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Eff eot of Adenosine, Inmine Triphosphate, Uridine Triphosphate, and 
Adenosine Triphosphate Upon the Plasma Volume of Intact and 

Adrenalectomized Dogs" (32726) 

W. W. SWINCLE AND A. J. SWINGLE 
Section of Adrenal Physiology, Bureau of Research in Neurology and Psychiatry, 

New Jersey Neuro-Psychiutric Institute, Princeton, N e w  Jersey 08540 

This study is concerned with the marked 
increase in the plasma volume (PV) of intact 
and adrenalectomized dogs induced by iv in- 
jections of 100 mg of adenosine triphosphate 
(ATP), compared with the nmeffect of simi- 
lar doses of adenosine, inosine triphosphate 
(ITP) and uridine triphosphate (UTP). 

Methods. Long-term, adrenalectomized, 
male dogs were used. They had been operated 
approximately 3 years previously and main- 
tained in normal health by adequate substitu- 
tion therapy during those periods when the 
animals were not in actual use as test objects 
for studies of adrenal insufficiency, stress- 
induced circulatory failure, ur effect of vasu 
active drugs. The methods mployxd for meas- 
uring alterations in the blood comtituemts 
have been cited in earlier publications from 
this laboratory ( 1). The PV was determined 
according to recommendations of Gregmen 
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and Rawson (2) and Chien and Gregemen (3) 
using the dye T 1824 and the dyehnged 
plasma read at 620 mp in 10-mm cuv&ks an 
a Beckman DB Spectrophotometer. The test 
substances were administered iv in 4 ml of 
water and injected slowly orvm 7 min; no m- 
toward reactions were observed. The dogs 
were fasted 18-24 hours More  sampling but 
water was allowed ad tibiturn during this in- 
terval. They were trained to lie quietly during 
the various manipulations required for in- 
jecting and widdrawing blood sample. Fifty 
min elaped between injeotion of Ithe com- 
pounds tested and sampling via the jugular 
vein. 

Results. Essential data detailing the results 
crbtailned from adenosine injections are re- 
c d e d  in Table I A and B. Adenmine had no 
PV-raising action on either the long-tern 
adrenahtomized or i n k t  animal, inshead a 
decline in PV followed its administration to 
dogs lacking adrenals. Table I sections C-F 
record data showing that Inosine t r iphqhate  
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TABLE 1 .  Noiiefftvt. of iv Iiijwt.ions of I O U  ing of hdciiosiiie, tiiositie T~ipllospll:ttt~ H I I ~  

Uridine Tripliosp1iat.c upon tltc  Pl;~ani:t Voluiiie of In tac t  ;inti Adrcimlectonuzed Dogs Oonipared 
with tlic Marked Voluine-Raising Actioii of Similar 1)oses of Adciiosinc Tripliosphatc. 

Plasma volume . .  
I- *. 

Blood 
Time after Body wt. urea S Rlocwl sugar H b H(:T Cha.nge 
iGection (kg) (mg/lOO ml) (nig/100 ml) (gni/100 nil) (g) (ml/kg) ("/o) 

Control 
50 min 

Control 
50 niin 

Control 
50 rnin 

con txol 
50 rnin 

Control 
50 min 

Oontrol 
50 min 

Con t r ol 
50 niin 

Control 
50 min 

A. Aclrenalec3tomized dogs 
25 mg l~reclnisolone ,and 100 mg  adenosine; av 3 animals 

21.01 15.5 85.0 15.56 47.0 44.3 
20.90 15.7 87.5 14.76 42.7 41.6 

B. In tac t  dogs 
100 nig adenosine; av 3 aninials 

18.41 14.5 76.5 14.00 40.4 50.1 
18.37 15.3 76.0 14.77 40.2 49.3 

C. Atlrcnalectoiiiizetl clogs 
25 ing preclniwlone nncl 100 mg inosine tripliosphste; nv 3 aiiinlals 
22.01 14.2 74.1 14.76 42.i 43.6 
2 1.90 17.3 77.3 15.63 44.2 41.4 

D. Illtact dogs 
100 nig inosine triphosphate; av 3 animals 

22.44 11.9 7'7.0 16.10 45.6 17.0 
21.77 12.4 79.0 15.99 44.8 45.2 

E. Ad rcna1ec.t om i zed dogs 
25 ing prcdliisolone and 100 nig iiriclinr triphospliatc; n v  3 :uiiiiials 
23.52 17.8 78.3 14.28 42.4 41.7 
23.38 15.6 87.8 15.20 40.5 38.3 

F. Intact clogs 
100 nig iiridinc t r i phospha t~ ;  av 3 anininls 

27.95 14.2 80.0 14.55 40.3 51.6 
28.06 11.2 75.0 15.60 44.8 47.6 

G .  Adreiialectoniizetl dogs 
25 nig prcdniwlonc and 100 mg :idcnosinc t.riphospli;ttc; :iv 14 aninials 

22.04 1 i .0 74.8 14.00 37.6 46.0 
21.27 15.1 76.2 13.02 33.5 53.9 

H. In tac t  dogs 
100 mg sde~msine triphospliatc; nv 9 a~uninls 

22.35 13.8 80.1 16.46 43.0 51.1 
22.51 12.7 78.8 14.67 40.1 61.5 

- 6.0 

- 1.5 

- 5.0 

- 3.8 

- 8.1 

- 7.7 

+17.1  

+20.3 

( ITP) and uridine triphosphate (UTP) were 
also devoid of effect on the PV of bath types 
of test animal. The UTP reduced the plasma 
volume somewhat. The average rise in the PV 
of 20.3% above control values which occurs 
within 50 min following injection of 100 mg 
of ATP in the intact dog, stands in striking 
contrast to the completely negative effect of 
similar dosages of steroid and ITP and UTP 

(compare Table I H with B, D, and F). How- 
ever, when ATP is administered to adrenal- 
ectomized dogs, the compound is without ef- 
fect on the PV unless accompanied 'by a small 
( 2 5  mg) ineffective dose per se of pdnisolone 
in which case the PV is increased an average 
of 17.1% based on the experimental use of 
14 dogs (Table I G). 'No such elevation of 
PV follows when prednisolone is added to the 
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TllRIIE TI. Z ~ I  I'ilro an( l  i t [  I - i w  Actious. 

Sodium (water) pump 

1. Energy source for functioning of the pump: 

2. Punil) activity inliil)it.cd by C!:L :iiitl g-stro- 

3. Tiiliibitioii reversed by Mg, K, and Na. ions. 

4. Acleiiosiiicl, ITP, and UTP without clfftvt 011 

5. Adrenal steroids (especially mineralocorti- 

Increase of PV in intact a ~ i d  aclx. dogs 

1. Possible energy souwe: ATP plus glucocor- 

2. PV increase inhibited hy C,z and g-styo- 

3. Iiiliibition reversed by Mg, K, and Na nc- 

4. Adcnosine, ITP, and UTP without effect 
the pump. on the PV. 

5.  Adrenal steroids (especially glucocorticoids) 
coids) effective agents for active sodium Iiiglily effective for increasing the PV, 
t.r niispor t . niinerfllocortic~iitls relatively ineffective. 

ATP. ticoi ds. 

p l i  ,zi i t 1 I i 11. 1)lian thin. 

conipanied by marked increase in PV. 

ITP or UTP injectates of dogs with or with- 
out adrenals (Table I A-F) . 

Discussion. Of the compounds tested, only 
ATP possessed the requisite properties for 
increasing the plasma volume of the fasted, 
intact, and adrenaleetomizd dog. In order to 
accomplish this in dogs lacking adrenals it 
apparently required activation or potentiation 
by CI1 oxysteroids since it had no effect on the 
YV when glucocorticoid-type steroids were 
a'bsent. Thus, dogs without adrenals do not 
raise their PV when given either small doses 
( 2 5  mg) of prednisolone or large ( 100 mg) 
injections of ATP but promlptly do so when 
the two are administered together. 

On the other hand, intact animals with 
functional adrenals rapidly respond by ele- 
vation of PV following injections of either 
ATP or smlall doses of the steroid. Animals 
without adrenal cortices apparently lack, or 
seem to be deficient in, some factor present in 
the intact dog which enables the animal to 
respond by marked dilation of the peripheral 
vasculeture 'thereby freeing m y  sequestered 
blood from restrictive barriers thus affording 
rapid increase in the volume of circulating 
fluid. This missing factor may be adrenal 
glucocorticoid. I t  has long been known that 
ATP possesses pronounced general arterial 
vasodilating properties when injected iv or in- 
traarterially and is especially active in this 
respeot when given by the latter route (4-8). 
The vasodilating action of ATP is considered 
by some investigators to be exerted directly 
upon the arterial vessels since dmervation 
failed to diminish their vasoreactivity ( 7 ) .  

Frohlich (9) observed that local inlfusion of 
sodium salts of adenosine mono-, di-, and 
triphmphate into the dog's limlb greatly de- 
creased the resistance to blood flow in the 
small vessels, primarily as the result of ar- 
teriolar dilation. 

The in vitro action of various substances 
upon the factors regulatinlg functioning of the 
enzymatic cation transport or sodium pump 
mechanism, located in cellular membranes, 
which is concerned with active movement of 
K into and Na (and water) out of cells (10- 
16), is oddly similar to the action of some of 
these same agents when tested in vivo for 
their activating, inhibiting and reversal of in- 
hilbition effect on the PV-ra.ising action orf 
adrenal glucocorticoids and ATP ( 17). Com- 
parisons are shown in Table 11. It seems im- 
probable that the parallel behavior of these 
factors is merely coincidental land without sig- 
nificance but in any case the problem seems 
worthy of further study. 

Summary. Adenosine, adenosine triphos- 
phate, inosine triphosphate and uridine tri- 
phosphate were administered iv in 100 mg 
doses to intact and adrenaleotomized dogs to  
test the ability of these compounds to increase 
the plasma volume. Only adenosine triphm 
phate was found to be effective. It readily in- 
duced marked elevation (av 20.3% rise) of 
the plasma volume of dogs possessing adrenal 
glands Ibut had no eff mt on the plasma volume 
of the dog lacking adrenal cortices unless in- 
jected simultaneously with small (25 rng) but 
ineffective doses per se of the glucmorticoid 
prednisolone. The combined injectate prompt- 
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ly raised the plasma volume an average of 
17.1 o/o a b v e  control values based upon ex- 
periments on 14 adrenalectomized dogs. 
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The presence of high concentrations of re- 
duced glutathione (GSH) in the mammalian 
lens has been demonstrated by several 
workers. Incorporation studies with glycine 
14C have suggested that GSH is synthesized 
in the lens and that its half-life is 2-8 days 
( 1, 2 ) . Recently Reddy et d. (3 ) have shown 
that the average turnover rate for glultamic 
acid and glycine in GSH is 1.8% par hour and 
have indicated that 2 1.6 pmoles of glutathione 
are formed per 100 gm of lens per hour, based 
on the incorporation studies. Although the 
lens actively synthesizes GSH, the further 
fate of the tripeptide has not been defined. 
However, in experimental ca-t produced 
by cataractolgenic agents and in senile cata- 
ract, the content of reduced glutathione is 
drastically diminished (1, 4, 5). 

I n  Ithe course of investigating possible 
mechanisms of senile cataract formation, a 
new in vitro method for producing crutasacts 
has been developed. This consists of incubat- 
ing lens in a culture medium (6) with added 

* This study was supported by PHS Grant HD- 
01974 and NIH General Research Support Grant 
FR-05471. 

tyrainase and tyrosine. The dopaquinone, 
formed as a result of the action of tyminase 
on tyrosine, probably enters the lens and oxi- 
dizes the reduced n i c o t i d d e  adenine dim- 
cleotide phosphate (NADPH), the sulfydryl 
group of GSH, and proteins. The lens cul- 
tured in such a medium ~becmes opalescent 
and exhibits the same enzymic alterations and 
diminution in GSH content, which are found 
in vivo in the senile or experimental cartaract. 

Methods and Materials. Rabbits weighing 
1.5-2.0 kg were sacrificed [by injecting air into 
the ear vein. The whole eye was excised and 
the lens with intact capsule was remwed by a 
posterior approach. The lenses were rinsed in 
the medium and blotted with moistened filter 
paper. One lens was placed into the culture 
tube containing 10 ml of culture medium ( 6 ) ,  
300 enzyme units of mushroom tyrosinase 
(Sigma Chemical Company), and 1.0 mg of 
tyrosine; the other lens of the same rabbit was 
placed in the control tube which CONtained 
only culture medium. Prior to the addition of 
the lens, oxygen was bubbled into each tube 
for 5 min. The culture tubes were incubated 
for 22  hours under sterile conditions at 37OC. 


