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Cuanidine Retention and Calcium Reserve as Antagonistic Factors 
in Carbon Tetrachloride and Chloroform Poisoning. * 

A. S .  MIXOT AND J. T. CUTLER. (Introduced by Paul D. Lamson.) 

From the Department of Plharmwology, Vattderbilt University, School of 
Medicin.e. 

.An earlier note’ reported the rather empirical observation that 
dogs on a lean meat diet can 1)e made either highly resistant or sus- 
ceptible to carbon tetrachloritle intoxication by adding or withhold- 
ing calcium salts for a few (lays previous to the administration of 
carbon tetrachloride. Furthermore calcium therapy was found 
highly effective in the treatment of cases of poisoning. 

The intoxication produced in susceptible dogs was described in 
the earlier note and is characterized by gastro-intestinal irritation, 
nervous disturbances and convdsions, followed by yveakness, de- 
pression, and death. There is a retention of bile pigments in the 
blood and a hypoglycemia which usually becomes extreme before 
death and which seems in most cases to be the immediate cause of 
death. The level of total calciuni in the blood is usually within 
normal liniits, nevertheless either a lack of or excessive demand for 
calcium ions seems to be indicated by the relief affordecl by the fur- 
nishing of extra available calciuni. It was a t  first suggested that a 
depression of ionized calcium tlue to coni1)ination with bile pigments 
might account for the apparent calciuni lack. This is probably one 
factor in the need for extra calcium, but further work has indicated 
that it is probably not the only or even the inost important factor. 

A similar toxic picture can be produced by the administration of 
guanidine compounds. Following subcutaneous doses of 250 mgm. 
of guanidine hydrochloride per kilo body weight, dogs show fibril- 
lary twitching of muscles, tetanic convulsions, gastro-intestinal irri- 
tation with bloody vomitus and diarrhea, with usually a period of 
extreme depression and weakness for some time before death. which 
occurs 12 to 15 hours after the tlrug is injectect. Four or 5 hours 
after the guanitline is administered there is a marked fall in blood 
sugar arid the hypoglycemia lxxoines extrenie tinless a diet very 
rich in calcium and car1)oliydrate has k e n  ied for sonle time pre- 

* This iiivestigation is OIW of :t w r k s  of studies being made under the direc- 
tion of Dr. P. I). h m S o I 1  011 tlw ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ I o ~ ~  mid toxidcology of carbon tetra- 
chloride. Thc work i R  hcing c*:rrricd 011 with the support of the International 
IIealth Board. 
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ceding the experiment. In this intoxication as well as in carhon te- 
trachloride poisoning, relief is afforded by the prompt intravenous 
administration of calcium salts. 

Further evidence of a more fundamental similarity in the 2 condi- 
tions was furnished by the determination of guanidine in the blood 
of large numbers of animals. A carefully controlled adaptation of 
the method for guanidine determination described by Major and 
Weber'v was used. Guanidine and sugar determinations were made 
on samples of blood taken before and at intervals after the admin- 
istration of the toxic drug in the following types of intoxication: 
I. Following the oral administration of 4 cc. CC1, per kilo to dogs 
on the following diets : ( a )  on a diet of meat without extra calciuxn ; 
(b) on a diet of meat with extra calcium; (c)  on a diet of bread 
and milk. 11. Following the oral administration of 4 cc. CCI, per 
kilo + 4 cc. alcohol per kilo to dogs on the diets described above. 
111. Following the inhalation for 1% hours of chloroform vapor of 
a concentration sufficient to maintain complete anesthesia. IV. Fob 
lowing the subcutaneous administration of varying doses of giiani- 
dine hydrochloride. 

From these studies it was found that both carbon tetrachloride 
and chloroform cause some interference with normal metabolism 
which results in a tendency for guanidine to accumulate in the Wood. 
Until more is known of the origin and normal disposal of guanidine 
nothing definite can be concluded regarding the site or nature of this 
interference. From the similar effects produced by 2 well known 
liver poisons one is tempted to attribute the disturbance to  a failtire 
on the part of the damaged liver to contribute some necessary step 
in normal metabolism. This point has, however, not yet been 
proved. I t  seems probable that precursors of guanidine are abun- 
dant in meat since the increase in guanidine following the aclmin- 
istration of carbon tetrachloride is largely avoided i f  the animals are 
fed a bread and milk diet. There is also, however, an endogenous 
source of guanidine because in the more severe intoxications pro- 
duced by giving alcohol with carbon tetrachloride and by chloro- 
form there is an accumulation of guanidine even when meat is not 
eaten. 

Within a few hours after an appreciable increase of guanicline in 
the blood the typical symptoms described above appear and there is 
a fall in blood sugar. The hypoglycemia is more extreme and rwal- 
ly proves fatal in the animals on a low calcium diet. The difference 
in the severity of intoxication in the high and low calcium groups 
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on the meat diet seems to lie in  the difference in the severity of the 
subsequent hypoglycemia rather than in the concentrations of guani- 
dine in the blood. Further evidence that the additional dietary cal- 
cium is responsilde for the av idance  of dangerously low blooa 
sugar levels was f uriiishecl 1)). other experiments in which rapidly 
falling sugar levels were restored and niaintained at a safe level by 
the administration of calcium salts. This effect on blood sugar is, 
however, not the oiily hasis for the relief afforded by calcium he- 
cause when a nornial blood sugar level is maintained by the adminis- 
tration of dextrose the neryous syniptorns persist unless calcium is 
also given. 

The more severe i 1 it o s i ca t io 11 1) ro duced I;>- car b :J 11 tetrachloride 
given with alcohol, or by chloroiorm, apparently do not differ qual- 
itatively from that produced hy carbon tetrachloride alone. There 
i s  a higher and more rapid rise iii guanidine in the blood which oc- 
curs to sorile extent even \vheii tiittat is not eaten. 1 his rise is soon 
followed I by severe hypoglyceniia aiicl death. Calcium has the same 
antagonistic action ]:ere a s  in c;iFes oi carlmn tetrachloride poison- 
ing, though iii these cases the need is more iniperative. Rtere pre- 
liminary feeding of a high calcium diet is usually inadequate to pre- 
vent serious symptoms of intoxication. When calcium feeding is 
supplemented by persistent calci iim atid dextrose therapy marked 
temporary relief is afiorc!cd and permanent cures can often be ef- 
fected unless gastro-intestinal hemorrhages become uncontrollable. 

Of most importance in establishing a causal relationship between 
the symptoms seen in any of the cases just described and the ob- 
served concentrations of guanidine in the blood are the results ob- 
tained from the group of animals receiving panid ine  hydrochloride. 
When similar syniptGms were 1)roduced quite comparable concen- 
trations of gtianidine were fouiid in the blood whether the drug ad- 
ministered to produce the intoxicatim was carbon tetrachlorick, 
chlo ro for ni, or guaiii cline hydrochloride. 

The reas{oii for the protective and curative action o i  calcium 
salts reported in our earlier paper’ is apparently due to the antago- 
nism between calcium ant1 the guaiiitline which tends to accumu- 
late in the blood. Practical suggestions for the safe use of carbon 
tetrachlori(!e \voulcl, therefore, emphasize both the advisability of 
avoiding meat, ant1 of furnishing adequate dietary carbohydrate and 
calcium for several days before atid after the adniinistration of the 
drug. Should cases of intoxication occur calcium and dextrose 
therapy would 1~ indicated and in our work with dogs has proved 
very effective. 
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