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port of potassium by human erythrocytes as 
do the cardiac glycosides. At low concentra- 
tions both groups of compounds slightly in- 
crease K transfer from plasma to cells: higher 
concentrations inhibit the process. These 
effects probably reflect activation and inhibi- 
tion of a membrane ATPase which others 
have implicated in the active movements of 
cations in erythrocytes. Erythrophleum al- 
kaloids and cardiac glycosides also share simi- 
lar effects on mammalian hearts. Tn view of 
the structural differences between the 2 clas- 
ses of compounds, and their biological similar- 
ities in 2 kinds of tissue, it is suggested that 
previous views on minimal structural require- 
ments for digitalis-like activity in hearts and 
erythrocytes be revised. 
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for expert and willing technical assistance. 

1. Gallois, W., Hardy, E., Compt.  rend. acad. xi., 
1875, v80, 1221. 

2 .  Maling, H. M., Krayer, O., J .  Pharmacol. Exp. 
’I’hPrap., 1946, v86, 66. 

.{. Moran, X. C., Cotten, M. deV., in Bourne, G. 
(ed.) : StructiirP and Function of Muscle, Academic 
Press, S e w  York 1960, vol. 111, 65-67. 

4. Turner, R. B., Herzog, E. G., Morin, R. B., 
Kiebel, .4., Tetrahedron Letters, March, 1959, pi’. 

5. Tamm, Ch., in Symposium 111, Proc. First Znter- 
nnt. Pharmacol. Meeting, Pergamon Press, London, 
to be published, 1962. 

6 .  Kahn, J .  B., Jr., Acheson, G. H., J .  Pharm. Ex#. 
ThPrap., 1955, v115, 305. 

7 .  Kahn, J. B., Jr., J .  Pharm. EX#. Therap., to be 
published. 

8. - , in Symposium 111, Proc. First Znternatl. 
Pharmac-ol. Meeting, Pergamon Press, London, to 
lie published. 

9. Repke, K.,  ibid., to be published. 
10. Post, R. L., Merritt, C., Kinsolving, C., Albright, 

C., J .  Riol. Chem., 1960, v235, 1796. 
11. Dunham, E., Glynn, I. M., J .  Physiol., 1961, 

~ 1 5 6 ,  274. 
Received May 10, 1962. P.S.E.B.M., 1962, v110. 

_- 

Lesser Effects of Endotoxin on Intestinal Weight in Young versus 
Older Dogs.* (27534) 
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Response to intravenous administration of 
E .  coli endotoxin in adult dogs has been char- 
acterized, in part, by an initial drop in sys- 
temic pressure, and an increase in portal ven- 
ous pressure and intestinal weight ( 1 ) . \Veil 
and Spink(2) observed that shock could not 
be uniformly produced in iiiimature animals. 
Zahl et d ( 3 )  suggested that younger mice 
were more resistant to a lethal dose of endo- 
toxin. Young rabbits were capable of with- 
standing a 50 times greater dose of endotoxin 
than adults as judged by IS hours survival 
(4) .  In  rabbits the vascular effects of endo- 
toxin have been investigated in reference to 

* Supported by U.S.P.H.S. grant and by funds 
from School of Dentistry, Univ. of Minnesota. 

the Schwartzman reaction( 5 ) .  Others( 6) 
have found an increased susceptibility of rab- 
bits to the Schwartzman phenomenon with 
age. 

-4lterations in intestinal weight in adult 
dogs during the first 10 minutes following 
endotoxin administration have been compared 
with similar changes following mechanical in- 
crease in portal pressure for 10 minutes( 7 ) .  
The purpose of this investigation is to com- 
pare intestinal weight responses of mature 
and immature dogs during the period of por- 
tal hypertension and later stages of endotoxin 
shock. 

Methods. Experiments were preformed on 
5 adult and 6 young dogs. The teeth were 
used as criteria for establishing age. All 
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FIG. 1. Percentage changes in intestinal wt 
( n w t )  and absolute pressure changes in superior 
mesenteric artery (Pa) and portal vein (Ppv) in 
mature dogs at various times after administration 
of E .  coli endotoxin. Avg data from 5 dogs. 

FIG. 2. Percentage changes in intestinal wt 
(Awt)  and absolute pressure changes in superior 
mesenteric artery (Pa) , mesenteric small artery 
(P,), and portal vein (Ppv) in immature dogs at 
various times after administration of E .  coli endo- 
toxin. Avg data from 6 dogs. 

young dogs had their deciduous teeth. Older 
dogs had permanent teeth. The animals were 
fasted for 18-24 hours and anesthetized by in- 
travenous injection of sodium pentobarbital. 
Blood pressures in the superior mesenteric 
artery (Pa) and portal vein (Ppv) were meas- 
ured with P 2 3 A A  Statham strain gauges by 
cannulating a branch of these vessels. Pres- 
sures were recorded with a meaning circuit on 
a Sanborn Recorder. In addition, the tech- 
nic of Haddy and others(8) for determin- 
ing pressures in small vessels was employed to 
measure pressures in mesenteric small arteries 
(PSa) of the young dogs. The method used to 
estimate in vivo changes in weight of a loop of 
intestine has been described by Stish et al. 

(9). The absolute weight of the loop studied 
was determined at  autopsy. 

In both experimental groups, blood pres- 
sures and changes in weight of the intestinal 
loop were determined at various intervals ( 1 ,  
2, 4, 6,  8, 10, 15, 20 ,  25 ,  30 ,  40, 50, and 60 
minutes) following intravenous administra- 
tion of 1 mg/kg of Difco (batch 0 1 2 7 : B B )  
E. coli endotoxin via the external jugular vein. 

Results. Blood pressures and percentage 
changes in weight of an intestinal loop at  the 
various intervals of time are presented in 
Fig. 1 (adult) and 2 (young). The maximum 
change in weight during the portal hyperten- 
sive phase occurred on the average at 4 min- 
utes in both groups. However, the change is 
much greater in mature dogs (9.9%) than in 
young animals (2 .9%) .  The difference be- 
tween the two mean values was significant as 
determined by the t-test (p-value = 0.0012). 
At 60 minutes, arterial pressures in both 
groups reached shock levels. Intestinal weight 
increased an average of 17.8% in adults and 
11.1 in young dogs. These values were not 
significantly different (p-value > 0.05). 

The integrated time mean of the percentage 
change in intestinal weight, the integrated 
time mean of the change in portal pressure 
and their ratio for each dog for the first 1 0  
minutes following endotoxin injection are pre- 
sented in Table Ia (adult) and Ib  (young). 
The average of the integrated time mean for 
the change in intestinal weight during part or 
all of the portal hypertensive period was 
greater in the adult dogs (p-value = 0 .014) .  
The integrated time mean elevation in portal 
pressure was not significantly different be- 
tween the 2 groups. The ratio of these 2 vari- 
ables was significantly greater in the adult 
dogs (p-value = 0 .036) .  

Discussion. The earlier, and significantly 
greater, increase in intestinal weight in the 
adult group indicates that the initial vascular 
responses to endotoxin in the 2 groups may be 
different. Whether age was the only differ- 
ence between the 2 groups is a question that 
cannot be answered unequivocally because all 
of the dogs were mongrels and were studied 
shortly after purchase. However there is no 
known difference in prior history of the 2 
groups of animals, and the great likelihood is 



416 LESSER EN1)Ol‘OXIN EFFECTS 

I .:: -. 1 .4s I I .ti 6.7 2 4  
I :i.4 2.IHi - I 2  3 .3 .36 
I 

i . c ,  
ti.7 ! I . i  .W B 2.9 3.0 .3ii 

-I 5.2 3.2 .ti4 4 :{.(I 4.8 .ti3 
5 5.4 3.x 1.42 5 .7 4.7 .I5 

t i  8.4 5.3 .4.5 

.) - 
) b 

P 

Jl(bit11 S.E. 5.1 I , O  5.t; 1.5 ] . ( ) t i  +.:;I) 2.0 +.4 5.5 +.7 -37 k .07  

that factors related to age are responsible for 
the differences seen. 

In 5 of the 6 young dogs the pressure in the 
mesenteric small artery ( P,,, ) was elevated at  
the end of the first minute. In the remaining 
case, P.,, did not change. In 2 other young 
dogs in which changes in intestinal weight 
were not recorded, this pressure (Ps,) was 
also elevated. Thus, 7 out of 8 young dogs 
showed an increase in P,, a t  the end of the 
first minute following endotoxin, whereas in 
another study(l0) on adult dogs Phil de- 
creased in l l  out of 13 cases. 

Pressure in the niesenteric small arteries in- 
creased following the mechanical elevation of 
the portal venous pressure ( 10). Johnson and 
Selkurt(l1) and Meyer(l0) noted an in- 
crease in intestinal vascular resistance follow- 
ing mechanical increase in the venous pres- 
sure. Thus, the administration of endotosin in 
young dogs may increase vascular resistance 
which prevents the initial arterial hypoten- 
sion. The average change in intestinal weight 
in young dogs during the first 10 minutes fol- 
lowing endotoxin is not significantly different 
than the average change previously observed 
in adult dogs( 3)  or young dogs (unpublished 
cbservations) during a 10-minute period of 
mechanical increase of the venous pressure. 
However, the average rise in intestinal weight 
in the adult is significantly different from that 
observed following mechanical elevation of 
the portal pressure( 3 ) .  

In young dogs, increased arteriolar resis- 
tance may explain the decreased amount of 
intestinal pooling or loss of fluids immediately 
following endotoxin injection. In adult dogs, 
the increased weight is associated with in- 

creased loss of albumin to the intestinal tissue 
as observed by Aust and others(l2) and has 
been attributed to a decrease in the segmental 
resistance between the intestinal small artery 
and venule and a substantial rise in the resis- 
tance in the intestinal small vein segments 
(13). 

Histamine, or a histamine-like substance, 
has been implicated as one of the chemical 
mediators of endotoxin shock in adult dogs 
( 2 ,  14). Feldberg( 15) has indicated that the 
histamine content of certain tissues may in- 
crease with age in some species; however dogs 
were not investigated. Young dogs, possibly 
with a low histamine level in the intestinal 
tissues, may tend, after endotoxin administra- 
tion, to respond for a short period like animals 
in which the venous pressure is mechanically 
elevated. 

In  dogs, susceptibility of the 
intestine to pooling of blood and tissue fluid 
during the portal hypertensive phase of endo- 
toxin shock is diminished in younger animals. 
Pressure changes in large and small vessels 
of the mesentery and changes in intestinal 
weight per increment in portal pressure of 
young dogs given endotoxin were similar to 
the changes previously observed during mech- 
anical elevation of the portal pressure sug- 
gesting analogous mechanisms are involved. 
Thus, during the early period, lesser effects of 
endotoxin (1 mg/kg) upon the amount of 
pooling in intestines of immature dogs may be 
due to an increase in arteriolar resistance, in 
contrast to the circumstances in older animals 
in which a decline in arteriolar resistance ap- 
pears to occur after endotoxin administration. 

Summary. 
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In a t  least 14 papers, from 1933 onward, it 
has been reported that diets containing soy- 
beans (Glycine max) or soybean products 
cause enlargement of the thyroid gland in the 
rat, chick, guinea pig, rabbit or human. Greer 
(1,2) has reviewed many of these findings, 
and has suggested that soybean diets may 
be goitrogenic simply because they have a 
low iodine content. Some of the soybean 
diets reported as goitrogenic contained only 
a small proportion of beans. Hence in these 
studies it seems possible that the goitrogenic 
effect of the beans was not manifested, with 
the result that the thyroid enlargement seen 
could have been due solely to iodine defi- 
ciency. To shed light on these questions, one 
of the experiments in the present study was 
designed to measure and compare the goitro- 
genic effects of low and high dietary levels of 
soybeans. 

An observation on which there has been 
unanimity is that heating of soybeans re- 
duces or obliterates their goitrogenic prop- 

* This investigation was supported by grants from 
Nat. Inst. of Health and the Nutrition Foundation. 
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erty(3). Moreover, the best studied of the 
known toxic factors of the soybean, the tryp- 
sin inhibitor, is similarly reported to be heat 
labile (4). This similarity raises a question 
as to whether the two effects might have the 
same basis, and has suggested the remaining 
experiments reported here. These experi- 
ments were designed to determine whether 
protein supplementation of raw soybeans, as 
is known to reduce or eliminate the growth- 
retarding effect of the soybean trypsin inhibi- 
tor(4), has an effect on the goitrogenic prop- 
erty of soybeans. 

Ii!4aterials and methods. The soybeans 
used were obtained from an oil processing 
plant (courtesy of Dr. H. W. Howard, The 
Borden Co.) .  The beans, of a small, yellow, 
black hilum variety, were ground in the lab- 
oratory, with care to avoid frictional heating. 
Soybean meal made from the same lot of 
beans was also obtained. This meal is the 
residue from fat extraction of soybeans, after 
which the meal is “toasted” and ground. 

The diets designated 35 and 35CAS (Table 
I) contained 35% by weight of raw soybeans; 
those designated 60 and 60CAS contained 
60% of raw soybeans. To equate the fat and 




