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ON PHOSPHOCREATINR
IN THE DOG' S BRAIN

| .In a review on ”the Hetabolism of Bmi.fi andﬁnm" {1,},' .
Berard states the following: | |
“(Ir#atine phosphate content of dog and cat brain ‘(aﬁaﬁt
11 wg. per cent) is alike in cerebrum and oarab%aliuﬁ: " the
substanece desomposes with great rapidity unleas this tissue
is carefully frozen in altu (Kerr) (2). It h&a bhe'n
 ~;‘ 'obtaimd, however, from mbbit brain without stmh prmutiona
" and in even larger amount.s (Gemm and Tuplkova, zm;mhnsheé
data)." -
| ook Actually, Kerr (2) reported 11 mg. per cent of labile
T "V‘mésggnms (1.8., phos@hamatine phoapﬁnnm)’ which 4s
“, equivalent to about 78 mg. of phoaphocreatine, o# 48 mg. of
l’“'eraatine per 100 gm. af brain. But Gerard and wugikewéygaund

4n in situ.

,,thantz freeging the brm Aaecrﬁingly, an attampt
: in this laborato: :

‘nk ma.da,\ta determine %tﬁ the 1ab11e pmphoma _anﬂ ’bmmd

mtim on the same bra:.n extract in order to sae I‘ any

7~

- "hoaphocmtina phasg;homs was desigmte& ‘b:zf ?iak;e and
Subarrow (3) as "lnbnq phosphorua” becsuse it deconposes
within 30 minutes in acld molybdate solutions at room tempers-
tture. o , .




(2)

}  'ﬁfcesa of hound araatine>cnu1d be found over whﬁtjﬁhﬁ

\”'Tflhbile phnspharus oan §ﬁ°°nnt for.

P g et hod: The brain was prepared for analysis by

making a protein-free extract with 109 triahlﬂraaetia

- acid, according to the directiana of Xerr {2) amd karriy

but without freezing the brain in situ
and Bliahﬁ{5;, and the labile phoaphorus was determined

in 8 c.c. portions of the filtrate by the procedure of

Piske and Subarrow (3), after removal of inorganic phos-
phorus by precipitation with caleiun hydroxide. '
For the bound creatine determination, 8 20 ciO.

aliguot of the trichlorasetic acid filtrate was saturated

_with barium ‘hydroxide in a centrifuge tubo, 45.5 o.c.of
~ 95% aleohol was addeﬁ to give & congentration of Gaﬁ
ffralcnhol. and tha tuhe was left overnight. ther cencoi~
t': aging ’a‘ ten m4nutsa and decanting off the Iiltraﬁa,

) ;tha precipitate (containing the "bound” creatine) sau |
~ washed with &8% alnohol saturated with barium hyﬂrcxida
‘,j&nd sentrifuged agnin. Ten c.0. of 3N HyS0, were added
" to the precipitate, and the mixture sutoclaved at 18&“6,”
ffar one hour (instead of refluxing for three nours™} in

- order to sonvert the creatine to oreatinine. Then the

"~ bariss sulfate was ramgvad by oentrifuging and tha pre-

cipitate washed in the centrifuge tube with 32334’ *j

B cGntrols showed that both methods could be used
interchangsably.




(3)

‘Thé filtrate was neutralized and its creatinine content
_ determined by Folin's kethod (8)* This modification of
| th§ methéd for bound creatine determination waafégai
.f:'rsault of a study of the arﬁviaus work of Qerard and
Tupikova (7) (8), B&umanﬁ ;nd Hinea (9) (10), Harding
" and magles (11), Dulidre (12) and Ochoa (13). Ve had
| tn devise this: modification because the method used by
 ﬁerﬁrd and Tupikova (4) was not avallable at the time .
- - ﬂf this work. Since this publication beocame a%ailgbla,
o we founé that our modification is substantially the
same as that of Gerard and Tupikova. gppxdifrsrbneaa

are: (a) Gerard and Tupikova's modification was adapted
for smaller quantitiea. (b) They added the alcohol
before neutralising with Ba(OH)y. () They did not
saturate but only neutralized with Baﬁﬁﬁ)g. (d) They
d14 not let the Ba precipitate stand overnight, but

cohtrifugsd after 5 minutes for fear of splitting the

pho#phocfsatine#. {e) They converted their creatine

to creatinine by keeping in boiling water bath ror‘ﬁ
hours instead of autoclaving. |

~

A

& In most oases it was found convenlent to add to
the last filtrate an amount of the creatinine standard
resgent equivalent to 1 mg. of creatine before proceed-
{ng with the determination in a 100 c.oc. volumetris
flask, and then subtracting thiés amount from the reaulta.

# Althtugiuah we let stand overnight, thus giving a
change for an extensive lowering of our bound creatine
content (4), yvet we still had resulta that were too high
to be explained by the lablle phosphorus.




Result s:

Vo . o s < 3

§ampIa ’Time Taken To 'Ldﬁile PROE= "Bourd creat- "Hoind 6TeRt~
;e ‘remove brain phnruq 1n ng. 'ine as cal- ‘1ne found, in
T . 'from dog to ‘per 100 gm. 'culated from mg. per 100 :

K

JE !__acid, | _of bfain. ' lablleP '  gm.
| 1. ' 5 seo. 'oe.sB : 10.9 : 24.0
2. ' 4-5sec. ' 2.855 ‘1.0 o275
) 3. ' 3 sec. MERENCE ' 15.59 1 31.0
4. '10ses. ' ‘=2.28 ' e ! 137t

Discussasio n";”hese results show that there is datinit&ly

AR S RS

~ more bound oreatine in the dog's brain than can. ba aacountad for

Pacs

by the labils phosphorus. The explanation for this dﬁaornptncr

s SNOTH

Sl Ehe il A

ney bhe ?hatreither two molecules of crﬂatine*are'bcund to
~the phoaphate radical (for the hound creatine 13 abau$ twice

 that e<pacted), or that the axcess of creatine 1& bauna to

| some compound other than phosﬁhate. Another paasible oxXplang~
oo L tion is that this excess is not ocreatine at all, but some
othar:nhbqgnggnie sﬁbstanco‘uhich gives solor with‘pi!akt#.
%ﬁich of these thrqa'szﬁlanatiopa is correct must be decided

& u‘}< ;:hy further exparimantgg,

# This detsrmination auffered considerable loas ac&idsntally
during tha experiment.




4.

B..
8.

8.

9.
1o.

) 110

12.

13.

(5)

Bibl i nf§%? e phy

. Gerard, R. W.,Ann. Rev. of Blochem. 6, 420 (1937).

Yerr, S. B., J. Blol. Chem., 110, 625 (193B). -

7iske, C. H., and Subarrow, Y., J. Blol. Chem.,
‘ 68, 375 {1925); 81, 529 {1929).

Gerard, R. W,, and Tup ikova, N., J. Gsllular Conmp. thtiul;,
12, 325 (1938).

Kerr, S. Ec, and Klm g’?a’ Jt Biol. Chen., 97 11 (1938);

Polin, 0., Lsheratary Manual of Blologleal Ghaniatry, :
' New York and London, 3rd edition, 247 (1925),

Gerard, R, W., and T™upikova, X., Proc., Soc. Fxpt. Biol.
- & Med. 2” 360 (19330;.

Gerard, R. W., and Tupikova, N., An. J. Physiol., 97,

523 (?roa.),‘(lgal).

Eaumaﬂﬁﬁgm? -, and Hines, J. Biol. Chem., 24, 430
T (I916). ;
Baumann, . and Hinesa, A Js Biol, Chem., 17, 18,
Harding, V. J., amd Bagles, B. A., J. Biol. Chem., 60, .
301 (1924]‘
mx.ﬁm, Blﬁﬁh‘mc Jt, 25’ 921 {1929}.

Ochoa, - Biochem. Z., 253, 112 (1932).




ON
ADENOCSINE

IN HUMAN o
URINE ‘

Ed
E]
3




— e ass v s G e

The pharmacological effect of adenosine &nd 1te derivative:
has bee; 5%0 gubject of interest for the laet twenty yeare.

In 1940, Kellaway end Trethewle (1) gave evidence to show
that the seffect of cobra venum wae partly due to a liberatlon of
adenyl compounds from the llver.

A discuselion of the r6le of adenosine as a waso depressor
is given by Rigler (3). &#nd it has been debated in thils lab-
eratory 4hether or not it plays & roll in traumstic shock. If
traumatic ehock ls due to the liberstion of adenosine from in-
Jured tissuee, then 1t should be found in the Lleed plasma and
urine of shocked animals. Thus, our interest in the questien
resulted in the attempt to detect emall smounts of adenosine

added to plasma or urine.

ON ADENOSINE IN HUKAN URINE,

In 1930, Calvery (3), following the technique of Embden
and Zimmermenn(4), isolsted adenocine from humen urine (300 mg.
of adenosine picrate from 80 litercsj. Teltge (5), on the other
hand, using a mwodification of the Salkoweky vrecinitation (6)(7)

with ammoniacal sllver nitrate, falled to detect adenine in any

ferm in human urine. 1In our preeent work, 1t ie shown that

%oy Fiie, i B B il




(23)

altheugh the EBalkewsky precipitaséen as applied by Teitge pre-
cipitates free adenine (being a purine baaoL yet it fails to
precipstate adenesine from urine; hence Teitgés finding cannet
be considered a valid denial eof Cslvery's results.

A pew method devised by Kerr and Sor:ﬁarian (8)(9) tor
separate nucleetide, nucleoside, and free purine detsrminations
An tissue extracts was applied to urine in an attempt te confim
or deny Calvery's findings; but it was found te be inapplicabdble
for quantitative studlies on large quantities of urine. It was
peseible, however, teo demonstrate by Kerr's method the atsenae
of adenine, either free or combined, frewm healthy human urine.

%We also have been unable te confirw Calvery's work even on applys
ing his own methed (3) to normal albumin~free urine. This,
together with the qualitative result ebtained iith Kerr's methed,
lesds us to the conclusion tha%?:denosine ebtained by Calvery
may have had its origin in the urine of seme abnormal individuals
and 1s rnot of general eccurrence — a pessibility which 1s

acknowledged by Calvery himself,

~We had reasen te believe that adencsine might be precip-
itsted by ammonimcal silver nitrate (i1.e. the Balkowsky methed -
for purines) since adenocsine is precipitated by sedium hyéroxidc‘
and silver nitrate (8). Seven experiments were made with this
method on different samples of urine (36 c.c. or 3 liters)h
In fiv;r:; adenosine ceuld be detected, and in twe the results

were doubtful, We find, hoewever, that adenosine 2dded to urine
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cannot be recoverdd by thie method.

g ethedy: Phesphates were removed either by precipitatioen
with 8% uranium scetate at pH e-7(x) using ferrsccyanide on a
spot-plats as indlcater (10); or with Ca0 suspension (3), er
with magnssia aixture (8). In some experiments the phesphatea
were only partially resoved as calcium phesphate by making iht'
urine alkaline with smmonium hydrexide. In place of washling,
ihe precinitete, weparated by centrifugation, was dissolved in :
gulfuric s0id and reprecipitated by neutralising with NaOH, ané ' 2
the wash liquid was ﬁddod to the main supernatant fluid. To

o R e et Ao

thie, meler silver nitrate wes sdded snd the silver chlerlde
dissolved by adéding excess of cencentrated ammonia. The cent-
rifuged precipitate (suppoged to contaln free purines plus .
nucleorides) wes washed once with dllute ammonium hydroxide.
Smell precipitates (from 35 c¢.e. of urine) were suspended in
dilute sulfuric acid (rfinal pH, 1.5~3) for 30 minutes in order
te dlesolve the nucleosides, leaving the acld-inseluble rréotieﬁ
containing the silver<purine compounds (8). Larger precipitates,
on the other hand{from Blitere of urine) were suspended in water,

mede slightly acidic with sulfuric acid, and decompesed with :

(x’ledium hydroxide and acetic acid were used for adjusiing
the acidity, and 2 calomel electrode for determining the pH.
This mathod would also precipitate nucleotides Af present (8)(9);
but Jalvery (3) reports absence of nucleotides from human _
grino, this being confirsmed in our experiments as described

ater.,
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e 3

hydrogen sulfide, and the silver sulfide removed by centrlfu:ntle&‘x’f
‘ |
The suvernatant fluld was aerated, mede to pH 8 wlth sulfuric scid,

and molar silver nitrate added again (3 c.c. per 100 c.c. of urine '
used) to precipitate the free purines, leeving nucleosides in

solution (8)¢ In either csse, the resulting adid-inselubli

fraction was washed three times with 0.05K sulfurlo acid. Te

the supernatant fluid plus washings (1.e. the sulfuric aoid-sol-
uble pertion of the silver precipitate) ware added a few drops
of molar siver nitrate solukion and sufficlent NaOH to precip-
itate sore silver oxide. The precipitate (containing thef :

nucleosiies 1f present (B) ) wae centrifuged and washed once

B XA A WB bt §

or twice with water. Each precipitaie was then hydrolyeed and
extracted with het O.5N HCl, filtered threugh esbestos, snd
ribose determined on an sliquot of the filtrate (8). The ameunt
of ribose found would be s messure of the amount of nuclecsides

in the precipltate examined.

et LN AT s IR ThE A T ik o el € A

Results: The results of thess experiments were the following:
(a) We could net detect any adenesine in human urine by using
thie method. (b} Adenosine added to urine either before or

after the removal of phosphates could net be recovered either

in the acid-silver precipitate or in the sllver oxide precipltats, §

as shown by three experimentsa.

on: The ammonliacal silver nitrste ﬁethod fer purines

(x)

The gilver sulfide precipitete was ghown to contaln ne nucw
lsosidea by the ssme analyticsl proceduras which were applicé
- %e the succeedling precipitates,
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dees not precipitate adenesine. And as thie was the method
applied by Teitge (5), the latter's findings cannot be OQnsidtrad};
& valid denial of Calvery who 1solated adenosine from human urine(3).

Appendix: It 1s important to note here that, while the urangim
phosphate precipitate always gave the ercinel test for pentose

in considersble amounts, yst there was ng increase in the pentose
content ef that precipitate when adenosine was added to urine. |
Therefore the §entesc it contained %8 net adencsine. It may

be the urinary pentose isolated by Neuberg (11), Elliet and

Raper (13), Levene and La Forge (13, 14), and identified by
Hiller (15) and by Greenweld (18, 17) as d-xyloketose, the

l-form of which was later shown by Greenwald (18) to be definitely
capable of being further metabolised in the body.

Furthermore, the hydrolysed HCl solution ¢f the uranium
phosphate precipitate, when neutralieed with NaOH and centrife
uged (to precipitate the uranium), gave no precipitate with
sodium bisulfite and copper sulfate (19), and therefore con-
tained no purinss. This confirms Calvery's finding that there

&are no nucleotides in human urine.

In enticipation of interference with the purine and

nucleoside separation (9) by the larger AgCl precipltate,
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eur first experiments werec made on the recovery ef adenosine
@dded to small volumes of urine (10-35 c.o.).

Het h'g a The phesphatos sre removed by precipitation -
with uranium scetete as desoribed in seotion I. The super-

| naﬁant fluid (plus washings) is brought tc.pa 3 with 1ON sul-
rurie.a§id, snd enough molar silver nitrate added te precip—
itate all the cholerides and an excess of 8 o.c. per 100 c.o.
ef urine to precipitate the free purines‘x) After 30 minutes, -
the bracipitate fa removed bi centrifuging and washed twe or |
, three'time: with O.05N sulfuric acié solution. The supernatant
fluid snd washings are made slightly alkaline with NaOH te
precipitate some Silver oxide and nucleosides(9). The twe
precipitates (scid~silver precipitate and silver oxide precip—

~ itate) are treatd as described in section I, and pentose determ—
ined in the HC1l exdqtract of each by the method of Kerr gnd
Seraldarian (®). The ribdbose determination could net, as a
rule, be carried scourately due to the development of a per—
sistent brown celor interfering with the green.

After determining pentose, the remainder of the HCl extract
was neutralised to phenoiphthaleln, centrifuged to‘reneve any
ﬁraniul, and the purines precipltated with sodium bisulfite
and coepper sulfate according to Eltchings and Flske (19) and
determined separstely by the methods of the same authors (30,

31, 33).

(x)The reason for this relatively large excess of sllver
nitrate used (as compared with the experience of Kerr
sand Seraidarian(®)) is fadicated in an appendix to this
paper, D. Y «
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Re sul ts; Seven exp&riaents'wers performed with small
volumes of urine (10~35 ¢.0.), the acid precipitation being |
carried out at an scidity of 0.03-0.C4N wiﬁh respeet to sulfuric
scid. in these experiments 1t wss impossible to obtain accurate
aseurets pentose determination due to the interference of the
brown color mentioned above. But as Judged by the naked eye,
the sddecd sdenosine was rescovered almost completely in the ‘
aclid precipitate. In experiment 1. (Tadble I), however, a
quantitative determination was attgined by repesated washings
of the precipitate; and it showed that adenosine comes down
(84-96@ in the acld-silver precipitate where only the free
purines are espected accoerding to the sxperience of Kerr and
Beraidacian with tissue extracts (8).

Howaver, on ralsing the acldity to about C.2K with sulfuriec
acid (p{ 1.5-3.0), most of the adenosine remalned in solutionm,
and 777 was later recovered in the AggO precipitate — expt. 3.
In four other experiments carried out under the sanme conditions,
1t was ilmpossible to have socurate ribose determinatiens, but
as Judged by the naked eye, they showed the same general result
ae experiment 3 indlcasted in the table. '

On applying thie method to urine semples big enopgh te
permit purine determinations, there was marked interference ‘
by the bulky AgCl precipitate, so that added amounte of sdenosine
could not be recovered in the alksli preciplitate, but were lost,

60 % being recovered in the sdRd¥silver precipitate, as indicated

by the ribose and purine determinations - expts. 3 and 4,(?nhi§ 1.




jL;Lk,Lﬂg__I: The applieatien of Kerr's Method te urine with and witk
. added ameunts of adenosine.

- Bxptes Urine Adenes~ Ribose Adenine R Aotdity fer
Ree Sample Aine sdded eguiv, of equiv. eof Ag precip-
Sug e added aden~ added aden~ itation

esine esine : ;;
- 2 - 39 Mg nE. g
1.8) 10 0 o 0.04K Hg80, I"
) 10 0.408 0.338 0.04N Hg80,
) 10 0.408 0.238  0.04X HgBO,
2. a) 10 0 ) 0.3 R 80,,pH 2.7
b) 10 0.394 0.3 | 0.3N Ey80,,pK 1.7 -
3. a) 500 0 0 0 pH 1.8
©b) 600 Be® .93 1.36 PH 1.8 ;
4, s) BOO o o o pH 1.8
b) 800 9.1 5.1 2.39 pH 1.8

# Here, the presence of a brown color prevented accurate pentose
determination. Judging by the nakéd eve, Yowaver, there was
considerable recovery of added adenoaine.

by




entese found
n asid-ig
recipitate
T ng.

0.693
51.016

1.08

| trace

- frace ¢+

present’

large
excess™

present’

large
- exoess®

In Ag,C

preocipitate
ng.
trace
trace

trace

0.163
0.333

trace

trace
traoce

trace

Recovery of added

~ adenosine -
In acid-&g In Agg0
prcc%?. ‘prugép.

84.3 nene

85.7 . nene

105 estimv 77
ated

considerable® nene

oconsiderable” nene

Adenine N found

In acid-ig
,precip.
ng.

1.48

1 “#‘c

. precip.-
B
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‘{not indicated in the table).
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In known eelutions of guanosine, the presence of such

amounts of chlerides showed equally muarked interference also,

Ne adenine was feund in eny of the urine samples {either
in the scid~silver precipitate or in the sllver oxide prechp-

itate), except in the ones te which adenosine had been added,

Conelusien: Kerr'!s procedure for separating nucleo-
voene .

sides from free purines may be successfully applled teo small

amounts of urine with added adenoeine (pH 3) ; but in handling
big smounte, the nucleoside (adenosine) is aﬁsorbaé@(presumably
by Ag0l) in the fractien precipitaied by silver from the asid
selutlon.

The fact that no adenine was found in any of the urins
samples (except these te which sdenosine had been added) sither
in the aclid-—silver preoipitate or in the silver oxide preciritate,
together with the fact that no purines at all were te be found
in the nucleotide-uranium phosphaite precipltate, as indicated -
in section I, proves that there is no adenine in aﬁy form
(either free or combined) in the urine exsmined. This confirss
Teitge's re;ultgxzs)but not these of Calvery (3) whe actually

1solated adenosine frem human urine.

(x)It nmay be mentiened here thet we incidentally found in ex—
perirent 4, 3.176 mg. of guanine nitrogen per liter of
urine (er the corresponding ameunt ef xanthine nitrogen)
by the method of Hitchings which does net distingulish
betwoen gusnine and xanthine (32). This harmonises with
Teitget!s having found xanthine in the urine (5), and in
roughlly the same smounts. But we did net find any hypoxan~
thine -~ a Tect which confirms Veitge'ls having feund no

_ s&rnine or hypexanthine in heslthy urine, oarnine deing
found only in leucesmic urine (5).




v In an attempt to dupliaate Calvery's !b?kf Qiéhty liters
iirof urina were cnllaetaﬁ from students. Phosphaﬁ#i iire
 i€frvmav¢d with Ca0 suapenaien s+ and the purinsa uaravprecipi-
‘Vt;tad with copper sulfate in alksline mediwn®. The pre-
. 5reipitnta was then &eaoapaaaﬂ with hydrogen aulti‘a, and
v ;ha'asppsr hydroxide praaipitation rapoated‘an the serated

‘fQSiaticn; and the eopper again removed. The iaraﬁaa riltrate
 was treated with lesd ecetate in acidic medium and allowed
‘rfb‘stand cvernight to precipltate any nucleotide present.
After centrifuging, the filtrate was made alkaline with
‘ihaania to precipitate nucleocaides. The precipitate was

idsaempaaed with 323, aarated, and the loaﬁ-ammanium#hyﬁraxiﬁe
| pree&pitat ion repeated. |
80 far Galvery's diractiena were follu'ad azantly as
, :féﬁatarlbnﬂ, exgept thst in removing the sulfides af hnavy ‘
‘i'rnctuls, we filtered hﬁt in order to minimize the &angar of
" loss by adserptien.‘ :
| The final aerated riltratn, auppaaed ta cantain nucleo-~
= iiacs, if any, amounted to 420 cc., and was slightlv yvellow.
Barare decolorizing it with Norrit, as deseridbed by calvary,

#  This probably praelpitatoa any patholaginal launccytet
{which may bs a foreign source of adenosine) too. But it
, may be that on standing, the adenosine had diffused out of
o the leucocytes to contaminate the urine, before Calvery
-7 svqstarted the pracipitation.

ﬁ% # Though this precipitates all the purine bases, yet it pre-
sipitates only half of the nusleosides (Kerr, ungubliahad,dstaj.




3'25'0 s. aliguot vas"examined to aaé if 1t eontained purines
;~or pentose. It wexs mada Ne 5 ¥ with respect to HC1 and hydro-
C'lvzed én a bhoiling water bath for 30 min., ror aubsaquont
ribose and purine determination, by the methnﬁs previoualy
desoribad. Ribose, adénine and hypoxanthine were found to
be absent, The uric_aéidycsﬁtent of the entire 42ﬁ c.C.
batch was 120 mg. -~ Folin's method 423). HitahinQS? colori-
metrie rethod (21),which does not distinguish between guanine
and xanthine, indicated the presence of about 266 mg; of
guanine R, or 293 mg. of xanthine N, in the total 420 c.c.
bateh,

| In spite of the faflure to find adenine in the 25 c.o.
- aliquot, Calvery's prece&uro was continued. The rﬁmaining
395 c.c. were decolorized with Nnrrit*, concentrated in
vacuum to & thin syrup (40 c¢.c.), and =a saturéted alcoholie
solutlion of pleric acid was added in excess. This did not
give the immediate precipitation described by Calvery. On
standing an hour, however, a precipitat@em was obtalned

(135 mg.), which on double resrystallization gave needle-like
* eorystals which melted with decompoaition at 275 - 279%.
| (uncarrveted), preceded by & slight orange color at 260°¢.
fancorrected). (The melting point er.adenosino plorate is
185°%.) | | |

» Norrit was used ocold for fear of adsorbing the purines.
- Bven this is probably not safe, for Fiske {(24) used Norrit
for quantitative adsorption of purines.
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‘ The nitrogen content, as deternined by the #iﬁru« |
Kjeldahl®* procedure ';CB},‘ was 13.33%, while thaiz ‘of adeno-~

"}'stm ricrate should be 13.62%. .‘mxe orcinol test for
pentosc was nepgative, while squivalent samples of adencaine

plerate from yeast nuclelc acid (prepared by Dr. G. iFam)

- gave positive riliose teats, though considerably masked

try the color of the piaz*ic acid.

The pierate pracipitate was dissolved amd acm:nm,
then a}ukgn with ethar » Yo extract the plorio scid. The
remining aquamm solution gave no test for ribose or
adenine by the methods previously deacrﬁﬁéﬁ.

- The compound has not been ldentified, but 1t is
/»cmginly not adenosine ploerats.

Therefors, basing our judgement on our insbility to
 demonstrate any adenosine by Kerr's method, &nd 'alaa' on
m failure to oonfirra Calvery even by his own mthod of
| 3.tolatian from a large volume of urine, we aan anely
k eomlwiu that there is no adenosine in hm.lthy huxﬁan urine.
That found by Calvery my have been dus to some ahnaml
'urim in the batoh he investigated.

# It should be rememhered here that by this pmadnre
the nitrogen of the nim‘"grmxpa of ths plornte is not
deternined.
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Summa ry

The Salknwsky‘mathbd of precipitating purines with

ammoniacal silver nitrate fails to preeipitat# adenoasine,
There are no nucleotides in hormel human urine.

Uris s0id in the urine preeipitatod‘slmoat'qunntitatively

with silver nitrata at pﬁ 3 only ir anaugh silver nitrate

is added to precipitate all the ohloride:, Plus an excess
of 5-10 e.c. of aolur silver nitrate per 100 S.c. of
urine. A ocurve is desaribed ahowing tha pesali&r behavior
of urie acid in urins berarc that point is rnaohad -

(tppem ix1.

With this taken 1nta consideration, Kerr's procedure
for separating nuoleaaidas from fres purinss may be sug-
sessfully applied tu small amounts of urine with added

- adsnosine, but in handling big amounta the nucleoside

(adenocaine) is mostly adsorbed (presuimbly by AgCl) in
the fraction precipitated by Ag from mcid solution.

Eerr's quantitative method for determining riboas cannot

be applied with great &gourasy to any of the fr&ctians

from urine, becsuse of the development of a brown uolor which
interferes with the colorimetric detarminéﬁ;on;

A conaiderable amount of pentose is found in the urine,

most of it being found in the uranium phosphate greeipitata,
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1,but no adsnins or hyaaxanthine nitrogen is found 4in any

'nggf the urine fractions; hence the pentose is bﬂli&vad to

‘be the d-xyloketose described by previous authorg‘ Some

: guanine {(or xanthine)\uas found and determined in both ths

‘lnuelaoside and the free purine fracticna.

.

8.

Calvery's isolation of adenosine from 80 liters of urine {3)
gould not be confirmed by repeating the procedure he
desaribed.

It 13 concluded that adenosine does not ococowr in normal

‘human urine.
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Ap p e‘n;d 1x

In a study of Kerr 8 method applied to urine, ascaunt ™

had to be taken of the lsrge excesas of uric acid preﬁent
thsra, since it later 1ntarreres with the saparate punina
- determinations (21) (22). The amounts of silver nitrete
used for precipitating purines and chloride at pH 2 in
tlaaué extracts {Q}‘iﬁr@bik?urally not enough to precipitate
all the urie acid, mich less the other purines, due to the
presence ‘of 80 rmch chlaride in the urine.
Pat in our atudy of the amount of ailvar nitrate needﬁd,
the urinary urie acid exhibited a very panuliar behavior
towards silver ;itrnte at pH 2. Por, st firss, gilvnr urate 1
precipitates rather fast together with AgCl, but a point is ‘
" reaehe& (fig. 1) rhare, Gu further addition o: AgNQg“WG ind
an 1ncreﬁae of urlo acid 1n the supcrnatant rluid. ‘?his
goint corresponds rouggiv to about one third the ameﬁnt of
‘f‘ifingﬁqs needed to precipitate 8ll the chloriﬁas}?: Hauevar,

f”r-s - 10 G.8.

lhon all the chloriden are precipitated, an axces

;ar molar silver nitrate per 100 ¢.c. of urins 18Asnfficient
5  i fer camplete pracipitatien of uric acid# This axaeas is 2-5

% It may be, as auggasted by Prof, W. A. West, thnt ths
- Increase in nitrate concentration in the supernatent fluld
make« silver urate relstively more soluble until a large excess
of the silver ions is afforded. But this i=s only a wagpswm
hypathssia, and needs further testing under oontrollcd condition: .

o # Tho smell amount of uric acid left oan later be destroyed
. - with HNOg as described by Hitchings (21) (228) just preceding
SEA ths purine datarminations in which it interferes.
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THE PATHWAY OF AUTOLYEIB OF ADENINE
NUCLEOTIDE IR EHEVOLYSED AND
UNHEMOLYEED PIG
BLOCOD




THE PATHWAY OF AUTOLYSIS
gp w?nxng NUGCLROTIDER
HEM ﬂ L Y 3 E DA ﬁ’D UK HE H 0 L Y 8§ E D

PIG BLOOD

ek mr ks ek o s 4 o o

The presence afjlﬂgﬁylic acid in hlaﬂ@rwas indlcated

~; in 19285 by Jaokson (1,>é), and the compound was 1soiated
in 1926 by Hoffman (3). It was further showed by Kerr and .
Daoud (4) that the adenylic acid of blood was actually
p;esent in combination with the pyrophosphate radical
firat recognized by Zucker and Gutman (£),as adenosine
triphosphﬁte. This compound was 1solated in the same | ’} ;
year by Fiske (6) f:nm rabbit blood. |
The firat study on the course of autolysis of this
compound in blood was made in 1929 by Mosmolowaki (7).

Using the Parnass method (8) for adenine and hypoxanthine

“he found that when hemolyzed pig blaod i1a allowed to stand
for 48 hours, the adenine se& nucleotide is pradually

- deaminised to inasiniﬂ acld (thus accounting for part of

~v§H$ liberated) and the latter converted to 1nosina or hypo=
xanthine. %This was auﬁporteﬁ in 1937 by Kerr and Antaki

<(9) whose results showed thatlnearly all the hydrnlysaﬁlﬂ
phosphorus and ahout one £ifth of the nuelsotide nitrogen
nﬁr« lost over a 1 1/2 hours incubation of hemolysed pig
blood. Longer periods of autolysis resulted in more complete

disintegration of the nucleotide. This lead them to balieve

that adenosine triphosphate loses two phosphate groups and is
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deaminised within 1 1/2 hours to inoainie acid, and then

fifurthar broken down to Inosine and hypoxanthine. ‘Piskn’(ﬁ),:

in isolating adenosine triphoaphaté, found that about 83
" of the nucleotlde was deaminised even in unhemolysed pig
“blond by the time the hlood had reached the labﬁratory.
Heller and Xlisiecki (10), én the other ﬁanﬂ, using
the method of Ostern and Parnas (11} for adenine nucleotide,
found that in sheep blood deamination of purine nuclsotide
gacurs nly after hemolysis. They attributed the results
of Mozolowski to the fact that he had worked with hemolysed
‘blood.
This was conflrmed in 1938 by Eiler and Allen (12}‘
By incubating unhemolysed rabbit Blood for 15 hours at

37°C., they found that: (a) During the period of glycolyais

" {the rirss}8-9 houra) the adenosine triphosphate suffered
11ttls or no decomposition. (b) After the sessation of
'glyealysia«(whsn the reactions which normally rsphﬁiﬁhary—
late adonylic acid no longer took place) there was = gradual
| fall of nucleotide nitrogen and a corresponding rise in
rucleoside plus free purine nitrogen”. (¢) The snm'br
nuelaﬁtidc, micleoside and free purine nitragen waS conatant
thraughaut; 80 there could have been no deaminetion of
adenine nucleotide during the period studied. Hence they
eoncluded that the autolysia of adenine nucleotide in

#® The procedurs used was that of Kerr and Blish (13).
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unhémolysad rabbit blénd procseds hv way of complatejﬂ&-

. phesphorylation to adenosine and not by deamination to

R inosinic aéi&. , -

if that 1s the c¢ase, all the adenine loat fron thé

 mucleotlde fraction should be recovered as adenine in the

nueleoaide plua frae purine fraction, and 1ittle or no

hﬁpoxanthine (beaides the initial. content previoua to

antolysis) should be found in any of the above-mentioned

fractions. But the method of Kerr ard Blish (13) whioh.

Eiler nnd Allen used (12) 1s not meént for individual

,purina determinatlion: and ocan therefore giva only indirect

avidence sabout the purine derivatives concarnad from the

nitrogen determinations. Hence we decided to test the

conclusion of Kiler and Allen #nd the previocus work Ju&t

reviewed,by applying the rmore specific procedure of Xerr j

end Seraidarian (14) supplemented by the methods of o
and of Hitehings (17}

Hitchings and Fislke (15, 1€)~for the separate determin&tioﬁi

of the individual purines.

Mo thod: Pig blood was defibrinated at the slaughter

house ard the control {unautolysed) specimen was reasured
at once into 4 vols.of lce-cold 199 trichloracetic scid.

The remaining portion of the blood was either brought as

such to the lnhorntory and incubated at 37°C. without

‘hemolysis, or it was hemolysed at once with two volumes

of water. After the desired period of incubation, the
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proteins were prseipitatad by adding enough trinhlaracatie
acid to make & final 1: 5<d$1aticn of ‘blofd in 87 trichlor-
acetic aucld, and kept on ice far *O minutea before filtering(ﬂ)q)
' 250 a.e. of filtrate {= 50 c.c. whole blood) were
  neutra1i3ed in a ‘300 c.c;-csﬁtrifuge haottle aﬁd the nucleo-
tides precipitated with ur&nium acetate as described by

HE

Kerr and Seraldarian (18). The precipitate was washed
acetate

7 with 0.87 uranfmmasolution into a 50 a.c. centrifuge tube,

'centrifngad the precipitation dissolved in 2 c.ce Of 10 N
ﬂtggsn and diluted with water\to 15 ¢.c. The analyaia of
: {this nuslieatide fractian was then carried nut as deacribeﬁ
in (18), naing the Hitchings and Fiske methoda (10, 16, 17)
for individual purine detarminations.

Tha filtrate was treated as deacribed by Kerr and
\Seraidawlan {(14) for separate determinations of nuclsosides
and frea purines, except that the precipitatian of free
gurines was carried out with £.5 times the amnunt ef Agﬁaa

“used for tissue extracts baoauae of the larger amount. of
’4chlorides in blood.

'v As there was no adenine found either in the acid?siIVer |
rpreeipiuata)e or in the silver oxide precipittté, but only
hypaxanthine ‘and since. tha copper bisulritﬁﬂpurina precipi-

tate from the nxcleoside fraction was too small for analvais,‘

1;;"*n some cases, we cnnhineﬁ the copnper biaulfite-purine o

  9racip1fates from both fractions and deaignated them as the

:. ‘nue1eoaiﬁe plus free purine fraetion.
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Result a: Eha data for unhemolysed bload are presented
Iﬁ Tabla I. On the baais of this tahle the aalnulated paru
esentage daersasa in adenine nusleotide content, and the
corresponding changes in hypoxanthine nusleotide, inosine,
and free hypoxanthine are shown graphically in rig.ll.

These data show the following: (8) The adenine micleo-
tide sontent decreases to sero after 11 1/8 hours. (b) The
hypoxanthine nucleotids content rises slightly for the firat

seven hours, and then gradually falls to seroc. (o) Yo
5tdan1nc at all was found either in the nucleosidse or in the

free purine fraction. (d) The free hypoxanthine accounts for
200Z of the total purine after 14 hours., (e) The inosine
content rises slightly at first, and then falls to zero.

{f) At any period during the autolysis, the -fall of adenylie -

acld content 1a fully compensated by corresponding changes
in the content of inosinle acid, inosine, and free hypo-

xanthine (chiefly the latter), so that the total number of
millimols of sdenine and hypoxanthine derivatives remains

gonatant thronghaut.
?ho ﬂnta rar hamolyned pig blood are proaantad in

_ ?abla II. Here 1t was found convenient, for T'8ASONS PIre=

.-viaualy mentianed, to combine the purine bisulfite prsaipi-

tates from the nusleaaiﬁa with thoss from the free purine
rrnetlons, and express them as millimols of moleoside plus
free purine. rh:roaults, however, are substantinlly similar
to those yraauntsﬁ for unhamalysed hlood, axcept that the

| proaoss of autolysis ia generally fastar than in unheuolyﬁed




£hble I: Adenine nucleotide, hypoxanthlne nucleotide,
inesine, and free hypoxanthine in unhemolysed
bleod after various periods of autolysisg.
acenocine and free adenire are abeent throughout.
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T a bl a II: Adenine nucleotide, nypoxanthine nucleotide, - »
and inosine plus E£ree hypoxanihine in hemelysed ’
pig blood after varlous periocde of gutolysls.
Adenoeine and free adenine sre absent throughout,
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blood. However, there is k- gradnal rise 1nkﬁ$;j§§;§ar
of millimols of total adenine plus hypoxanthine derivatives.

This increass reaches ahout 13 1/2 € of the ariginnl amount

within 6 1/2 hours.

'Disocuss ion: As pointed out by Eiler and Allen (18),

the fall in the nucleotide content i3 not go rapid during
the first six houra in the aase of unhermnlyased blood, This

- was attributaed by them to the rephosphorvliation of the
! edenylic acid durding the period of glyocolysia.

 An the adenine nucleotids breaks down, there 15 a
slight rise in the inosinic acid content for ﬁh& f&rﬁt‘
7 hours, after which 1t gradually frlla to 56:0, This
suggasts that adenine nucleotide is firat deaminised to
hypoxanthine micleotide,and the latter 1a then bwokkn down
to inosine and hypoxanthine. Besides ths faot that no
adenine at all was found eithor in the mucleoside or in
the free purinu fraction, while the hypoxanthine eontant

" of theae fraetinas was constantly rising, is additional
. svidence that the pathway of autolyais Is not through

adenoaine tut through hydrolysis preceded by deamination.
The fact that the inosine content rises slightly at first
suggaéts that the inosinie acid (resulting from deamination)

ia firat hrakﬁn down to inosine, and then rapidly converted

' to free hypoxanthins. This point, however, is not to be

garded as eatablished due to the diffioulty encountered
in the muclenside free purine separation, The gradusl
rise in the mumber of millimols of total adenine plus
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Wﬂﬂn& dsﬁmt&ma in henmolysed blood haa not been

,;mcmtm for.

- If allowanne fer the variations in hmtmrit 13 g M
| mr results for the mtal mieleotide in the mtim; spaaimm:
are in good amamnt with those of Kerr amd vamx! (4) .

ohtained on the baals of phoaphorus dei;ammat;m.

&'
e <4
- . 5

‘Conelusion: Murresults have established by
direst individual ptu'ina determinationa the previous indirect
findings of Mosolowaki (7), Fiske (6), and Kerr and Antaki
(9) for pig blood, namely, that its adenine mucleotide is
first deaminised during autolyais to hﬁmth&nﬁ nmucleotide,
and then converted to inosine or hypoxanthine. This 1s
faund to be trus for both hemolysed and unhemolysed pig
bloods although different results were obtained by indirest
methods for shesp and rabbit blood reapectively by Heller
© and Klisfeck! (10) and by Riler and Allen (12). A possible
amlmtim of the dlacrepancy hetween owr multn and those
af Eller and Allen is the contamination of the purine~-bisulfite
| mciyi&uta with nitrogenoma products of antolysis in the old
~ Kerr and Blish prosedure (13) as pointed out by Peham (10),
- and confirmed by Xers (unpublished data). Such a contamina-
t1on would temd to counterbalante the loss of nitrogen by
B ‘dmlzmtim.‘ In our atmiiaa this source of error was avolded
by dtrect determinations of adenine and hypoxanthine. Another
e axplanetion of the di:aremny between our results snd thoss
of Eller and Auen mymﬂaa some difference in the ame of
 autolysis betwesn rebbit blood and plg blood.
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Summna r y: On the basis of separate individual

- purine determinations on the nncleatida,nnulaﬁ#iﬁa #nd
frﬁea purine fractions of fresh and autolysed pig blood,
. we have shown that thé pﬁthsay of autolysia of adenine

nucleotide is through desmination to hypoxanthine nﬁglae*‘

tide fnllowed by hydrolysia to inosine and hypoxanthine.

The sare was found to be trua for both hemolysed and -
 unhemolysed pig blood.
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