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Changes in Electrolyte and Water Composition after Glucose in Unpro- 
tected and Epinephrine-Protected Rats. (19363) 

ABRAHAM DUKY. (With the technical assistance of 'rho'mas N. Johnston.) 
From the Dorn Lrrboratory for Medical Research, Bradford Hospital, Bradford, Pa. 

Several investigators ( 1-3) have reported 
that the level of plasma potassium was defi- 
nitely lower than the initial K level about 20 
minutes after injection of epinephrine or in- 
sulin in man and other animals. Recently, 
I h y ,  et a2.(4) reported that the pattern of 
change in plasma potassium concentration and 
the extent 'of fall from initial level, in the 
course of 2 hours after epinephrine, was differ- 
ent in patients with Addison's disease and 
with idiopathic epilepsy than the response 
in normal humans similarly tested. Tum 
Suden (5)  reported that after sympathetic 
blockade with ergotarnine, in rats, the toxic 
dose of potassium was diminished; and T h y  
and Johnston (6)  , showing that there was a 
significant decrease in plasma and skeletal 
muscle concentration of potassium 60 minutes 
after an injectilon of epinephrine, suggested 
that epinephrine may have a regulatory role 
in the potassium balance of the organism. 

In  a report from this laboratory(7) i t  was 
shown that pretreating adrenalectomized rats 
with a single physiological dose of epinephrine 
60 minutes before admitting 2 ml of a 50% 
glucose solution into their stomachs protected 
about 80% of these animals from a fatal 
hyperkaIemia and cardiac changes. Non-pre- 
treated adrenalectomized rats developed a 
hyperkalemia and cardiac changes leading to 
a high percentage of mortality within a short 
time after glucose was given. The source of 
the rapidly mobilized plasma potassium in the 
unprotected rats, and the manner in which 
epinephrine-pre t rea tmen t had "bloclced" the 
onset of hyperkalemia was not demonstrated. 
I t  is the purpose of this paper to present the 
changes in tissue electrolyte and water con- 
centration in unprotected and epinephrine- 
protected rats after a glucose load. 

Materials and methods.  Male Wistar rats 
weighing 225-250 g were used either 6-7 days 
or 12-13 days after adrenalectomy. The 
animals were maintained on 1% NaCl drink- 
ing solution and were given a chow biscuit 

ad libitum and greens twice weekly. After an 
overnight fast the animals were anesthetized 
with n-methylcyclohexenyl-methyl barbituric 
acid (RVTPAL). The rats were then either 
given 2 ml of a 510% glucose solution (c.P. 
Dextrose, Merck) directly into the stomach 
by means of a fine plastic tube, or first pre- 
treated with epinephrine 60 minutes before the 
glucose solution was administered. The epi- 
nephrine (Adrenaline tablets, Parke, Davis and 
Co.) was prepared fresh in 0.9% NaCl and 
injected subcutaneously at a dose level of 
0.04 mg/100 g body weight (approx. 0.5 ml). 
-4f ter the glucose solution had been admitmted 
into the stomach each of the rats was lobserved 
carefully for the first signs of respiratory diffi- 
culty. When 'this was observed blood was 
withdrawn from a cardiac puncture into a 
dry syringe containing 1 drop of heparin 
(Liqeamin, Organon, 10 mg/ml). On the 
basis of previous evidence (7) those rats which 
showed no signs of failure for 20 minutes 
after the glucose load were accepted as pr'ob- 
ably surviving the procedure and blood was 
obtained from these shortly thereafter. The 
control groups for this study were rats 6 and 
1 2  days after adrenalectomy which had not 
been treated in any way, and a group of rats 
6 days after adrenalectomy which were killed 
60 minutes after the epinephrine injection and 
tissues obtained for analyses of electrolyte and 
water composition. The procedures followed 
for analyses of electrolyte and water composi- 
tion of blood and Itissues was the same for 
all animals and has been described in detail 
in a previous paper (6) .  Tissue chloride con- 
tent was determined by the method of Van 
Slyke (8) ,  and plasma chloride by the method 
of Schales and ' Schales (9).  Plasma glucose 
was determined by the photometric method 
of Kingsley & Reinhold(l0). Tissue and 
plasma sodium and potassium content was 
determined with the aid of an internal lithium 
standard flame photometer. 

Results. The present investigation was 
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TARTlli: 7. Watnr and Elibctrolytc Compofiition of P1;tsnta of Son- Pretreated and E~)incplii,inc-P~etrcatcd 
A4d~*ena,lectomized Rats After ti Gluc.osc I.o:id per 0s. 

Survival time T'lasmzl 
a f te r  glucosc, y; plasma ,?-- m.eq./kg plasma water --, glucose, 

Anirn;ils used min water c: 1 K Na mg % 
Rats (3-7 r l a ~ s  after ndrciialectomy 

a. s o  i l l$  (9)  94.1 .17t 112.8 1.3 
1,. " ' ' + gluc~osc" ( 9 )  <;i ( . 5 )  93.8 .1 T 105.8 & i.6 

10-3.5 ( 2 )  94.4 I 1 0  
>"I ( 2 )  93.8 10fi.7 

1ci-19 (3) 92.8 113 

c. ~ ~ ~ ~ i i i q ) l i i * i i i o ~  (I:{) 93.7 . l l  110.8 2 1.1 
(1. " + g1ncosrg (9)  10  (1)  93 11,5.!! 

>2O ( 3 )  93.2 . I6  115.1 + 3.3 

Rats 12-13 days after adreiialectorny 
t'. S o  iiij. (ci) 94.2 & .1 103.8 2.3 
f .  ? '  " $- glLlmv (6)  <5 (5) 94 * .19 103.1 & 1.9 

>20 (1) 94 99.2 
g. 1~1~ii1el)Iiriiic 4- glucose ( 3 )  >20  (4) $)3,,j  f .!! 102.7 2 1.3 

5.23  * .19 
'7.03 & .31 
5.88 
4.62 
4.31 & .4 
3.57 
5.60 
4.47 & 3 

5.179 5 .2G 
6.68 2 .4L 
4..52 
3.97 * .08 

14,7.7 k 2.2 43 
149.6 2 3.3 54 
14i.(i 7" 
152.1 118 
150.8 5 1.7 159 

X X 
X 21 8 

152.3 * 1.8 239 

147.9 * 2.1 50 
147.5 5 2.1 9 4  
147.4 120 
144.1 f .8 239 

designed to detect in the non-pretreated and 
epinephrine-pretreated groups: 1 ) the changes, 
if any, from the respective controls of the 
composition of water and electrolytes in the 
plasma, skeletal muscle and liver of rats which 
showed impending mortal failure after the 
glucose load was placed in their stomachs; and 
2 )  the changes, if any, in the plasma, muscle 
and liver compositilon of rats which obviously 
were surviving the administration of the glu- 
cose load. 

Survival. The number of rats in the non- 
pretreated and epinephrine-pretreated groups 
which showed signs of failure a t  several time- 
periods after glucose per os and those sur- 
viving the procedure are shown in the second 
colunin of Table I. I t  is apparent that epine- 
phrine-pretreatment had protected a large per- 
cent ,of the rats from failure after the adminis- 
tration of glucose. Similar survival and mor- 
tality results have been reported from this 
laboratory(7) for rats 16 days after adrenal- 
ectomy and similarly treated. 

The data presented in 
Table I show that impending mortal failure 
in rats 6 and 1 2  days after adrenalectomy was 
related to an increased plasma potassium 
concentr'ation following the admission of a 
glucose load into their stomachs. In the 

Plasma changes. 

non-pretreated series (b,f) there was a marked 
increase in the potassium concentration in the 
groups which showed signs of failure within 
5 minutes after glucose. In  the three rats of 
this series which showed no signs of failure 
throughout the designated survival period the 
plasma K concentr-ation was found to be in 
the range of normal intact controls and some- 
what lower than the mean value of the adrenal- 
ectomized controls. The relationship between 
increased plasma potassium concentration and 
low survival rate demonstrated in the non- 
pretreated series (b,f) is supported by the 
data of the epinephrine-pretreated series (d,g) 
in which a large percentage of the rats sur- 
vived the glucose load. I t  is evident that a 
rapidly developed hyperkalemia was the single 
plasma change which followed the administra- 
tion of the glucose load in a large number of 
rats in the non-pretreated series. Epinephrine- 
pretreatment, however, hlad somehow altered 
conditions so that after the glucose load the 
plasma potassium concentration had been 
maintained within normal range in this series 
of rats. 

Muscle and liver changes. Xon-pretreated 
wries. The muscle electrolyte and water com- 
position of 'the groups of rats in series b and 
f after the glucose load was found to be not 
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different fnom the mean control values (Table 
11). However, the results of analyses of liver 
composition show a marked decrease in the 
liver potassium concentration in the gr'oups of 
this series which failed within 5 minutes after 
the glucose load. This change, however, was 
not found in the few rats \of this series which 
had survived the glucose administration for 10 
minutes or more. Evidently a rapid "unload- 
ing" of liver potassium had taken place in a 
large number of the rats not pretreated with 
epinephrine . 

Muscle and liver changes. Bpinephrine-$re- 
pretreated series. The results of analyses of 
muscle electrolyte and water composition of 
the groups in series d and g show that only the 
potassium concentration was significantly in- 
creased after the glucose load per us (Table 
11). This change occurred not only in Ithe 
rats which had shown no signs of failure, but 
was found in the few rats of this series which 
failed 10-19 minutes after the glucose load. 
The results of analyses of liver composition in 
this series revealed 'that neither the concentra- 
tion of liver potassium nor the other constitu- 
ents had been altered after the glucose load 
per 0s. The finding is in marked contrast 
to the large decrease in liver potassium con- 
centration found in the non-surviving groups 
of the non-pretreated series. 

In  summary, the results of the analyses of 
muscle and liver composition in these series 
of rats showed that in the non-pretreated 
series the essential finding in those groups of 
rats presenting signs of mortal failure within 
5 minutes after glucose per us was a marked 
decrease in liver potassium concentration 
whereas muscle K concentration remained un- 
changed. These results were different from 
those found in the epinephrine-pretreated 
series of rats in which liver K concentration 
was found unchanged *after the glucose load 
from the mean control value and the muscle 
potassium concentration was found to be 
increased. 

Discussion. This investigation was under- 
taken in an attempt to gather evidence which 
would elucidate the basis for the difference in 
the effect 'of a gluclose load per us in non-pre- 
treated and epinephrine-pretreated adrenal- 
ectomized rats. The data in Table I showed 
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Rat #4G. Non-pre- Rat # E G .  Non-pretreat- Rat # 3G. Non-pye- Rat #8G. Epinephrine 
treated. a. Ccfore glu- cd. a. Bcfore glucose pel. trcatcd. a. Ccfore glu- pretreated. a. 60 min 
cosc per 0s. b. 11,$ 0s. b. 3 min after glucose. c o w  pcr 0s. b. 17 niin a f t e r  epinephrine and 
inill after glucose. c. c. 5 min :tftcr glucose; after glucosc; signs of just before glucose. 
3 min after glucose; signs of failure; before fai lure;  just before 13. 3 niin after glucose. 
signs of failure; be- blood mas drawn. c:trdiac bIoocl w a s  c. 21 min after glu- 
fore blood was drawn. drawn. cose; n o  signs of fail- 

urei just before car- 
dlac blood drawn. 

FIG. 1. Elcctrocnrdiogra~~l~ic records of iioii-prc~tre:~tcd and  c~l)iiieliliritic-1”ctrcate~ adrenalec- 
tomized rats before and after glucose prr 0s. 

that epinephrine-pre t rea t men t pro tec terl rats 
6 and 12 days after adrenalectoriiy from a 
high mortality rate which otherwise ensued 
shortly after a glucose load was placed into 
the stoniachs of the non-pretreated adrenal- 
ectoinized rats. The results indicated that 
rapid increase in plasma potassium concentra- 
tion, the marked decrease in liver potassium 
composition, and the low survival rate fouiid 
in the non-pretreated rats shortly after a 
glucose load were apparently related. It is 
suggested that the sequence of events after the 
glucose load was probably as follows: a rapid 
release of liver potassium into the blood stream 
followed by a marked increase in the level of 
blmood potassium. This rapid change affected 
the electrical activity of the heart which was 
evidenced by cardiac failure and standstill 
found in this series of rats. Reproductions of 
the electrocardiographs of some of the non- 
pretreated and epinephrine-pretreated rats 
before and after the glucose load are shown 
in Fig. 1. The altered cardiac activity in 
the former group are clearly consonant with 
the findings of increased potassium concen tra- 
tion and support the explanation for thc ral)id 
failure of it large percentage of rats in this 
series.* 

1nsofar iis the possible nianner in which epi- 
n el) h r ine- p r e t r ea t men t 1) rot ec t ed the adr end- 
ectomized rats after a glucose load, the avail- 
able data does not warrant niore than specula- 
tion of the niechanism. However, two facts 
are clear from the results presented: 1) The 
level of  plasma potassium was maintained in 
this series after the glucose per os at  approxi- 
mately the control level in a large percentage 
of the animals. Even in the few rats of this 
series which failed during the all’otted sur- 
vival period there was not the sharp increase 
in potassium level found in the rats of the 
non-pretreated series. 2 )  The results of 
analyses of the liver composition in this Leries 
suggest that a “release” of liver potassium 
did not occur after the glucose load. I t  had 
been shown in a previous study(6) that the 
concentration of potassium in plasma and 
muscle was significantly decreased from its 
initial level 680 minutes after an epinephrine 

* EKG changes will be reported later. Rats were 
a ttachcd to a Cambridge Electrocardiograph with 
German Silver electrodes, designed by Drs. Hundky 
ant1 Pccom of thc K‘ational Institutes of Health, and 
mado by Surveyor Service Co., Silver Springs, Md. 
Electrocardiographic paper was fed through machine 
at  a speed of 100 mm/sec. 
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injection. This status before the administra- 
tion of the glucose load could explain the 
evident maintenance of the plasma level in 
these rats. Consideration, also, should be 
given to the possibility that the epinephrine- 
pretreatment had resulted in metabolic adjust- 
ments related to increased liver glycogenolysis 
and peripheral utilization of glucose in these 
aniinals so that the sudden imposition of a 
glucose load per os could be taken into the 
metabolic pool without seriously impairing 
the functilons of the animal. 

1. The survival rate, and the 
results of tissue composition are presented fmor 
rats showing signs of failure and those sur- 
viving the administration of a glucose load 
per os ( 2  ml- 50% solution) 601 minutes after 
epinephrine-pretreatment (0.04 mg/100 g wt) 
and those which were not pretreated. 2. Signs 
of mortal failure in a large percentage of the 
non-pretreated series of rats shortly after glu- 
cose per as  was associated with a significlant 

Summary. 

non-protected and epinephrine-protected rats 
are shown. The EKG changes in the former 
group are consonant with the analytical re- 
sults indicating that hyperkalemia was re- 
sponsible for failure of these animals. 5. The 
results were discussed as suggestive of: a) the 
sequence of changes in the non-pretreated 
series which led to mortal failure and low 
survival rate shortly after ‘the glucose per 0s; 
and b) the possible manner in which epineph- 
rine-pretreatment had altered the metabolic 
status ‘of these rats before the glucose per os 
was given and thereby “protected” them from 
the changes in tissue composition found In the 
former group. 
~~ 
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Specific Inhibition of Precipitation as an Aid in Antigen Analysis with 
Gel Diffusion Method.” (19364) 

BERTIL B JORKLUND. (Introduced by J. L. Melnick.) 
From lhe State Bacteriological Laboratory and the Department of Virus Research, 

Karolinska Institutet, Stockholm, Sweden. 

Antigenic material derived from bacteria, 
animal tissues, and similar sources is usu- 
ally immunologically extremely heterogenous. 
Even chemically pure synthetic antigens al- 
most always exhibit a complex immunological 

pattern giving rise to a number of distinct 
antibodies. The heterogeneity of antigens is 
not always demonstrable in the ordinary floc- 
culation, agglutination or complement fixation 
procedures. More information can be gained 
by the use of t’he quantitative precipitation 
reactions performed according to the princi- 

* This study was aided by a grant frocm Karolinska 
Institutet, Stockholm. 


