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patients with MS does not imply or indicate 
a direct relationship but warrants continuing 
investigation. 
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Dichloromethotrexate* (DCM) , a folic 
acid antimetabolite, has been reported to be 
metabolized in several animal species ( 1 ) . Re- 
cently such a metabolic change was also ob- 
served to occur in vitro by an enzyme system 
localized in the soluble (72,OOO X g superna- 
tant) fraction of liver (2).  The metabolite1 
of DCM is about 1000 times less active in in- 
hibiting folic reductase than the parent com- 
pound(3). 

An ideal agent for treatment of hepatic tu- 
mors might be a carcinostatic compound 
which (i) accumulates in liver, (ii) is metabo- 

*N- { 3,5-dichloro-4- [ (2,4-diamino-6-pteridinylmeth- 
yl) -methylamino] benzoyl} -glutamic acid is the 
chemical name. The abbreviated generic name, DCM, 
is used throughout the text. 

t The metabolite has tentatively been identified as 
4-deamino-4,7 dihydroxy DCM (generic name) ; 
N- { 3,s-dichloro -4 C 2 -amino-4, 7 dihydroxy-6-pteridin- 
ylmethyl) -methylamino 1 benzoy1)-glu tamic acid is 
the chemical name. 

lized rapidly by normal liver to a less toxic 
form and (iii) is not metabolized by the tu- 
mor(4). Because DCM is bound to liver tis- 
sue( I ) ,  is rapidly metabolized by normal 
liver, and probably “detoxified” by this 
mechanism it was thought desirable to study 
the in vitro metabolism of DCM by a variety 
of transplantable liver tumors to determine if 
the above requisites were fulfilled. Another 
objective of the present study was further to 
characterize these tumors as to the extent of 
enzymatic deviation from normal liver. 

Methods. The liver neoplasms used in this 
study were carried intramuscularly or subcu- 
taneously in male rats in our laboratories. 
Transplantable tumors studied included the 
Novikoff hepatoma, tumor 5123, 5123 TC, 
hepatoma 3683, hepatoma 7800 and the Reu- 
ber (H-35) hepatoma. The Novikoff tumor 
was carried in Holtzman rats; tumors 5123, 
5123 TC and 7800 were carried in Buffalo 
rats; and the 3683 and H-35 tumors were car- 
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TABLE I. Metabolism of CP-DCM” in vitro by 
Normal Liver and Transplantable Liver Tumors. 

Metabolism in kmoles 
No. of metabolite formed/g 

Tumor exP tissue used 

Normal liver t 7 1.28 k .07 

6 .22 k .05 
4 1.18 & .09 

3683 
7800 
5123 TC ” 8 1.20 & .ll 
5123 7 1.27 k .16 
Reuber ” (H-35) 4 1.39 k .12 

Novikoff tumor 6 .oo 
1 9  

1 3  

* Homogenates equivalent to 1.0 g of tissue were 
incubated with 1.99 ,U moles of CP-DCM for 3.5 hr 
aerobically in 0.1 M Tris buffer p H  8.2. 

t Sprague-Dawley rats; values obtained with 
Holtzman, Buffalo and ACI rats were similar. 
Values in table are averages t standard deviations. 

ried in ACI/N rats. Morphological character- 
istics of some of these neoplasms have been 
published( 5,6,7). Some of the biochemical 
characteristics of these tumors have been sum- 
marized by Potter (8). 

Animals were killed by a blow on the head 
and the livers or tumors were excised immedi- 
ately. Tumors were dissected free of necrotic 
and supporting connective tissue and rinsed 
with cold isotonic KC1. The tissue was then 
homogenized in 3 parts of cold isotonic KCl 
with a Potter homogenizer having a plastic 
pestle. Although the enzyme is localized in 
the soluble fraction of normal liver, homoge- 
nates were used in assaying the enzyme ac- 
tivity because of the possibility that intra- 
cellular distribution of the enzyme system 
may be different in the tumor cell. 

Assay of enzyme activity was carried out 
as previously reported (2 ) . A measured 
amount of liver or tumor tissue was placed in- 
side a cellulose sac in a flask containing C1“- 
DCM (9) dissolved in 0.1 M Tris buffer [ tris- 
(hydroxymethyl) -aminomethane1 of pH 8.2 
and incubated aerobically with shaking at  37” 
for 3.5 hours. At  the end of incubation quali- 
tative estimation of metabolism was made by 
differential spectrophotometry, using a blank 
containing no substrate. For quantitative 
assay. of the metabolite the following technic 
was used. Inside solutions (denatured by 
heating at  100°C for 5 minutes then centri- 
fuged) and outside solutions were examined 
by high voltage electrophoresis at  pH 10 fol- 
lowed by autoradiography and counting of 

the radioadtivity in all spots (1,9). The me- 
tabolite could be separated from the parent 
compound by use of this technic. Recovery 
of added radioactivity was 90%. 

Results and discussion. The ability of 
various hepatic tumors to metabolize C P -  
DCM is summarized in Table I. The Novi- 
koff hepatoma lacked the ability to metabo- 
lize DCM. The ability of the 3683 tumor to 
metabolize DCM was detectable only by use 
of the electrophoresis and radioautograph 
technic, i.e., spectrophotometric examination 
of outside solutions after incubation failed to 
reveal any metabolite. Metabolism of DCM 
by the Morris tumor 5123, 5123 TC, 7800 
and the Reuber tumor was comparable to nor- 
mal liver. 

The growth rate (time of inoculation until 
death) of the various tumors varies from he- 
patoma 5 123 (60-90 days) through hepatoma 
78001, Reuber, 5123 TC, 3683, to Noyikoff 
tumor (7 days). The 2 transplantable neo- 
plasms with low (or not detectable) enzyme 
activity in metabolizing Cl3“-D’CM, i.e., the 
Novikoff tumor and 3683 hepatoma were rap- 
idly growing tumors. However, the less rapid 
growing “minimal-deviation” tumors (8) re- 
tained the ability to metabolize DCM. I t  
has been shown that parallel with the in- 
creasing growth rate the cellularity of the tu- 
mors increased. whereas the nitrogen content 
declined ( 10) . 

Previous reports indicate that even the 
Morris tumor 5123 lacked the ability to me- 
tabolize certain drugs (4). However, it should 
be emphasized that those enzyme systems 
were localized in the liver microsomal frac- 
tions whereas the present enzyme system is 
localized in the soluble fraction. 

Since DCM is metabolized to a less active 
folic acid antagonist by “minimal-deviation” 
hepatomas it is probable that DCM would 
be of little chemotherapeutic value in treat- 
ment of such tumors. Preliminary investiga- 
tions have shown that DCM did not increase 
the life span of rats bearing the Morris 5123 
tumor. However, the possibility remains 
that DCM may be of some value in treatment 
of rapidly growing hepatic tumors that do not 
metabolize it. Studies of the chemotherapeu- 
tic efficacy of DCM in Novikoff tumor as 
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compared with Morris hepatoma 5123 are in 
progress. 

In the search for drugs effective against 
hepatic tumors one must take into account 
the fact that a drug may be active against 
some types of liver hepatomas but inactive 
against others. Thus, a screening program 
for drugs effective against hepatomas should 
include both the malignant slow growing 
“minimal-deviation” tumors and the rapidly 
growing “multiple deviation”( 8) tumors. 

Summary. Several types of transplantable 
hepatomas were assayed for their ability to 
metabolize CP6-DCM in vitro. The Novikoff 
tumor lacked the ability to metabolize DCM. 
The tumor 3683 had a slight amount of en- 
zyme activity. Other tumors assayed, i.e., 
5123, 7800, 5123 TC and Reuber hepatomas 
had activity similar to normal liver. Possible 
therapeutic implications of these findings were 
discussed. 

The authors wish to thank Miss Maggie J. Earle 
for technical help in enzyme assays. 
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I t  has been reported that repeated intra- 
peritoneal (i.p.) injection of rat kidney sus- 
pensions incorporated in Freund’s complete 
adjuvants resulted in severe nephrotic renal 
disease in 87% of 92 rats(1,Z). The follow- 
ing observations suggested an autosensitiza- 
tion to rat kidney proteins as the underlying 
pathogenetic mechanism: (a) The injection 
of muscle, lung or intestinal mucosa obtained 
from rats failed to produce renal disease (2) : 
(b) renal cortex proved to be more antigenic 
than renal medulla; (c) ACTH and cortisone 
prevented and nitrogen mustard (H2N) sig- 
nificantly reduced disease incidence ( 2 ) ; (d) 
complement activity in serum decreased si- 

- 
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multaneously with development of protein- 
uria(3) ; (e) precipitating antibodies to rat 
kidney proteins were detected in sera and as- 
citic fluid, using double diffusion agar plates 
according to Ouchterlony, and antibodies in 
sera were also noted, using hemagglutination 
technics ( 3 ) . 

I t  is reported here that renal disease thus 
produced can be transferred to healthy rats 
by 2 different methods: (a) by parabiosis, 
and (b) by i.v. injection of emulsions of 
spleens of rats with incipient renal disease 
into litter mates treated at  birth with emd- 
sions of spleen obtained from other rats of 
the same litter. 

Methods and procedures. Unless otherwise 
stated, methods and procedures were the 
same as previously described ( 1,2,3 ) . The 
only change in procedures pertaining to dis- 
ease production was that tissue suspensions 


