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WITH the recent laudible pread of 
psychiatric care and treatment to 

the general ho pita l, we felt that our 
experience in in ulin coma treatment of 
hospitalized mentally-decompen ated 
patient migh t be of particular interest. 

De pite a great dea l of controvel' 'y, a 
di tinguished group of investigator a a 
recent international symposium (21) 
agreed in large part that in ulin coma 
therapy still deserve a place in the 
modern treatment of the psychiatric 
patient. At any rate, although not a 
widely u ed as prior to t he appearance 
of electric convulsive therapy and tran
quilizing drug, in ulin is -till admin
istered to elected psychiatric patient by 
a ,ariety of methods in many treatment 
etting . 

Our mall l5-bed private p ychiatric 
unit has provided in ulin therapy for a 
number of years with a staff of two regular 
daytime nurses, a special in. ulin nur e, 
two medical clerks (fourth-year student ), 
and a second or third-year psychiatric 
resident, in addition to the attending 
peciali t. The u e of Glucagon4 ha 

facilitated this special treatment in 18 
patients. 

THE HYPE:RG LYCEl\UC-GLYCOGENOLYTIC 

FACTOR (GL CAGON) 

Several recent revie\\' of Glucagon, of 
hyperglycemic-glycogenolytic factor, a re 
available in the literature; howe,'er, for 
purpo es of introductory orientation, the 
biochemistry and physiology of this sub
stance will be considered briefly here. 
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Foa, Galan ino and Pozza (7) pre ' nt d 
an excellent g neml rev i \\' of the lit ra
tur to 1957. ' an Halli (24) \\'[\ mo ,tly 
concerned with th r1inico-m dical im
portance of thi 'ub'tanc whil B rth t 
(2), in addition to critical clinical factor' , 
al 0 reviewed the phy iological and bio
chemical a p ct. Kartley and Pe·k (13) 
re tri ted their co\'erag of the literatur 
primarily to bio hemi try, and B hr n 
and Bromer (1) , be ide' an exc 11 nl 
chemical reviewal 0 ad quately red wed 
the general biological ff ct · of t hi ' 
hormone. 

We have decided to con ider lueagon 
a hormone a ha\'e Foa et a!. (7), de pite 
the con trover y in th literatul' (2, 24) 
for a number of rea on. After it initial 
di covery (19), i olation (12), and naming 
a a di tinct entity (9) by ~Iurlin and 
hi group in 1923 and 192-1:, further d fin
itive experimental \\'ork wa ' not forth
coming for everal year ' In 1953 after 
a number of attempt and failure by 
other worker Glucagon wa hemically 
isolated and pmifi d by taub • inn and 
Behrens (23) in th Lilly Laboratori . 
It , chemical tructur wa de crib d in 
] 956 by the arne worker Bromer et a!. 
(-1:) who found a zinc-poor polypeptid 
with 29 compon nl amin acid (differ nt 
from in ·ulin) . llucagon ha b en pre ent 
in all \'ertebrate ' tudi d thu fa r (2) 
and, \\'ith two exc ption , appear to b 
ecreted mainly by the a lpha cell of th 

pancrea (13) . In 'ulin admini tration in
crea e ( timulate) th elab ration and 
relea of J lucaO'on by th pancrea (J 6), 
and it i depend nt upon the permi i\' 
effect of adrenocortico teroid for it 
O'lycogenolytic acti n (1). A ub tanc 
indi tingui habl fr m llucaO'on ch m
ically and phy iologica lly ha b en dem n-
tmted in the blood of man and do by 

l\Iakman, 1\1akman and u therland (17 ). 
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Plasma inactivate Glucagon in vitro, 
but, intere tingly, not in ulin, apparently 
through hydrolysi by the proteolytic 
enzyme plasmin (18). The basis, then, 
of rejecting the hormonal character of 
Glucagon rest almost entirely upon the 
lack of clear-cut clinical syndromes of its 
over- and lor under-production (2, 7, 24). 

Three principle actions of Glucagon 
have been worked out to date. The most 
important is the hyperglycemic effect 
which re ults from the activation of liver 
pbospboryla e and consequent stimula
tion of glycogenolysis within the liver. 
This, significantly, comes nearest to being 
a complete de crip tion of the ultimate 
mode of action of any hormone in the 
biochemical literature (18). This activa
tion of phosphorylase is, of course, similar 
to that of epinephrine, but, in contrast, 
is not blocked by ergotamine. As stated 
above, principal production of Glucagon 
is in the pancreas, with the , tomach and 
duodenum (but no other organs) a l 0 

implicated in , ome specie. This, of 
course, provides for the high levels of 
this rather quickly inactivated matcrial 
which can then be poured into the portal 
eirculation and, thence, into the liver. 
A periphcral action of Glucagon is not 
yet. "c lear-cut" (2); in fact, Rand le (20) 
found no effect, except from insulin con
taminants, upon the glucose uptake of 
isolated rat diaphragm. 

A :econd possible action of Glucagon 
i,' upon the renal tubule. Administration 
of the hormone causes an increase in 
odium, pota:sium, chloride, phosphate 

and radioacti\'e iodine excretion from the 
kidney (1:3). Foa et a l. (7), feel Glucagon 
might be of eonsiderable importance in 
the control of bodily levels of pota'sium, 
but admit that further work in this are~ 
lI eed, to be done. 

The thi rd principal action is the in
hibition of gastric motility and secretion 
\\'hich persi t, in distinction to the effects 
of insulin on the stomach after denerva
tion (13). 

p, YCHI.\TIU ' USI';S OF GLUCAGON 

I N INSULIN COMA THEHAPY 

Tmdifionally, the hypoglycemic coma 
induced by t he insulin has been termi
nated by the admini'iration of gluco 'e 
'olution intravenously, or by ga:tric gav-

age. The techn ical difficulties of these 
methods are well known to t hose who 
have worked directly with them; ho\y
ever, in 1957, Schulman and Grebell (22) 
first reported the use of Glucagon in the 
termination of insulin coma in a carefully 
conceived and executed study. It was 
given LV. or LM. (the former considered 
better by these workers), pmved to have 
no adverse genera I or local effects, and 
the dosage (most effective 0.2 mg Ikg 
body weight) was not dependent upon 
the amount of insulin which had been 
administered. The average awa kening 
time was about 15 minutes (cri terion : to 
the time glucose solut ion could be taken 
orally) in the 141 terminations of 11 
patients reported . The responsivenes' to 
Glucagon, in general, increased duri ng 
the course of t reatment. The average 
blood sugar level were 15 mg% before 
Glucagon and a maximum of 33.6 mg% 
afterward . The failures (criterion: more 
than 30 minutes for arousal) which oc
CUlTed were more frequent after spon
taneou convulsions. 

Esquibel, Kurland and Mendelsohn (6) 
gave 5 mg of Glucagon LM. to 13 patient: 
(5"*5 trials) in the third or fourth stages 
of coma (10) \\'i th comfortably good 
results. Again, the greatest number of 
failures (four out of a total of seven) 
wen~ in patients who had had spontaneous 
convulsions. These in vestigators felt that 
intramuscular administration was as good 
or better than intravenous or subcutane
ous routes, and found that hyaluronidase 
did not augment the Glucagon-effect. 
Braun and Parker (3) terminated 375 
comas (which they tried to limit to Stage 
II, but a lso included Stages III and IV) 
in 15 schizophrenics, and were ab le to 
reduce the dosage to 2.5 mg after initially 
using up to 5 mg. The Glucagon do age 
IVa not related to the patient' weight 
or to the amount of insulin received. 

Recent reports from the foreign li tera
tUl'C (8, 11) will not be l'e\'iewed here but 
indicate a widespread use of Glucagon in 
the termination of insulin coma, 

The administration of Glucagon, then, 
would seem to be an effective method 
for the termination of in ulin-induced 
hypoglycemjc coma. However, 11 few 
practical and thfloretical possible limita
tions should be mentioned here. The 
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duration of action (raising of blood 'ugar 
level ) is short ; therefore, the time in 
which a patient can respond and take 
oral fluids is not lengthy, 0 t hey mu t 
be admini tered appropriately, Th effeet 
of Glu agon on electrolyte excr tion a, 
mentioned above, may be of significant c, 
especially with regard to pota 'ium, in 
ome patients , This probab ly can b 

easily controlled with adequate dietary 
intake, and , if necessary, 'upplementary 
feeding of the appropriate ub tanc , The 
addition of potassium chloride to the med
ical regimen of all in ulin pati nt i 
routine in our unit, The majority of 
in ulin patients eat \I'ell 0 that the 
increa ed nitrogen 10 in the urine (13) 
i ' probably not of import!lnce, Tne 
adrenocortical activat ion (15) i , in all 
likelihood, not of sufficient extent and 
duration to be of great significance, 
Alterations in gastric motility and 'ec re
tion might influence rapidity of uptak 
of oral gluco 'e, but has not been a d ter
ring factor in our experience, and actually 
ha been helpful in po ibly decrea ing 
nau 'ea, Although unto\\'a rd a llergic and 
other reaction \I'ere not encountered in 
our \I'ork, hypoten ion ha been reported 
by Cadeton, Greben and Schulman (5) , 

Finally, a recent paper from Be -t's 
Laboratory (14) adds one po sibly im
portant consideration , The chronic ad
mini tration of Glucagon (1 mg b,i,d,) to 
9 ne\\'born rabbits for five to ix month 
resulted in the appearance of t\\'o reaction 
types, Five of the e animal developed 
diabete (blood 'ugar above 300 mg / 
100 ml and 15 to 45 gm ugar spillage 
in urine pel' day) \\'hich pel' isted in all 
but one of the group (spontaneou re
covery in 20 days in that one), When 
3 of these were killed and a utop ied, 
demonstrable atrophy of the pancreatic 
alpha cell was seen, The remaining 4 
rabbits developed only tran ient hypet'
glycemia to Glucagon injection and au top
'ies of 2 ho\\'ed beta cell hypertrophy in 
the pancreas, Admittedly, mol' work 
need , to be done on thi problem; ho\\,
ever, the e finding const itute a n c 'ity 
for caution, 

RESUL'I' 

1"rom April to October, 1959 (\\'ork till 
in progre ), 20 patient ha" e been 

treated 3]5 tim i::i,f u .. in rr (;]llcatroll. 
Dosage - The ran e lI'a 2 to 5 m ; 70 

being gi" n - m'g, intramu '(·ulad.\'. 
(Only on patiC'nt nC' dcd th(' additi nul 
1.\ . gluC'o 'c.) 

Time - For I' m·tion, 'llfficiC'nt for th 
pati nt to drink gluC'o 'e, \'[lri d from 
10 to 25 minute,; -1 % rC'ueted in [.') 
to 20 minutes. 

The median in 'ulin do ' for coma 
lI'a ' 1 LO unit " the l'aI)O' b in y -1:0 to 
2 0 unit" 

In laO tr atment', 11.3, 01' !) , 
taO' III and n ' \I'h('n t 1'-

mg, 
Blood Pota ium (normal 4: to .J m q) 

ranged fl'om 3,34 to 4, -() m q; aft 1', 

from 3, -5 to 5,36 m q, Th ranD' of 
change \I'a ' -0,64 t + 1.:3(j meq. 

Blood odium (normal 1-1:1 10 150 m q) 
howed "ery littl ('hal)O' b forE' and 

after all in th normal rang. In 
patient ', range befor \I'a 1:3,- t 153 
meq ; aft ", 1:3:3 to 1-0 m q, 
-:\0 cas of protraet d ('oma re 'ulted, 

One patient had u delay d 'h ck and \\'a ' 
a wa kened by additional lluea 'on , One 
patient required 1. \', rlue becuui::ie of 
nau ea, 

OXCLC I X ,\XO "C\DI,\RY 

Glucagon therapy " 'a ' utilized in :.0 
patient for u total 1':3 L - in 'ulin (' rna 
treatment, 

AlthouD'h the exuet natur of Glu 'n Oil 

i not knO\\'I1 , it app aI" t bah I'mone, 
It ha definite hyp I'glycemi(' qualiti s, 
po ibly \\'Ol'ki::i on th r nal tubule, and 
inhibit, ga'tri(' mot ility und ~e 'r tion , 
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In bringing patients out of insulin coma, 
it awaken, the patient sufficiently in 15 
to 20 minu tes so t hat he can drink glu
cose, ma king intravenous glucose injec
tion Ot' gay age unnecessary. No cases of 
protracted coma occurred. Delayed in
sulin shoc k can be t reated easily by a 
nurse by giving I. 1. Glucagon for oral 
feeding. 

ome studie' on the blood chemistl'y, 
before and after Glucagon was given, 
are reported. There are many problems 
which need to be worked out with this 
impor tant chemical as a research agent, 
and fur ther clinical application. 
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