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Intestinal Transport of Glucose and Sodium : Stimulation by Reserpine 
and the Humoral Meohanism Involved.* (30189) 

K. A. AULSEBROOK (Introduced by John E. Whitney) 
Department of Physiology, University of Arkansas Medical Center, Little Rock 

Gaunt and his associates found that acute 
reserpine treatment inhibited renal excretion 
of water, Na, and K (  1). Plummer reported 
that the drug increased heart rate in the 
dog heart-lung preparation ( 2 ) , and Paasonen 
showed that this increase is associated with 
release of bound norepinephrine from storage 
sites in the heart(3). Recent studies in this 
laboratory (4) have shown that epinephrine 
and norepinephrine in vitro stimulate trans- 
port of glucose and Na by everted segments 
of rat small intestine. The present report is 
concerned with effects of reserpine on intes- 
tinal transport of glucose and Na and experi- 
ments to test the hypothesis that, as in the 
heart, reserpine action is consequent to re- 
lease of bound catecholamines. The results 
show that reserpine stimulates intestinal trans- 
port of glucose and Na, and suggest that the 
drug acts through release of intestinal cate- 
cholamines. 

Methods and materials. Male Holtzman 
rats weighing 270-300 g were used. Animals 
treated with the large doses of reserpine+ 
used in these experiments do not feed for 
many hours, and since absorption is influ- 
enced by the amount of foud eaten, both con- 
trol and experimental rats were deprived of 
chow at the beginning of treatment, or 18 
hours before sacrifice in the experiments with 
in vitro reserpine. One segment of upper 
jejunum about 15 cm in length and a second 
of lower jejunum and upper ileum of the 
same size were taken from each rat and 
incubated for 90 minutes in a Dubnoff shaker. 
The buffer was a modified Krebs-bicarbonate 
solution with 137 mM of Na, 5 of K, 1 of 
Ca and 17 of glucose. Segments were pre- 
pared and incubated according to the pro- 
cedure previously reported( 5). Sodium in 
the serosal (absorbed) fluid was analyzed 
by flame photometry and glucose by the 
Somogyi modification of the Nelson method 

* Supported by N.I.H. grant 05025. 
t Obtained from Viitarine Co., N. Y. 

(6 ) .  Segments were dried and weighed and 
solute transport expressed as pmo1esJg tis- 
sue/hr. Data from corresponding regions of 
the gut were analyzed by a pairing technique 
and subjected to the “t” test. 

Animals given reserpine by injection re- 
ceived the drug subcutaneously in doses of 
1.5 mg/kg body weight a t  18 hours and again 
at 2 hours before sacrifice, except for one 
experiment in which reserpine was also given 
at  42 hours. Dichloroisoproterenol (DCI) 
was given subcutaneously at 18 and 2 hours 
in doses of 5 mg/kg. In experiments with 
reserpine in vitro the drug was present in 
the mucosal fluid at  a concentration of 2 X 

M. Adrenal demedullation was per- 
formed by slitting the capsule of the gland, 
expressing the medulla and part of the cortex 
and returning the gland to the body cavity. 
Demedullated animals were used 18 days 
after surgery or sham operation, an interval 
sufficient to allow functional regeneration 
of the cortex( 7 ) .  Histological examination 
of demedullated glands taken at  sacrifice 
showed regrowth of cortical tissue. 

Results. Animals treated with reserpine 
exhibited the usual signs which follow large 
amounts of the drug, including lethargy and 
diarrhea. At the time of sacrifice the small 
intestine was virtually empty. The data ap- 
pear in Table I, and show that segments from 
reserpinized animals absorbed increased 
amounts of glucose and Na. In  particular 
glucose transport was more than doubled. 
In previous studies on effects of catechol- 
amines on glucose and Na transport by intes- 
tinal segments it was found that DCI, an 
adrenergic blocking agent, reduced the stim- 
ulating effects of epinephrine( 4). Therefore, 
it appeared that if reserpine produced its 
effects by releasing catecholamines, DCI 
should block the effects of reserpine. Reser- 
pine was thus given to 8 animals, and 4 of 

.t Purchased from Aldrich Chemical Co., Milwaukee, 
WiS. 
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TABLE I. Effects of h e r p i n e  on G l u c w  and 
Na A~SOT~~~OXI .  

Absorption, 
,umdm/g/hr 

No. seg- 
Exp Treatment ments Glucose Na 

1 None S 2(50 2 39 404+22  
Reserpine 8 617 4 46' 64Q & 35" 

" ,DCI 8 4.052 18" 4 7 6 2 5 1 "  
2 Reserpine 8 '  583 2 37 601) 2 44 

3 None 8 2 4 4 2 3 5  3 9 6 2 4 4  
DCI 8 2 7 2 2 2 9  391 2 17 

4 Reserpine,sham- 8 4 9 4 2  50 735 4 4 8  

Reserpine, de- 8 521 2 G3 788 2 6 1  

5 None 12 250 4 38 4 4 4 & 3 9  
Reserpine,invitro 12 511 52* 648 2 39" 

6 None 4 3 8 4 k 7 5  356-1-87 
Reserpine 4 7 3 2 2  7 1  6 9 3 2 6 6  

operated 

medullated 

Meam 2 S.E. 
In  Exp 1, 2 and 4, 1.5 mg/kg r q i n e  given at 

18 and 2 hr before sacrifice; in Exp 6; at 42, 18 
and 2 hr. DCI 5.0 mg/kg at 18 and 2 hr. R q i n e  
in vitro 2 x 106M. 

* P <.05. 

these were also treated with DCI. Segments 
from rats receiving both drugs absorbed less 
glucose and Na than those from animals 
which had been treated with reserpine alone, 
suggesting that catecholamines were in fact 
involved in the response to reserpine (Exp. 
2 ) .  Administration of DCI alone produced 
no effects, showing that the drug had no 
independent influence on transport at this 
dose level (Exp. 3) .  

Since reserpine causes release of adrenal 
catecholamines in the rat(8), the responses 
of adrenal-demedullated and sham-operated 
animals to reserpine were compared. Seg- 
ments from both groups absorbed large 
amounts of glucose and Na, indicating that 
medullary catecholamines are not essential 
to the effects of reserpine on sugar and Na 
transport (Exp. 4). In  view of these results, 
it seemed that reserpine might act directly 
on the intestine, and the drug was therefore 
studied for its effects in vitro. As i,n earlier 
experiments, stimulation of glucose and Na 
transport was observed (Exp. 5). 

Paasonen has shown that pre-treatment 
with reserpine depletes norepinephrine from 
dog heart and that hearts from such animals 
are then unresponsive to levels of reserpine 

that ordinarily produce an increase in rate 
( 3 ) .  To determine whether a similar effect 
might be observed in the intestine, a group 
of rats was given the drug at  42, 18 and 2 
hours before sacrifice. Segments from these 
animals, however, still absorbed increased 
amounts of glucose and Na (Exp. 6). 

Discussion. The effects of injected reser- 
pine on glucose and Na transport in these 
experiments might possibly depend on one 
or more mechanisms. The drug releases a 
number of humoral substances including 
ACTH (9), histamine, serotonin ( 10) and 
catecholamines (8) from storage sites in vari- 
ous tissues in the rat. However, Moran has 
shown that reserpine does not release sero- 
tonin from rat intestine, and while intestinal 
histamine release follows reserpine treatment, 
the drug does not produce histamine libera- 
tion in vitro( 10). Our data show that the 
adrenal medulla is not required for the effects 
of injected reserpine on transport, and the 
activity of the drug in vitro appears to ex- 
clude ACTH and histamine as requisite medi- 
ators and indicates a direct action on the 
intestine. Furthermore, the blocking of reser- 
pine action by DCI suggests that catechol- 
amines were involved. 

Mussachia et aZ( 11) reported that glucose 
uptake by segments of duodenum and jeju- 
num from the hamster was reduced 24 hours 
after intraperitoneal injection of a single large 
dose of reserpine (2.5 mg/kg). Intestinal 
catecholamines decreased from 14 pg/g tissue 
to zero at 24 hours. These effects of reserpine 
on absorption are in contrast to those re- 
ported here. The differences may perhaps 
be due to species variation in rates of release 
and/or inactivation of catecholamines, or ac- 
countable to the diffekent routes and times 
of reserpine treatment. 

Soulairac appears to have been the first 
to suggest that sympathetic nerves may stim- 
ulate intestinal sugar transport ( 12). The 
present experiments and those reported ear- 
lier(4) seem to support his hypothesis. 

Summary. Reserpine stimulates transport 
of glucose and Na by everted segments of 
rat small intestine. The drug is effective both 
in vivo and in vitro. Adrenal demedullation 
does not diminish the response to reserpine 
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injections, but dichloroisoproterenol blocks 
the effects of reserpine. It is concluded that 
reserpine acts directly on the gut, and that 
its effects are at least in part consequent to 
release of catecholamines from storage sites 
in the intestine. 

I thank Miss Marian Yingling and Miss Victoria 
Webb for technical assistance, and Dr. Joe G. Wood 
for prapration od histological sections. 
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Influence of Vasopressors on Survival After Traumatic, Intestinal 
Ischemia and Endotoxin Shock in Rats.* (301190) 

B. M. ALTURA, R. HSU, V. D. B. MAZZIA AND S. G. HERSHEY 
Department of Anesthesiology, New York University M e d u d  Center, New York Ci ty  

PLV-2 ( 2-phenylalanine-8-lysine vasopres- 
sin) a synthetic vasoexcitor-pressor polypep- 
tide, has been reported to increase survival 
of rats in hemorrhagic shock in which norepi- 
nephrine and angiotensin were ineffective ( 1 , 
2 ) .  Improved survival after PLV-2 adminis- 
tration was attributed to its selective vaso- 
motor effects as observed in the microcircu- 
lation of the rat mesoappendix. Unlike nor- 
epinephrine which produced unselective in- 
tense constriction of all microvessels, or angio- 
tensin which resulted in marked venular dila- 
tion and stasis, PLV-2 predisposed to im- 
proved true capillary inflow and outflow and 
reduced vascular sensitivity to epinephrine. 

The use of vasoexcitor-pressor drugs in 
shock, as distinct from the hemodynamic 
principle of such therapy to improve tissue 
blood flow, is currently a matter of consider- 
able uncertainty. It was of interest, there- 
fore, to determine whether the favorable 
effects of PLV-2 in hemorrhagic shock also 
applied in other types of experimental shock. 
The present study compared the influence of 

* Study aided in part by USPHS Grant HE-09042. 

norepinephrine, angiotensin and PLV-2 t on 
survival of rats in traumatic, intestinal ische- 
mia, and endotoxin shock. 

Materials and methods. (A) Traumatic 
shock. Wistar strain female rats, 130-180 g 
body wt were fasted for 18-20 hours, except 
for water, and anesthetized with pentobar- 
bital sodium, 2.0 mg/lW g body wt I.M. 
Normal saline, 1.0 rnlJ1001 g was injected 
I.P. and one hour later the rats were sub- 
jected to 7 0 0  r at 40 rpm in a Noble-Cdlip 
drum. On removal from the drum a femoral 
vein was cannulated and 30 minutes post re- 
moval saline, 1.0 ml/lOO g, alone or con- 
taining the various doses of the drugs3 used 
(Table I) was infused I.V. over a 56-60- 

t The authors are indebted to Dr. R. Bircher, 
Sandoz Laboratories, for generously proviiclirbg PLV-2 
used in these studies, and to Dr. R. Gaunt of Ciba 
Pharmaceuticals for angiotensin. 

$ Norepinephrine used in this study was kvo$ed@ 
Bitartrate; 0.2% sol. = 0.1% base. All doses were 
calculated as the base. Anghtensin used was Hyper- 
tensin@. PLV-2 doses used were calcukuted on the 
basis of 20 pg of active po1yrpeptiddI.U. (pressor). 


