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inhibit only the latter and by doing so pre- 
vents the increase of liver triglycerides by 
ethionine. 
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Amino Acid Incorporation into Protein of Diabetic Rat Liver Slices 
After Acute Insulin Deprivation.* (27829) 

ALCYR KRAEMER~ AND hI. E. KRAHL 
Department of Physiology, University of Chicago, Il l .  

These experiments bear on the question 
whether insulin can act upon isolated liver. 
Earlier(l:2) it was found that insulin could 
stimulate amino acid incorporation into pro- 
tein of liver slices from one type of mildly 
diabetic rat, i e . ,  animals partially pancrea- 
tectomized 2-4 months previously. In  the 
present series the effect of insulin on liver 
slices has been tested, using another type of 
diabetic liver donors, namely, alloxan-diabetic 
rats from which insulin had been withdrawn 
for various periods( 3).  Tncorporation of leu- 
cine-l-C14 into protein was used as the test 
indicator of an insulin effect. 

Materials and methods.  Diabetes was pro- 
duced in 24-hour fasting 150-250 g male 
Holtzman rats by intravenous injection of 
Eastman alloxan-monohydrate, 3 7 mg per 
kg; the rats were immediately returned to 
food and water. Insulin injection (subcu- 
taneous) was started on the fourth day after 
alloxan. On 4th and 5th days the dose was 
8 units regular insulin per rat in the morning 
and 8 units Lente Iletin (Insulin, Lilly, U- 
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40) in the evening. On the 6th day and 
thereafter doses were reduced to 4 units each, 
morning and evening; regular insulin re- 
placed Lente insulin on last 2 days before 
sacrifice, which was 15-18 days after alloxan. 
This regimen permitted the animals to main- 
tain weight, with some nocturnal polyuria. 
All animals were fasted 24 hours before sac- 
rifice, and used 3, 12, 24, or 48 hours after 
the last insulin injection. Blood sugars were 
determined a t  time of sacrifice (4) .  

Four liver slices (150-200 mg) were cut 
free-hand from the left lobe of each liver; one 
slice was placed in 1 ml Krebs-Henseleit bi- 
carbonate buffer containing 1.6 x lo7 cpm 
DL-leucine- 1 - P 4  (Nuclear Chicago) a t  the 
tracer concentrations shown in Table I; the 
2nd, 3rd, and 4th slices were put in l-ml ali- 
quots of the same medium containing glucose, 
insulin, or insulin plus glucose respectively, 
as shown in Table I. All slices were then 
shaken for 2 hours in a Dubnoff incubator a t  
37OC(2). Crude protein was isolated(2) 
and its radioactivity estimated with a D-47 
Nuclear Chicago counter ; all radioactivity 
values are corrected for self-absorption, but 
not for counter efficiency (35-401%). 

Results.  Liver slices from fasting diabetic 
rat donors incubated in Krebs solution con- 
taining leucine- 1 -C14 without added glucose 
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TABLE 1. Effwts of Tnmlin aiid (:lii(~osc, Siuglj and Togctlrcr, oil  Incorporation of Leucine- 
1-C1‘ into Prnteiii I)? H:rt Liver Sliccs f r m  Alloxan-Diabetic Ra t R  9 t Various TimeR after I n  

suliii M’ithtlrawal frow the Donor. 

Iiicorporntion of lencine-l-Oi into liver protein, 
cpni ing proteiii after 2 hr in Krebs-Henseleit- 

bicarbonn tc solntion containing : Mt~all tc11.- 
l i r  after niinal fnst- 

Esp. last iiisu- iiig 1,lootl s o  Glucosc, Iiisuliii, Glucose 
No. Type of ].:it lin iiij sugar, iiig (,’c addition 3 ingjnil .01 iinit/ml + insulin 

Sormal  (5) S o  iiij 88 2228 I+ 9 i  291 -+ 1 2  239 -+ 20 283 1+24 I i, 
Diabetic (6) 3 5-1 1 2 2 0 +  6 2 3 0 t  19 232 + 2 6  2 2 8 t  18 

2 Normal (14) No iiij 95 3 3 6 2  8 369 2 1 6  3 4 4 + 1 7  3 9 7 k  16  
Diabetic (12) 12 305 266 + 9 281 + 14 253 + 13 308 + 1 6  

346 191 2 1 6  200 2 23 190 I+ 19 229 + 18 
24 208 249 +12 275 ~fr: 21 285 2 30 329 2 175 ” (8) 

” (11) 48 

* Values for  incorporation c:tiinot be co1llp:md between Exp. 1 and 2. I n  Exp. I, .027 mg 
-leucine-l-C” with 1.6 X l o i  cpm were ucldetl to each nil incubation medium; in Exp. 2, .0043 
containing 1.6 x l o5  cpm were added. 
t Mean 2 stcind. error of mean. No. of cats used is given in  parentheses. 
$ Mean fast,ing blood sugar for  this group was 354 mg YO a t  time of last insulin inj ,  3 hr be- 

$ The cliff creiice between the ‘ ‘ no addition ’ ’ arid “ glucose + insulin ’ groups is significaiit 
fore sacrifice. 

to P = .003 in this diabetic group and to P = .002 in  the concurrent nornial series. 

showed a progressive decrease in incorpora- 
tion of radioactivity into protein as the time 
after insulin withdrawal from the liver donor 
was increased from 3 up to 48 hours; the 
value a t  3 hours was not different from that 
for paired normal controls; values a t  12, 24, 
and 48 hours were 21, 26, and 43% below 
normal, respectively (Table T ) .  The per 
cent of the total DL-leucine- l-CI4 radioactiv- 
ity in the medium which is incorporated into 
the liver protein may be calculated as fol- 
lows: an average 36 mg dry protein was re- 
covered from each 200 mg of liver slices incu- 
bated in 1 ml medium containing 1.6 >( 10’ 
cpm of DL-leucine-l-C14. The percentages 
of the total tracer dose converted to protein 
may therefore be obtained by multiplying 
each incorporation value of Table I by 
36 >( 100 
1.6 X lo5 

= 0.0.2 2 5 ; representative percent- 

ages for the “no addition” groups were: Exp. 
1, normal, 5.1, diabetic 3 hours after insulin, 
4.9; Exp. 2, normal, 7.6, diabetic 24 hours 
after insulin, 5.6, diabetic 48 hours after in- 
sulin, 4.3. 

Insulin and glucose, added together to the 
medium in vitro stimulated leucine incorpora- 
tion into protein; the difference between the 
“no addition” and “glucose plus insulin” 
groups was statistically significant only for 
the diahetic series in which insulin had been 

withdrawn 24 hours, and for the concurrent 
normals. Neither insulin alone nor glucose 
alone gave a significant stimulation in any of 
the diabetic groups (Table I). 

These results are similar to those obtained 
with liver slices from partially pancreatecto- 
mized donors in 3 respects: first, the capacity 
to incorporate amino acid into protein pro- 
gressively decreases as time after insulin with- 
drawal (or partial pancreatectomy) in- 
creases; second, insulin added in vitro can 
stimulate amino acid incorporation, this 
stimulation being relatively greatest a t  some 
particular time after insulin withdrawal (or 
partial pancreatectomy ) ; third, the insulin 
stimulation depends on presence of glucose 
in the medium. The role of ketosis was not 
studied in the present series; it  is known that 
severe ketosis may affect the response of per- 
fused liver to insulin ( 5 )  and incorporation 
of leucine into protein by liver microsomes 

Incorporation of leucine- 1 -C14 
into protein of liver slices decreased progres- 
sively up to 48 hours after insulin withdrawal 
from alloxan-diabetic rats. Insulin and glu- 
cose added together to the medium stimu- 
lated this incorporation at  24 hours after in- 
sulin withdrawal from the liver donors; 
smaller but statistically non-significant stimu- 
lation was obtained a t  12 and 48 hours. 

(6) - 
Sunzmary . 
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Neither insulin nor glucose alone gave a sig- 
nificant stimulation in any diabetic group. 
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Supersensi tivi ty of the Cat Heart to Catecholamine-Induced Arrhythmias 
Following Reserpine Pretreatment." (27830) 

WILLIAM W. FLEMING (Introduced by Daniel T. Watts) 
(With technical assistance of T. H. Tsai) 

Departnimt of Pharmacology, West Virginia University Medical Center,  Morgan town  

I t  has been shown that reserpine pretreat- 
ment increases the sensitivity of the heart to 
the positive chronotropic( 1) and positive ino- 
tropic( 2 )  effects of norepinephrine. How- 
ever, since the cardiac rate(3) and contrac- 
tility(4) of the hearts of reserpinized animals 
are reduced below control values, changes in 
the responses to norepinephrine are difficult 
to interpret(3). The incidence of an all or 
none response of the heart, such as arrhyth- 
mia, in reserpinized animals therefore seems 
of value. Supersensitivity to the arrhythmia- 
inducing action of catecholamines is of further 
interest since this is a toxic rather than a 
physiological effect. This report compares 
the occurrence of ventricular arrhythmias 
produced by catecholamines in reserpinized 
cats as compared to untreated cats. 

Materials and methods.  Cats of both sexes, 
weighing 2 to 4 kg, were used. Twenty cats 
served as controls and received no reserpine. 
Twenty-six cats received reserpine, 0.1 mg/ 
kg/day intraperitoneally, for periods ranging 
from 7 to 28 days preceding the experiment. 
This dose of reserpine has been shown to pro- 
duce nearly maximal depletion (ca.  95%) of 
norepinephrine stores in the cat heart in 24 
hours ( 5 ) .  

The cats were pithed under ether anesthe- 
sia using the spinal method of Burn( 6 ) .  Fol- 
lowing this operation the cats were main- 

*Supported by grant from Nat. Inst. of Neurol. 
Dis. and Blindness, N.I.H. 

tained on artificial respiration and the ether- 
ization discontinued. The hearts were there- 
fore free of effects from anesthetic, neural 
control, and reflexes resulting from the blood 
pressure responses to the injected catechol- 
amines. Carotid blood pressure was meas- 
ured with a Statham transducer and recorded 
on a Grass polygraph. Needle electrodes 
were placed subcutaneously on the forelegs 
and right hindleg and the lead I electrocardio- 
gram recorded on the Grass polygraph. 

Consecutive single injections of l-norepi- 
nephrine bitartrate (levarterenol) or l-epi- 
nephrine bitartrate were given into the fem- 
oral vein, beginning with a dose of 0.01 pg/kg 
(free base) and ending with a dose of 100 
,q/kg. No injection was made until the 
heart and blood pressure effects of the pre- 
ceding dose had completely subsided. Some 
cats received only the norepinephrine injec- 
tions and some received both norepinephrine 
and epinephrine. When both drugs were 
used, alternate injections of norepinephrine 
and epinephrive were made, beginning with 
the lowest doses. This eliminated the possi- 
bility that large doses of one catecholamine 
might influence the response to a small dose 
of the other. 

Results.  The first arrhythmias produced 
by catecholamine injections were in the form 
of ventricular premature systoles and extra- 
systoles. I n  sople of the reserpinized ani- 
mals, large doses' of norepinephrine and epine- 
phrine produced ventricular tachycardia for 


