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drugs did not raise the threshold, except in 
excessive doses which caused incomplete 
paralysis, or convulsions. With asympto- 
matic doses thresholds were unchanged or 
even decreased (possible excitatory action of 
anoxemia). These results did not support 
the claim that the curare group of drugs exert 
a central depressant action.5 

The beneficial effects of certain dyes on 
patients, reported by different authors," sug- 
gested studies of these agents, but trials with 
hematoxylin (1.5 g per kg), congo red and 
vital red (each 50 mg per kg intravenously). 
neutral red? phenol red and methyl red (each 
50 mg per kg intraperitoneally) resulted in 
no change in threshold. 

.-) Culler, E. A., Proc.. .l i t / .  P I / y s i d .  Soc.. l!U!). 
p. 56; Feitelberg, S., and Pick, El. P., PRO(:. SOC. 
EXP. BIOL. AND MED., 1942, 40, 654; IIarver, 
A. M., and Masland, R. I., J. Pharm. and E x p .  
Therap., 1941, 73, 304; Pick, E. P., and Unnn, K., 
J .  Pharm. and Exp. Therap., 1943, 83, 39. 

6 Cobb, S. ,  and Cohen, M. E., ,.1rcIi. .\-cto.ol. 
Psychiat., 1938, 40, 1156 ; Osgood, li., ant1 Nobin- 
son, L. J., Arch. Neurol. Psychiat., 1938, 40, 117s; 
Aird, R. B., Arch. Neurol. Psychiat., 1939, 42, T O O .  

Other agents which were found to be with- 
out anticonvulsant activity were ammonium 
thiocyanate (0.1 g per kg gastrically), mag- 
nesium sulfate (0.7 g per kg intraperitoneal- 
ly), theophylline sodium acetate (50 mg per 
kg hypodermically) and glutamic acid (0.1 
to 0.2 g per kg hypodermically). Voluntary 
drinking of dilute acid (0.5% HCl) and of 
dilute alkali ( 1 % NaHC03 or 0.01 % XaOH) 
for 6 days, in place of drinking water, also 
proved ineffective. 

-4 decrease in threshold of about 30% 
was obtained by depriving rats for 6 days of 
either water or food or both. 

Over 400 tests were made in 
210 animals with 23 different agents on the 
threshold for electrical convulsions, chiefly 
in white rats: a few in rabbits. Of 3 new 
hydantoins studied, di-isobutyl-hydantoin 
was the most promising, being somewhat 
comparable to sodium diphenylhydantoin in 
high doses. Among the ineffective agents 
were 4 drugs of the curare group, alleged 
central depressants, and 5 different dyes, in- 
cluding hematoxylin and vital red, alleged 
an tiepileptic agents. 

Summary. 

15759 

Isopropyl Alcohol, Other Ketogens, and Miscellaneous Agents on Thres- 
holds for Electrical Convulsions and Diphenylhydantoin 

ROBERT L. DRIVER. 
From t h e  Department of Pharmacologg and 3'lmwpeutics, Stanford University School of 

Metlici?ic, S ( i i /  k'rtiticisco, Calif. 

The efficacy but impracticability of a 
ketogenic diet in the treatment of patients 
subjected to epileptic seizures suggested the 
use of products of fat and carbohydrate 
metabolism and related compounds. With 
this in mind, the following experiments were 
carried out. 

Method. Clonic (epileptiform) convul- 
sions were produced by passing an electric 
current for 10 seconds through the brains of 
white rats, according to a technic described 
in detail by Tainter and associates.' -4 

summary of the essential features of this 
method, adapted to rats, is given in a previ- 
ous paper by Chu and Driver,? and need not 
be repeated here. 

The control threshold, which ranged from 
6 to 16 milliamperes (m.a.) (average, 8 m.a.), 

1 Tainter, M. L., Tainter, E. G., Lawrence, W. S., 
Seuru, E. N., Lackey, R. W., Luduefiil, F. P., 
Kirtland, H. B., and Gonzales, R. I., J. Phnrnl. clnd 
ESP. Therap., 1943, 79, 42. 

2 Chu, W. C., and Driver, R. L., PRW. SOC. ESP. 
HIOL. AKD MED., 1947, 64, 245. 
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TABLE I. 
Tsopropyl Alcoliol and Kctogcns 011 Tliresholds for Electrical (‘onvulsions and I)i~)i~cnylhydantoin. 

Mean 
Route of IIr change in S.E. of h v g  incr. in 

S o .  of DOSC, :irliniuis- beforc tliresliold, mean, threshold, 
(’oln~~oulldQ rats mg/kg tiation? test ma.$ m.a.$ % 

7 ’  .. 9 ,  

? 7  

7 .  7 7  

9 ‘  7 7  

, *  7 ,  

.. 

.. 

+ ethyl :ilcoliol 

+ isopropyl alcohol 
Sodium diphcn~ll iyd:~i i toi~i  

~ 

1 + 4.4 
4 + 1.2 
1 + 7.3 
1 + 1.6 
1 + 4.4 
1 + 2.8 
1 + 3.2 
1 + 7.2 
2 + 4.8 
4 + 7.0 
1 + 2.8 
1 + 4.8 
1 + 6.0 
1 + 0 
2 + 1.3 
1 + 1.0 
1 + 3.3 
2 + o  

2 + 1.0 
2 + 2.0 
1 + 4.4 
1 
1 +12.2 
1 

2 0 . 8 0  
2 0 . 5 3  
2 0. (i 0 
20 .75  
20.82  
20.80 
21.10  
2 0 . 8 5  
20.62 
2 1.40 
k 0 . 8 7  
20 .51  
+O.G5  
20.85 
2 0 . 5 3  
20 .50  
+O.GO 
+_O 
20 .45  
2 0 . 7 0  
20 .42  

22.02  

~ 

46 
14 
8 i  
15 
41 
26 
2G 
82 
57 
75 
32 
55 
71  

0 
13 
10 
41 

0 
11 
23 
40 

115 

’ .In insoluble conil)ound was :idmiiiistc>rcd ;is a suspension or cwiulsioii. 
t G-gastrieally ; 1 V--intr:ivc~~ously : I M-iiitmmuscularly. 
: 2 rats died. 

Mi11i:iinpcrcs. 

was established for each rat at  least 4 days 
before testing the effect of a compound. The 
substance was administered at  a given time 
before the test, and the threshold redeter- 
mined. The difference in the thresholds so 
obtained was taken as a measure of the ef- 
fectiveness of the medication, and, because 
of individual variations, had to exceed 10% 
to be considered significant. Food was with- 
drawn from all animals the night before the 
day of the test. The results (average 70 
changes) including the standard errors 
(S.E.), with a number of positive agents 
and combinations are given in Table I. A 
total of 265 rats was used, in groups of 5 
for each agent or combination in the ma- 
jority of tests. 

Isopropyl Alcohol and Other Ketogens. 
The results in Table I indicate that a num- 
ber of compounds excelled sodium diphenyl- 
hydantoin as an anticonvulsant. Of par- 
ticular interest were the compounds closely 
related to acetone in chemical structure. Of 
these, isopropyl alcohol, which exerted a tre- 

mendous anticonvulsant effect without ataxia 
or narcosis, proved to be one of the most 
promising. The dosage used, Le., 1250 mg 
per kg, was only about one-fourth the an- 
esthetic dose. The animals were somewhat 
quieter than normals, but their reflexes and 
voluntary locomotion were preserved. Three 
months later all wer,e alive and in good con- 
dition. The safeness of this agent for oral 
use has been reported by Harris3y4 Bough- 
ton,5 comparing the relative toxicity of ethyl 
alcohol and isopropyl alcohol in rats given 
5% solutions of these alcohols for 9 months, 
concluded that isopropyl was only slightly 
more toxic than ethyl alcohol. Lehman and 
Chase,G studying the acute and chronic tox- 

3 IIarris, L. E., Dnig un47 Cosmetic Iiid., 1944, 

-i l h r r i s ,  T,. E., J .  Am.  Phamnreirticnl Assn., 

5 Bougliton, L. L., J. Am. Pliamaacezctical Assn., 

GLehman, A. J., and Chase, H. F., J .  Lab.  ctnd 

84, 44. 

Prnct .  Pliarm. Ed., 1944, 5, 38. 

1944, 33, 111. 

Cliii .  Mcd., 1944, 20, 561. 
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icity of isopropyl alcohol given to. and drunk 
voluntarily by rats reported 110 e\-idence of 
delayed toxic effects and no suggestion of 
harmful intermediate products, while the 
acute effects were similar to those of ethyl 
alcohol. These reports are typical of many 
on the toxicity of isopropyl alcohol. lts 
superiority to ethyl alcohol as an anticon- 
vulsant is, according to biochemical evidence, 
probably due to its partial transformation 
to acetone in the b ~ d y . ~ - - l '  This may also 
be the explanation of the beneficial effects 
of a ketogenic diet in epileptics, although, of 
course, the ultimate mechanism remains un-  
solved. 

Beta-hydroxy-bu tyric acid and ace toacet ic 
acid were not tried, but diacetone alcohol* 
(4-hydroxy-2-keto-4-niethylpen tane) and d i- 
a c e t o n e glycol* (2,4-dih-dro?<\i-4-1iiethyl 
pentane) were quite effective. while ethyl 
acetoacetate was slightly so. The difference 
in activity between isopropyl alcohol and 
acetone was possibly due to differences i n  
rate of absorption and excretion.? Acetone, 
after 4 hours, caused only a small increase 
in the threshold, presumably because this 
agent was rapidly eliminated from the body 
due to its volatility. The positive effect of 
isoprophyl bromide could conceivably have 
been due to 2 things: ( 1 )  liberation of 
bromide and ( 2 )  formation of acetone. 
Acetophenone was quite effective but was too 
toxic because it caused fatalities. Aside from 
acetophenone, in this group of ketogens, only 
diacetone alcohol caused demonstrable ataxia. 

Isopropyl Alcohol and Diphenylhydantoin 
Combined. Since the available evidence fa- 
vored isopropyl alcohol as the least hazardous 
and most desirable of all the agents tested, 

7 Kcmal, H., Bioche?)r. %., 192i, 187, 461. 
Keinal, H., Z .  ph?ysiol. Clwni . ,  1937, W 6 ,  59. 

9 Ncymark, M., Scand. Arc7i. Phgsiol., 1938, 78, 

10 Morris, JI. J., and Lightbody, IT. D., J .  IiitZ. 

11Leliman, A. J., PROC. SOC. ESP. RIOT.. -\st) 
MED., 1946, 62, 232. 

* Tliese and some other related agents w r ( ~  
sup])lic~l by the Shell Devclopinent Co., Emcryvillc, 
Calif. 

242. 

Z 1 ~ g .  and Tox. ,  1938, 20, 428. 

i t  was tried in combination with diphenyl- 
tiydantoin. .A greater effect than summation 
of activity, perhaps a sensitization, was ob- 
tained by combining sodium diphenylhydan- 
toin in doses of 40 mg per kg with isopropyl 
alcohol, given gastrically, because diphenyl- 
hydantoin itself caused no significant increase 
i n  threshold, while the combination of the 
2 drugs exceeded considerably the depression 
caused by isopropyl alcohol itself (Table I).  
Ethyl alcohol, combined the same way, only 
moderately exceeded the threshold for the 
alcohol itself, thus indicating that isopropyl 
alcohol was more specific in this respect. 
Here again, raising of the cortical threshold 
with the combinations of isopropyl alcohol 
and diphenylhydantoin occurred without 
deiiionstrable evidence of ataxia or narcosis, 
and all the animals recovered. It is sug- 
gested that the isopropyl group (or isopro- 
panol), in view of its relative nontosicity 
and close correlation with the ketopenic 
mechanism, would seem to offer possibilities 
for developing new, or improving old, anti- 
epileptic agents. 

Incf fcc t iw -4gents. The following coni- 
pounds were found to be ineffective: the 
s ugareglucose,  fructose, galactose, sucrose 
and triose (each 1.5 g per kg) ;  the organic 
ac i ds-lac t ic , py ruv ic, acetic, prop ionic , 
butyric, palmitic, citric, malic, succinic, 
malonic and fumaric (each 0.5 g per kg);  
iodoacetic acid (0.02 g per kg) ; the alcohols- 
butyl, isobutyl and isoamyl (each 1.25 g per 
kg) ;  insulin (2.5 units per kg), isopropyl 
ether and ethyl acetate (each 1.25 g per 
kg). ,411 these agents were given gastrically, 
except insulin and iodoacetic acid, which were 
injected hypodermically. 

The majority of certain coin- 
pounds tried, and related in chemical struc- 
ture to acetone? particularly isopropyl al- 
cohol, were found to raise considerably the 
threshold for electrical convulsions in rats. 
Isopropyl alcohol increased the cortical de- 
pressant efficiency of diphenylhydantoin 
without demonstrable motor depression or 
narcosis. Some other alcohols and certain 
sugars and organic acids were ineffective. The 
possible significance of the isopropyl group 

Summary. 
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(or isopropafiol) for benefits from ketogenic 
agents in epilepsy and for developing new cussed. 

or improving old antiepileptic agents is dis- 
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Hydropic Changes in Pancreatic Ductules and Islets in Alloxan Diabetes 
in the Rabbit.* 

G. LYMAN DUFF, GARDNER C. MCMILLAN,~ AND DONALD C. WILSON. 
(Introduced by J. B. Collip.) 

lq'?*oin t he  Departirrea 1 o f  P(i thology,  Pntliological I?istitzctc, McGill University. 

Several investigators have described hy- 
dropic degeneration of the pancreatic islets 
and ductules in dogs rendered diabetic by 
partial pancreatectomyl?' and by anterior 
pituitary extracts."-" In dogs made diabetic 
b- alloxan, hydropic degeneration of islet 
cells has not been observed even in the pres- 
ence of extreme vacuolation of the epithelium 
of the intralobular pancreatic ducts." Hy- 
dropic changes have been observed in the 
islets of cats that had become diabetic fol- 
lowing partial pancreatectomy' or treatment 
with anterior pituitary extract' but the 
pancreatic ductules were not affected. While 
such alterations in occasional islet cells have 
been described in rabbits treated with al- 

~ 

This 1voi.k i w s  :issistd 1))- graiits-iii-aid from 
tllc ('oopcr F u ~ d  of tlw F;iculty of Ncdic.ine, 
JIcGill I'iiiversity, and f r o m  tlic S;itioii.iI Hc- 
s i ~ i  n , l i  (."ouiic i I ,  (':I na da . 

t 3Iedic:il Rrsenrcli I J ~ l l o w  of tltc S : t t i o ~ t n l  Rc- 
sc:i rc 11 Council, Canada. 

1 Alleu, I!. If., Studies  Cotrccrnitcg Glycosuricc 
trirtl l)icthcfe.s, Cambridge, M:iss.; H:irvard Viiiv. 
Pt.css, 1913: J .  Metab. Res., 1922, 1, 5 .  

2 Hoiiiaiis, J., Proc. Rog.  Soc.,  Lo?~clo?i, Ser. 13, 
1913, 126, i 3 ;  6. Mecl. Res., 1914, 30, 49; J .  Metl. 

s Richardson, K. C., Pro(.. Koy. Soc., Lo?wlo?i, 

4 11:11ii, A .  IY., aiid IIaist, R. E., Ant. J .  Path., 

Doliaii, F. C., Fish, C. A., and Lukcns, P. D. IY., 

G CSoldiic.r, 11. G.: and Goniori, G., Eiitioerinology, 

7 I.ukeiis, F. D. W., and Dohan, F. C., Endo- 

x c , v . *  1913, 33) 1. 

PcI.. H, 1939-40, 128, 153. 

1941, 17, T87. 

l,'irtloc.ri,tolo.qy, 1941, 28, 341 b. 

2943, 33, 2 9 i .  

loxanst9 the duct epithelium is said to re- 
main normal.1° The only description of al- 
terations in the epithelium of pancreatic 
ductules in diabetic rabbits is that of 
Ogilvie'l who found slight vacuolation of 
the lining cells of "newly formed" intralobular 
ducts in 1 of 28 rabbits treated with anterior 
pituitary extract. I t  is interesting, there- 
fore, to report a high incidence of moderate 
to extreme hydropic degeneration of both 
the ductules and islets of the rabbit's pan- 
creas following diabetes of long duration in- 
duced by alloxan. 

Materials and Methods. Each of 56 white 
domestic rabbits obtained from several dif- 
ferent dealers received intravenously 2 0 0  mg 
of alloxan (Eastman) per kg of body weight 
in a 5% aqueous solution. They were treat- 
ed with protamine zinc insulin and glucose 
for a period of not more than 14 days fol- 
lowing alloxan injection. In  all of these 
animals and in a control group of 26 un- 
treated rabbits, repeated determinations were 
made of fasting blood sugar and urinary sugar 
and acetone. Surviving animals of the ex- 
perimental group were killed with correspond- 
ing control animals a t  various intervals up 
to one year after injection of alloxan. 

Observations. Of the 56 rabbits treated 
with alloxan, 53 became persistently diabetic 
- - - - - - - - _ _  

8 B:iilcy, 0. T., Bailey, C. C., and Hagnn, W. H., 

Kcnncdy, W. R., and Lukens, 1'. D. W., PRO('. 

10 Duffy, E., J .  Pntli. n?id Rnct., 1945, 57, 199. 
11 Ogilric, R. F., J .  Pntli. and Bnct., 1944, 56, 

A T I L  J .  A l l ~ t l .  SC., 1944, 308, 450. 

SOC.  ISXP. RIOI,. AND ACED., 1944, 57, 143. 


