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Excretion of Coproporphyrin in Rats Developing Acute Massive Hepatic 
Necrosis.” (17432) 

-4. J. GREENBERG AND F. W. HOFFBAUER (Introduced by C .  J. Watson) 
From the Department of Medicine, University of Minnesota Medical School, Minneapolis, Minn. 

Massive hepatic necrosis in rats maintained 
on diets low in sulfur containing amino acids 
has ;been well described by Himsworth and 
G1ynn.l This is a rapidly fatal disease which 
appears suddenly in a hitherto healthy a n i d .  
The lesion has been produced by feeding diets 
deficient in cystine and methionine where all 
oaf the nitrogen was supplied by other amino 
acids? Hock and Fink* and Himsworth and 
Glyn l  regularly observed hepatic necrosis on 
diets containing yeast as a sole source of pro- 
tein. Recently Gym& has described the 
regular production of this lesion when a cer- 
tain #type of yeast was employed as the pro- 
k in  source. The suddenness with which ill- 
ness and death appear in such animals has 
been well d~curnented~.~ and no satisfactory 
biochemical means of p ~ ~ d i ~ t i ~ ~ g  the onset of 
this lesion h v e  been described. The present 
sbudy was undertaken to determine whether 
or not an increase in the urinary excretion 04 
cqropsrphyrin might herald the development 
of massive hepatic necrosis. 

The urinary excretion of coproprphyrin in 
Ever disease has been discussed in recent re- 
v i e w ~ . ~ * ~  An increase of urinary copropor- 
phyrin is frequently regarded as a wmitive 

*This investigation was supported in part by 
the Commission on Liver Disease, of the Army 
Epidemiological Board, Office of the Surgeon Gen- 
eral, Washington, D.C. 

lHimsworth, H. P., and Glynn, L. E., Clin. 
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2Glynn, L. E., Himsworth, H. P., and Neuber- 
ger, A., Brit. J .  Exp. Path., 1945, ;aS, 326. 

3Hock, A., and Fink, H., 2. Physiol. Ckem., 
1943,274, 187. 

4 Gyorgy, Paul, Liver Injury, Transactions of 
the Eighth Conference, Josiah Macy Jr., Founda- 
tion, New York, 1949, in press. 

EHimsworth, H. P., The Liver and Its Diseases, 
Oxford, 1947, Blackwell Scientific Publications. 

6Dent, C. E., and Rimington, C., Biochem. J., 
1947, 41, 253. 
7 Dobriner, K., and Rhoads, C. P., Pkysiol. Bev., 

1940,!2Q, 433. 

index of liver functional impairment. Clinical 
applications have been. recently described by 
Watson and his associatesQ with particular 
reference to the distribution of the ‘type I 
and type I11 isomer. 

Glynn, Himworth and Neuberger2 stated 
that in the course of their studies on massive 
hepatic necrosis, the urines from certain 
groups of rats had been examined for por- 
phyrhs. No significant increases were found; 
the actual values obtained were not presented. 
Dent lad Rimington,6 during their attempts 
to produce acute hepatic necrosis, observed 
the rapid development of porphyrinuria in 
rats fed a diet which indudd oxidized casein. 
Although the diets were devoid of mlethionine 
and contained very little cystine, the rats 
failed to develop acute necrosis of the liver. 
This study, however, left unanswered the 
question raised above, viz: whether a height- 
ened excretion of coprqmrphyrin might pre- 
cede the #manifestations of massive liver ne- 
crosis. 

Methods. The diet mployd in this ex- 
peniment was identical with those employd 
by Gyorgy.4t The composition of the diet 
was powdered yeast,$ 18%, cornstarch, 79% 
and salt mixture, 3%. Each animal received 
8 g of the mixture per day. Each daily por- 
tion was supplemented with 0.5 cc of peanut 
oil and 2 drops af cod liver oil. Daily, each 
rat received 1.0 cc of a solution containing 
thiamine chloride 20 7, calcium pantothenate 
100 7, pyridoxine 20 y and riboflavin 25 y. 

The rats were maintained in individud 
cages. Weights were recorded once each week. 

8 Watson, C. J., and Larson, E. A., Physiol. Reu., 
1947, 87, 478. 

Q Watson, C. J., Hawkinson, V., Capps, R. B., 
and Rappapsrt, E. M., J .  Clin. Invest., 1949, 28, 
621. 

t The initial supply of yeast employed in these 
studies was made available to us by Dr. Gyorgy. 

$ ‘‘Kiln dried baking yeast,” United Yeast Go., 
Ltd., 241 City Road, London E.C.I. 



,362 COPROPORPHYRIN EXCRETION IN HEPATIC NECROSIS 

Food was supplied: in weighed amounts, every 
2 days and water was allowed freely. Urine 
and feces collections were made for 48 hour 
periods at  various intervals during the course 
of the study. During the collection period 
the rats were housed in individual plastic 
cages with gllaass rod bottoms. These cages 
were suspended over large glass funnels with 
5 cm openings a t  the tapered end. Satisfac- 
tory separation of urine and feces, with little 
or m contamination, was accomplished by 
means of a specially devised glass tube at- 
tached to the lower end of the funnel. This 
successfully collected the urine at  the side. 
wherle it drained into a tube, and permitted 
the feces to drop straight through into a 
separate container. The precaution of em- 
ploying only glass and plastic in these devices 
was deemed necessary to prevent any contact 
of the urine with metal. We have noted the 
formation of metal porphyrin complexes dur- 
ing 'other studies when metal cages were 
employed, as have others also.G The collec- 
tion periods were interrupted for 60 minutes a t  
'the end of the first 24 hours to permit feeding. 
An average of 3 to 5 cc of clear urine was 
obtained during each 24 hour period from 
rats weighing 40 to 90 g each. The sides of 
the funnels were washed down with 10 cc of 
water at  the end of each collection period. 
The urine plus the washings were then re- 
frigerated. The coproporphyrin analyses were 
carried out on the total 48 hour urine and 
fecal collections within 12 hours of the final 
collection time. 

The estimation of the fecal coproporphyrin 
was conducted according to the method of 
Schwartz and Zagaria.lo This method was 
slightly modified to permit its use in the 
analyses of the urine samples. During the 
analyses of both urine and feces, the initial 
5% HCl samples were each diluted to 0.4% 
and extracted exhaustively with chloroform 
to remove proltoporphyrin and deuteropor- 
phyrin. The completeness of the separation 
04 the copropqhyrin from these two por- 
phyrins was checked by examining the chloro- 
form washings under the ultra-violet light. 

10 Schwartz, S., and Zagaria, R., Metallurgical 
Laboratory Report GH-3600, Chicago, 1946. 

The coproporphyrin was quantitated by read- 
ings in the fluomphotometer (Lumetron) us- 
ing a solution of 1 pg of mprsporphyrin per 1 
cc $as the standard reference. 

Estimation of ;the coprqorphyrin isomer 
content was performed by pooling the 1% 
HCl fractions ,from 3 urine or 3 fecal collec- 
tions. Procedure B of the method described 
by Schwartz and his co-worked1 was em- 
ployed for the determination of the percenu 
tage of isomer I and 111. 

R eszrlt s. Eqenimental observations were 
made on! 21 rats whose initial weights ranged 
from 36 to 88 g. The data obtained is 
summarized in Table I. Fourten of the rats 
died spontaneously between the 30th and 
12 5 th day, Each oi lthlese animals exhibited 
the characteristic gross and microscopic find- 
ings of acute massive hepatic necrosis as de- 
scribed and illustrated by Himsworth.5 Rep- 
resentative specimens are shown in Fig. 1 and 
2. In  most instances the rats were found 
dead; in a few instances the abrupt ch8ange 
from an apparently normal healthy status to 
a moribund one was observed in a matter of 
a foew hours. Occasionally convulsions pre- 
ceded death. No attempt was made to ad- 
minister glucose solution, though hypgly- 
cemia has not been excluded as a possible 
cause oif the terminal convulsive seizures. 

The remaining 7 animals were sacrificed 
after 41, 51 and 59 days as shown in Table I. 
I n  no instance in this group was it possible to 
detect gross or microscopic changes in the 
liver. 

The data relating to the urinary and fecal 
coproporphyrin excretion is shown in Table 
I. Because of other experiments it was not 
possible to house (the animals in the special 
collecting chambers all of the time; mndom 
samplings were therefore obtained. Control 
values for 48 hour collections of urine and 
feces in 6 rats mahtained on a diet of fox 
chaw just before th9e start of this experiment 
are shown in Table I. An additional 6 rats 
of similar weight and maintained on a similar 
control diet revealed urinary values of 4 to 
20 7 of coproprphyrin and fecal values af 

11 Schwartz, 8., Hawkinson, V., Cohen, S., and 
Watson, C. J., J.B.C., 1947, 1623, 133. 
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FIG. 1. 
Gross appearance of rat  liver showing massive 

hepatic necrosis as contrasted with unaffected 
experimental animal and a normal control, photo- 
graphed after 4 hours fixation in formalin. The 
dark areas in  the right hand specimen represent 
extensive areas of hemorrhagic necrosis (rat  56, 
death ‘on 41st day). The center specimen (rat  51, 
sacrificed on 41st day) revealed no evidence of 
necrosis. The specimen to the left was taken from 
a normal animal of similar weight. 

6 #to 13 y for 48 hour periods. 
It is apparent from these data that no sig- 

nificant increases in the urinary excretion of 
coproporphyrin occurred in these animals. 
Rat 56 died suddenly duping the second 24 
hours of the collectionl period. The urinary 
and fecal values obtained during the first 
period (Table I) were not elevated. Estima- 
tion of the copropoTphyrin isomer content was 

made in pooled samples of the material under 
study. Eighty (to 90% of the coproprphyrin 
present behaved as the type I11 isomer by 
the differential precipitation ‘Yluorexence 
quenching” technic.ll A similar finding was 
noted in urine and fecal samples from the 
normal rats. 

As has also been noted by othms,2s6 a few 
of the lmimals in this study exhibited traces 
of bilirubin in the urine one or two. days before 
death but this was not commlon or constant. 
No increases in urolbilinogen were observed; 
urinary amino acid excretion was not studied. 
A few specimens of urine were examined for 
tihe presence of homogentisic acid with nega- 
tive results. The presence of (this or a clowIy 
related substanoe in the urine of rats develop- 
ing hepatic necrosis was obsietwed by Glym, 
Himsworth and Neuberger.2 This occurred 
in rats fed an amino acid diet deficient in 
cystine and methioninle. The question as to 
whether or not not renal damage might have 
prevented the excretion of pathological 
amounts of coproporphyrin m y  be raised. 
Histol~ogically the kidneys of these ani$mals 
appeared normal. 

The excretion of excessive amounts of copro- 
porphyrin I11 in the urine of humans is a 

FIG. 2. 
Photomicrograph, liver, ra t  56, areas of necrosis in contrast with 

In  most sec- normal appearing liver cells, are shown in this section. 
tions, the areas of necrosis are more extensive. (H and E X 125) .  
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frequent accompaniment of chemical or heavy 
mletal toxicity, with or without evidence of 
hepatic functional impairment.8!9 The failure 
to observe excesses in this experiment is in 
better agreement with the (belief that the acute 
massive hepatic necrosis is not due to a 
chemical or poison. The histologic appearance 
olf these livers suggests that the lesion de- 
velops very rapidly since there appears to be 
little evidence of antmedent damage as judged 
by infiltration or any attempt a t  a reparative 
process . 

Summary. 1. Thle urinary and fecal excre- 
tion of coproporphyrin was studied a t  varying 
intervals in 2 1  young rats mainltahed on a 

diet containing 18% yeast as a source of pro- 
tein. 

2. Fourteen of the rats died suddenly be- 
tween the 30th and Ithe 125th day of acute 
massive hepatic necrosis. The goss and mi- 
croscopic findings were identical with those 
described by Himsworth as characteristic olf 
this lesion. 

3. No significant increase in the emretion 
olf copmporphyrin was observed during the 
course of these experiments. This is believed 
to minimize the likelihood of chemical or 
metal toxicity as the m w  of the necrosis. 

Received September 1, 1949. P.S.E.B.M., 1949, 78. 

Comparative Effect of Aureomycin and Chloromycetin on Psittacosis 
Infection in Chick Embryos.” (17433) 

E. BUIST WELLS+ AND MAXWELL FINLAND 
From the Thorndike Memorial Laboratory Second and Fourth Medical Services (Harvard) Boston 

City Hospital, and the Department of Medicine, Harvard Medical School, Boston, Mass. 

Aureomycinl and chlorornycetin2$3 are anti- 
biotics which have a similar spectrum of ac- 
tivity that includes many bacteria, rickettsias 
and viruses of the psittacosis-lymphopu- 
loma venereum group. With respect to psit- 
tacosis, Wong and Coxl t o u d  aureomycin to 
be highly effective against infection1 of em- 
bryonated hen’s eggs with the 6BC sitTain, andl 
Smadel and Jackson,5 using the same strain, 
demonstrated similar bendcia1 effects from 
chloromycetin. The conditions of the experi- 
ments of these 2 groups of workers, however, 
were not entirely comparable. I t  seemed of 

* Aided by a grant from the United States Pub- 
lic Health Service. 

t Research Fel1,ow in Virus Diseases, National 
Research Council. 

1 Duggar, B. M., and others, Ann. N .  P. Acad. 
Sci., 1948, 51, 175. 
2 Gottlieb, D., Bhattacharyya, P. E., Anderson, 

H. W., and Carter, H. E., J .  Buct., 1948, 55, 409. 
a Smith, R. M., et  al., J .  Bact., 1948, 55, 425. 
4Wong, 8. C., and Cox, H. R., Ann. N .  P. Acad. 

5 Smadel, J. E., and Jackson, E. B,, Science, 
Sci., 1948, 51, 290. 

1947, 106, 418. 

interest, therefore, to make a direct compari- 
son of the effects of these 2 agents under 
more nearly identical conditions. Such a 
comparison is reportiedl in: this paper. 

Materials and methods. A uniform source of 
virus for the present experiments was ob- 
tained in the following manner: A stock yolk- 
sac suspension of the 6BC strain of psittacosis 
virus was injected into the yolk sac olf a num- 
ber of 7-lday chick emlbryos which were then 
incubated at 35°C. On the 5th day, when 
deaths began to occuc, the yolk sacs were 
chrvested and pooled. An equal volume of 
broth was added and the mixture bmogenized 
in a Waring blendor. The resulting 50% 
yolk sac suspension which, on culture, was 
found to be free of bacterial contamination, 
was distributed in s d e d  Pyrex ampoules, 
quick-frozen and stored at  -70°C. The LD50 
of this suspension was about throughout 
these experiments. Yolk sac smears of in- 
fected embryos stained by Mmhiavellio’s 
technic showed numerous characteristic el+ 
mentary bodies. 

A fresh solution1 of crystalline aureomycin 


