
CATABOLISM OF ADENINE NUCLEOTIDES 33 

nonspecific, i.e., i t  can process autologous 
antigens far allogeneic lymphocytes. 

Summary. Suspensions of pure lymphocytes 
did not interaot in mixed cultures; the reac- 
tion could be restored by the addition of puri- 
fied rnonocytes or of urnfractionated leukocyte 
suspensions in which lymphocytes had been 
rendered unreactive by X-irradiation or mito- 
mycin. These findings suggest that the mono- 
cyte is essential to the mixed leukocyte culture 
react ion. 

Grateful acknowledgement is made t o  Professor 
Lloyd D. MacLean, Surgeon-in-Chief, Royal Vic- 
toria Hospital, for his help and advice. 
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Some evidence exists that adenosine, a 
known coronary dilator, is involved in the 
regulation of coronary b l d  flow. Berne ( 1 )  
found that perfused cat hearts released inosinle 
and hypoxanthine, the degradation products 
of adenosine, into the perfusion medium under 
hypoxic mnclitions. From such findings he 
suggested that during periods of clecreased 
oxygen tension or decreased coronary blood 
flow, heart muscle nucleotides were broken 
down t o  adenmine which diffused out of the 
cardliac cell, reached the coronaries via the 
interstitial fluid, and produced arteriolar 
dilation. Following this, deamination of adeno- 
sine by adenosine deaminase would yield inac- 
tive inmine. Since that time, considerable evi- 
dence has accumulated that adenosine is p r e  
duced by cardiac tissue during anoxia. Rich- 
man and Wyborny ( 2 )  found that adenosine 
could be detected in perfusates of rabbit b t s  
treated with 8-azaguanine to inhibit a d m d n e  
deaminase and with dinitrcphend to uncouple 
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lowship. 

oxidative phasphorylation. Moreuver adene 
sine has been shown to appear in rat and 
rabbit ventricular tissue after short periods of 
ischemia (3, 4) and is present in colronary 
sinus blood of the ischemic dog heart (5). 
Baer et al. (6) have isolated a 5’-nuclddase 
from heart muscle which dephosphorylates 
adenosine 5’-phosphate (5’-AMP) to adeno- 
sine. Ademine deaminase was also isolated 
from ventricular tissue ( 6 ) ,  and thus the 
enzymatic d n e r y  for formation and de- 
gradation af adenosine is m e n t  in the 
myocardium. In the model of Berne ( 1 ) ,  it 
was suggested that adenosine was produced in 
the myocardial cells and reached the coronary 
arterioles via the interstitial fluid. We have 
considered the possibility that 5’-AMP may 
be dephosphorylated to admasine directly 
within the mwth muscle cells of the coronary 
vasculature. Some evidence that this might 
occur has been provided by Williamson and 
Di Pietro (7), who found that various 5’- 
nucleotides and other phosphate esters were 
dephusphonylated when continuously recycled 
through perfused rat hearts. Similar findings 
were reported by Hoffman and 0kit.a (8) 
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using guinea pig hearts. This report shows 
that 5’-AMP and adenosine triphosphate 
( ATP) are rapidly converted to adenosine and 
inosine during a single passage through per- 
fused rat hearts. 

Materials and Methods. Hearts from female 
Wistar rats were perfused in a nonrecir- 
culating system using Tyrode’s solution at 
37°C equilibrated with 95% 02, 5% C a .  
Radioactive substrates were injected through 
a small polyethylene catheter (void volume 
0.03 ml) inserted into the perfmion, line and 
opening into the tip of the cannula to which 
the aorta was attached. Routinely the rate of 
injection was in doses of 0.1 ml delivered over 
5 sec. A starting tension of 5 was applied 
to each heart and contractile performance was 
monitored with a Statham force displacement 
transducer attached to a Grass polygraph. 
Separation of radioactive products was per- 
formed by paper chromatography of aliquots 
of perfusion fluid after addition of the ap- 
propriate carrier. Ultraviolet absorbing spts 
were cut out, placed in 15 ml toluene con- 
taining 4 gm of 2,5-diphenyloxazole and 50 
mg of 1,4-bis [ 2- ( 5-phenyloxazolyl) 3 benzene, 
and counted in a scintillation counter. FOT so- 
lutions containing low levels of activity, the 
nucleotides and nuclemides were first ad- 
sorbed on Norit A, followed by elution with 
20% pyridine, and the solution was con- 
centrated by freeze-drying. N7hen nucleotide 
content of tissue was examined, the hearts 
were frozen by crushing between metal c lamp 
pre-chilled in liquid NS. Frozen tissue was ex- 
tracted in 10 volumes of 0.3 N perchloric 
acid; nuclwtides and nucleosides were then 
adsorbed on Norit A and eluted as described 
above. Paper chromatography was performed 
in the following systems: (A) n - p r o p o l ,  
NH40H, water, 6: 3 : 1 ; (B)  n-butanol, glacial 
acetic acid, water, 5:2:3; and (C) water 
adjusted to pH 10 with ammonia. 

Results. In preliminary experiments, hearts 
were perfused in a recirculating apparatus in 
which the perfusion fluid (25 ml) was re- 
cycled through the heart. When the perfusion 
fluid contained 0.8 X M 5’-AMP, it was 
shown that this nucleotide was completely de- 
graded within a 5-min perfusion period. Aden- 
osine and inosine were the products. Radio- 
active 5’-AMP added to the perfusate after 

TABLE T. Distribution of Radioactivity Follow- 
ing Injection of Inosine and 5’-AMP.” 

Total activity (%) 

Main Tail Tiwue 
3ubstrntc portion portion after 3 min 

Inosine 67 31 2 
5’-AMP 63 27 10 

a T w ~  hearts were used for each subtrate and 
were frozen aftw 3 min for extraction of tiwue 
nucleotides. The main portion of the perfusate 
was collected up to 10 see from the time of be- 
ginning of the injection. The tail portion was col- 
lected between 10 sec and 3 nlin. 0.1 nd of 0.1 mM 
3olutions were injected. 

the experiment remained intact over a 2-hour 
period, and therefore dephaphqla t ibn  did 
not result from enzymes leached out otf the 
heart. Because of this rapid dwadation of 
5’-AMP, i t  was reasonled that significant 
breakdown should occur during a single pas- 
sage through the heart. When various n v c b  
tides and nucleosides were injected into an 
open-flow perfusion system as desdbed in 
“Materials and Methods,” a characteristic 
profile of radioactive distribution with time 
was observed in the perfusate. A main peak 
occurred up to 10 sec (measured f r m  the 
time of beginlning of injection) followed by an 
exponential decline up to 3 min (tail portion). 
This is shown for inosine and 5’-AMP in 
Table I. I t  can be s m  that for h s h e  and 
5’-AMP the main peak contained 67 and 63%, 
respectively, of the tda l  radioactivity, where- 
as the tail portion contained 31 and 27%, 
respectively. Small amounts of radioactivity 
remained in the tissue after 3 min. 

Analysis of purine derivatives within b t h  
the main and tail pontions of the perfusion 
profile following the injections of inosinte, 5’- 
AMP, adenosine, and ATP is shown in Tabie 
11. When adenosine was injected, virtually 
all of the radioactivity in the main portion 
appeared as adenosine, showing that i t  had 
gone through the heart with only 7% being 
deaminated. However, in the tail portion 58% 
appeared as inosine. When 5’-AMP was in- 
jected i t  was rapidly dwaded as evidenced 
by the fact that 54% of the radioactivity in 
the main peak appeared as adenosine and only 
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TABLE 11. Distribution of Label in Various CJompounds Following Injection of Radioactive 
Substrrates.“ 

Substrate 
injected 

~ ~~~ ~ ~ 

Radioactivity in perfusate (%) 

ATP 5’-AMP liiosine Adtinosine X 
~ ~ ~~~ ~~ 

Ino&ne Main - - 
2 

Adenassine Main - - 
2 

5’-AMP Main - 31 
6 

ATP Main 10 58 
Tail 2 9 

Tail - 

Tail - 

Tail - 

98 
36 

7 
58 

15 
13 

11 
9 

2 
5 57 

92 1 
12 28 

54 
10 70 

23 4 
15 65 

- 

- 

~ ~ ~~~ ~ 

a The values given are the mean of two iiijectioiis of substrate into each of two hearb. 
Main and tail portions of the perfusate are as described in Table I, and injections con&ted 
of 0.1 ml of 0.1 mi32 substrate. Separation of products was effec,tetl using bobh chromatographic 
solvents A and B. 

38% was accounted for as 5’-AMP. Inosine 
accounted for 15% of the radioactivity in this 
p t b n  of the perfusion IYrafile. The ATP 
was extensively degraded; in the main peak, 
5’-AMP accounted for 5 2 %  of the radioac- 
tivity, adenosine for 2370, and inwine for 
1170. Radioactivity in the tail portion orf the 
profile in each case contained large amounts 
of an unknown compound (X) (Table 11). 
This c o m p u d  has not been identified. 
ChromatoFaphic analysis in solvents A, B, 
and C revealled that it was not admine, 
xanthosine, xanthline, panosine, allantoin, or 
uric acid. 

D e p h q h q l a t i o n  of 5’-AM P codd have 
been due to S’-nucleoticlase activity or to a 
nonspecific phwphatase. To examine tihis, 
2’(3’)-AMP (mixed isomers) was also in- 
jected and radioactive materials in the per- 
fusate were analyzed. Unreacted sulkstrate 
accounted for 94% oif the label in the main 
peak. This would indicate that the action is 
quite specific for 5’-AMP and point to the in- 
volvement of S’-nucleotidase rather than phos- 
phatase activity. 

Discussion. I t  is clear that ATP and 
5’-AMP are rapidly converted to adenosine 
and inwine during a single passage through 
perfused hearts. A question arises as to the 
locale of tihe enzymes which effect these cata- 
bolic changes. Mwt of the radioactivity ap 
p e d  in the perfusate within 10 ser: fm 

the beginning of the injection (main peak). 
This was followed by an exponential washout 
of radioactivity lasting up to 3 min (tail prrr- 
tion). I t  is generally accepted that nucleoside 
phosphates do not readily enter dls from the 
extracellular space, that is, they do m t  readily 
cross cellular membranes. I t  would sleent that 
most of the degradative p- amming 
during ithe release of the m i n  peak of radio. 
activity must be effected by enzymes within 
the vascular bed. M m  protracted changes 
during the exponential washout period of per- 
fusion (tail portion) may result from uptake 
of metabalite m degraclatiw products such as 
adenosine by cardiac cells, followed by release 
of adenosine, inoiFjne, or the unknam com- 
pound back into the perfusion fluid. It would 
s e m  reasonable to suggest that adenmine 
triphmphatase and 5’-nuicl;eotidw msust exist 
within cmonary vascular cells and be locat.4 
s o  that their active sites are accessible to sulb- 
stirate at least from the extracellular lumen 
side of the membrane. Whether the same en- 
zymes could effect ‘the intracellular formation 
of adenosine, or whether this muld depend m 
separate intracellular enzymes, is not esltab- 
lished from the present experiments. We feel 
that there is a need for a clearer understanding 
of the precise site of adenosine formation in 
cardiac tissue. If enzymatic processes in the 
vascular bed are involved, it may be 8% 

respond more immediately to change in blood 
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oxygen tension than their myocardial counter- 
parts and could, therefore, exert a finer cm- 
trol in regulation of coronary blood flow. We 
have shown (6) that the 5’-nucleotidase from 
rat myocardium is strongly inhibited by low 
concentrations of ATP ( K i  1.83 X M). 
It was suggested that during oxygen suffi- 
ciency, the enzyme may be kept in restraint 
by virtue of high intracellular ATP ccmncen- 
trations. During hypoxia, when ATP lwels 
decline, adenosine formation would facilitated 
by removal of inhibition. Possible similarities 
between the myocardial enzyme and the pres- 
ent activity in coronary vasculature are 
clearly of interest. 

It has been assumed that the coronary 
dilator action of ATP and 5’-AMP is due to 
their prior conversion to adenosine (9, lo), 
which readily crosses cell membranes. The 
rapid conversion of ATP and 5’-AMP to aden- 
osine by perfused hearts as described here 
would lend strong support to this idea.. 

Summary. ATP and 5’-AMP were &en- 
sively degraded to adenosine and incsine 
during a single passage through rat hearts 

perfused in an open-flow system. It is sug- 
gested that enzymes which convert adenine 
nucleotides to adenosine exist within, or on, 
coronary vascular cells. Whether these en- 
zymes contribute to the formation of adeno- 
sine during cardiac hypoxia is unknown. 
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Changes in Liver Lipid Composition with Overnight Fasting* 
(32615) 

M. A. WILLIAMS, D. J. MCINTOSH, K. T. TAMAI, AND I. HINCENBERGS 
Department of  Nutritional Sciences, University of California, Berkdey, C d i j o r n h  94720 

We previously observed (1) that fasting 
for 24 hours resulted in a 34% loss of liver 
weight, a 19% loss in liver phospholipid, and 
a significant decrease in the relative propor- 
tion (wt. %) of aleate in total lives fatty 
acids, together with small increases in 
linoleate and arachidonate. These results in- 
dicated a need to study the extent Olf changes 
which might result from fasts shorter than 24 
hours, such as “overnight,” since these in- 
tervals have been used in studies of lipid com- 
position (2-4).  The following experiment 
compared the fatty acid composition of liver 
lipid fractions from rats fasted overnight (ca. 

* S~~pported in part b y  USPHS Grant AM-7753. 

12 hours) with the values from fed rats, as 
well as with a group fasted for 22 hours. 

Materials and Methods. Male weanling 
Long-Evans rats were caged individually in 
suspended, galvanized screen-wire cages. They 
had been fed a 20% casein-6% cottomeed 
oil-sucre diet (5) ad libitum fin- 6 weeks, 
since this is a period frequently used in nutri- 
tional studies with rats fed purified diets. The 
rats were divided into 4 groups: (a) fed, 
killed at 8:30 a.m.; (b) fasted from 8 pm. to 
8:30 a.m.; (c) fasted from 8 p.m. to 6 p.m.; 
(d) fed, killed at  8 p.m., at the starct of the 
fasting period for group b. The average hitid 
weight for d l  groups ranged from 288 to 296 


