
4 

Insulin-Like Activity of Crystalline Glucagon as Measured with 
Rat Epididytnal Fat Pad Preparation. (25706) 

HENRY h1. LEE, IIOHEKT M. ELLIS AND WILLIAM W. B K ~ M E K  
El i  Lilly and Co., Indianapolis, Ind.  

( ’ r y s t a1 1 i n e 1) r elm rations o f g 1 ucag on were 
reported by Staul) ot aI . (  1 ) to contain a])- 
Imximately 0.05 unit nig insulin activity. 
This W;IS measured by the mouse convulsion 
assay. Review of literature on glucagon by 
Behrens and Bromer ( 2 )  revealed conflicting 
data on insulin-like activity of glucagon. 
Some workers found high concentrations of 
glucagon inhibited response of insulin. Others 
reported low concentrations of hormone aug- 
mented uptake of glucose by muscle, an i n -  
sulin-like effect. Two reports, relating to in- 
sulin content of both amorphous and crystal- 
line glucagon, have appeared recently. Jlc- 
Xaught(3) used slices of lactating rat niani- 
mary gland to study effect of crystalline glu- 
cagon, lot S o .  258-234B-43. prepared in this 
laboratory. Responses measured were increase 
i n  gas output and augmented uptake of glu- 
cose. The  order of insulin-like activity for 
this sample. estimated by both responses, was 
1.08%. Kandle(4) likewise reported that 
measurable amounts of insulin-like activity 
were found in 3 lots of glucagon tested by iso- 
lated rat diaphragm method. The amorphous 
sample contained equivalent of 1.2 a/c insulin. 
whereas remaining lots, including crystalline. 
lot S o .  258-234B-54-2. were far less active. 
Both McXaught and Randle found that pre- 
treatment of glucagon with cysteine com- 
pletely eliminated the insulin-like response. 
During a study of rat epididymal fat pad 
])reparation of 3CIartin r’t ul. ( 5 )  . our prelinii- 
nary tests indicated that crystalline glucagon 
increased oxidation oi glucose in the same 
fashion as insulin. This was shown by its 
augmentation of CI4O2 output when glucose- 
1-C’“ was the labeled substrate. Quantita- 
tive data comparing the effects of crystalline 
glucagon, crystalline glucagon (cysteine- 
treated 1. and insulin, using a modification of 
the Alartin method as reported here. Obser- 
vations on the action of these hormones on 
glucose uptake of the rat epididymal fat pad 
are also included. 

Material and methods. Crystalline gluca- 
gon lot Nos. 258-234B-43 and 2 58-234B-54-2, 
reported by h lcxaught  and Randle, respec- 
tively. and lot KO. 258-234B-167-1 were com- 
pared with insulin. Lot No. 258-234B-167-1 
was tested both before and after treatment 
with cysteine. Inactivation of insulin con- 
tent of glucagon with cysteine consisted of in- 
cubation of a 1% solution of crystalline glu- 
cagon with 1% cysteine a t  pH 8.7 overnight 
a t  10-15°C. This was followed by dialysis 
against water, lyophilization, and recrystal- 
lization of glucagon from a p H  9 water solu- 
tion a t  4°C’. Approximately 50.p glucagon 
was recovered. No glucagon activity was 
lost after cysteine treatment. Crystalline in- 
sulin ( 2  5.3 units/mg) , trypsin-treated and 
low in glucagon, was used as reference stand- 
ard. Separate fresh stack solutions of insulin 
and glucagon were made up daily using Krebs 
bicarbonate buffer. N HC1 was added to in- 
sulin solutions and N NaOH added to gluca- 
gon solutions to dissolve the hormones. Care 
was taken to maintain pH of stack solutions 
of glucagon a t  pH 9 or less. The fresh stock 
solutions were diluted to desired concentra- 
tions with Krebs buffer a t  p H  7.6. Final con- 
centration of glucose in all incubations was 
2 mg/ml. To minimize the loss of insulin on 
glass surfaces, a concentration of 100 pg/ml 
of crystalline egg albumin was maintained in 
each dilution made from hormone stock solu- 
tions. Tissue incubations with labeled glu- 
cose-1 -P. 0.4 pC/flask and varying amounts 
of hormone were made in 15 ml Warburg 
flasks in a Dubnoff metabolic shaker a t  37°C 
for 4 hours. Volume of incubation medium 
was 2 ml. The  flasks were gassed 5 minutes 
initially with a 95% O2 plus 5% COZ gas 
mixture. The  mode of trapping C1402 in Hy- 
amine solution was essentially the same as 
that described by Siperstein and Fagan ( 6 ) .  
Radioactivity in the Hyamine solution was 
counted to a precision of 5% or greater in a 
toluene scintillation mixture containing O.OSv, 
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2,s cliphenyloxazole and 0.001% 1,4-bis-2 ( 5  
phenyloxazole) benzene. The counter em- 
ployed was a liquid scintilIation spectrometer 
(Packard 314X). Addition of an internal 
standard was added to correct for variation in 
quenching from sample to sample. The effi- 
ciency of transfer of C1'02 into the Hyamine 
solution was determined experimentally to be 
of the order of 94%. Radioactivity found as 
C'402 was expressed as counts/min/g of tis- 
sue wet weight. An initial study of the C1j02 
response of tissue to insulin indicated that 
within the range of 1 to 1,0100 punits/ml, the 
response varied essentially linearly with the 
log of concentrations of insulin. Similarly, 
with crystalline glucagon, a usable range was 
found between 10 and 100 pg/ml. For quan- 
titative work, a 6 x 6 assay design was used to 
compare insulin, glucagon, and cysteine- 
treated glucagon a t  each of 2 concentrations. 
Each rat  contributed 6 pieces of tissue, thus 
there were 36 pieces in all (Table I) .  With 
glucose uptake experiments, which were made 
separately, the procedure was altered as fol- 
lows: volume of incubation medium was 0.8 
ml and incubations were made in 10 ml beak- 
ers under an atmosphere of 95% O2 plus 5% 
COa, which was maintained throughout the 
4 hours. Glucose concentrations a t  the end of 
incubation time were determined in the re- 
maining fluid with an AutoAnalyzer (Techni- 
con), and uptake of glucose was expressed in 
terms of mg/g wet weight of tissue/4 hours. 
Male albino rats, non-fasted, weighing 230 to 
300 g, were used in both studies. The animals 
were sacrificed by decapitation with a small 
guillotine. The epididymal fat  tissue was re- 
moved, and each pad was cut into 2 or 3 
pieces. Each animal thus furnished 4 or 6 
pieces of tissue. Minimal handling of tissue 
and avoidance of chilling were essential for 
good responses to the various agents. With 
glucose uptake experiments, a study of the 
relationship between concentration of agents 
and response was not attempted. Only one 
concentration/sample was used. Each ani- 
mal furnished 4 pieces of tissue; 3 of which 
were given separate treatments and one was 
utilized as a control (Table 11). 

Results. The data on comparison of insu- 
lin and the 2 glucagon samples are found in 

cpllr x 108  
Numeric;rl values represent - -______" 

T,,, = insulin, 10 p,uu/ml; I,,,, = insuliii, 100 
g tissue/4 Iir 

nil: G,, gh~c:igo11, 10 pg/llll, lot No. 258-4311:- 

234E-167-1 ; (+!I1,,) = cysteine-trc:il(.(~ glticngoii, 1 0  
pg/ml, lot No. 358-234B-177-1 ; GT,,,, Z= cysteiiic- 
treated glucagon, 100 pg/inl, lot No. 25s-23 13-177-  
1. 

Mean value of of u11tre:ltccl 14 V O I I -  

167-1 ; G1oO = gl~cng011, 100 p f i / ~ ~ ~ l ,  lot NO. 258- 

cprn x 10:: 
g tissues 

trol tissues = 37.56 e S.E. 2.21. 
Composition of Krebs bicnr1mi:rtc~ huff'cr : I<+ 5 

I ~ M ,  CR++ 0,99 mM, Mg++ 0.53 DAM, N:t+ J-lti i i inl ,  
Cl- 114 mM, HC0,- 40 rnM. 

Table 1. An analysis of variance of these 
data showed that the differences due to ani- 
mals, samples, and concentrations were all 
greater than that expected due to chance. The 
calculated constants relating concentration to 
response for insulin and glucagon are not sig- 
nificantly different. These were respectively 
144.8 and 124.4. A combined slope constant 
134.54 S.E. 34.46 of the data from both 
glucagon and insulin was, therefore, used to 
calculate relative insulin-like activity olf glu- 
cagon on a weight basis. This calculated 
value indicated that 1 mg of this sample of 
glucagon, lot No. 258-234B-167-1, was equi- 
valent to 0.134 pg of insulin. The  9570 con- 
fidence limits were 0.058 to 0.306 pg of insu- 
lin. Therefore, this glucagon sample contains 
as a best estimate 0.0130/0 of insulin-like 1x1- 
tency. 

The concentration-response data for cys- 
teine-treated glucagon showed a slope con- 
stant of 31.75 t 26.85. Disregarding this 
difference in slope constant between glucagon 
and cysteine-treated glucagon, the best esti- 
mate of insulin-like activity in this sample 
was calculated to be 8.45% of the untreated 



sample. or approsiniatelj~ 0.001 S’c insulin 
wt . 
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were compared with insulin i n  a siniilar man- 
ner. The results of these comlm-isons arc: 
Lot No. 2 5s-234H-53-2 = 0.00747; insulin: 
!I,?./: confidence limits 0.002 1-0.02587; : Lot 
S o .  25s-234B-43 1 O.OS./, insulin: 957: con- 
fidence limits 0.0235-0.2855G. 

The data on the glucose uptake experiments 
are found in Table TI. ,411 samples. including 
glucagoii preparations, caused a significant up- 
take of glucose at  concentrations used. 

Ilisrzissioiz. Our results differ only quanti- 
tatively from those described by Randle and 
J lcSaught .  In most instances the insulin-like 
activity of crystalline glucagon. as determined 
by rat epididymal fat pad method, were lower 
than those reported with other tissues. The 
test of the cysteine-treated glucagon did not 
produce a reliable estimate of activity. IVe 
are unable to state that all insulin has been 
removed from this sample by cysteine treat- 
ment. The fact that  the slope of concentra- 
tion-CY1-’O2 response curve has been a1 terecl 
and that this insuIin-inacti~.rated sample st il l  
caused a significant uptake of glucose. could 
he uscd as argumeiits for a n  effect of glwagoi~  
itsclf on fat tissue, although the cffcct is v c r ~ ,  

small in  coii1l)arison with insulin. A more tli- 
rect solution to the problem would involve 
studies similar to those described by Winegracl 
and co-workers( 7 ) , who found that bovine 
growth hormone increased glucose oxidation 
Ilut failed to stimulate fat synthesis. 

X small amount of insulin-like 
activity has been found in crystalline prepa- 
rations of glucagon with rat epididymal f a t  
pad preparation. Treatment of glucagon with 
cjrsteine lowers this insulin-like activity to a 
small fraction of initial activity. 

Szrrii iizczrjt. 

.4uthors are indebted to E. B. Robbins for statisti- 
c ~ l   anal^ sis. 
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