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Final steps in defining the relationship of 
S 13 virus to other avian tumor viruses will 
include the establishment of serologic re- 
sponses. 

Summary. Ether and chloroform destroyed 
all detectable infectivity of S 13 virus as de- 
termined by wing web inoculation of chicks. 
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Stimulation of Thoracic Duct Lymph Flow by Epinephrine and 
Norepinephrine.* (27659) 

D. B. DOEMLING+ AND F. R. STEGGERDA 
Department of Physiology, University of Illinois, Urbana 

Epinephrine has been observed to cause an 
increase in rate of lymph flow from the thor- 
acic duct of dogs under pentobarbital anes- 
t.hesia ( 1 ) . We have previously reported that 
pentobarbital depresses the rate of lymph flow 
approximately 2 5 %, and that although under 
this anesthesia the absolute amount of stimu- 
lation of lymph flow by epinephrine was di- 
minished, the percent increase was of the 
same order of magnitude as in the unanesthe- 
tized preparation( 2 ) .  This paper reports on 
the relative potencies of intravenous epine- 
phrine and norepinephrine in stimulating 
thoracic duct lymph flow in conscious dogs. 

Dogs were pre- 
pared with chronic thoracic duct-venous 
shunts (2:3). The thoracic duct was cannu- 
lated in the neck with polyethylene tubing 
(I.D. 0.86 X O.D. 1.52 mm). This cannula 
was exteriorized and connected to another 
cannula which had been inserted into the pre- 

Materials and methods. 

*In  part from a thesis submitted in partial ful- 
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caval vein by way of a branch of the right ex- 
ternal jugular vein. A stockinet bandage was 
placed around the neck to protect the external 
loop of tubing. No anticoagulants were ad- 
ministered. Duration of lymph flow in such 
shunt preparations has averaged 13 days. For 
the lymph collection periods, the dogs were 
loosely restrained. and trained to lie on their 
Ieft sides. To collect lymph the loop of tub- 
ing was separated and the lymph was drained 
into a graduated cylinder. The jugular seg- 
ment of the opened shunt was available for in- 
fusing solutions. For the experimental pe- 
riods the dogs were in the basal state-post- 
cibal for a t  least 16 hours and rested in posi- 
tion on a padded table for one hour. A total 
of 12  paired experiments were performed on 
4 dogs (13-18 kg) in order to compare the ef- 
fects of epinephrine (L-Epinephrine Bitar- 
trate-Winthrop) and norepinephrine (L-Ar- 
terinal Bitartrate-Winthrop) on rate of 
lymph flow. After a steady rate of flow had 
been established, 7.5 pg/kg of the pressor 
amine in 10 ml of isotonic saline were injected 
intravenously over a 10-minute period. Dur- 
ing a given experimental period both epine- 
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TABLE I. Comparison of Effects of Eyinq)I ir i i ic  ;111(1 Norq)iiieplirine 011 Thoracic Duct Lymph 
Flow (12 Piiirct(l Tcasts; 7.5 pg/kg). 

-------Lymph flow-, 
Control, Exp., Increase, p, 

m1/15 n h .  m1/15 min. % control ws exp. 

phrine and norepinephrine were given : how- 
ever the order was varied. Lymph was col- 
lected for consecutive 5-minute periods. 

Results. In Table 1 are listed the mean 
volumes of lymph which flowed from the thor- 
acic duct cannula during the 15 minutes pre- 
ceding and the 15 minutes following the start 
of the 10-minute infusion period. Since our 
experiments and those of others have failed to 
demonstrate a correlation between body 
weight and rate of thoracic duct lymph flow 
in dogs, the volumes expressed here are 
simply on a per doe basis. Both pressor 
amines brought about a significant increase in 
Iyinph flow and the increase following epine- 
phrine was significantly greater than that fol- 
lowing norepinephrine. 

The period of maximum response for nor- 
epinephrine was the last 5 minutes of the 10- 
minute infusion period, whereas for epine- 
phrine the maximum was the 5 minutes fol- 
lowing infusion (Fig. 1 ) .  The maximum re- 
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FIG.  1. Stimulation of lymph flow by intravenous 
epinephrinc and noreyiIiephrine. 

MINUTES 

sponses were significantly different ( P  = 
0.00) from each other. The stimulation of 
lymph flow lasted approximately 30 minutes. 

Discussion. The thoracic duct is the final 
common pathway for lymph formed in both 
hind quarters and in the viscera of the peri- 
toneal cavity. The design of this experiment 
does not permit conclusions as to the relative 
contributions to the increased lymph flow of 
the various organs drained hut it is possible 
to speculate on the basis of other reported ob- 
servations. Since little or no lymph is con- 
tributed by the hind legs when an animal is at 
rest, the marked increases in lymph flow fol- 
lowing administration of either epinephrine or 
norepinephrine are probably due to changes 
occurring in the abdominal viscera. Some of 
the increase might be attributed to a stimula- 
tion of lymph propulsion since both pressor 
amines cause constriction of lymphatic vessels 
when given intravenously to rats(4). In ad- 
dition both cause contraction of the spleen in 
the dog; epinephrine is 10 times more potent 
in this regard ( 5 ) .  However, the magnitude 
of the response and the fact that rate of flow 
did not subsequently fall appreciably below 
the control level argues against lymph pro- 
pulsion as the only factor. There must also 
have been an actual increase in lymph forma- 
tion particularly in the liver in the case of 
epinephrine. In conscious rats and rabbits 
epinephrine, but not norepinephrine, has been 
observed to cause reflexly an increase in liver 
blood flow even though the local action is con- 
striction(6). An increase in blood flow cou- 
pled with venous constriction would be ex- 
pected to result in an increase in lymph for- 
mation in the liver. 

The greater potency of epinephrine in caus- 
ing constriction of the spleen and in increas- 
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ing lymph formation in the liver appears to be 
niajor reasons for the greater stimulation of 
thoracic duct lymph flow by epinephrine as 
compared to norepinephrine. 

Summary. The effect of 2 pressor amines 
on rate of thoracic duct lymph flow was stud- 
ied in conscious dogs. Intravenous epine- 
phrine and norepinephrine both produced a 
significant increase in lymph flow. The re- 
sponse was significantly greater for epine- 
phrine. 
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Relationship between Adenosine Triphosphate and Cation Transport 
in the Human Red Cell.” (27660) 

JOHN KONSEK AND CHARLES BISHOP (Introduced by Fred R. Griffith, Jr.) 
Department of Medicine, University of Buffalo School of Medicine, and Buffalo General Hospital, 

Buffalo, N .  Y .  

Demonstration that the red cell membrane 
was permeable to Na+ and IC+( 1,2) led to the 
conclusion that gradients of these ions across 
the red cell membrane must be maintained by 
active processes. Since the mammalian red 
cell derives virtually all its energy from gly- 
colysis and stores much of this energy as ATP 
it was not surprising that obligatory relation- 
ships between cation transport and ATP 
utilization of metabolic activity should have 
been shown by Danowski ( 3 )  , Harris (4) ,  
Eckel(5) and Maizels( 6,7) .  Schatzman( 8) 
discovered that strophanthin abolished the 
red cell’s ability to concentrate K+ or eject 
Na- but the mechanism could have been pro- 
duction of “leaky” cells or interference with 
active transport mechanisms in the cell mem- 
brane. Whittam( 9)  correlated K+ movement 
with ATP concentration and noted that dig- 
oxin or ouabain allowed K+ leakage without 
affecting ATP levels, thus suggesting interfer- 
ence with ATP utilization for cation trans- 
port. Subsequently( 10) he showed that gly- 
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colysis per se was not required for active K+ 
uptake in stored cells but that shunt activity 
from added nucleosides could also supply the 
energy needed. Straub( 11) “lysed” red cells 
and after “reconstituting” them showed that 
the inward movement of K+ was linked to lac- 
tic acid production. In the presence of ar- 
senate, lactate production continued but K+ 
inflow ceased. Gardos( 12) was able to force 
ATP into these “lysed” cells a t  pH 2.3 and 
when the cells were “reconstituted’), K+ ac- 
cumulated indicating the need for ATP only. 
Logically an ATPase would couple ATP 
breakdown to cation transport and Skou( 13) 
found in crab nerve an ATPase activated by 
the simultaneous presence of Na+ and K+. 
Post, et aL(14) demonstrated a similar 
ATPase in red cell ghosts. Since so many of 
the preceding studies were performed on en- 
zymes, pieces of membrane, on non-intact red 
cells it seemed necessary to restudy some of 
the relationships in normally functioning hu- 
man red cells in their natural environment. 
The development in this laboratory of meth- 
ods for maintaining and assessing viability of 
incubated human red cells( 15,16) has allowed 
the following studies on the precise relation- 
ships among Nai and K+ movements, ATP 




