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The problem of the digestion of foodstuffs in the
slimentary traet is of far resshing importance in the main-
tenance of anisal 1ife, and in memmels the guestion has many
aspects which must be approached separstely defore an under-
standing of the whole can be obtaimed. 4s part of this
guestion it 1s obvious that & firet conmdition in the utiliza-
tion of food is the presence of a seeretion of digestive
juices, and sinoe secretiom is prodused im part by substances
present in foods, 1t 1s of imterest to find the effects of
different foodstuffs on the production of seeretion end on
the seoretory cells. The importance of the so-oalled non-
protein nitrogenous constituents of meats in the production
of seoretion from the glends of the digestive system has been
Xnown for & long time, amd was first reeognized by Paviov md
his assoeiztes. Since that time & very extensive study of
the effest of various chemically identified constituents of
-At,umumnrgnmmummm
(3ee Babkin 1928). ‘
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In the case of fish wusole, previous work on the
nature of the mom-protein nitrogenous constituonts s been
almost entirely ohemical. 45 regerds the digestion of fish
we have the earlier investigations of Gordeleff (1906) snd
Boldyreff (1909) on dogs with a Pavlov poush, showing that the
ingestion of fish sotivated & greater gastrioc secrotion than
corresponding preparations of beef meat. Aoccording to Hawk,
Rehfuss and Bergeim (1926) fish sotivates in msn & seeretion of
gastrie juice with as high an seility as the seeretion from
several meat produets, e¢. g. beef and pork, chickem, lamb,
turkey and wveal. The recent investigations of Komarov (1931)
on the study of gastric seeretion in & dog with a Favliev poush
after ingestion of haddock flesh, skin and beef meat has shown
that, contrary to the fimdings of the earlier workers mentioned,
in the capseity to sotivate gastriec seeretion, beef meat and
haddook flesh 414 not differ comeiderably. Alley (in gress)
made a compavative study of the effeet of halddoek, cod, msckerel
and lobster on gastric seeretion by a dog with am irmour poush
and gasirie fistula. |Her experiments showed that cod, haddock
tively as meat, and lobster more effectively. FPish ws found
to remain in the stomach as long es meat, and in the onse of
magkerel longer, due %o its high fat content. A rise in the
fluid volume of seeretiom ocourred near the end of the experi-
ment in the ocase of fish,
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mmmmmmmuatwounﬁ
in view, firetly Se ﬂcmu the !Imt ut m non-protein
nxmmnu mﬂm of mm tum on the mtru secre-
uu.umnwmwumxmmvmum
m;mm.hwumpmmmnﬁo
mnwmummtﬁmham“h
mmmmmm ,
muuwutmmunhummmb
ﬁuamamua,mmmmuﬁmb
gmtammamm@zm
umsnmumuwuumw
'umymmumnmmammxum«
 fish wusele. '
cumummum.mm:nmum'
muwm.mmm‘m.mtﬂ-
m«a»mmﬁnmmmtne.mu
mwm:u. These results are sonfirmed im this work and
isolation methods failed to reveal the presemce of ocarmosine in
ood musele, "
IiﬂMumhumewwwtm(
mum‘l«-mmmmmmum
Suwa mmmum.mmwmmuxm
from Selschisn mmsole. Im 1915 Yoshimura and fanai isolated
ereatinine, betainc,sethylguanidine, teurine and elanine from
dried cod musele, and Yoshimure (1913) obtained trimethylamine,
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patrescine and choline from herring roe. Kapeller-idler and
Krsel (1930) have presented indirect m: for the presence
of uﬂlylmum in several specics of fish,

W and Schmidt (1927) h an interesting com-
parative study found thai trimethylamine oxide and trimethylamine
oosurred only im the wuseles of sea fishes and Shat noms could be
obtained from the museles of fresh water fish., In a further dis-
eussion of the possible causes for this difference, Hoppe-Seyler
{1929) states that spawming does not affect it and considers that
although the feeding may amecount for some differemce, that this
cannet explsim it all. Relative to this Kapeller-idler and Csate
(1981) have found considerable smounts of camonia, methylamine and
trimethylamine in sea-weed (fucus vesioulosus and F. serratus).

Eapeller-idler and Krael (1930) and (1981) found that
there were certain promounced differences between carp, eod,
shark, and skate muscle with respect to thelr preformed and
altered volatile bases. DBy the methods used it is claimed that
determinations of smmonia, methylamine, trimethylamine, trimethy-
lamine oxide, methyl-guanidine end bebtainecan be made. Much
more trimethylamine was found in Selashisn musele than had been
found by Hoppe-Jeyler and Sehmidt, the difference being atiridu-
ted to basterisl asetion which might have occurred during transit,
lesding to a conversiom of trimethylamine oxide o trimethylemine.

The work of Hunter (1929) ou the ereatine content of
fish wusele is discussed later, as is the work of Johnston (1952)
on the nitrogenous exiresctives of fish muscles
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Komsrev (1988) Tound by silver-baryirs fractionation
of haddoek musele gxtracts that they differed greatly from ox,
dog or horee msele extrsets, being charasterized especially by
& high proportion of nitrogen in the lysine frestion, aud o low
propertion in the histidime-erginime frectiom. Xomarov (1933
also found interesting differences in the distribution of nitrogen
after autolysis in haddosk musele. The nitregen in the lysfns =
end histidine-arginine fractions remeined practicslly the seme,
the ohanges ooowrring in the other frastions.

For the purposes of this imvestigation, & large mumber
of extracts were made from the wusele of cod, haddook, sslson amd
herring at the Pisheries Experimental Station (itlantic) at ‘
Halifax during the summer months (1952): The cod and haddook
wore caught by lime trawl set in the evening, and were taken for
extraction the next merming, so that the fish were in & relabtively
fresh condition, The herring were caught by netting and were
obtained for extraotion about 18 hours later. The salmon were
oiMcWMMlmunmh«,Mn:
frozen condition at the Station for some mombhs.
mmmm'uumrmnm.mm
removed, oare beinmg taken to avold any contemimation with debris
or the slime snd soales of the skim. Two lots of musels, & and
'n.mnmw,mm:m-n«m:mhm;nu
umu'm.a.-mia The part A was used for immediate
extraction and § for sutelysis. Doth & and B were minced.
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To welghed quantities of 4 in large deakers vere added 2 volumes
of distilled weter, and with stirring, suffieient 0.5 ¥ HC1 to

bring to & pH of 4,9, This pi hed besn found by test experi-

ments to be the point where maximam minthtin of ﬁc muscle

proteins ocourred. (10 oo. of a brei of haddeok misele,similay
to the sbove, were placed in several test bubes, and 0,5 ¥ W1

and water added to eash to make a total of 2 co. fluld and give

& pil range between I and 7. The test tubes were placed im &

boiling water bath for 20 mimutes, filtered, smd to 5 oc. aliquots
oxmrnmummm“ummusﬁmmm
?h-ommthﬂwtymammncnmmmuh
least at pH 4.9 ).

. To 500 grems wuscle sbout 65 00, of 0.5 § HF1 were
added with stirring. The beskers were then placed in boiling
water baths and stirred. 4 temperature of 80°C. was reashed
in about 10 mimutes and the meterial was heated for 20 mimtes
longer. It wes them filtered through geuze on the Bushner
funnel, giving & olear solution snd was washed twice with boilimg
water, In the seaond extrastion, 1.5 volues of water were used
um4mumsxmmmmmmmm 4
beated for 50 mimates bdefore filtration and washing, A Shird
extraction was made with 1 volume of water snd 1 ¢c. aoid per
500 grams musele. The combined extracts were evaporated "in
vaguo" in the presence of thymol at a temperature of the water
bath not sxceeding 60°C. Then & small volume was reached the
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weterial was transferred guantitatively to a bettle. 4 lidtle
thymol was then added and an equal yolume of 957 alechol.

The B portion, after mincing was plaged in a wide
mouthed bottle and an egqual volume of distilled water wes added.
48 smtiseptiecs, toluol, thymel and chloroform were used. The
bottles were well stoppered and the materisl was shaken each
day. After 15 days ome more volume of water was added and the
material treated as in A,

Considerabls difficully was eveountered in the treat-
ment of salmon by this methed. 4L suspension formed on heating
the tissue with water, which wes extremely diffieult to filter
and almost invariably gave cloudy filtrates., The cake on the
Buchuner funnel eould not always be sucked dry @0 that a guanti-
tative extrastion of the tissue was hindered. Treatment of
the tissue with alechol, scetome or gasolime before agueous
extrastion was not entirely suceessful or led %o practical Aifrfi-
cultles. Tinally, in the sase of the fresh fish, the aqueous
extraction was carried out as desoribed above, leaving the pre-
oipitates in the Surbid filtrates for later removal. In the
mummm..thmmfwmn
hour in beakers in boiling water baths before agueocus extrastion.
This treatment produced a surprising change,the filtrates being
a8 glear and the filtration as rapid as in the cese of the other
fishes.

In all, the muscle of 18 Kg. eod, 1V Eg. haddock, &
Kg. herring end 7 Kg. sslmom were treated in this way.
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The extreoted wusele residues were dried in an oven
at spproximately 70°C. sud keDPb.
it the Department of Physiology, 1ecill University,

under the direction of Ir, B, ¥. Babkin and Dr. 5. 4. Komarov
the investigation of the chemical snd physiologisal nature of
the extraste was begun. The work may be arranged for conven-
ience under the following headings: ‘

Chemical Investigation of the extracts

Fractionation of Cod ¥usele

iffect of Fish ixtracts om Gastrie Seeretion

uffoet of the Cod musele Fractions om Gasirie Seoretiom

Properties of Cod !msele Fractions.

the alechol by evaporation "ia wvaguo". (Im all this work,
unless vhen otherwise stated, it is understood that evapora-

tion was carried out "in vacuo®”), The material was then
diluted $111 the ratio of grams tissue to oubie centimeter
volume was about 1.5 to 1. This was than placed on the water
bath for about half an hour and filtered from the precipitate,
which was well washed, and the volume then made wp to a ratie
of about 1 gram tiseue to 1 ¢o. fluild. The salmon and herring
extracts were first extracted four times with toluol by shaking
in a separatory fumnel, the layers being separated by ceniri-
fuging, The combined toluel extracte were then extrasted four
times with water and the aqueous layers combined with the
previous agueous layers.
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mu&umumwbaunum;
Zfotel nitrogen: This wes dotermimed in the misre-Xjeldahl
mmwﬁww.uwﬂ&n-x:ow
method. The latter method obviated dilution of the solution,
Zom-protein uitrogen: fThe exiracts contained lese thenm 17 of
ummmuumewmuu. To determine
the nom-protein nitrogea, a sample of the extract wae diluted
in the ratio 3 o 4 with 20§ trichloresetie weld (e.g. 3 oe.
extract plus 1 ¢o. 20/ trichlorasetic esid) and filtered after
1 hour. The nitrogen im the filtrate was determined.
Yolstile base nitrogen: This was determinmed in the apparatus
of Van Slyke end Cullen (1916). 2 0. of the extreot and 10
u.ﬁMaoMuﬂMﬁWMhmmm
tube. mummommman.dlluml.
Urea nitrogen: The ures was determined by the uresse method,
mmmmmmmr/umxucmm
above. The imorease in the titration figure of the urea
nitrogen determimation over that of the volatile base represents
the smmonia due 0 ursa. Blank deteminations were always made
for volatile bases and urea. il e
immonis nitwogen: The ammonia nitrogen was determined by asra-
tion of a sample similar {0 that used for the volatile base deter-
mination into ¥/50 NC1 and Fesslerising,the unimown being com-
pared in & Dubose ocolorimeter with & stasdard. It was found
negessary to remove the eaprylic aleohol used to reduce frothing,
"in vacuo” before Nesslerising as 1ts Dresence seemed o cause
turbidity,
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imino nitrogen: The amine nitrogen was determimed by formol
titration under cavefully controlled oonditions,  The meterisl
was first titrated %o o standard pH with phenolphthalein as
indicator, and to the Same pH after the addition of formalin
at this pH. In detail we proceeded as follows: titrations
wore made in B0 60. contrifuge oups. Immediately before using,
%0 10 co. of combersisl 40f Tormaldehyde 3 drops of 1.0 N NaOH
were adfed. The first standard A ocontalned 2 co. of distilled
wuber, 1 drop of 0.1% phenolphthalein end suffieient X/10 NaOH
to cause = complete change of eolour. A standerd B contained
2 so. d1stilled water, 1 drep of 0.1) phenolphthalein, 1 oo, of
the formeldehyde solution and suffiefent H/10 NaOH to cause no
further change of colour. 719 2 co, of the extract was now
added 3 drops of U5 phenolphthalein sad this was titrated to
the standard A with N/20 NaOH, 1 eos of the neutralized formol
wes theu added and the material further titrated to the colour
of ths standard B with the stenderdized N/20 NeOH. The standards
Amamu«mxamamvmﬁuuﬁuﬁmt
vefore the end-pointe :

Dlank Sitrations of 2 ce., distilled water plus 3 dreps
of 0.5 phenolphthalein ave titrated to the solour of 4., On
the addition of the formol selutiom (1 ce.) the solour exastly
matohed that of the standard B, A differemce in colour, due %o
a difference in the pi of the formol solutiom, mecessitates &
correction. The titration figure from A %o B in terms of -FH,
groups, minus the ssmonia nitrogen gives the value for amino ni-
trogen.



Greatine and Crestinime: Benedlot's boiling down method (1914)

vas used for the comversion of oreatine to ereatinine, and
Yolin's ‘m) method for the determimatien of ereatinine. The
standard wes prepared from s solation of pure ereatimine zime
ehloride.
Inidazole groups: The procedure of Kossel and THanke (1919)
was first used bubt the procedure of Jorpes (1932) was later
agopted as it was found %o be more satisfaotory.
Orgenie solids; The organie solids were determined by drying
5 e, of the extract to constant weight in an ovem at 120°C.,
then eshing.

The results of these experimente are showm in

S i
nu-,nmr 417.0 400.0 466.0 425.0
volatile base 706 12.5 12,5 14.0
smmonia o 9.5 11.9 9.3
Urea F e el T 1.7
Amino- IS T SR S | 4.4
Oreatine & 20840 169,0  198.0 185.0
Creatinine ;
Tmidezole (0.”) (0.87) 2.56 28.1

Urganie .”nu 'ult&-%_ 2sef  28%mF -

—
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In these four species of fish there is seen to be a
considerable variation in the comtent of non-protein nitrogem in
the extracts, and it must be noted that & esrtain amount of this
variation may be due to yrotecses or higher peptides formed by
the process of extrection. In cod, salmon and herring the
mtormuntmam“nm. In the casze of
herring the volatile bases other than aumonia are notably higher
than in the other fishes. The ures nitrogen figures do not vary
eignificantly, They are, however, much lower than the value of
14.56 mg.# for haddook, found by Komarev (1938). The cause of
this disorepamcy is not kmowm. Johmston (1952) found a value
of 1.7 mg.p urea in the case of haddoek. The amino nitrogen
values which become imereasingly grester in haddoeck, cod, sdlmom
and herring, seem to be significantly higher in the last two cases,
especially im herring.

The values for ecreatine and creatinine, expressed in
mg. oreatinine per 100 grams musele, are - haddoek BHZ, cod 454,
salmon 521, and herring 498 Hunter (1929) found & value of
740 mg.f for raeific coast herring (Ulupes pallisii), and 636
ug.§ for Coho salmom (Cncorhymshus kisuteh). It may be moted
thet these figures apply to musele from the tail region which
is richer in oreatime then the musele enterior to this. The
figures given here are for the whole muscle.

Johmston (1982) in a study of the nom-protein nitroge-
nous oomstituents of cod, haddock, hake, mackerel and herring
musele finds figures of approximately the same order for ammonia,
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urea and orestinine. It is doubtful whether the @ifferences
may be considered as comstant dus to varistione within a species,
but & comparison of the latter worker's figures with our own is
as follows. u:mu:w the order in decressing
umm:un—-nuumu, “"W‘ for urea cod,
herring, haddoek; for ereatine herring, baddock, sod, 1In the
r-muam;mtmm:mwmmmumu.
eod, haddook ; for ures ood, m«x.m for ereatine
haddook, herring, eod. ., ,

- Creatins, mm.moruumn:nutm
mwnumummmmmmun
glends, slthough many experiments have been nads in this oon=
The imidlazole group mitvogen varies very greatly in
these fishes, The figures for cod and haddook are givem in
muummtmymntmmﬂwum
Wwawuumaummmm
sible.  he colour developed by salmon i &6 not o constant
umuuuncwmm. If the value asoribed to cod and
mm be myﬂ for comparison th nm for ¢od: hsddook:
salmon; herring is about 1: 1: 8: 30, Such values were found
nmmm who made an utmtn investigation of animal
tissues, using thie test, This imidasole group is of greas
physiological importance. '

The mm for organie t‘illé parallel the non-proteim
nitrogen values.
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The extrastives of cod muscle were next studied more
fully with respect to their chemisal mature end physiclogleal
properties. |

An anelysis similar to that previously desceribed was
mhcntuthwuhmmtaﬁunmwh
silver-barytra method, Throughout the fragtionation portions
muntnauunmtmnmamw»mmw
seerefion. Fimally an investigation of the fractions for the
isclation of eryetalline sudstances was made.

_xperimental ,
wmntm%muonmhmm
mﬂaqmﬂnmm nq.mmtnmxnu'
mmmmmmummnaau.mm
uwmum)mmmuﬂ-mamcum
m.munmm‘tm then the filtrate of
"mummmmsmmmmmm-m
distillate was lead into standard 5/5 H$0, containing methyl red.
indicator. The volatile bases were thus collected and deter-
mined by titration of the excess s6id with standard 5/10 NaoH.
Amormumdnuum»nmhmm-
mhmmmmaumtwmummmuu
small volume. To precipitate the nitrogenmous bdases 235.4 grams
phosphotungstic seld per 100 grams wusole were useil.
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It vas seen that the yurinme fraction contained pro-
umuwmmwuumuunnwamt
precipitates, An‘lmctmtunmmmrmm
eipitated by tannio aeid, following the m of ¥asteneys
and Borecck (1924), ani 1t was Tound hat while the purinme
fraotion contained 73,1 mg. of nitrogen per 100 grams musele
(1.04 78 mguf) the protecses ani higher peptides cenetituted
48.8 mx«m.mmmm.‘m 24.3 mg.fe
Mummxpamwmm.mm
mmwmmnm,mumm.mm
the purine fraction. FProtecses were found im the extraste of
meat by Firth (1911), end are vegarded as arbifisisl products
formed as @ resalt of hyGrolyeie oceourring during the extract-
muuutuip. |
of amino nitrogen is shown in Table 11l |
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The rwﬂﬁ mww&un.mnnt.
of wet fresh tigsue and as per cent. of total
nen-protein nitrogen.

16

Yitrogen im the form of nge 5 4 of total
Lon-protein 419.2 100,0
Volatile bases and o :
ammonia 9.8¢ 2.30
Ammonia T.74 . 1,85
trea A 1.86 044
Amino- 39.16 9,54
Creatine and :
ereantinine 163.2 B8
imidasole group Trace -
Fitrogencus bdases 258.6 60,49
[Purine bdases 24.5 5.84
Fistidine-arginine ‘ |
frastion 32,9 7.80
Lysine frastion 157.9 57.67
Monoamino ameid
fraction _ 95,7 22,8

“The purines present as nitrates
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The results are W both as mg. sent. of
wet fresh tissue and as per cent. o tg?dnm

nitrogen.

[;ll-‘ aiirogen in mg.% % of total
imole extrast “s 10040
Titrogenous bdases 11.8 ™
‘urine bases 040 040
#1stidine-arginine ,

fraction 0,997 2«13
Lysine frastion -—— wiis
uonoanine aeid ’ :

iraction Z2.2 47.4

Those results show & striking similarity in the dis-
tribution of nom-protein nitrogen in the ood &8 compered with that
of the haddook investigated by Komarov (1935). We find that, in
eontrast to meat, cod has & higher propertion of nitrogen in the
nitrogenous bases. The mitrogen of the histidime-arginine frac-
tion of cod is even lower than that of haddook, and that of the
lysine fraotiom of ecod is about the seme as in haddook. The
monoanine acid fractions are of the came order in ocod and haddoek,
and the purine bases are somewhat higher in eoll. Thus there is =
marked parallel in the uwm constituents of cod and haddoek

as contrasted with meats, and in view of the wide variation between
the two phyla in whioh these forms ocour, the resemblance is striking.
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The fractionation of herring extracts iz in progress.

STACOCUE ACTION OF EXTRACTS FROM FISH MUSCLE AMD OX MUSCLE
The sbility of the sxirests te produse gastric sesre-
t&hwmwmeﬁaauuthummun
Armgur, 1930} and gastiric fistula., The exiract vas introduced
into the stomach through the fistula snd the seeretion from the
irmpur pouch was used to determine the effect. There were thus
o psyohie influemces present and we ¢an atiribute any offest on
seoretion to the influemse of the fiuld given. Ixperiments were
dome when the dog wes in a fasting conditiom, i. e. about 18 to
20 hours after the last meal. Comirol experiments with distilled
water, tap water and physiologieal seline showed tact the greatest
georetion coourred with distilled water, less with tap water and &
negligible seeretion with saline. 7o avold such disturdances due
%o variations in the osmotis pressure of the extracts, their
osmotic yressure was determined by the lowering of the freezing
point, and before giving to the experimental animel they were
diluted so as %o be of the same osmotlc pressure as physiologieal
saline. They were also warmed to 37°C. before imirodusing inte
the stomashs The amount of extract given was always eguivalent
to that from 200 grams wmeele. The herring and salmon extracts
were firet extrasted with toluol as deserided wevieusly, and in
mmmmamammmunm
with ether, '




Chemical and Physiological rroperties 19

The first seriem of experiments was made some months
before the second series, and im that time s change ocourred in
the ocomposition of the poush jJjuice. .

 The vesults arve shown in Tables IV and V.
248LE IV
sotion of Fish and Mea 8
eg - "Homday"
Extracts were introduced hhmttmhuatuh:;

and the seeretion obtaimed from the irmour pouch,
extracts each eguivalent to 200 grams muscle.

m“?.. Volume of Secretion m. f::g m’:&
 _minute periods fotal r‘ Illtl)"
0-15115-20|50-48 | 45-60 [60-75
Firet ies |
Cod Ol | 846 | 09 '| 0.2 -= | 441 |56.7| 64.9 15.0
Haddook ' QoS | 245 | 1400| 0430| <= | 4.18|57.6| 65.7 2l.1 ‘
Salmon 1eB | Ged | 0udB| 0u2 | == | 5.55|60.6| 68,8 | 29.1 }
Herring 0460 | 4e2 | 1445 | 0040 | -~ | 6,65|60.,0( 68.1 l'.Q;
Seeond Series

Distilled 060 | 2,00 | 0,850 | 0,20 | 0,05 | 5.10(108.] 122,0 -
water Ue¥0 | 0,08 | 0045 | 0e52 | 0418 | 2,18]| 65, 83.0 | 77.4

Top water  |0,46 | 0,85 | 0,80 | 0,18 | -- | 1.85| 6. 91.0 | 2000}

0.9% Nacl Us06 | 0405 | 0,18 | 0405 | == | 0.8L| == - ———

Cod Oe20 | 4410 | 1,80 | 0,89 | 0,70 | €.59|100,Q 13640 | 185,04
nafidook 0s18 | 8,20 | 2.10 | 0,90 | 0,60 | 6.28| 98.] 113.,0 | 117.0
Salmon 0eB0 | 2,40 | 1490 | 0445 | =~ | B525| 95,0 111,00 | 125, 0r

1,10 | 5.55 | 0,75 | 0.22 | 0,19 $.60(111.4d 125.0 | 125.0

Continusd on rage 20
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F&Ml&- ofr Volurne of, Seeretion’' . WA | Tetel |repsia
In X ' Tetal Acidity | (Mett
‘ units) |
—
Herring 0e08 | 83,902,680 | 0,60 | 0,50 7.18 | 10840 123,0 85.0
ant 043 | 2,40 1,50 | 080 | 0470 | 5,185 | 120,90 151.0 3640
OelB | 1075 (0,70 | 0460 | 0,80 | == - C— s
_-e - >~ - 10“ 5;45 10&9 u’.O 6‘.0
1.0 | 415|085 | 0450 | 0415 | 6,43 m-‘p i28,0 71.0
Dog - “Monday"
Extraote were introdused into the stomseh by a
fistuls and the scovetion obtaimed from the Armour
pouch. The extracts were each egquivalen to 200
gramg wuscle.
Frastion of | £ of 2 ipee | Total . |repein
God Musele |Total Volume of Secretion HOL  |roldity | (Mett'
¥ity In 15 minute periods Units).
~ [56-45 [46~60 |Total
R 10030 ' [0+26 | 4.16| 1.80| 0,39 | 6.59200.0| 116.0 | 188.0
- - .."‘ - Q.70 - - - —
BalrOERAOuE | Lo 0 048 | 4,00 1.25| 0.58] 6.50008.d 1%0.0 |  skeo
Histidine~
b ek 8,0 [L490 | 1,20| 0.20 | 0,25 | 3.26 | 90.0| 207.0 | B2.0
e SO0 38,0 Pe25 (205|022 | 0.2 |1.58 | == | - 219,0




mmuummm of which the second
series i more mu.mmtmummumm
give the largest velume of seoretion, cod and haddock follow, and
salmon gives the least wolume. In the Tiret series the order 18
herring, salmon, cod and haddock equal, but on the basis of the
more complete later experimonis saluon should apparently be last.
leat tended to give a seoretion over & more prolonged perviod then
mmm-mtu- is apparently equal to that of ecd or
haddoek. Yeat gives a more seid juige than cod or haddock, and

one with lower pepesin wvalues.

The umtm of the ability of the fractioms of
m“uuhntumdmmmtmmmunt
in the seme way as for the orude extracts, with the exeeption
that the sdjustments of cemotio pressure were not made. The
resulis are shown in Table VI.

It is seen that on the basis of velume of secretion
yrodused the nitrogencus bases bhave 995 of the metivity of the
extract dbut 600 of the nitrogen, the histidime-srginine fraction
has 47( of the eotivity bdut 8% of the nitrogen, and the lysine
freotion 195 of the agtivity but 887 of the nitrogen.

A loss of about 30f of the sotivity ocours on treat-
ment of the extraet with silver. (This hes also been found
lstely by Dr. Komarov in the fractiomation of gastrie jJuice.)



The pepein is seen to be fowr times as grest in the
lysine fraetion as in the histilime-srgimine fraetion, indics-
ting & "cholive-11ke” effect fm the lysiue frestion in contrest
to the "nietanine-like" effect ia the histidine-srginine frastion.:
{(Cheline inscaﬂ.m mmn & jJuice wvery huh in pepsim, while
kistseine umtm m&ue a large wluwse of very ezid julee,
low in pepein),

muﬂtﬁ by Xrismberg end Xeomaroy (1928) have shown
thet there is vory 11tfle metivity im the lysise fraction frem
meat, and that the astivity 1s present prepondepantly in the
nistidine-sraining frastlon. It ms sesn above that in the
Srastionation of eod nmsole sxirests, ihe wilue for uitregen in
the lyaime frastiom wae vory high, and that ¥ tne hisiidine
arginine feastion small in scmperisea to meat.

It 45 therefors belleved Uhat ibe high yepsin sesre-
mnprmellscoanhmulm ¢ the pressnce of the
lswge lysine fraction, giving w chelime-like resposse, while
the mpmm of the effeat due %o the muamwm
fraction in mest produces & more histemine-lils rosponse, low

: ambhmmntammzpmhumﬂx
oryatslline substences from the lysine and histidins-avginine
freotions of ood musele. In meats the histiding-arginine
fragtion comtains a large amcusi of ssracsine. It 1o ealoulated
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by colorimetrie determinations that oarnosime constitutes
0.5% of the wet um.".w’mnuq surnosine is present in
moats in 0,15/ to O.2f. Histidine has boen found by Pngeland
but this 1s strongly disputed. Argimine has deen found but in
vory emall amounte, ©. g« 5.4 mg. from 2.0 kg of meat, by
Komevov (1929). Carnitine was first isclated from the lysime
fragtion of meats by Sulewitsch ani Erimbergs Choline was
found by Kutssher and later by Somordingew. Nany other sub-
stances belomging to the guarternary ammonium beses have beem
gaid to bde precemt but mmMumnd (ee 8«
Novain, oblitin, earnomusesrin, neurin, meosin and myekinin.)

In this work the procedure whieh ususlly leads surely
and guiekly o the isolation of carnitime from weet extrect did
not give any defimite result in the case of cod., (The method
for the isolation of carmitine in the form of the mersurie salt
was elaborated by Krimberg, ani was used in the present investi-
gation). 1In this tissue, omrnitine may be present in such small
quantities as to make the usual mesns of isolation insffective,

The method of Culewitsch and his co-workers (see Hoppe-
Seyler's Handbuoh) for the iselation of carnosine from the
histidine-arginine freotion of meats by fractiiomal erystallisa-
tion from dilute aloohol, eave 86 Tesult in the oase of ood,
Carnosine must be preotically ebsemt from this tissue. This
confirms the observations of Clifford (1921) and the determina-
tions of imidagole group comeemtration im this paper (fable I),



MS Reports Biol. Board 24

At least three orystalline substances have beem Ob~
tained from the lysine frastion of cod in the form of the merourie
salts, but the determination of the nature of these substances has
been dizcontinued for lask of time.

In cod, therefore, we find substances which are present
in high oconcentrations in meat, are present in low concentrations
or are sbsent, and slso we find that other substances are present
hhunmﬁﬂuhul“hmt.

These exyeriments indicate once more that the ooqutitn
of fish musele is guite different from meat - differemt mot onmly
with regard to the partition of nitrogen but even with regard te
the chemical nature of the sudbstanses present. A more extensive
chemical and physiologieal study seems to be quite desirable.
SUMLARY ‘

A chemical investigation of some of the non-protein
nitrogenous constituents of fish muscle (haddook, cod, salmon
and herring) has been made.

By eilver-barytre {ractionation of cod muscle extracts
it 1z seen that in this respeet, cod is very similer to haddock
and different in many respects from meat musecle.

The freactions of cod muscle have been studied chemically
and are seen to be decidly different from those of meat.

The power of the nom-protein nitrogenous consiituents
of fish to produse gastric secretion varies, the order in de-
ereasing masgnitude being - herring, haddock and cod equal, snd
salmon. The seeretion with meat extracts equals that of cod



and haddosk. The seoretion with fish is higher in pepsin and
s11htly lower in aoliily tham with meat extrects.

| The sesretagogue actiom of cod msele has been related
to the chemical somposition of the wusels by fvactiomation. In
thic stuly the nitrogencus bases had 995 of the sotivity of the
extract but 607 of the nitrogen, the histidime-arginine frastion
had 470 of the setivity but 8 of the nitrogen end the lysine
fraotion 195 of the eotivity bub 8% of the mitrogen. The pepsin
valve $hrough the lysime fraciion was four times that prodused by
the histidine-arginine fraotion.

1 am greasly indebted to Dre B. P. Babkin who directed

tale work, snd to Dr. 5. 4. Komarov who also guided and helped in
1%,
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