined by the number of
drops needed for the unknown; the meaximun number
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is used in the roagent blank

Allow to stand 10 minutes in the dark

1 ml, 0.5 per cent phenol, to decolorize the
unreacted bromine is added

15 ml, 540 ¥ sodium acetate ﬁuffar, pH 5,00
is added

Allow to stand 40 minutes In the dark

Adjust the Kletb-Swmerson photoelectrlie colorim
meter to O with this blank, using filter X3 B4

Unknown blanki |

The followlng solutions are, or are not, added to:

§ mle unknown in 22 X 175 mm, test tube

Ho bromine solubion is added, but an equivalent
muber of drops of redistilled wﬁtav is added
from a burette with a bore slmilar to the one
uged above

Allow to stand 10 minutes in the dark

1 ml, Ou5 per cent phenol

16 mls 540 I sodium acetate bufler, pll 5,00

Allow to sband in the dark for 40 minutes

Any reading wlth K8 54 is then deducted from
the unknown onlys

Unknovnt |

5 mles of most filtrates are sulficlent to give

a‘$ign&fiaanﬁ reading. If the concentration

of histidine in a & per cent suspension is
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too low 1t may be advisable to increase the
volune, Preliminary experiments are advige
able. Into 6 ml, of the unlnown in a 28 X
175 mme test tube, the following are measured:

1 per cent bromine solution, added dropwlse In a
quantity which will glve & falnt yellow color
that will be retained after standing for 10
minutes in the dark, If, upon exsnmination,
the color has faded entirely, additional drops
ghould be added, The game number of additione
al dre@&ywill have to be added, elither bromine
or water, to the above blanks,

1 mle 048 per cent phenol to decolorize all un-
rescted bromine |

15 ml. 5.0 ¥ sodium scetate buffer, piH 5.0

Allow to gtand in the dark for 40 minutes

Read in the Klebtt-Swmerson photoslectrie
colorimeter with K5 54 and meke deduction
of unknown blanlk,

Standard histldine:

Histidine monohydrochloride ls used, calculated
as histidine; 125.6 mg. plus 10 ml. 0.1 N H,80
are diluted to 100 ml, with redlstlilled water;
1.0 ngs/ul, of 0,01 N HyS0 4 1s the final con-
centration of histidine, This stendard should

4

be made about every 10 days and preserved in
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the refrigerator between deterninations,
For the working stendardy 5 ml, of the stock
standard described sbove are diluted to 50
mle with redigtilled water; this ls carried
oub each time a @@%ﬁrmiﬁ&timn is made., The
concentration of hlstidine in the working
standard is 0.1 mge. per ml,
B mls of the worlkiing standard are used and
treated in the same way as the unknown above.
The standard will conbdain 0.5 mg., histidine.
The calculation for the resulbs obtained with the above
method 1s as follows:
o X 045 mgelie X 240 X 500 X 100 X 1.0 = gus. per
e¢ent hlstidine, In this lormula:
;%%3 repregents the weight of tissue, 25 g., con-
verted tg & porcentage baslg.
ggg, rapw&&enﬁg the total vmiumﬁ of the suspension,
500ml, out of which, in thils case, 200 ml, wers re=-
moved fa& deproteinization, |
ggg, reprogents the total volume of filtrata,wﬁﬁﬁ
plug 40 ml. of combined sodium bungstate and HyS0,, out
of which were removed 5 ml, for this determination,
1l 4 rvepresents the conversion of mge. (05 in

000
8

stand fﬁ) Lo o
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Carnosine, histldine and tyrosine wilill react with dlagow
tized sulfanilic acld to produce colored compounds. This rew
action was described originally by Pauly (142) and 1g known ‘
as the "Pauly resctlion®. For the determinations in this work,
the Jorpes modiflcation (143) was used, DBecause tyrosine prom
duces a color, a known guantity of this amino acld was carried
through the reaction so that the color from this cgmp&und[ﬁighﬁ
be determined.

This procedure was followeds

A quantity of unknown containing 0,05«0,005 mge
per mle of histidine ls taken,

To each aliquot (1 ml,) of unknowr nipetted into
22 X 175 mn, test tubos are added 9 ml. of re-
distllled water or an amount to total 10 ml.

To each aliquot (4 ml,) of histidine ﬁtanﬁaré"
are added 6 ml. of water, For this standard,
1 mle of the sbock hisbtidine standard l1s die-
luted to 100 nml, and 4 ml, used, This repre-
sents 0,04 mg, histidine.

1 ml, of tyrosine standard (00,0008 mg. tyrosine)
ig pipetted into a tube and 9 ml. of water are
addeds It ls necegsary to run this tyrosine
standard concurrently each time,

To each tube above are added:

2 ml. H snke~Koessler diaszonium solution (146)

Allow to stand for 1 hour
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5 mle lel per cent Eagﬁﬁﬁ with thorough mixz-
ing
Read against filter K2 54 within 5 mimnubes of
adding the Eagﬂﬁﬁ
The ealculation for the results obbained with the above
method is as follows, and 1s known as the "diazo value" which
inocludes histidine, carnosine, and tyrosine:
U X 0,04 mgoHe X 10 X 240 X 500 X 100 X 1,0 = gmse per
B T T iele 25 IGO0
cont.
In this formulas
10 X 240, repregents a dilubtion of 1 ml, of the fil-
i S
troate.s The other fractiong have been described.
To calculate the diazo equivalent of tyrosine:

- or T X 0.442 = Tyrosine

factor. Thls conversion factor, when multiplied by the tyro-

T X 0,04 Tite He X
"

aine value obbalned as grams per cent with the method of ¥Folin
and Clocalteu (141}, gives tyrosine as histidine, in grams per
cenb, o modificationg were made in the Folin~Clocalbteu prow

cedure; the caloulation ag used in these experiments is as

follows:
Q%E;r X 00,0005 mgeTe X 240 X 500 X 100 X 1,0 = gms.
Sw=Blp “IT T00 T8 1000

per cenb.

Angerine is determined as methyl histidine and is recalcu=

lated to anserine, In order to obtain methyl histidine, 25-ml,
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aliquots of the filtrabe are refluxed (in 22 X 175 mm, test
tubes with a large marble top) with 15 mls of 10 Y HCL fow
1 hour in & constantly bolling water bath., 7The volume of water
in the bath must be sbove the liquid surface in the test tubes

: all times. At the end of one hour, the test tubes are re-
;.ag allowed to cools and the wm%im neutralized with 15 ml.
10 ¥ BaOH, These resgents should be prepared carefully end
meapured accurately with a pipette; the resulting neubralized
solubion ghould heave a pH between %ﬁ and 7,00, The ecoled
golutions are transferred quentitatively to 100 ml. volumetric
flasks end 5 nl, gliquots of these unia )

the bromination reaction as described

above.

£ hydrolysis is .mﬁm&; it wes discovered

in recovery sxzperimen m, in whieh the compound itsell was ome
ployed, thal nger pericd did not prove antlefac=
tory.

this hydrolyzed filtvate these compounds will be prew
sent: angerine as methyl bhistidine, the histidine from serno=
sine, and the histidine originally presents The following cale
culation is for enssrine as meth

L histidine; with a subsequent
conversion to anserines

gwm per cent anserine as methyl histidine,
e1 obbaining the sbove values, these Turthepr calewlations
are sesentialy




For carposiney
. {Diago value) -

{m iyeie V&&Wi - {%3 bl W"gs Kg.; = &‘*(&ﬂ He)

Arlan m) X 60w Agq yan,) Eu8e por cemt,

&*{&#E@&ﬁg? X " o {A*fﬂ# #,) ¥ 1e42) = A, pna,

or sent,

‘A convenient way to set up the caloulations and date for
these emino acids snd di-pepbides is as follows: if weights
of tissue and all volumés ave kept constant, the equations may
be solved mud factors cbtained, Hxamples of these are 0,24 for
Listidine, 0.96 for the dlazo velus, 0,442 for the tyrosine
factor, 0.817 for tyrosine by the Folin and Clocalteu method,
MW hydrolysiss The colori-

and 0,96 for the Mxﬁmm metho

108! sbrated bolow, t&w necessary date and ecaleula-
tlons may be resorded, and the veguired information obtained in
& relatively stuple way, o

e {2) (3) &) (8) (&) (n

Sample Hﬁw mm mm :li#m mx ﬁ»% Ty (ﬁ}:&; m%ﬁ &
_ ‘ Velus g Ww w%qui% Tyre fact

¢A
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(8 (0 (o (1) (12) (15)

TyTe w)x mmv {7)X{s) Byde.Fil. (m}x ﬁ},,s,m (5) =
G = guse por Ma as Aq as UeH, ;%Q%aa, per (10)

) @ @) an e (9

i%}ww) iMa)X 2»% (1p)={3) {m)w%&} m’m {18} le48
Co a8 Ha o Co gus, 6200 2 gz As puss
gmg, pey pam cent ‘ *Q*ﬁa Mela W&‘ cent

other campounds followt Mﬂﬂ%’m, maﬁ%; ﬁmwim, mﬁﬁﬁ:
m#&mmt 0,288,
Thig is a &mph ealovlation for a factors

The methods as deserivad gbove were used to determine tm
values presented in TablevI. ‘

engths of m«, but were

not held at wm%ﬁ Two mpmm ox
in the first, enly the tungstic acid filtrate was used and the
anino mml total non-protein, end smonis uitrogens mmmmﬁ

lAT so determined on undiluted suspensions,

ppiments wore amﬁw%@;
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on ite Total nitrogen data were obtained on the undiluted susw
penslong, In the second %&@@rim@gt, bobal nitrogen was deotor=
mined on the wndiluted suspenslon, and filﬁ$at$a were prepared
by both the precipibtation methods described, ‘Gm the tungstle
acid filtrates, the amino acid and diepeptide analyasls, dla-
cugsed iﬁ detall above, were useds

In Table V are shown the resulbs of the Lirst low-

temperature~time study describeds

Table V
Effect of Low Temperature (32°F,) Periods

on Hitrogen Congtituenta of Chicken Preast %uacl@l

Hitrogen Hitrogen Non=Protei; Hbrogen®
Hitrogenv |

rse  (mse Gmge  po of Grage pe of (mse pe of

pe - pe Telle ve Tylle DO Dol

Ba9Z 044266 10,80  0,6056 12490 0,0162 0,414
B0 0.5405 9,20  0,5612 15,18 0.0150 0,450
3490 044190 10451  0.5444 13,62 0,010¢ 0,486
B6 4408 0.5575 13,88  0,5026 14447 0,0163 0,404

48 ,xgkgﬁy 044850 11,00 045469 14410 00174 04449
Blght birds at O«houry 6 birds at other periods

2B o

2petermined on wndiluted suspension

Spetermined on tungstic seld filtrates

The fipures aiv@m are the averapges Irom a number of birds,.
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Duplicate aliquots were removed from the ground, homogenous
migcles From the ﬁg@ﬁﬁ& sugpenglons and flltrates triplicate
_aliguots were used for the individusl determinations,

The total nitrogen data are in ex
O=hour to 48ehour seuples, but do not change over the period
of storage ot 32°F. o trend, either increase or decrease, is
indicated, The excellent agreecment found awong these chicken
muscle samples may be the result of the faots that the muscles
were protected by the birds! skins; that there was move homa
genelty from bird to bird with only the one kind of muscle
being analysed; and that the mmscles were intact until digsec~
 sonbent and the falk, which wap
not noted in excess in any of the bird muscles, were more
likely to romain falrly constant, ;

Although there is some ﬁﬁﬁgﬁgﬁ the absolute and relaw

tions Therefore, the molsd

tive (per cent of the total nitrogen) values for the amino seld,
smmonia, and non-protein nitrogens show & tendency to increase
with time at 32°F, In all cases the 4Gwhour date are higher
then the O-hour dats, and the 36-hour data are higher than the
Owhour ?gg

tein 3&3@% are g every gﬁ%ﬁ higher than the velues foy
anino acld nitrogen sﬁ?f in turn, ave mﬁgﬁ% than those fopr




more than elther the anine acld or ammonia nitrogens.

The results from the second low-tomperature-iine experie
ment with chicken musole are shown in Tables VI and VII. The
12«houpr pericd was omitted and only two blrds wore studled at
sach periods Since information of a more general nature had
ﬁmam obtained with the first ezperiment, whose results are in
Table V, the second experiment was designed to give more
gpeciflc information, The tungstlec ameld filtrate was frace
tlonated further into hiﬁﬁi&iﬂ@, tyrosine, cornosine, and ane
serine, On this filtrate, tou, was &mﬁarmim&ﬁ the total none
protein nitrogen for comparison with the nitrogen Ho be found
in a trichlorcacetic acld filtrate. The possibilities in sueh

a8 compardson have been elucidabted sboves

Table VI
Lffect of storage at 3297, on Some Consbituents of the

Amino Acid Hitrogen Fraction of Chicken Dreast luscle

Time Total Tistidine® Tyrosine® Carnosine® Anserine®
2}&.%3?‘#3 ggml

Hrse Gipe Gmse I=pe Grage Uepe Guae l=pc  Gma, Hepo

Do pe of Telle pe  of T.ls po of Tella pe 0of Telle

0 %.é@ 040088 040849 0,01E3 00,0256 042990 1487 0,0000 0. 00
24 3488 00,0088 0,02859 040140 0,0804 04,4008 3481 043497 £.11
36 3e70 00,0038 0,0871  0,0145 0,0808 043255 84,10 0,0604 (.40
48 Eﬁaﬁe 00074 0,0621  Q,0L75 0,0854 0.3880 2,58 04835 2,58

Determined on undiluted suspension
ZDotermined on tungstic ncid Iiltrates
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Aceording to the figures presented in Table VI, both hig-
tidine and tyrosine increase when chicken breast muscle 1s
stored at 520?. for 48 hours. fThe histidine remains constant
until é@ hours when 1t inereases appreclably; the increase ;n
the tyrosine 1s wmore graduals Although carnosine lncreases,
and is Iin greater quantity at eaahvyariﬁ& than at the O=hour,
there 1s some [luctuatlion,. The anserine not only fluctuates
but the values are in such poor agreement compared with the
other compounds studied as to merit no concluding remarks other
than that they are undoubtedly of lit%la significences,

Of more sgignificence are the data expressed as "per cent
of total nitrogen" because they show the proportloning of the
constibuents when compared to the vwhole. When these values are
compared with the amino acid nitrogen and non-protein nitrogen
increases in Table V, or with the Increases shown in Table VII,
they show a conslstency which increases the reallity and valide
ity of all of them, OF p&?hieuiarAﬁate are the values for the
total nitrogen In both experiments, There is excellent agree-
ment among the values shown in Table V; there is not only
equally excellent asgreement among bthe values in Table VI, but
alao'exa@llant agreement between the total nitrogen values from
the two separate experiments. Decause of these consistenciles,
data calculated as "per cent of the total nitrogen", can be
compared more accurately and with more assurance.

In addition to the compounds nobted in Table VI, the total

non=protein nitrogen content of both the tungstic mcid and trie-
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chloroacetic aoid filbtrates was studied. These determinations
were ogrried out on the same muscle tlssue suspensions used for
the data in Table VI, so the total nitrogen velues are ldentisale

| Table VII
fffest of Storvege at :fefm%g on Some Conglituents of the
Totel Non-Protein Nitrogen Fraction of Chicken Breast Husole

. - BonwProtein Nitrogen Plltrates
roscotio M&é Tungatic Acid

Gmge pe pe of TeH.
3-51:% 2468 14444
15438 0.87 14,71
15*536 0«81 13.68

| 16425 0457 14.78
ted suspension

several outstanding points mey be observed in Table VII,
Pirstly, bobh the grams per cent values for total non-protein
nitrogen and thelr per cents of the total nitrogen are greater
in the trichlorcscetic acld filtrates than in the tungstic acid
filtrates. Based upon thess facts, it may be reasoned that at
- all the time periods m the sasecrifice of the birds there was
8 greater quantity of the high molecular welght protein split
products then of the lower onss present in the ! B
1ys 1t may be generalized that there 1z a steady increass in
these high moleecular welght compounds with the additional hours
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foil, and processing in an autoclave for 2 hours at a pressure
of 15 pounds, A control s
Runs at two different temperabures were meds; one at 40°C, and

ample of beef muscle was nobt heated.

one at 100°%c, Aftey the samples were cool they were taken

'rom the btest tubos, as much fat as possible removed, and pre-
pared for the analytical procedures in the usual way, These
beel samples ammimﬁ’ large gmm@iﬁma of fat which probably
influenced the results, by being, of necessity, included in
the starting weights of the samples,

The second group of a‘lw consisted of comsercially
canned meat products obtainable in local markets, Only the
products which were stated to contain unmized tissue were sele
ected; for instance, s type of beef product, described as con
talning gravies, %gémmw, wmg; wag not tekens This second
group eonslsgted of a variety of beeyy pork, lamb, and veal pro-
lmon and sardines. The exact conditions
employed in processing these smuples are not knowni however,
it 1s known that high te s are applied, Obvious &if-
farences in these products will be described in the llsting
of them given below, ’ |

Atter the suspensions were prepared, three Beaml, aliquobs
were vemoved for total nitrogen, and duplicates for sach of
both the trichloroacetic amcid and the tungstle acid filtrates,.
This plan was followed for the samples in these two groups,

lowlng tebulation will describe the ocommercially
The sample numbers correspond to those listed

ducts, gs well as sa
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in Tables IX and X,

semple 1, A pressed beef product, known as "Mor!
preparsed by Vilson and Company, Chicapo, Illinois.
In eddition to beel, the sample mﬁntain@ﬁ‘suaar,
Nall0, NalOy, and MaCl, The sample contained &
large quantlity ol fatby most of whieh counld not be
remnoved,

Bample ggb “@@ift*a N¥pat for Dables", composed of
strained beel and broth with HaCls The product
was very Iinely divided amﬁ‘eanzaina& apprecliable
gquanbities of lat.

Semple 3. Yowlift's leats for Juniors"; dlced beef
with natural Julces mnd HaCl added. The bwéf was

- in solid pleces and could be separabed from the
juices and partiecles of fat. The enalyses were
of practically pure muscle tiazsue,

Semple 4. "Libby's Roast BDesl; Parboiled and Stean
Roasted"s an Argentinian import contalning only
beefl and HaCl., The tissue was very Iibrous and
the aliguotﬁ could be removed from the liguld
and fat, so thet the ssuples were almost all
muscle tissue onlye

Sample 5. "Gerberts Strained Heats"; processed by
Armour and Company, Chicago, I1l. The product.
conbtained only beef, liquid, and NaCl, 7The beefl

was very finely ground and quite liquid; the fab
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could not be vemoved from the samples,

semple 64 MCerber's Chopped Peef™; processed by Armour
and Company, Chicago, Ill., The product aanﬁainm&‘
beef, broth and IaCl, Although a chopped product,

it wns not as solld as Sample 33 therefore, some

Jjulce and fabt were btalen in the aliquols.
Semple 7e Mowift'e lleats for Beblies"y strained

pork end broth with all added. Appreclable

liguid and fet which could not be removed,
sample 8. Diced pork; processed by Swift and Company.

Some liguid end NaCl were prosent) the meat sanmples

could be removed from the water and fat.
Sapiple 9 Strained lambi processed by Swift and

Company, and containing wabter and Nalle. Thore

was a very consgidepable quantity of fat in

thias sample, and 1t could not be removed from

the allquots.
Sample 10s Diced veal; processed by Swift and

Company, and conbeining water and IlaCl, There

was some fab, but most of 1t could be removed

before samplinge
Semple 1l. Serdines; "Hor, sild", Packed in lorw
“ways These had been packed in oil, not all of

which could be removed before sampling. An

atbtempt was made to remove the bones, skin, etee,

but smaell porbions may have been included,
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Sauple 1%, Plok salmonj Alesia; containing little
water, ﬁ&ﬂi‘émﬁ~miﬁﬁla fate
eluded in the samples s&i&aﬁaa*

Sample 13, ﬁﬂ& jgﬁ'un; Alegka 5@@3@&%; ﬁmiy HaCl
added and 1ﬂﬂﬁ 1iquid yx&a&m@ than in aamyla 12,
Bones were not inecluded im,ﬁhﬁ samples awi&aﬁeﬁ&

§»rag were not ine

.. In the following three Tables the results of the snalyses
~of the above products are recorded. The values include those
for the Pl of the suspensions, the total nitrogen, and the
%akai~aamw@xn§¢ia‘miﬁﬁagwn obbained in both kinds of filtrates.
In Table VIII, the resulbts from the control beef sample and the
tﬂm auboelaved beef nampl@a are g&vaﬁ, The a&ﬁanﬁ,gwﬁu@.ar
samples is divided into two parts: the first shown in Table IX
contains only the beef musclé products studied; while the

cond part, in Table X, includes the miscellaneous meat and
ﬁiﬁ&;ﬁ@ﬁpﬁé#@iﬁﬁa@ Semples 7 %o 18 in the above tebulation,

The total nitrogen dats from this experiment on heate
processed beel samples are more varisble than the total niltwo=
entse The wmpual quantities of
fat in these smmples might well have asccounted for the variation
in the total nitrogen results, It is quite likely that aaak
25~g, sample contained s different weight of fat and since there
was en appresiable quantity of fat which 1t was not prectiosble
to try to separate, & goodly part of the 2B-g, welght eould

gong in the previous experi



s oo e e W@mﬁa&a basis, the values obiained for
totel nitvogen would be quite varisble,. However, in spite of
the verdation, the values mre not out of the vange of the
$otal nitrogen figures obtained with beef and chicken muscle
t1ssueg. )

Bffect of a&i&%ﬂ@ rin 8
of HonwFrotelin mﬁm@m mﬁmﬁm of Beef luscle

Treatment pik

C BuBT  Be4b 0,870 8497 0,840 0,93

870 3.60  0.370

gen, as characterized by the £ %ﬁ%@i@&“&aﬁm reagen s, show
several interesting facts which will be further substantisted
with the eutolysis experiments cited below, One of these facts
is that when fresh tissue is snalyzed, the £ methods give total
nonwprotein nitrogen values which arve in fairly close sgreement,
| If the effect of temperabure upon each filtrate 1s studled,




it will be secen wwaw with the w%wawwa@awa&wm@ acld %»wﬁ%awg the
;4§wn@ Tor botal aaw&waaww%w ﬁwaﬁﬁ

aa @ﬁ& a@ﬁw of wﬁ@xw nitro~-

Shisiel aﬁﬁgaax since thoge

| ples, wﬁﬁﬁawﬁx w& ‘these temperatures, com-
@ﬁ@@% aﬁﬁw the aaaﬁﬁaw a@ﬁﬁﬁg ﬁﬁﬂ%ﬁ:ﬁﬁa(maaAn§wugaﬁa& to wxﬁt
cessing, there is a definite incresse in the production of the
nigher molesulsr weight breakdown produsts at 40%C, and no ine
¢rease in these products @&,wﬁ*wa; over the control levels
. With the tungstic acid filtrate the
protein nitrogen as per cent of total nitrogen, obiained at
40°%c, 1s 0,68 per cent lower than st the gontrol level, and at
100%¢, this same Qﬁwﬁa is 8427 per cent lower than ab the con-
, , 1t would not be socurate to state that

. in these valuss under the influence of
«, thet when compered with unprocessed sample
the production of the lower molecular wolght breskdown products
is not increased at 40°C,, end iy certainly inhibited at 100°C.
The difference between the ﬁﬁ.ﬁﬁw values obtained with the 2
types of filtrates plus bthe 1 mgfmw,W@x,naxﬁv decreass at
40°Cs could be interpreted to indlcate that further experinents
of this type might show a grester @a&ﬁﬁg&wm&.@% low moleculaxr
welght products than this partiouw * experinent shows under the
mmmwﬁwﬁ@#;aﬂ.ﬁﬁ optinum temperature at 15 pounde pressure for
2 hours.

,cgz;:.ﬁﬁﬁ;wﬁﬁﬁw.ﬁﬁﬁi
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particularly interesting, In spite of the variation in the
total nitrogen values from sample to ssmple, the total non-
F’Wm‘m nitrogen results from the frichloroscetie acid fil-
trates, without exception, are higher than those from the tungs
stic acid filtrates, This is in agreement with the ds

Table X
Effect of Commercial Processing Upon Three Hitrogen
Fractions of 8ix Different Canned Beef Products

m;m pH* Total Non-Protein Nitrogen Filtrates
- mtm nl Trichloroacebic Acid  Tungstie Acid

Gmaspe pe of T, H,
0.210 8446
D878 8466
e840 6476
04818 10,87
8436

large protein molecules to intermediates ave very asctive in the
initiel steges, at least, of the processing methods used to pree
are musele meat foods in cerming, There iz o lesser activity
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2. Results

a Preliminary experiments had
shown that pH 4,00 wes opbimum under the conditions selected,
The following data illustrate the results obtained when a

Lemporature series

series of bemperature studies was @awfarmﬁ&,k Table XI presents
the achbual total noneprotein nitrogen values, expressed both as
grems per cent and as per cent of total nitrogen, obtained at
409C,, which proved to be the opbimum,

Table XI is included to show a typical autolysis experinent
at pH 4,00 and %0@$‘ The ﬁat& show & steady increase in the
total nonwprotein nitrogen, expressed both as g?ama per cent and
the more preferable, per cent of total nitrogen, from O-hour to
6 hours, The increase occurs in both the trichloroacetic acid
and bungstic acld filtratess The total non-protein nitrogen as
per cent of the total nitrogen increases to a greater degree in
the trichloroacetic acid filitrabes, There is an increase also
in the values which represent the per cent increase of the total
ﬁﬁﬂ#@@mt@iﬁ niﬁragan at ¢ hours subolysls over the O=hour valueﬁ.
These per cent increase values are calculated from the actual
grams por cont of the total nanwpraﬁaﬁn,mitrag@n found,.

Filpure 6 shows the average per cent increases from O-hour
to 6 hours in the total nonwprotein nitrogen whan_muas;a sus=
p@ngians were held at pH 4,00 at the temperatures, 259, 350,
40°, 45°, and 55%C, Tigure 6 is not based solely on the
data In Table XI, The values in the graph were taken from all



the autolytic work conducted, An attempt was made to smeleoct
only those values which we
ment ﬁﬁiﬁﬁ&&,fﬁi&:%é
in the trichloreacetic scld curve may be explained

peemente When no &greoew
e values avallable were aversged. The dip
by the
necessary ineclusion of a value (185,27 per cent iuerease in 6
hours) which lowsred the sverage 1o 15.68 per cent increase
instead of the more btypleal increase, 15.79, as illustrated in
Table XI. | |

- Table XI
- Effect of Autolysis on the Non-Protein Nitrogen Fraction
in Trichloroacebic Aoid and Tungstic Aeid Filtrates from
. Chicken Breast lJuscle. Autolysis abt pH 4,00; 40°C.
Time Total Hon=Protein Nitrogen Filtrates
Eitrag@ﬁl Trichlroacetic Acid Tungstic Acid

Hese Gmses Gmse pe of pe Omgs. pe of pe ;
pe P Telia Increase po Tolie Inceresse

0 3480 0457  14.97 052 13458
3‘@6 0’5?; 1@9?3 . Q‘ﬁﬁ &4653

2 ' 0.50  1D.58 3481 0,86 14,70 7469
Qtﬁg 1@&14 5;51, Qbﬁ? 144?1 5ﬂ§ﬁ
4 0,61 15,99 7J08 0.8l 15445 17,51
0,61  15.71 7402 0461 15,80 10,91

6 0486 17.43 15,79 0462 16441 10,83
| | 066 17,03 15479 0464 16,50 16,37
ipetormined on undiluted suspension - '




103

) 18
A
‘V'
&
.

1)
2]
st 1 OA
o
™
T
2
Al

124
C
~y
A
N
.,
L
- Q.

9
L
o
oy
e
@
b2 ~
: -
o
20 =0 A0 50 20
: Tervens Ce

"igure 6. Averasge Ter Cent Increase in Non=-
"rotein Titrosen after 6 Ilovrs Incubation at
P 4,00 and the Temperatures Stated, Curves
represent data from rrecipitatlion rethods
citeds

K e i



=8 og Spues ueyy pus *p g¢ 48 ATUSTTE L{Uo ReETL euTEOUXBO
oz *ueSod3fu uFegoxd-uou TE40q eul 05
Jo puex3 Teseucd euj eTALONO 4nq :ma% 39
TPIASTY K03 sxeed eup 40,98 90 e8Tx oy a0z gdoowe feaano
usBoxgiu upegosd~uou O304 63 #9TduEsea ATESOYD 4WOW SAIND

1§ 87 SOAINO BNOUY

oe surscxly pue

PUTAesTY SUE  *eadano uefoaytu ﬁﬂ%%% 18303 SATSNTOUT Ul
, . } SU% UO peupmlIesep
ggggg el émﬁ%&g ques Jed ve

oxes Louy esnvoeq pue *%mﬁ g of ¢

possoxdxe oxv *g |
fdnoad Texeusd f4vul JO VOTIOVAY PILE oUTwWE ous yo gng uweBoasyu
upegoxd-vou .ﬁwg& ogg Jyo ,ﬁng gou eaggeguesoxdsa exev sjuousdmos
eseuy *PeATAep 8xek 9 SIrSTL uy peudsad vqwp weSoxgTu ueqoxd
~UOU BU3 TOTUM MOLY SOJUAITTI PTOY 074sBung emes euj uo peuyw
~Z030p OA0M BIUGNGTISUCY eEeUL 0,68 Pw® **0 9% **D,g¢ “*0, 08
*sermqusedieg euy 07 SANOY  OF INOYSY WO

aed wu pessoadze fPUTIGIUD PUY SULSOUXVD FOUTPIASTY fOUTEOX

374 T OsOu3 ¥ TLOM BU fEenTvA oRey

a3 SEVOIOUT FUBO

~£3 *PausngTIEUco ueHOXNTU UTEA0XA-UOU uF BSOS L SMMBTd
. *uoTgiEoduos

-9p ﬁgﬁk% Io ggonpoad pue ouy o3 sjusuBeay upenoad woar weug
8238 VVIDOASITT ww, sornoaTow 0g urejoxd woxy eBuwyn a@ﬁ%
¥ $6390TPUT SAINO O4BIZTLY PIOE &ﬁgaﬁaﬁﬁﬁ oug Jo TTel
pus @81 Tenpead exom *Lpwens fpuoaq euy ang pie §pesoa
ue &3 Jo £374740% eus o3 exngeredme gﬁﬁ% oug eq

=T ROu

o4 smees Q0% Hd 9% »u oOF “Syasaty tequyod omg 48BeT 4u 64WOTP

=ut Tre gdead euy Jo %ﬁ% Jougany 8 fpn
~OX0TUO TS oty ut dip euj XoJ uvoTqeuEidxe §ﬁ§g ou3 ULTA

E WP QAN PIOV 971008

- 3Ot -



o
1200
-

e

)

g1
L

50
pn




ghort drop. The values for
earnosine have been somewhat at varlence in all the instances
in which these components have been debermined,

Table XII presents the totel nitrogen values from the
above experivents. It should be emphasized that the values
graphsd ave the means of dave from £5 bird |
used in 7 experiments in pach of which 4 birds were analyzed.
W %@ %aﬁ.m dupllcate amgmm éﬁhmm magcle were analy-
zods

summarized and gre

Total m\mm& on Chleken Musecle Autolyzed at
pH 4,00 at the Temperstures Indicated

Sample | ~ Temperatures, degrees Cs
g 2 w0 45"  s°
& : B85  B.06 B9 B.96 4,08

4401 &W‘ B+96 5490

YY) w::m# m‘wam 88 grams per 100 grems fresh
miscle tissue, and were determined on the undiluted
suspensions,

Dy Effect of Diet Upon the Nitrogen Constituents of
Iagole Tissue

1. Vitamin ¢ deficlency




rt of the experiments and were In 'gmﬂ healths They
z to the m%m of @mh animal et the beginning

same BVerege %im. 5 eXD ;
sed at the same t&mz #ix in ﬁm mmmmnml and six in
perinents alx animals were
three controlss The enimals were
w@% with not more than

the control fsumu
started: three experdi
housed in roomy, clean
three ani a8 X
el&m am a&ﬁqmﬁu food mﬁ mtw mwm& gg
&ima mm mwg mv;y am&mw sont s Whi
tipped over and which allowed the animals free access bto the
dist and water at all times. This is especiully essential to-
ward the end of the experiment when the scorbutic animals find
1% &iﬁ?iwﬁ to miw themselves to mﬁ,@ I the food were nob
Mmm&b&m they might fall to continue eating, Close observa~
tion of the animals mm that they did conbinue eating so
that inanition was not s factor in determining the condition of
the amﬁmm el animals, | | |

The experimental animals were weighed every other day for
the first week, thon every day until the Sermination of the exe
periment, The zams wore mi;mé svery obher days

The dlet used was commercisl Purins Rebbit Chow, a complete
ration which was ground in & Wiley mill and spread out in thin




311, gs ALl the animals, wmamm ‘and experimental, .
recolived sbout 04,9 ge of brewer's yeest daily, spread on top of
the food and 8 drops of & vitemin A and D concentrate (oleunm

orphum, 50 per cent, Ueeds) per week. The vitemin A end

D émwmmm m 8T o8 and pmvim 8,760 and
540 m%m%%ma& Units per m&k of the viteming ﬁa and Dy
respectivelys Only the control anlmals received 5 ngs of
vitemin ¢ ﬁamm adninistered par os dn 1 ml. of weber from a
1 mle volumetyic pipettes This regimen provided a ﬁ@m?ﬁ}hﬁﬁ
diet for all the animals with the excepbion of the vitemin ¢
in the case of the experimental animals. ) o

In the first experiment to be mmﬁa&* the anlmals row
celved supplementsl tyrosine, Thi ‘ k
was administered as a 7«6 Mw cent s in the bagal diet,
layered over sdditlonsl plain basal dlet so that each day's

lement would be constmed entirelys Five gmss of this
supplemental mixture, emuivalent to 0,376 g« of lyrosine, |
were given each day.

Subsequent to the btyrosine supplement experiment, a series
of sxperiments was conducted in whieh the guinea plgs were
glven the ususl "seurvy-producing® diet described above, In
the Ifiret three experiments of this serics, tbe animels devel-
oped an acute form of scurvy in the expected thres to four
weelks period the experimental witamin C~free dlet, In the
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1 pxperiment of the serles, the animals developed a
#ohponic seurvy" on the same type of diet, to which the manu-
facturer of the Purina Chow hed adde
of animpl pwmm fastor,

d an undiscloged quantiby

graphed in mm 8. After sn im%al drop at the w&:wﬁ, when
1w animals ave adjusting Lo the diet, both the normel and
scovbutic individuals tend bo gain welght, but, while the nor-
mal conbinues to rise, the scorbutic drops ‘sbeadily witil the
termination of the axperiments When the amwmmm gainea
piges had é‘m@w& in weight o about %&@ Erfiey
risen somewhat hipher during the course of the experiment,
they were sacrificed, The control was sacrificed at the seme
time, This was sccomplished by a blow on the back of the siull
to stun the animal complstely, and by subsequent exsangui.
by mwx'ing both Jjugulers. The animal was suspended by the
hind legs, pressure applied to the abdominal cavity until bleed-
ing was as amﬁ#ﬁ# ag possibles The skin was removed from the
hind legs and the muscles dissected out as quickly ss possible,
The mascle timsue was freed of fasvias and bone, The bones were
tosted for fragility by applying pressure with a certain pair of
gurgical sclgsors kept for this pu

rposes The | further prepare-
tion of the muscle sanple hes been described in the previous
sectiong, '

‘Because the total muscle welght was relatively low in
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guines pigs, and especially in the mz?wmm%ﬁ~ aninals, as
. amyam& %o the beef and chicken se ws it was not possible
to take ﬁnpmm% smuscle samples from each guinea pigs How=
Ve mall mwmm were taken for M$%ﬂlﬁﬁgiﬁai gestionsg and
in the last @my;ﬁfﬁf toe |
. ant ;ﬂziwmal methods used have been described, Frellime
riments had shown thet 1% was impractical to try to
ine *km anine acids nd aﬁ.mgapmﬁw on all the guines
plg sauples, begause the sm ple did not ellow
aceurate hlstidine determinations, but one set of this kind
of exporiment is includeds ‘ |
8 ilts, In the following experiment:
perature of storage snd treatment were not matters of concern,

Rather, the effects of dletary &ai‘iﬁmmiw ‘upon the enzyme
gystems in living tissue were studied mugh thaa mediun of
mawmg the mebebollc reactlion products.

In Tables XIIT and XIV will be found the results from 2
experiments with normal and vitamin C-deficlent guinea plgs.
In both studles mm nitrogen, totel non-protein nitrogen, and
mim acid and ammonis a nltrogens were determined, |

Teble m:n: shows the dats obtalned with the ampﬁz*mmﬁ in
which the gulnea pigs were feod the Letyrosine supplement, amounte
ing to 0,375 g+ each days, The animals which recelived no vitamin
¢ developed o very acube type of scurvy In a weeks In mw?
Lihough 6 enimals had been placed in sach group originally, &

of the vitamin O-deficlent died during the nights before the




week had passed. The deficlent animals showed all the charac-

teristics of scurvy, including very fragile bones, extensive

bemorrhages, and dexk, yellow-brown muscle tissue. Their

woights had dropped from over 300 gug. to 820, 172, and 216 gus.
dbutic aninals 1, 8, and B, vespeotively,

- Teble. as;xm
Effeat of Acube Vitamin ¢ %ma;’mmy, with Mﬁi%m of &«Wuﬁm,
mmyam Congtituents of Guinea Plg Muscle

Hon-Prote ig Amsonla
mtvmg;a | Eﬁwg@n

v #&?@’&f Te ﬂ# Gm a*mﬁ‘f T . B
pe »e

Sample Total }4 - Amino Acig
Hitrogeow Hitrogen®

%ﬁ*

pe Qf ‘ffgﬂ%.

sicop= .
butie 1 8,01

8 2490

3 3:00

Q+1890 ' ﬁ% | :
Q%ﬁ%’? mi&a :

0.5159 10,58 0,0185 ﬁ‘aﬁﬁﬁ

B.88  0.6078  18.850 mw‘a 10,80 040148 0,433
ﬁ*?ﬁ 0.3254 11,98 0.2700 10,86 0,0176 04,648
2,88  0,5470 19,00 mmm 16,14 0,010 0,660

by Be96  0,4934 16,48 04580

E%tamﬁm&; with swnonia uiw%mgg on undiluted mammm
Spetermined on %mgwm aold filtrates

fDatermined on tungstic mcid filtrates snd subbracted from
mltw for amino acid nitrogen plus ammonia nitrogens
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pxamingtion of Teble XIIT will show that the valuea Jor
total niltrogen have the some nva@agaﬁg Of the todal nons
protein nitrogen fraction {tungstic acid filirate) only the
‘ammonis nitrogen was higher in the scorbubtic snimels, In con-
trast to @hﬁ~amiﬁﬂ;aaiﬁ;ﬁiﬁ%&@a&;aﬁéwﬁmt&m non~protein nitrogen
wﬁiahfwaw@,ai:‘ﬁtiaanﬁ&y lower in the scorbutloc samples.

The addition of large quantities of L~tyrosine to the basal
éie% af‘ﬁﬁa uines pig has been ghown to inoresse ﬁhﬁkv1=ﬁyfl
¢ vequirement cf the animal (147)s The values obtained from
the guinea pigs which recelved the 04375 g. daily of IL-tyrosine
show & wlde rgfi& for both normal and scorbutie animaels in the
total non=protein nitrogen, smino acid nitrogen &

nd ammonie
nitrogen, ;%hﬁwa is alsc aﬁ,aﬁﬁxiagyimgAﬁf the valuea between
the normal end socorbutic groups., The range snd overlap are
greater wﬁﬁhkﬁhaa& velues than with those Irom less acube sourvy,
ag 5hawm in subsequent aﬁg@ﬁiwﬁmﬁa’

ﬁfﬁﬁw the sbove axyw&&mam% was @%rf&mﬁ&ﬁ; 2 second group
of anim&%g#_ﬁew®a$ 1, wee starte Cmdefie
clont regimen, These animels d1d not receive the Letyrosine
k supplements of viteming & and D
and brewer's yeast as describeds On this type of diet, the
gulnea pigs survived for thwee or four weeks, A% the end of
this time, however, they bad developed the typlesl symptoms
and theiy weights had fallen to the level of about 850 g. This
&ﬁuﬁ&nﬁiﬂﬁxﬁﬁ the %ﬁgﬁ@a& course ai'&n ascute scurvy developed
because of e vitamin ¢ deficlency alone., In subsequent writings

&npglﬁmwﬁt, but 4id recelve




when an "soute" sourvy is described, 1t was developed in this
wBYs

 The data from the Series 1 experiment ere presented in
Table XIV, which follows:

Table XIV
Rffect of Acute Vitamin ¢ Deflcieney on the Nitrogen
 Constituents of Guinea Plg Musele; Series 1

Sample Total 1 Amine Acid Non-Proteiy Ammonia ,
mﬁmgm Hitrogen® Hitrogen wm@m

Gms, Gus, poof 'm:ﬁ.ammmaf w.ﬁ. Gms.peof Tyl
pe po pe pe

0.,0179 0,574
0,0171 0,539
{),Q‘w@ 04380

040189 0,580
0:0804 0,505

3.45  0.8040 11,78  0.3807 10049
M B5+37 D.3266 G407 08587 10.45

o wledB  $28.45 - m,w w21 .60
‘%mmim& on w&imﬁ@& matpmﬁim

%%mm&, with ammonie nitrogen, on undiluted suspenaion
ﬁmﬁamiaaﬁ on tungatlc acid filtrates

sined on tungstic acld filtrates and subtracted from
%&m for aminoe aecld nitrogen plus ammonia nitrogens
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A third experiment, Series 2, In whlch gulnea plgs were
exposed to the typleal scorbutogenlc regimen degeribed just
above, was cayried out. These daba are reported in Table XAV,
and because the conditions of the experiment were the same ag
those reporbed in Teble XIV, the data from both expériments
will be discussed together, In consideratlon of these date,
however, it will be noticed that the results are not identlceal,
The values for tobtal nitrogen in the normel animals in Table
XV are much lower than veluess of this kind usually are {the
average ls about 3,00 gma. for normal animale). Reasona for
this discrepanecy are not apparent,

The values for amino acid nitrogen, teial non-protein nie
$rogen and smeonis are in the sane ﬂi@g@%iom although the dew
grees of incroase and decrease vary somewhat. With the excep-
tion of the unusual total nitrogen value for the normal animals
“1n Table XV, the results from both the experiments in which the
L-tyrosine was omitted are In direct cn&twﬁsﬁ to thogse from the
experiment in which the gulnes plgs received 0.870 g. L-tyrosine
dailys. In the lalter, the amino acld nitrogen and tobal non-
protein niltrogen were sipgnificantly lower in the seorbutle
animels while in the former they were higher in the scorbutlc,.
With ﬁ.ﬁvs e Imtyrosine added daily, the scorbublc animel
tisgsue geve almost 10 per cent more smmonle nltrogen compared
with values obbained when no extra tyrosine was added. In the

experimonts in which no fyrosine was supplemented the normal
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tissue was found to have 21.60 per cent and 61.50 per cent more

gommonis nitrogen than the #Garﬁutiﬂ tissue,

Table XV
¥ffect of Acute Vitemin € Deficiency on the Hitrogen

Constituents of Guinea Pig Muscle; Series 2

Sample Total Anino Acigd Hon=Proteld Ammonde
Htrogenl  IHitrogen® Titrogen ¥itrogend

Gnse Oms. Ppo of Grise pe of Gmse pe of
pe ne Talle pe T alla pe Telle

Seope . : ” . :
butle 1 H.14 042711 Ce6d 0e41l8 13410 060102 04325

2 £.91 0,242 8430 043072 13,63 04,0105 G,&ﬁl
H S.08 0287 G451 0s4045 13.37 Co0104 04343
liopm : N - :
mal 1 2,78 0.8327 847 04,3096 11,87 0,0R66 04963
B B0 0420673 12,71 043361 164,00 0«0875 L300
pii 2.48 042500 10,89 D.32289 138.63 04,0870 1.13
pe dev,. , ,
Imelormy 424,65 +3400 $25 425 , w31 ¢ 50

YDetermined on undilubted suspension
angtarmim@ﬁ, with armonis nitrogen, on undiluted suspension
3petermined on tungstic acid filtrates

4Detormined on tungebic acld filtrates and subtracted from
value for smino seid nitrogen plus amonia nitropen

It is interesting Yo compare the results from these three
experiments by obgerving the deprees of range and overlap of

the values. The very acutely scorbutic (Letyrosine-gupplemented)
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animals Iin Table XIII show a wider range within each group and
there ls overlap in ezch determination. This is not szo with
the daba from the enlmels vhich did not receive added btyrosine,
Here the ronges were narrower. There wag no overlap im the
amumonia velues in Table XIV, nor in the total nitrogen, total
non=~protvein nitrogen and amponia In Table XV,

=

The date from the tyrosine-supplemented guinen wipge, both
normal and scorbutlic, show a much hicher degrec of variation
ﬁhan the data Ifrom the guinea pipgs in the obhwer experlimenis.

-y

s

o
CJ;"

The more gradual onset of the deliclency is likely %o be

B

typical scurvyy it is indteresting to cbgerve the elfcets of

he added tyrosine, however, not only upon bthe rapildity with

nhome and the soverlity of thon

which the snimals develep the gy

but upon gome of the nitrogen consiltuents as well,

Values for histidine, tyrosine, carnosine and anserine
wore obbained from the same tunpgstic seld filirabtes uszed for
the aminoe acld nitrogen valuess shown in Taﬁl@ iVe ¥When a conw
narison is made between these valuss and the amine acld nitro-
gen from experiments smummarized In Tables XIV and XV, 1t can be
seen that both hilstldine and tyvosine ave found in graater
quantity in the scorbuble animsl tligsue. The carnosine isg
lower, and the anserine tesbs were negative, The data for the

two amine acids and two di-peptides are listed in Teble AVI.
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Table IVI
Effect of Acute Vitamin C Deficlency
on Some Constituents of the ﬁmﬁ&@ Acid Hitrogen Iraction

of Guinea Plp luscle) Serles £

Semple Histidine Tyrosine  Carnosine Angerine

Gmas. Hepe  Gme. lepe OGmg, N~pe Oms, Nepe
410 of T, P of Telia ne ol T H » Pe of Taila
Seor-
butic 1 0,0165 0,143 00,0407 0,100 0,0000 0,000 0.00 0,00
2 0.0083 0,077 00,0353 0,084 0.,0083 0,018 0,00 .00
M 0.0184 0,110 0.0380 0,087 0,0025 0,018 0,00 0,00
Hoxywm , ,
mal 1 00,0081 0.081 00,0180 0,053 0.0152 0,138 0,00 0,00
20,0080 0,037 0,0187 0,089 0,0104 0,125 0400 0,00
st 00088 0,080 0,0189 0,061 0.,0188 0.132 0.00 0.00

pe deve (
Imelorm, 4396400 4101,.00 =324 00

Since histidine and tyrosine nilirogen are included in the
grnino scld nltrogen fraction, 1t is reasonsble bto expect that
the wvalues for them would follow the same trend., However, the
value for amino acid nitrogen includes sll the anine mclds nres
sent, so the slmulbaneous increase of the two amino aclds
studied and the amino acid nitrogen in the same filtrate might
be colnecidental.

When carnosine wes determined on chilclen muscle in previocus
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experinents it did not follow the same trend as the oller

suine acids or anserine., In this instance 1t 1s ab variance
algo., Although no enserine was found In the gulnes plig nmuscles,
1t has been reported to be present in another herbivorous rodent,
the vabbit (148,149,150).

L8 can be soen upon inspection of the data, the ranges of
the vazﬁ@a for each constituent within each group are qulte
narrow, with no overlapping of values from the scorbubtic to
the normal.

Following the three cibed experiments Iin which results
were abt&im@ﬁ Lrom a’wﬁiahiﬁﬁly few animals, & nore éxtemsiv&
experiment, Series 3, was conducted. Iot only were more anlmals
ubilized, bubt the emphasig was shifted toward a study of the
products formed when protein moleecules In the muscle tissue are
sebed upon by the ensymes present, This was carrled out by
means of the two precipitation methods desgeribed in previous
poctliongs /

Table XVII presents the dabta from this experiwents In the
table will be found sll the values obtained for s total of 16
guineo plge; 8 of which developed the typleal acute scurvy
eharacterized eboves This was & particularly gratilying experie-
ment sinece all the &mﬁmala developed the scute sympboms in aboub
the same length of time, and thelr weight curves lollowed the
genoral pattern 1llustrated 1n Ploure & on whilch the welght

changes of two typleal nmenbers of this group are plotted,



Table XVII

#ffect of Vitamin U Deficlency on HNitrogen Constituents of Gulnes Pig Huscle; Serles 3

Sample T« U Hon=Protein Hltrogen Total pl of SueEp.
Umsa.po As Gmse pC  Aa pe of T Ha Hoisture
Triechl, Tungse Triehl, Tungse pe
MGGH&W » -
1 Ls404 - D+8583 0.8417 10,74 10,08 84438 6468
& 22309 0,2014 D48346 8,78 10,16  T4,.04 G494
2 24467 0,8788 0.2807 1l.28 C«27 87.29 475
S 2324 0.,2600 U.2151 1l.22 D.85 65440 2480
3 B4849 = 0,15695 048108 7«54 975 84,94 6474
4 2,881 0.1087 041939 , Sod5 8450 79415 €475
11 2ed21 - 01771 041429 T o382 5450 70«38 6.96
g 24249 041350 041813 £400 £406 7942 7406
B 24338 0.2091 0.2071 8.95 8487 77359 6484
ine mem 2.870 20,38 12,81 18.32 11,66 718 1.68
Hor, : ) , , L )
S 24953 (e3191 042071 - 10,80 10,06 75465 Gel0
5 54085 De3043 03008 $.96 9,85 757 Ge20
2 34100 0.,3393 03103 10484 10,01 77«68 €421
4 24943 043129 048514 10463 - Beb4 Gl.2¢ 6421
1 Z. 009 (oB3195 0,2549 10,62 Bed7 . 80,00 G454
6 24980 042483 042900 De33 C 73 77416 €469
ig B.988 03451 0.3018 11,57 10.10 Theld 6460
7 54136 0,3348 0.2834 10467 T o6 TG« L20 6,51
i 34019 Oe3154 042873 10,43 De51 TT286 o4l
AV .00V, > o
fme % 1.980 G40 5497 6427 5473 177 2477
Wﬂﬂ@@ﬁo ’
Qnmﬁgﬁiﬁwg 53270 2781

-
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A gbudy of these tabulated data for the niftrogen eonsil-
tuents shows the following outstanding facts: in all the scorw
butic guinéa pig muscle there was a lower value for t@tal
nitrogen than in the normel animals. In both the normal and
scorbubtlc samples, the range of valueg of the total nitrogen
within each group is qulte narrow, and there ls no overlapping
of values bebween the pgroups. The per cents deviation from
the means of the total nitrogen velues ars low enough to ware
rant bellel that these fipures represent real differenceass The
deviation 18 higher with the scorbutic samples than 1t is with
the normal sanvles.

When considered as per cent of botal nitrogen, the total
non=-protein nitrogen values show some variabllility within each
group and the values overlap bebtween the groups. However, if
the absolute values are baken (as groms per cent of the fresh
tia&u&) the range of variation within the normal groups is
rather muall and there lg no overlapping of valuss between the
mwrmal and scorbutic, The extent of the varlability, especially
in the scorbutle samples, ig shown further in the per cent of
deviatlion from the mean. Whereas the normal samples are well
within experimental ervor, the scorbutic ssmples have a much
greater deviation,

On the whole, both the relative values (per cent of the
total nitrogen) and the absolute values of total non-protein
nitrogen are higher in the trichlorscacetlc acid filtrates than

in the tungetlc acid [iltrates. This ig true of both conditions,
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vatione These animals had some of the symptoms of a chronic
vitamin ¢ deficilency, with evidences of fraglle bones in addiw
tion to the above chavecteristic &:.‘ The animals with the true,
acube scurvy had much more fragile bones, considerable henorre
hage, and the other sympioms described in the literature. The
‘chronic animals desoribed above are included in Table XVIII,
Baged on the grams per cent tobtal non-protein nitrogen, the
pw‘ cent ﬁm%maw or decrease compared with the nomal are
also listed, as well as the per cent deviations from the means.

The total nitrogen, and both types of total non-protein
nitrogens exé presented on the hiate@m\ Flgures 9 and 10.
Figure 9 shows the scutely scorbutic enimels, Series 3; while
Figure 10 shows the chronie animels, Series 4.

The chronle scorbubic gulnea plg musecle tissus was very
glightly higher in total nitrogen than the normal, but it was
nearly €0 per cent higher in total non-protein nitrogen ob-
tained with the trichloromcetlc acld procedures The values
for total nitrogen in both normel and scorbubtic tissue were in
& narrow range with a high degree of overlapping. ’

In contrast to the trichloroacetic acld filtrates, the
total non-protein nitrogen average velues from the tungstic
acld filtretes were only 5 poy sent lower in the scorbutie
tissue. @hia%‘ is x&mi‘amnt from the values expressed similarly
in Table XVII, Series 3, for ithe acutely scorbutic gulnea pig
muscle, in which there wers decldedly lower quantities of nonw
protein nitrogen in M“&h types of filtrates, as well as a very



Table XVIII

Effect of Vitanmin C Deficlency on Hitrogen Constituents of Guinea Pig uscle; Serles 4

Sample Te He ‘ Hon~Preobein Hitrogen Total pH of Susn
Gmaespe As Gmss Do As pc of Te He fiolsture
Trichl, Tungse Trichl. Tungse pe
Scorb. g
8 34008 042926 U.2883 G475 D488 735469 €440
7 34022 042354 03150 7478 10,42 A 6462
10 3.092 043252 042786 1052 , 2,01 65478 6439
H 3.041 De2844 042873 Ged6 G777 72419 6456
Av.dev, , | ; - ‘ ) o
Dt & 14120 11,49 4480 11,00 3487 Be54 1,98 $
» . , , o
Norm, » oo
8 54024 00865 043274 - 2.85 10,83 7705 Ge87 >
9 2,772 040880 0.2878 5417 10,48 76 455 6460 ¢
il J4171 G« 3604 Ce3240 11487 10.228 7703 G440
H 24989 D41758 D#3131 5.56 10,48 7687 647
Av,deve : .
ﬁﬁgﬁ ?g é.@ﬁ% 6%‘1@ 5.55 65&25 l.§3 Q’g@ 2;@5
ﬁv‘&a?t ’ V
fm.Horn,

% +1e74 $58 460 =505
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much lower quantity of total nitrogen. The values in the tri-
ehlmrﬁaa@tie acid Liltrates extend over an sbrnormally wide
rangs, e¢specially in the normal samples, Thls fact produces
complete @varlay@in@~af,ﬁh$ scorbutie values by the normal
values, In contragt, the tungstle acld values fall in a
rather narrow range, although there is & degree of overlapping.

These date from s chronic vitamin C-~deficlency are more
variable in most of the normal samples than in the scorbutic
samplen. Thia is the r@vﬁraé of the slbuation found with the
acube vitamin C-deficlency. However, except for the trichlorow
acetic acld values, which may be disregarded because of the |
very cobviously unusual figures for samples 8 and 9, the per
cents deviation from the means are within a reliable range.

On the following peges the hlstograms for both the escutbe
end chronice experiments show the differences more pgraphically,
Plgure 9 shows the difference between the total nitrogens of
the normal and acubely scorbutic animalsg, and the uniformity
within each group is emphasized, It is @&@aibis alao to Ob=
serve the differences bebween the total non-protein nlirogens
from the two typaa of filtrates. _

Figure 10, the chronile group, does not illuabrata'%h@
some degree of uniformity 1ln the total nitrogen values, but the
total non-protein nitrogen valuez are not too dlvergent when
those for the trichlorocacetic acid filtrates of samples & and
9 are disregarded,

In consideration of the chronle scorbutic tissuve, the
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lesser mumber of cnses wmust be borne in mind., The scorbutle
tissues, though averaging slightly lower than the normel in
total nitrogen, might not have done ao 1f there had been more
cases, The conslistency within the three scorbublc cases,
however, ls strilking, not wmly in the total nitrogen, but in
the two fractions of it, Vhereas theve is little variation in
the tungstle acid filtrabes, elther inber- or intra-groups,
the trichloroacetic acid filﬁrﬂt%g Ea@mﬁainimg the intermediates)
isxmﬂ%& 1awar5iﬁ two out of three ceses of the normal animals,
It should be emphesized that becausge these animals were on
the experlment so much longer thﬁm ﬁh@ acutely scorbutic guinea
plas, the factor of age might aéﬁééivahiy play o part in these
findings,; a8 it has been known to do in other Instances (108),
Pigure 11 is a photomicrograph of a sectiont of vitamin C-
deficlent gminéa pig thigh muscles. Some fragmentation of the
sbriated muacla\fib@rs is aviﬁantilﬁh& in&ivi&ua& fibers appear
to have baaamé swollen and messed togetheyr, There ls the apw

pearance of the infiltration of fatﬁy tigsue into the areas

wheve the muscle fibep has becore ﬂwagmeﬁt@d.

“The author is indebted Yo Dr. Robert Uetty of the Do
partuent of Anatomy, Veterinary Medicine Division of
Towa State College, Ames, Jowa, for the preparation of
the histological sections and the oriticism thereof,
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4

Figure lle. Photomlcrogreph of longitudinal section
of scorbutic gulnea plg thigh muscle. 600 X
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2, Vitemin E deficiency

j_&ma&w amdr*;sw; Eale albino Hew Zealand rabbits

w%ighing sbout z,kgg were av&iiabla for *h@ﬁa axperim@ata.
Taﬁy were gaireﬁ agamrﬁiag ﬁ@ aﬁarting wmigh@a by employing &
?&mé@m aya%am whi&h rﬁaalﬁaﬁ in a&aﬁ group having an’ &ﬁﬁﬁﬂkﬂw
mmﬁ&lw @qma& a?aragﬁ waigh$¢ Bach rabblt was %Quaﬁd in an ine
dividual cepge which allowed hxmkampla room to move abouls The
cages vere stainless ata@%”a&ﬁh‘wiﬁa bottoms; low, erockery
food and wabter dishes were supplieds The rebbita wore weighed
every other day until the experimental aniuals began mark@d&y
to loge welght, after which they were weighed each day, The
.wai@hga ol the two rebbltis @m&yﬁ@u in Flgure 12 show wala@iv@%
ly wmore gaing and lo&aaa than the normel and scorbutic gulnea
plges. However, the normal rabbli tends to geln more and the
dyatrophic one drops rahﬁér suddenly. It is this sudden drop
which serves as one valuable ariﬁariﬁa for the onset of the
dystrophic condition, | |
Preliminary experiments had led to the selectlon of & dlet
that was superior for the %ﬁﬁ@éﬁ¢¢ The rebbits ate it ressone
ably well, although there was conaiderable wastage of the food,
This necessitated pubtting smell quantities of the food in the
disgh several times esch day., The food and water were supplled
ad libitum, The constituents of the dlet, with one exception,
were those published by Habtill and co-workers (93), with a
gpecial salt mixture, high calelum and low phosphorus, as re-
commended by Hattill and originally published biy Hubbell,
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Mendel and Walkeman {151}, The dlst consbituents werei

Gallwpﬂan&l 20 parts lLard (E-free) @ 3 parts

- Caseln 15 . Cod liver oll &
ducrose 0 Prewer's yeast 10
Doxtrin® . 36 . Balt mixture 3

This ﬁiwﬁ woe prepared in approximabely @‘kg‘kqﬁantitiaa
every four or five days. It was stored in & vlean, dry con=-
tainer with a tight cover Lo prevent any contamination from
other vitemin Hecontainlng foods It was not kept in the room
with other feed or with the animals,

In the aduministration of thisg diet it was advisable to
trangfer the rabbits from the usual stock diet to the synthew
tle mixture by following this procedure {905):

Tor thres daye they received 3/4 ground Purina Rabbit
Chow mixed with 1/4 synthetic dieb; the next three days they
received 1/2 ground Chow snd 1/8 synthetic diet; and the final
threes days, 3/4 synthetlec dlet and 1/4 ground Purine Rabblt
Chow, By thls procedure they became acocugtomed to the diet
both through appetite and gastroinbestinal accepbance,

Previous @xpariﬁan%a'withvmﬁbmv gynthetic diets asdninlsterw

ed to rabbits had shown that these animals develop diarrhea very

lﬁha cellophane wasg purchased in 10-pound lots from the
Praver Corporatlon, Chicago, Illinois. It was received
as long narrow strips comsonly termed "excelslor®, This
had to be cut into short strips on a cubling board and
then ground in a Wiley mill o & small wafer sbout 1/16th
é?ﬁ% in dlameter. These walers were Incorporated Into the
L2 3N

g%hﬁ dextrin was substitubed for the starch stipulated in
the ovigingl diet.
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tsh& animalts eyes develop a strange, red-violet color instead
of the natural bﬁiﬁhﬁ pink, The mimal gits In a hunched
position and does not jump sbout readily, In these experiments
the ’az;&amw,mi esse with which the rebbit jumped from the '
welghing can into the cage were unfaliling criteria of the con=
ditlon of 1ts musclep, M the é&fmi&my‘ progressed, the m}s«
bit either m&ﬁ no. &%ﬁm& to Jump mxﬁ or hung helplessly over
the door. The Wﬁm of marked diuresls noted by Morgulis
and Spencer (73) were evident with these animals, ,

 When the mm eould no &angw rise to a sitting ;:maitwn
after being placed on ite side 1t was wz;g;&x&am& to be dystroe
phis, @Ma eriterda was used with succesgs by Mattill and his
co-workers in their experiments with dystrophie rabblts (109,
111)e In fact, it was imperative to sacrifice them at that
time, because death would come suddenly at any time after this
aﬁvmm s%:agga was. resched.
18 were mw&ri%m usually a control and an exe
wrﬁmma& mg@mm as éssesribm for the guinea pigs. Decause
of the large ammw of tissue, samples were reserved for his-
tological section and wm molature; the remaining ﬁ‘&t&mia
timaue was put through the meat grinder and dupllieate samples
welghed from the resulting homogensous mixtures

All the snimals were aubopsied after hhg mugele tissue was

prepared. Except for the color of the blood, which was very
dark and venous~lile In the experimental rabbits, the gross
appearance of the animel was normals There was the usual quans
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Table XIX

mffeet of Vitamin E Deficlency on Nibtrogen Constituents of Rebbit luscle

m b
A 2»‘3‘
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£4915
521566
5354
34076

G637

34178
84396
54043
32006

5496

wid o 12

Hon=Protein Nitrogen
As pe of T. He

As Cus, pe
Triehl, Tungse
043645 042051
0,3614 0.3121
04,5036 03551
044747 0,4104
0e4d260 043407
14.81 18,36
0+2608 043869
03306 Ced018
042828 0,3572
(42813 0,38280
8489 4,32

Trichl,

12,84
12,40
15,95
14,02
13,80

8458

8219
9475
9451
9408

6461

Tungse

10,03
10,70
11,26
12,15
11,04

G407

12.18
11,583
11,74
11,92

1451

Tobal

Holsture

pec

Gde7l

T6e7S
74,75
76414
735408

573

7530
TL 26
39’3 %’2
77 49

2486

pi of Susp.

6470
6476
G860
6440
6462

1.73

6440
6450
6435
Ge42
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nitrogen and tobal none-protein nitrogen by both precipitation
nethods are falrvly relisbles

In the histopram, Flgure 18, the individual rabbits are
compared, There &y@@ars to be gome variation in total nitro-
gen, more w&ﬁ&invﬁh@ groups than between the groupss A cons-
tributing cause may be the fatty tissue found in the rabbltb
muscle.

There is less variation in the botel non-protein nitrogen '
as determined on tungetic acld filtrates within the groups,
but there ls avmrlapyin@ of valuen among th@lnmrmal and dysiro-
phle semples; 1n facht, the solld columne are somewhat uniform,

The trichlorcacetic acid filtrates contained a greater
quantity of btotal non-protein nitrogen In the dystrophlce samrles,.
This cen be seen readily when the crossg~habtched columns of the
higbtogram ave compared, lone of the valuesg for the normal
samples is so great as the dystrophlec samplesy the highest graus
per cent value for the normal is 0.3306 while the 1@%&&% for
the dystrophic lg 0,3614,

According to our knowledge of the types of compounds to be
found in these two fLilbrates, the dats indicate that the prow
teolybic enzymes in dystrophliec musele are more active in clobve
ing large protein molecules to form intermediate productas. The
production of the low molecular weight compounds ls of approxi-
mately the ssme depgree 1n both normal and dystrophlie muscle, and
In normel muscle there seem to be fewer of the large~btype molew

cules produced.



138

.
(]
A)

bt
»
[

TUormal

Tipure 1%, Tetal Mitrooen {clear colwwms
con=rrotein ilrosen from Tuno
(8013id colwms) and Teicelong
{cross=hatciied colwme) Irow
2abblt fuscle.

1ltrates
ltrates
stroniic

[P
1C

- -

v




',1ﬁiat$l@gi¢$l preparebions of museles from vitemin G and
vitamin ﬁwéﬁf&éianﬁ‘amimaig‘uara wade because in each case the
striated musele of the hind legs ls affected in some way (63).
In the living snimel an acute deflcliency of either vitamin C
or vitamin B results in structured changes in the thigh muscles
of mich & nature that the animal eannot use them normallv,

Flgure 14 -1s ﬁA@ﬁbﬁamiawagrayhlsar a sectlon of dystrophle
rebbit muscle. Some degeneratlon and fregmentation of the
fibers is &?iﬂamtg There is & multiplicatlion end irvesular
a@ramgwmamﬁféf ﬁhﬁ‘gaﬁénlﬁmma‘ﬁuslaﬁg ‘The darkened areas in

the fibers are belleved to bse invasion or replacement of the

normal ruscle tissue Uy commective tiasue,

Irhe suthor is Indebbted to Dr. Robert Getty of the De=
parbment of Anabtomy, Vebterlinary ledlcine Division,

- lowae State College, fmeg, lowa, for the preparation of
the histologleal sections and the criticlsm thereofl.



Figure l4. Photomicrograph of longitudinal
ﬁagmon of dystrophle rebbit thigh muscle.
600 X
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A a&mpﬁrisan of the nitrogen constituents analyged in this
Aw@rk in&iaat&a ﬁh&% there may be a difference in n&tvogﬁm(mmtaw
;%mliam in vi%&mﬁm € and E deficiencies. For example; scorbutiec
misele ﬁigaus-aunﬁaina lﬁaﬁ‘oﬁ the nitrogen compounds studied
than the normal muscle does, and thers is more varlability in
ammyl%a r&m@?@ﬁifwam vitanin ﬁéﬁafiaianﬁ gnimels than Ifrom the

normal ones. The nitrogen aémaﬁiﬁﬂﬁﬁta in dystrophic rabbilt
muaﬁla¢&£é.naﬁ'fﬁliwu‘thia‘pattﬁrn§ £hs/%o$a& non~protein nitrow
‘gen from the ﬁrﬁch&@r&a@&ﬁi@ a@iﬁ:f&iﬁr&taﬁ*aflﬁhﬂ~éyatwaphia
magcle wag g&a&ﬁar than thﬁ‘nommal‘whila the total altrogen and
pungstic acid tobal non-protein nitwogen followed the same

trend as the vitamin C-deficient muscle, but not to the same
extent,

When the average deviations from the means sre caleulated
to fecilitate a more relisble evaluation of the éata; the
greater variablility in the gulnes pigs can be seen, especially
the fact that this varisbility is greater with the deficlent
samples, Although there 1s evidence of variability with the
dyetrophic {vitamin E-deflcient) samples, it la not so great
ag in the vitemin Cedeliclent samples. It is interesting to
note, however, that in the vit&min E=deficient samples there
is more varlabillty than in the normal samples from the same
experiment., This is similar to the results obtained with the
vitanmln C experiment,
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IVe DISCUSSION

Analyses hove been made to debermine what changes ocour in
the percentage couiposliion of some of the nitrogen-contalning
compounds of skeletal musgele tissues subjected to various phys-
ical and physiological stressos. Decause the proteclytic ene
zymes found in muscle tlasue are in lorge measure responoible
for these ch&mgéﬁ; the study resolved itself into one concerne
ing the activitles 6f these onzymess

Certaln @hﬁaiﬂﬁl‘iﬂflﬂﬁﬁﬁ@ﬂ have been studied In soume dew
talle It 1s evident that when fresh muscle tissue is sub=-
jected to long pericds of intense cold there ls practically ne
engyme actlone The proteclybtlc enzymes seem to be moderately
inhibited at Temperatures below Ireezing; the chicken muscle
experiments trecented some evidence of a slow but graduslly ine-
armasimggamﬁﬁvi%y¢f*?h@ enzymes whiech react with the large prow
telin mg$ﬁawiﬁa to form intermediate~sized compounds in the
@i&s&ﬁzaﬁﬁ/ﬁmwe schive at the lower tenperatures as time ine
Creasss, then were) those engymes which form smaller compounds,
The condition of the muscle during cold storage, such as pro-
tection Lrom &@hyﬁrétimm and the intactness of the sauple, may
have some indbect effect upon the rate of acbivily of thes
SNZIFNE B |

When muscle tissue i subjected to Lemperabures walch ine
crease Irom below opbtlmum to lnactivating levels for the en=
zyme systems, ig hag been shown thet there 1ls the expected ine

crease in eunzymel acblivity, with the increase in temperature,



until the temperature reaches such a degree as to inactlvate
the systems (12¢)s From p measure of the products formed under
these conditionsg, iﬁ'haa baaaﬁﬁ apparent that while all the
proteolytic enzymes nmay be Lfunctloning at comparable rates in
fresh untreated muscle, ag the temperature ig increased %o a
certain level these some sysbems increase in activity. Lowever,
the systems which split the large @rat@in mwl&aul@s divectly
are apparently more reslistant %o bheat, and continue to operabe
after those which aplit off the lower molecular weight come
pounds have ceased to Tunctlon. It 1ls possible that these more
realstant enzymes are also mors general, and the less resisbant
enzymes more specific, in functions

When enzyme reactions in the muscle are controlled as care-
fully as possible through the meansg of incubation studies, 1t
is not unreasonable to hope that the conditions nearly approxi-
mete those whleh oceur in intact living muscle systoms. The
results of incubating semples at dlifferent temperatures have
demonstrated that the enzyme sysbems responsible for the pri-
mary breakdown of the protein molecules have a wider Leuperpw
ture range of actlvity, vroduce a greater quanblity of products,
and are move resisbant to highw-itenmperature insctivation than
are the enzymes whilch react upon the intermediate degradation
producte, On the other hand, those ensymes which apllt off
compounds ag the process of degradation lg nearly at an end
‘are more active over & much narrower range, bub reach thelir

pealk of acbivity at aeboubt the same temperature as the less
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gpecific groupe

A further sbudy of sitresses which can be imposed unon
mascle tissue involved bhome of a @hﬁ%@ml@gic&i nature, An
insufiicient intake of any of the dietary essentials for a
payﬁiaulam‘amﬁéiaa imposes 2 ﬁﬁvﬁsa~m$$m the moebabolic prow
cesses of that specles. "Insufflcilent” must be further qualle
Tled; if the animal mhéml&,r@qaiwﬁ a ﬁ@fﬁhﬁ%@yquamﬁiﬁﬁ of a
ﬁi&%&ry conabituent, say vitemin €, for ite usual metabolic
functlong, it ia‘aaﬁa@ivahlaihﬁaﬁ 1t would reguire an addle
tional Qﬂ&ﬁﬁi@g ﬁa cope with an uwnusual metabolle funetion in
which vitenin £ was concerned, directly or indivectly, Such
an unusual mebabolic situation iﬁ impoged upon the guinea nig
when large qusnbities Gf&érﬁ??@%iﬁﬁ are feds The luter-rela=
tionghip of vitemin € and the aromatic emine acids has been
demenstrated adeguately {ﬁ%,ﬁi,&%;ié?}, and there ls some ovim
dence ¥hat the lovel of vitamin ¢ in the tigaues will influence
thls inter-relablonship (87). Date have been presented in the
experimonts ab hand which polnt towerd a further effect of
different "tlssue saturablon levels” of vitanin ¢ upon the
metabolisn of proteins and the component parts of probeins.

it must be emphasgized that these data refler to ghelebal
magele metabolisn whilech Is 1lkely to present o different ple-
ture from such extrenely acltive tlssues as liver and kidney.
Howegver, muscle is a falely actlve Tissue, metabollically, and
L1ts bilochenletry may correlate Iin some ways with simllar actie

vabtlion sbtudles 1 more scotive tlssues., 10 has beon demonghine



ted thab %hﬁ‘ﬁrﬁﬁﬁﬁlyﬁiﬁ enzymes of muscle tigous are affected
by the degree and geverity of the vitamin C deficlency, ranging
from en extremely acube situatlon such as was found under stress
of added L-tyrosine, to the less acube plecture produced by a
longer period of ingufficlent intake of agcorbic scid.

One of the effects of added L-btyrosine upon the proteocly=-
tic enzyne systems ig o éwa&%@v‘p&adﬁatiom of ammonie in thig
type of tissue. It 1s possible that the added L-tyrosine
necesslitates an increasged amtiviﬁy of the amino ncld oxidases
thus producing more axmonis. The d&ar@aag in amino acid nitrow
gen found may be also the result, In part, of the increaged
actlvity of these amino acld oxldages, In additlion, the dew
erease in both amino acid nitrogen and total non-protein nitrow
gen mipht be the result of lowered activity of the enzymes
which split large proteln molecules directly into intermediates,

The 10 per cent greater quantity of total nitweg@ﬁ in the
acubely scorbutic gulnea plg muscle tlssue may be an indication
of a retentlon of nitrogen by a tlssue, overloaded with tyrosine,
witich ig not supplied with saffiuiant vitanln C to metabollize
the amino acld at the normal rate. It has been demonatrated
{129) thet the dynamic stabe of the constituents of the anlmal
body would peymmlt the hypothesls that large quantitles of amino
aclds adminlsgtered daily might be deposited in the muscle tlssue,
as well as in other tissues (47), and with an insuffleient quan~

tity of vitanmin ¢, would tend bo r@m&inblangar than normally,
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In the less mcube vitomin ¢ deficilency, the analyses for
nitrogen coupounds present rather difrerent results from the
very acube condition discussed above. In this less acute
situvatlon, the animal not only reguirves a longer time to de~
velop the same sympbowms, but Lts enuzyme systenms apparently
behave differently as well. There is a considerable diminue-
tlon of anmmonia prﬁﬂéatiam in the vitemln Cedeficilent tissue,
with & canﬁurr@mtly greater y%&ﬁﬂa%imﬂ of such nitrogen coue
pounds as the low molecular weight &mima acids and simllgy
cleavage products Ifrom protein. This is in dirdet apposibion
to hwat is found with very acube sourvy induced by the sdded
L-tyrosines It 1s quite poszsible that the time element plays
& role in comparing these two deproes of vitemin © deficlency,
gince time has been dewonstrated to influence the wroteolytic
enzyme sctlvity in musecle tilssue susponsionss It 1s not to be
overlocked, however, that one cannot trangfer too rig@rouﬁly
the date from living to those from dead tlssues, althoush in
supposedly "dead" ¢{issue suspensions it was denonstrated thatb
the autolytic ensymes were funcitioninge It 1p an inberesting
supogition that, with added time, the @mﬁyﬁéa wixleh produce
these non-probein nitrogen compounds, just sbove amuuoniae in
the catabolic scheme, are acbivalted to a much rreater extent
than those which demminate the amino acids.

When fubbther attempts were made bo claracberize the onzyme
systems aflected by vitamin € deficlency, the differences In the

degrees of the deflclency became oven mors apparent. Dasing
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conelusions upon the belief tihat by means of a careful selection
of precipitating reagents the products and the enzymes producw
ing them could be lfuriher ﬁlﬁ@&ﬁﬁ%@ﬁg it is apparent Ifron
studles of acube vitanin ¢ deficleney,; fSeries 3, that many of
the luportant vroteolytic enzyme sysbenms are inhibited, |

This inhibition hes manifested itself in geveral ways;
one, there ﬁ@&m# to be a very pronounced inhibition upon bhose
systems which funebion in the whole catabollc scheme of protein
metabollany two, there is an even mﬁr@ pronounced inhibltion
of those enzymes which are believed to act directly upon the
intact protein molecules; end, three, there is an indiecation
that ceritain anabollie processes, too, are upset az evidenced
by the decresse in muscle aiie and the chemical finding that
vitamin Ce-deficlent muscle contains 22,55 per cent less nitro-
gen than the normal.

ﬁh@ decrease in ﬁh@‘@ﬁﬁﬁmatiﬁﬁ of cabtabolic products
found when only the total non~protein mi%rag&m,%&lmﬁa are con-
sidered is not at varimnce with the wvalues found when more
gpecilfic groupings of bthe botal noneprotein nitrogen were ano-
lyzed in the acute vitamin ¢ deflelencies presented in Series
1l end 24 Considering the speclflc groupings together as comw
ponenbts of the teﬁal‘nanwprm%@im nltrogen, the over-all dew
crease is the same as that found with the trichloroacetie acld
filtrates whiech ineclude all protelin degradation products.
Therefore, 1t 1s possible to postulate that an acute vitamin C

delficlency will result in an inhibltlon of many of the probeos
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lytic enzymes operating in muscle tlssue, with perhaps a pgreaboer
inhibltion in those acting directly upon provein, elther Tor ange
bollic or cabtabolle functions,

Gertainly the decrcase in non-protein nitrogen consbtituents
themselves 1s substantiated by the findings of Christensen and
ﬁwﬁﬂh (@ﬁ)‘wh@ deseribe a 7 to 15 ?ar cent decrease in the gly=
cine and glutamine contents af'vikgwin Cwdeficlent gulnes pig
musgcle., Since glmt&mﬁﬁ@ 1s known to serve as a neubral storage
Torm for 1&@11@ ammonila groups, these findings also substantlate
the large decrosse found in ammonias nitrogen In the vitamin Cw»
deficlent gulnee pigs studied in Serles 1 and 2,

It has been known for some time, certainly since the series
of publications by Wolbach and his co-workers (64,65), that vitae-
min C-deficlent gulnea pigs were unable to synthesize such pro-
teln molecules as collagen. The apvreclably lower quantity of
total nitropgen in the scorbutlc muscle tiszsue may in some way
corprelate with this fallure to symthesize intercellular sube
stances,

When putritional musculer dystrophy, another type of physe
lologicel stress, was produced in rabblits some further enzymle
implications weve made possible. In the first place, that
there was a very definite muscular involvement and 2 true nuge
cular dystrophy was verified by the hisbolopleal study which
shows the infiltratlion of necrobtle tissue so ﬁy@ical of this
syndrome. From the chemical analyses of thls vitamin F-defi-

clent tlissue have arlsen some date which may aid in pointing
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the way toward charscterizing the efferts of thils deficiency
upon the protein molety of the tlsaue,

Dratrophic tissue was found bto bhave less total nitrogen
than normal tissue. It has been reported by lorgulis and
Spencer (72,73), that the total miﬁrﬁg@m of dystrophlc muscle
was lower ﬁ@am'@mrm&lm These authors and others (71,95) have
found that dystrophle muscle coubains, concurrently, a dimine
ished quantity of creatine with a marked muscle degenerabion
observable on mlcroscople examination, end an lncreased urinary
ereatine exoretions These adequately~proven characteristics
of vitamin Bedeficient dvestrophie muscle tigsue should sub=-
stantiate the present finding of the reduced quantlty of total
nitrogen in the mugeles, It 1s fuvther iIndicated by the lower
quantity of the totel nonw~protein nitrogen Ifraction whilch would
contein such compounds, If it may be postulated that the leg-
ser quantity of compounds of low molecular weight found in nu=-
tritional muscular dystrophy indicates an inhibitlon of the
proteclytic enzymes, the aebivity of which results In the proe
duction of these compounds, some clue may be fortheoming to
explain partlally this wellelmown decrease in cresatine,

The decreases In the low-nolecular welght frectlons found
in both gulnea pligs and rebblits wlth muscle degenerative nutrle
tional deficlencies are not of the same orders It lg quite true
that they were not induced by the deficlency of the same vita-
ming and this nust be remembered, lHowever, 1t lg interesting

to speculate upon some possible relation through the eflects
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upon the enzyme srstema, Whﬁrﬁaa.it was found that the vitaw
min Cedoficlent muscle indicated considerable inhibition of
the enzynes producing lﬁwwmﬁlec&iaf‘waﬁﬁhﬁ fragments {ron Pro=
teln, the vitamin E-deficient muscle indicated some inhibition,
though not so sreats In her &tﬁﬁy'withAnu%ritienal‘muﬁamlaw‘
dystrophy induced by vitamin E deflclency in both guines pigs
and rabbits, Hoderuck (111) found the same relationship,

An anabolie implication from the decreased quantity of
low-molecular welght nitrogen-contaelning fragments is @oagibia
when one considers the finding of PBarber, Dasinskil, and Hattill
(112), who y@@ﬁﬁtgd the actlivity of transaxinese Lo be less
then half the normal in dystrophic guines pigs, and somewhat
less in dystrophic rabbits. An inhibition of this lmportant
enzyme should result in a decreased production of amino aclds
fromoC-keto acldss This agein substentintes the greater de-
ereage found in the totel non-protein nitrogen fraction in
ﬁ&b?b%ﬁiﬁ guinea pig muscle then in dystrophie rebblt muscle,
althouph the species and vitamin differences must be emphasizeds

In complete contrast to the vitamin Cedelliclent guines nipg
muscle, the vitemin E-deficlent rabbit muscle indicated an ine
creased activity of those proteolyibic enzymes which react die-
rectly with protein molecules., It has been demonstrated many
times (91,93) that vitanln De-deficient dystrophlc muscle tissue
hag an inereased oxygen congsuupblon and a higher rate of rese
piration than normal tissue, These conditions are bellsved to

result in a greater evolution of energy as heat. Since heab
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has been shown, in the incubation studles, to incrense the ac-
tivity of proteolytic enzymes, 1t is voseible that the greater
production of heat in dystrophle btissue may account for the in-
creased productlon of ?Wﬁ%&iﬂ intermedintes,

It 1g true that vitemin E~deficlent muscle tissue from
other specleas, including the gainaa pig and hamster {(95,94,96)
also has o high oxygen consumption, so that i% might be expected
that the above effects upon the muscle proteins and enzymes wonld |
oceur in &unjuméti@m with the increased Qﬂg. Thls may comprise
one of the differences in the muscle involvements Induced by
the deficlencies of two different vitamins in two different
specics.

1t has been shown In this work thet the pH of the vitamine
deflcient muscle iz higher than the normal. Since the piH op=-
tima of the probeolytic enzymes under maJor consideration here
ave not imown delinitely, 1t is not possible to speculate upon
the elfects of these pil changes upon their activiities, Ilever-
theless, 1t 1g interesting to try to explain these conslsbent
increases 1n pi in the affected tissues It lg known (99,100)
that there 1s an increase in calclum in dyetrophle rebbls
muscle, and this offers one possibility for the increase in plil.
(n the other hand, 1t has been demonstrated, too, that dyse-
trophic muscle is not so efficlent in removing such compounds
as oxalacetlic acid from the system (118), and sn increase in
allkaline products mey be necessibated to neutralize an ine

~ecrease In acid products, sither formed or scoumulated.
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Unfortunately, these proteclybic enzymes and thelr asctivie
tles as speculated upon canrot be characterized completely at
the present time, They may be related to the kathepsins I, II,
11T, and IV upon which Bergmann (126,1287) has worked so extenw
siveiy@ A% 1@&&% these enzymes are lmown to have rather de=-
finite fmaaﬁi@msﬁ as demonstrated by their behavior in the prew-
sence of Dergmenn's synthesized molecules (126). The kathep=-
sing I and II are believed to be homospecifie with pepsin and
trypeing while components II1 and IV are homospecific with
aminopeptidase and ea?ﬁmxgpagtiﬁaaa, vaapﬁétiva&y, This does
not lmply that these snzymes are identleal, only that thelr
gpeciflelty requirements arve sinmllare From the wmeasurements
made of the quanbtities and relationsghips of the types of prow=
tein degradabtion products lilkely to bhe formed by these enzymes,
it hag been possible to malke tentative deductions sbout the
effects of various envirommental influences upon these enzymes

and their asctivities in skeletal pmuscle tlssus.
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A comprehengive survey of the litorature concerned with
the effects of various physlcal and physioclogical stresses
upon the ﬁ&t?ﬁg@n sonstituents of strlebed muscle has boen pree
senbeds An elfort has been made 0 incresse the knowledge of
thia subject by performing experiments designed to show the ine
flvence of time in cold storage, heat under pressure, and au-
tolysis on muscle tilssue. Lestly, and of prime import, the
effects of such ghgsiﬁiﬁgiﬁai stresses as deficlencles of both
viﬁ&minm ¢ and B upon the nitropen-contalining components of
striated muiscle tigsue have beon dtudied,

Vhen samples from five different beel mustles were ox=-
cised and stored at 34°F, for perlods ranging fvom 1 day to
30 days, no changes were found in the total nitrogen of the
homogenized tissue, in the total non-proteln nitvogen, in the
suino acid nitrogen, nor In the azmonla nitrogen as determined
upon protein-free Liltratose.

Pectoralls major museles from chickens were analyzed after
storage in the inbact, but eviacerated, bird at 32%F, for O %o
48 hours. The total nitrogen diba sre in excellent agreement
from O=-hour to 46-hour sanples and the values show no change
over the veriod of time studied. The non-protein nitrogen
fractions a@t@rminwd on tungetiec aclid filtretes incressed with
time of storage, as illustrated below, as per cent of the btobal

nitrogens
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Amino acld nitrogen 10,89 to 11,00
Amponia nitrogen  0.414 00449
Total non-protein
' ﬁi&ﬁﬁg@n 12,90 144,10
ebidine nitrogen 0.0249 0.0521
fiyrosine nitrogen 0,0236 0,0254
, ﬁ&?ﬁﬁ%ﬁﬁﬂ nitrogen L.87 V%.ﬁa
Anserine nlbtrogen - 0,00 - 258

The poor agreement and fluctuating values obtained for the
angerine nltrogen nullifly the apparent increase.

A comperigon between the total non~protein nitrogen in
filtrates prepared with elther tunpgstliec aeid or trichloroacetic
acid showed that the trichloroacetic acid filtrates contmined
the greater quentity of total non-protein nitrogen at all times,
Lrom O=-hour to 48«~hourg. Thers was a rreater incresse 1n the
total non-protein nitrogen from the O«hour to the %%nhﬁﬂ?
period in the trichloroacetic acid filtrates than in the tung-
stic aclid filtrates.

Comuercially processed samples of muscle meata obtalned at
the local markets were analyzed for total nltrogen and total
non=protein nitrogen In both trichloroacetlic acid and tungstic
acld filtrabes. This study Involved the effect of processing
temperatures upon these constituents and showed the varlation
that can ocour in the total nltrogen in such materials. It
showed, also, that the total non-protein nltrogen val&a& Trom
the trichloroacebic aseld filirates were higher than the total

non-protein nitrogen values from tungstlc acid filtrates.
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A B per cent suspension of the pectoralls major muscles of
the chicken wasg held under carefully controlled condlitiona of
pH and t@m@@rﬁtﬁw@* After O-hour, alicuots were removed for
total nitrogen and for preparing the trichlorcacetic acid and

tungstic acld filtrates, and the suspension was incubated in
order to study the enszymatic chenges which would occur, Ixperie
ments showed that pll %.Qﬁyanﬂ a bewnerature of éﬁaﬂ. gave optie
mum activity es measured by an increase in the production of
%e%al,ﬂwﬁwyrm%@im pltrogens Aliguots were removed after £ hours,
4 hours and 6 %@mrs incubatione

The total non~probein nliropen values obtained at O=hour
Trom the 2 filtrates are in close agreement. As time increases,
the values become inereasingly divergent, with the total non-
proteln nitrogen from the trichlorcacetic acid filtrates ine
creaging to the larger values, TFor sxample, the total none
proteln nitrogen, as per cent of tobal nitrogen in\thﬁ Lri-
chloroacetic acld filtrates at O~hour averaged 14.88; at ©
hours, the average was 17.834 The total non-protein nltrogen,
ag per cent of total nitrogen, in the tungstic acid filﬁrataa
gt O«hour averasged 13,863 at € hours the average was 16.&6.‘

. The probable siznificance of these two filtrates ig dls=
cugsed and may be suwmarized briefly as follows: the tungstie
acld filtrates are believed to contain only the low=-nolecular
wolght breakdown productes of proteing the trichloroacetic acild
filtrates contain, in addition, the intersediary »roduchts of

protein brealtdown, Hence, a greater increase in the total nonw
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protein nitrogen from the latter filtrate indlecates a greater
inerease in the production of the intermediary products of pro-
tein breakdown under the conditions employed and described.

Guines plg experiments were conducted to determine the
effects of a dietary vitamin C deficlency upon the nltrogen
constituents of muscle. A sgingle experiment, ln which L-Uyro-~
gine was supplemented, was followed by & series of experiments
in which the anlmals were placed on a typleal vitamin C-free
regimens

The first group contalned guinea piges which had been
brought te a state of very acute vitamin C deflciency by ine
corporabing 0875 ge of gﬁtyrasina into the dlet dally. They
developed &ymptams of 8 very severe scurvy in approximeitely one
weelks %xamﬁlas‘af the results are: total nitrogen4ig %hﬁ HCOD™
butic mugcle; 2.97 g« per cent, normal muscle, 2,96 g« per centb;
total non-protein nitropen from tungatie acld filtrates {ex~
yragswﬁ as per cent of total nitrogen), scorbutic, 10.58, nor-
mal, 12.83,

The Tirst experiment of the series contalned gulnea pigs
which had baamrbraught to a state of typlcal acute scurvy by
feeding ground, serabted Purina Rabbit Chow without added vita-
win C, Ez&mglaa of the’resmlts are: total niﬁrcg@a in the scor=-
butic muscle, 3.32 g. per cenb, normal muscle, 3.37 g. per cent;
total non-protein nitrogen from tungatié aeiﬁ‘fiiﬁfat@s (axw
pressed as per cent of total nitrogen), scorvutie, 11,19, nor-

mal, 10,45,
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‘Serles 2 conbtalned guinea plge brought to the typlcal defl~
clency state. Examples of the results are: total nitrogen in
the scorbutic muscle, 3.05 g. per cent, normel muscle, 243 g
per cent; total non-protein nitrogen from tungstic acid fil~
trabes (expressed as g.‘pﬁr'gant of total nitrogen), scorbutic,
15,87, normal, 13.65. Also, on series 2 the following compounds
were determined on the tungatie acid filtrates ($Xprésséﬁ as
nitrogen ae per cent of total ﬁit@ég@n}: histidine, acarbutia |
mua@i@? inlﬂ,?nemmal mugale, 0,029; tyraaina, scorbutic, 0,007,
normal, a,mélj carnosine, scorbutiec, 0;019, normal, 0.152; an~
a@rim@, ﬁ@gative'r@ault& on %ch‘naﬁmak and scorbutic muscle,

A more extensive experiment, serles 5, conbained guinea
pigs brought to the typleal deficlency state, The muscle tissue
from both the normal and scorbutic animals was employed to pre-
pare n&nwyrategn nitrogen flltrates by both twichlaraaéaﬁia,aaid
and tungstic aclid. The total nitrogen in‘ﬁha soorbu&ia muscle
averaged 2,338 g. per cent, normal muscle, 3.019 g. per cent.
The total non=protein nitrogen values found were as follows (as
per cent of total nitrogen): trichloroacetic acid filtrates,
scorbutic, 8,95, normal, lﬂféﬁg tungstic secld tiltrates, score
butley 8.87, normal, 9.51.

Serles 4 was composed of guinea pigs which developed a
state of chronie scurvy, and upon wﬁiah a comparison of the
total non~protein nitrogen found in trichloroacetic acid file
trates and tungstic acid filtrates was made, The values for

total nitrogen in the scorbutic mmuscle were 3,041 g. per cent



normal muscle, 2.989 g. per cent. The values obtained from the
filtrates are as follows (as per cent of total nitrogen): tri-
chloroacetic aecid filtrates, scorbutie, 9.36, normal, 5.96;
tungetic acld filtrates, scorbutic, 2.77, normal, 10.48.

The data from Series 3, Table XVII, Andicate that in the
scorbutic guines pig muscle there are no protein intermediates
produced, while in the normsl semples these compounds of rela-
tively high molecular weight were préﬂaﬁ&.

Vitanin E deflciency was produced in rabblts by means of
& synthetic diet contalning no vitamin E. Typlcal dystrophy
of musocle was attalned as demonstrated by groes symptoms and
histological examination. A comparison was made between the
normal and &yg%rwyhia mascle of the total nitrogen in the
muscle and of the total non-protein nitrogen found in both the
trichloroacetic acld filtrates and tungastic aeld filtrates.
ﬂx&mylan‘af the data found are ag follows: %otal nitrogen,
dystrophie, 35.078 g. per cent; normal, 3.206 g. per cent. In
the filtrates, thege data may be cited: frichloroacetic acid
filtrates (as per cent of total nitrogen): dystrophie, 13.80,
normal, 9.08; tungstic acid filtrates (as per cent of tosal
nitrogen): dystrophic, 11.04, normal, 13..92".

The results pregented in Teble XIX ghow that, in dystrophie
rabbit muscle, there is a greater quantity of protein inter-
mediates of high molecular weight than in the normal muscle, in
which a larger quantity of the proteln end producte of emaller
molecular size 1s found,
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The pH of the guinea plg muscle and rabbit muscle homogen—
ates was determined snd showed that in every case the pH of the
affected muscles was higher than the normal musecles as illus-
trated by the following averages: ssmples taken from- the acutely
scorbutie gﬂ&na&~ﬁ$g~maa¢1@,gava a pH of 8.84; normal, 6.41;
from the dystrophic rasbbit muscle, pH 6.61, normal 6.42. In
«?ary eaae’tha«yﬁwatsthafmmrmax‘au&pleiwaa‘lﬁwaw than the pH
of the deficient sample. |

The common denominator linking vitamin ¢ deflclency in
the guilnea pig and vitamin ¥ deficleney in the rabbit in these
experiments wag the muscle degeneration. When taﬁal”niﬁragun
values were compared, it was found that in Series 3 of the
guines plg experimente, the most significant and extensive ex-
periment, the deflcient muscle samples were lower than the
normal muscle samples. The deficlent muscle samples from the
dystrophic rabbits gave lower values for total natraganﬁaa welle
In georbutic guinea plg muscle no protein intermediates were
found, while in the dystrophic rabbit muscle there is a greater
qﬁaﬁtity of these compounds present. In normal guinea pig
muscle the protein intermediates were present, but in normal
rabbit muscle there is & larger quantity of small molecular
gize end products. For example, the values from scorbutic
mugole were 0.2091 g. per cent for both the high and low mol-
ecular weight compounds; end 0.2071 g. per cent for only the
low molecular weight compounds. The values for the normal
muscele were Q.$164 g+« per cent for both %hg high and low
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