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The action of vasoconstrictor and vasodila- 
tor substances is associated with dynamic 
changes of sodium and potassium between 
cells and environment in blood vessels ( 1 ) . 
Evidence for these exchanges has been ob- 
tained by intermittent or continuous monitor- 
ing of blood following administration of vaso- 
active agents(2) and by direct chemical 
analysis of arterial blood samples (3).  In this 
light, we have now examined the acute effects 
in the rat of a synthetic vasopressin (PLV-2, 
Sandoz) and of a synthetic oxytocin (Syn- 
tocinon, Sandoz) using both continuous moni- 
toring of arterial blood with glass electrodes 
and chemical analysis of aorta samples to de- 
fine the pattern of ion redistribution. Since 
recent studies have indicated that ion binding 
may be an important feature of ion partition 
in vascular smooth muscle(4) we have ex- 
tended our methods to monitor all of the in- 
volved monovalent cations, that is, Na+,  K + ,  
and H+, simultaneously. 

Methods. Adult male albino rats of an in- 
bred Wistar strain weighing 300 g or more 
were used throughout. They were anesthe- 
tized with a pentobarbitone-phenobarbitone 
combination as previously described ( 5) .  

For the studies involving chemical analysis 
of tissue, standard methods as previously de- 
scribed were used( 5) .  The procedure involves 
ligation of the renal pedicles followed by in- 
travenous injection of a carefully measured 
amount of inulin. Following a period of 3 
hours for equilibration a sample from the 
midsection of the gastrocnemius muscle and a 
length of aorta were excised as rapidly as 
possible. The samples were quickly dissected 
free of connective tissue and placed in pre- 
weighed bottles for immediate weighing. Inu- 
lin, Na, and K in the tissues and in a sample 
of arterial blood collected in the terminal 
minute were analyzed by conventional meth- 
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ods modified for the small samples available. 
For the studies involving continuous moni- 

toring of blood ion activity a systemic ar- 
terial stream was exteriorized by connecting 
polyethylene tubing from the carotid artery 
of one side to the corresponding femoral vein 
and flow was regulated with a miniature con- 
stant volume pump. Flow-through type Na+, 
K+,  and H+ sensitive glass electrodes were 
interposed in the stream beyond the pump. 
Blood pressure was monitored with a pressure 
transducer (Statham) connected to the femo- 
ral artery. 

The Na+ and K +  electrodes with a single 
calomel reference were connected to a pair of 
Vibron 33B electrometers (Electronic Instru- 
ments Ltd.) and from these to a transistor- 
ized unit, “Texada,” for continuous lineariza- 
tion and computation(6). The final result ex- 
pressed in mEq/l was inscribed with a Grass 
Model 5 Polygraph. The H+ electrode and 
its own calomel reference were connected 
separately to a Cary Model 31 electrometer 
(Applied Physics Corp.) and from this in- 
scribed directly in millivolts previously cali- 
brated for conversion to pH units. 

Results. Distribution of Na, K ,  and water 
in skeletal muscle and in aorta following 
PLV-2. The effect of PLV-2 on the partition 
of Na, K, and water in skeletal muscle and 
in aorta was studied in 2 separate experi- 
ments. In both experiments, a threshold dose 
of 2 mU of PLV-2 in 0.1 ml saline was given 
subcutaneously to 8 inulin-loaded, nephrecto- 
mized rats and the saline alone to a matched 
group of controls. Tissues were excised 15 
minutes after injection. The results are pre- 
sented in Table I. 

Even though a threshold dose was used in 
order to avoid unphysiological effects, 3 
changes occurred consistently. First, the ex- 
tracellular fluid volume in both skeletal 
muscle and aorta was reduced in the groups 
receiving PLV-2 compared to their respective 
controls. Second, there was an increase in the 
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amount of intracellular sodium (total N a  
minus extracellular Na)  in skeletal muscle 
and in aorta in the groups receiving PLY-2 
compared to their respective controls. Third, 
the movement of sodium was relatively 
greater than that of water since both in skele- 
tal muscle and in aorta the calculated ratio 
of cell sodium cell water, expressed conven- 
tionally as intracellular I Xa]  imEq/l, in- 
creased. In the case of the aorta this increase 
was significant in both experiments. There 
was no measurable change in either the 
amount or relative distribution of K. 

*4cute e jec ts  of intravenous YLV-2 on 
blood N a +  and I < + .  Doses of 3, 5, 10, and 
20 mU of I'LV-2 in 0.2 ml of plasma were 
injected into the left femoral vein in sequence 
in each of 6 rats. Each sequence was pre- 
ceded by injection of plasma as control. Each 
drug injection was allowed to run its course 
of about 15 minutes before the next was 
started. The results of a typical series are 
shown in Fig. 1. 

Consistent with the chemical analytic find- 
ings, the injection of PL1'-2 produces a fall 
in blood N a +  and a corresnondinF rise in 

- 
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l ' J ( i .  1. Rcks1)onses of wterial blood Na+ and K+ 
:ictirit,y to  n writs of intravenous doses of PLV-2 
( ~ i c l i  iii 0.2 1111 of plasnia. Spontaneous baseline 
variation did not  exceed 0.3 mEq/l for Na+ activ- 
ity arid 0.15 mEq/l for K+ activity during this 

I U run. 
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blood K+.  These effects are discernible with 
3 mu,  a minimal pressor dose. The primary 
response lasts about 10 minutes and is then 
followed by a secondary oscillation. The peak 
of the primary response occurs 5 to 7 min- 
utes after the intravenous injection, With the 
highest dose of PLV-2 there is a suggestion 
that Na+ activity rises first for a short period 
before entering its steep falI. 

EBects of PLV-2 and of Syntocinon on 
bEood Na+, K + ,  and H+.  The effects of 20 
mU of PLV-2 were compared with those of 
20 mU of Syntocinon in 6 experiments in 
which complete records for blood Na+, K+,  
and H+ and blood pressure were obtained in 
the intact rat. In each case, 0.1 ml of fresh 
plasma was first injected intravenously as 
control. This was followed 1 5  minutes later 
by Syntocinon similarly administered and ob- 
served for 30 minutes and then by PLV-2 ob- 
served for a similar 30-minute period. 

A typical result for PLV-2 is shown in Fig. 
2 ,  The primary fall in Na+ and rise in K+  
followed by a gradually tapering damped 
oscillation is as previously observed. A large 
and sustained increase in H+ (fall in pH) 
begins synchronously with the first shift of 
Na+, reaches a maximum about 3 minutes 
after injection, then progressively returns to 
normal. Addition of H+ to the blood is in- 
verse in pattern (but not in degree) to the 
subtraction of Na+.  The curves for blood 
Nit+, K+, and H+ with Syntocinon, which 
at  this dose is minimally pressor, were simi- 

lar in shape to those observed with PLV-2 
but of threshold degree. 

Discussion. Systemic administration of a 
synthetic vasopressin, PLV-2, produces a dy- 
namic exchange of sodium, potassium, and 
hydrogen in the rat. The change consists 
essentially of a movement of sodium and 
water out of blood and extracellular fluid and 
into cells in the bulk tissue of the body as 
represented by skeletal muscle and aorta sam- 
ples. Sodium moves in relative excess of 
water so that a fall in blood Na+ can be con- 
sistently monitored. There is some indication, 
however, that water moves first, before sodi- 
um, for in the first few minutes following in- 
jection of the hormone a small but consistent 
rise in blood Na+ is observed. No real move- 
ment of potassium between cells and environ- 
ment can be measured, but since water does 
shift, a rise in blood K+ is a significant fea- 
ture of the response. Except for the fact that 
H+ activity has not previously been meas- 
ured, these results are entirely in agreement 
with those described by ourselves and by 
others using crude vasopressor extracts ( 1). 
They have here been obtained at  low dose 
levels with pure hormone. 

The acute effect of PLV-2 on water distri- 
bution is consistent with the observation that 
chronic administration of vasopressin also, in- 
creases cell water a t  the expense of the extra- 
cellular environment and with the reverse dis- 
tribution observed in diabetes insipidus ( 7 ) .  
The fact that a pressor dose of PLV-2, or for 
that matter vasopressin, moves Na into cells 
is not, however, consistent with the fact that 
chronic administration of vasopressin pro- 
duces a loss of cell Na or that a gain of Na 
is a feature of diabetes insipidus (8) .  This in- 
consistency would be resolved if the primary 
effect of the acute administration of vasopres- 
sin in vivo were on the distribution of water 
as it seems to be in v i t ro(9) .  In this case 
“solvent drag” might pull Na temporarily 
into cells to be followed in the long term by 
gradual elimination of the excess Na. 

We were led to measure H+ activity in 
these experiments because of the suggestion 
in chemical work with small arteries that ion 
exchange mechanisms might be involved (4). 
Dubuisson ( 10) has observed an increase in 
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extracellular H+ during contraction of frog 
stomach smooth muscle and more recently 
Kulbertus( 11) has observed this in carotid 
artery strips. Both of these authors have at- 
tempted to relate this change to metabolic 
events. The pattern of H+ increase which 
we have monitored in association with vaso- 
constriction seems to be related to N a +  ex- 
change, however, and this suggests to us that 
ion exchange processes rather than metabolic 
events may be responsible. 

Summary. PLV-2, a synthetic vasopressin, 
administered subcutaneously in the nephrec- 
tomized rat, produces a shift of water and, in 
greater degree, of Na  out of the extracellular 
space and into cells as measured chemically 
in aorta and skeletal muscle. No shift of K 
can be measured. When arterial blood in 
the intact rat is monitored with glass elec- 
trodes following intravenous injection of 
PLV-2, the shift of Xa in excess of water into 
cells is reflected by a rise in blood K+.  Since 
these changes are associated with an increase 
in blood H+ it is suggested that ion exchange 
processes may be involved. 

We are grateful to Sandoz Pharmaceuticals, Dorval, 
Quc., for the PLV-2 and Syntocinon uscd in this 
work. 
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Synthesis of Deolxyribonucleic Acid in the Liver of Hypophysecto- 
mized Rats After Partial Hepatectomy.* (30499) 
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The role of the pituitary in liver regener- 
ation following partial hepatectomy is not 
clearly understood. Cater et aZ( 1)  were able 
to demonstrate a prolongation of DNA syn- 
thesis and mitotic activity in partially hepa- 
tectomized rats following somatotropin injec- 
tions. The  peak of mitotic activity shifts in 
time following hypophysectomy (Hemingway 
and Cater (2 ) ,  Weinbren ( 3 )  ) . Mitotic activ- 
ity and growth need not follow a directly 
proportional course in an organ having cells 
of different stages of ploidy; however, it  

*This  study was aided by a grant from the 
German Research Assn. (Deutsche Forschungsgemein- 
schaft). 
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should be possible to more accurately define 
the effect of hypophysectomy on liver regen- 
eration by determining the rate of synthesis 
or turnover of DNA. 

Method. Sprague-Dawley rats weighing 
180 g were hypophysectomized by the tech- 
nique described by Reiss et aZ(4). Thirty 
days later, of the liver was removed from 
the animals. Non-hypophysectomized control 
rats of the same age were also partially hepa- 
tectomized at the same time. At varying in- 
tervals following hepatectomy, the rats re- 
ceived intraperitoneally 0.8 pc thymidine-6- 
T (n)  ( Radiochemical Centre of Amersham, 
specific activity 1.9 C/’mM) per g body 
weight. The animals were sacrificed 60 min- 
utes later and the liver was removed and 


