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MATERIALS AND METHODS
The tumor-bearing animals were of the DBA,
CDFj, C57BL, CAFi, C3H, and C3H/Heston
strains. The following transplanted tumors were
used: Leukemia L1210, Sarcoma 180, Lymphoma
4, Lymphoma P 388, Lymphoma P 388D1, Glioma
26, Sarcoma 37, Krebs 2 carcinoma, Ehrlich car
cinoma, Hepatoma 129, and Hepatoma 134. At
the time of study the tumors (except for those
which were studied serially) were all large and con
stituted 10-80 per cent of the carcass weight. The
control animals were of the same strain and sex
and approximately the same age as the tumorbearing animals.
ALA dehydrase activity was measured by the
method of Gibson, Neuberger, and Scott (2) at
36.5Â°C. The coarse particulate matter of the
homogenate was removed by centrifugation rather
than filtration through muslin. The quantity of
Received for publication May 18, 1957.

porphobilinogen in the final solution was calcu
lated from the data of Cookson and llimington (1).
RESULTS
All results are expressed in units (1 /Â¿mole=
31.7 units) of porphobilinogen synthesized/hour/
gm wet weight of tissue.
A^methopterin.â€”Fifty mg. of A-methopterin/kg
was injected intraperitoneally into 35 DBA male
mice. Each day for 6 days five treated and two
control mice were sacrificed, and the hepatic ALA
dehydrase was determined (see Table 1). Although
this dose caused a 20 per cent mortality within 6
days, there was no effect on the level of enzyme
activity. The effect of daily doses of 1 mg/kg is
shown in Table 2; no effect was seen, although the
drug was only given for 7 days.
Pregnancy.â€”Four pregnant CDFi mice were
found to have normal levels of hepatic ALA de
hydrase activity (footnote, Table 5). Another
mouse liver (C3H female) examined at the end of
gestation was found to have a normal value.
Tumor-bearing animals.â€”The enzyme activity
levels in the livers of animals bearing various tu
mors are shown in Table 3. The enzyme activity
is significantly reduced in all cases below that of
controls of the same strain, sex, and age, although
to different degrees with different tumors. The ex
ception to this finding is presented in the last col
umn of Table 3. All the tumors are transplanted
mouse tumors, with one exception: a 25-month-old
Sprague-Dawley female rat with a spontaneous
tumor. The control was also a 25 month-old
Sprague-Dawley female.
The effect of the progressive growth of leuke
mia L1210 is shown in Table 4. A distinct reduc
tion in the hepatic enzyme level in the tumor-bear
ing host is not seen until the 7th day. Some of the
reduction in this case may be related to hepatic
infiltration, which occurs late in the growth of this
tumor.
Comparison of the effect on hepatic ALA de
hydrase activity of the rate of tumor growth is
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One of the most striking biochemical findings in
both animal and human cancer is the reduction of
hepatic catalase activity (4, 6-10, 14). In animals
this reduction is progressive with the growth of the
tumor and reversible (6, 10). Catalase activity is
not reduced in the livers of pregnant animals or
animals with subcutaneously implanted whole
embryo tissue mashes (7). There are two excep
tions to this finding: (a) mice bearing slowly grow
ing tumors and (6) C57BL mice bearing the rapid
ly growing Sarcoma 37 (6). A soluble heat- and
acid-stable material is produced by tumors which
reduces catalase activity in vivo (3).
The enzyme involved in porphobilinogen syn
thesis (S-aminolevulinic acid dehydrase or ALA
dehydrase) from S-aminolevulinic acid has been
studied by Gibson, Neuberger, and Scott (2) and
Shemin and co-workers (16). This report describes
experiments which demonstrate that ALA de
hydrase activity, like catalase activity, is reduced
in the livers of tumor-bearing animals.

TscHUDY AND COLLINSâ€”5-Aminolevulinic Acid Dehydrase Activity
possible through the use of a pair of tumors of com
mon cell origin (P388 and PSSSdl),1 but of differ
ent growth rates. When transplanted
intraperitoneally, each grows as an ascites tumor and simul
taneously in the same animal as a solid intramesenteric tumor, but without significant hepatic in
filtration. Table 5 shows the progressive decrease
in hepatic enzyme activity as tumor growth pro
ceeds. Both the decrease and rate of decrease are
greater with the rapidly growing form.
The exception to the usually observed decrease
of hepatic ALA dehydrase activity was Glioma
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8.4). Table 6 also shows that this tumor (Hepatoma 129) is capable in vivo of causing a reduction
in hepatic ALA dehydrase activity.
Tumor values.-â€”Table 7 shows that the enzyme
level in a number of tumors is in the range of the
normal tissues which have the lowest values. The
variation among different tumors is less than that
of normal tissues.

DISCUSSION
The fact that the enzyme activity involved in
porphobilinogen
synthesis is reduced in the livers

IN THE LIVERS OF DBA MALE MICE*
UNITS (S.15X10~!

AMÃ“LES)
OF POHPHOBIUNOGEN
SYNTHESIZED/CM
WET WEIGHT/HH

Day 2
Day S
Day 4
Day o
Day 6
Day l
No. animals
5
5
5
5
S
3
48.0
45.9
47.0
47.4
40.3
Mean
49.0
40.1-50.6
40.2-50.2
44.0-51.5
40.2-48.8
44.0-50.6
37.4-44.0
Range
* The mean value in the livers of 47 normal DBA male mice was 47.4 + 2.6 (standard deviation).

TABLE 2

THE EFFECTONALADEHYDRASE
LEVELSOFDAILYDOSESOFA-METHOPTERIN
(l MG/KG)IN DBA MALEMICE*
UNITS '".I.". X H> ' MMOLES) OF PORPBOBILINOOENSYNTHESIZED/Â»!
WET WEIOHT/HB

1448.242.7-55.018.8Day
Day
S442.742.3-43.115.98.2Day
5444.741.8-47.522.9Day
7S45.842.7-48.5
NO.

ANIMAI

*

Liver*

Mean
Range
Normal
Spleen
Treated
Normal
17.6
Testis
15.0
14.4
Treated
Brain
Normal
8.6
3.8
Treated
* The mean value in the livers of 47 normal DBA male mice was 47.4 Â±2.6 (standard devia
tion).

26 in C57BL mice (Table 3). The level of hepatic
ALA dehydrase is normally much lower in C57BL
mice than in other strains of mice and was not
reduced further by the presence of Glioma 26 after
it had reached massive proportions.
Mixture of tumor and normal liver homogenate.â€”
Table 6 shows that in vitro mixing of equal
amounts of tumor and normal liver homogenate
does not inhibit ALA dehydrase activity, since the
value for the mixture was approximately
equal to
the sum of its component parts (72.2 gÂ¿61.7 +
1These two forms of a methyleholanthrene-induced mouse
lymphoma were kindly supplied by Drs. Dawe and Potter of
the National Cancer Institute. The original rapidly growing
form (P388) after passage in tissue culture and then serially in
mice led to the isolation of a more slowly growing derived
form (P388dl).

of tumor-bearing
mice appears to be well estab
lished by the above data. Whether this generality
will hold for spontaneous animal tumors and hu
man tumors remains to be established. The be
havior of this enzyme appears, from the evidence
thus far available, to parallel catalase in the fol
lowing respects:
1. Pregnancy does not affect the level of either
enzyme in the liver.
2. The level of hepatic activity of both enzymes
is much lower (about one-half) in the C57BL
strain of mice than in any other strain thus far ex
amined.
3. The rapidly growing Sarcoma 37 does not
lower the hepatic catalase level in C57BL mice,
and Glioma 26 (a moderately rapidly growing tu-
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TABLE l
THE EFFECTOFALARGEDOSEOFA-METHOPTERIN
(50 MG/KG)ONALADEHYDRASE
ACTIVITY

Cancer Research

978
~
Â°*.
T

jf

"SJ

IOÂ«

Ã¤ -W

i wi to'

1Â«ci
oo

c.S

Â¿ >?
Ci

Â¿S

iÂ»

QO

â€”i-

oiO U5 tO 5
Â»*(V <WOS â€¢Â£
â€¢

Â«,

Ã•

S -

os to

<*Â«Â«
Â«

Â¡s*
Â«u

oÂ«
Â«5_;.;

tIO

ÃŒ
sS

ooo
"Â«5*
Â«

s Â£

oc"5*Â«.-Å“

.a
Câ€¢Â»

Â¿
00
aSa5|

-esÂ«
I]

OTÅ“ â€¢â€”
3 -t;

s?
2tO

JO O

I

^100"oo
003Â£pÂ§Hâ‚¬o5Â£Ã®0O91So25I1^Â£â€”C&0.5i&â€¢iXÃ¨^geul3Ã¼C

g3

SIm2?.Â£^OS

Â¿Sir
Â¡"Se

Â«5Â«5Å“

Â¿su

Ã•(H O) OS

j
|

a

o t-

Â«^

"3
8

! tO

OS

i i^

Â«O

t.a
Â«5 "
>
rt

i

c
Â£

ss
J3
"

â€¢sÃœ
? li
S Si

.

JS-9

C

4J

C "M-

ca c QD Â« e

ili

il

|1Â¡ p|
i

â€¢
e p Ã¼

a JÂ£ l|
Ã¨o So

I-ili

F -S
H te i

Downloaded from http://aacrjournals.org/cancerres/article-pdf/2372609/cr0170100976.pdf by guest on 24 September 2022

3

mor) does not lower the ALA dehydrase activity
level in the liver of this strain.
Further studies are required to determine
whether the other factors which are known to af
fect hepatic catalase activity levels will have an
effect on ALA dehydrase.
The possible mechanisms for reduction of en
zyme activity in the liver are: (a) decreased syn
thesis of the enzyme, (6) increased turnover or deg
radation rate, and (c) inhibition of the enzyme.
The mechanisms whereby tumors may accomplish
these effects have been discussed by Greenstein
(5).
The question of whether the reduction of liver
catalase activity in tumor-bearing animals is a re
sult of a catalase inhibitor or whether there is a de
crease in its synthesis is unresolved. Evidence
exists on both sides. Hargreaves and Deutsch (12)
have demonstrated that boiled extracts of tu
mors and, to a much lesser extent, boiled extracts
of certain normal tissues could inhibit the activity
of crystalline catalase. The data of Greenfield and
Price (13) based on the actual isolation of catalase
from the livers of tumor-bearing animals, how
ever, indicate that there is actually less catalase
than in normal livers. This would be in keeping
with the possibility of a decreased ability to syn
thesize catalase in the livers of tumor-bearing
animals. The fact that cytochrome oxidase is not
present in reduced levels of activity in the livers
of tumor-bearing animals (11, 15) indicates that,
if there is any decrease in the ability of these livers
to synthesize porphyrins, it is not of sufficient
magnitude to affect the level of this enzyme.
While the simple precursors of the porphyrins
are known, the pathway and enzymes involved in
the conversion of porphobilinogen to protoporphyrin have not been resolved. From the presently
available data it should not and cannot be in
ferred that reduction in ALA dehydrase activity
results in a decreased capacity of the liver to syn
thesize protoporphyrin and, hence, catalase.
The experiment reported in Table 6 is a pre
liminary attempt to differentiate between a de
crease in amount of enzyme in the liver and di
minished activity as a result of an enzyme inhibi
tor produced by the tumor. An inhibitor could not
be demonstrated when equal amounts of homogenates of Hepatoma 129 and normal liver were
mixed. The possibility still exists either that an
inhibitor might be present, but not in sufficient
quantity in 1 ml. of homogenate to produce an
effect, or that the conditions for its demonstration
were inadequate.
ALA dehydrase activity levels in different tu
mors (see Table 7) are in the range of the normal

TABLE 4

THE EFFECTONPROGRESSIVE
GROWTHOFLEUKEMIAL 1210ONALADEHYDRASE
LEVELSIN VARIOUS
TISSUESOFDBA MALEMICE*
Units (3.15 X 10~*//moles) of porphobilinogen synthesized/gm wet weight/hr
DATS AFTEB TRANSPLANT

Liver*

No. animals
442.4
S26.8
Mean
42.1
49.0
46.6
48.9
46.2-50.225.84
48.4-49.719.441.8-42.34.1 37-45.719.527.215.4
35.2-53.716.313.4
40.1-54.218.513.9
22.0-34.39.0826.1
22.4-31.310.815.2
RangeTumor-bearing

Spleen
NormalTumor-bearing

19.415.0

NormalTumor-bearing

15.384

15.913.15.3

Testis
17.33.2

17.64

14.11.94.07

20.04.9

Brain
NormalTumor-bearing

1.84

3.64

5.716.9

Kidney
16 9

TABLE 5

THE EFFECTOFTHEPROGRESSIVE
GROWTHOFLYMPHOMAS
P388 ANDPsssDi ON
ALA DEHYDRASE
ACTIVITYIN THELIVEROFCDFi FEMALES*
Units (3.15 X 10~*AmÃ³les)of porphobilinogen
synthesized/gm wet weight/hr
P388

Days after transplant
8
6

No. animals
Mean
Range

49.5
46.7-56.4

P388D1

6
S

41.9
34.8-48.8

io
5
19.1
16.0-20.8

V
5

20.1
19.4-21.

Days after transplant
I

lÃ¬

15

No. animals
5
4
3
56.1
36.7
24.5
Mean
53.7-60.7
33.0-39.2
23.8-26.4
Range
* The mean values in the livers of 20 CDF! females was 52.5 Â±2.5 (standard deviation).
The mean value in the livers of two normal pregnant CDFi females was 55.9, and in two preg
nant CDF! females 5 days after transplantation of P388D1 it was 57.2.

TABLE 7

TABLE 6
THE EFFECT ON ALA DEHYDRASEACTIVITYOF MIX
ING TUMOR(HEPATOMA129) HOMOGENATEWITH

ALA DEHYDRASE
LEVELSIN TRANS
PLANTEDMOUSETUMORS
UnitÂ«(S.15X10-' pmolei) of
porphobilinogen synthesited/
weight/hr9
wet

NORMALLIVERHOMOGENATE
porpho-bilinogen/gm
Units of
weight/hrNormal

61.7Liverliver (CSH 9)
43.0Hepatoma
from CSH 9 bearing
129Hepatoma
8.4Mixture 129
72.2*each)
of equal parts (1 ml.
ho-mogenate
of normal liver
tumorhomogenate*
and

wetAnimal
no.

1
2a
2b
l+2b

This value represents the total units of porphobilinogen
synthesized by 1 gm. wet weight of normal liver (1) and 1 gm.
wet weight of hepatoma 129(2b) when mixed in equal propor
componentparts.Sarcoma
tions and is approximately equal to the sum of the

.Sarcoma 37
4
180Hepatoma
129Glioma
26Harding-PasseymelanomaEhrlich

3.7*11.47.9
4.0
3.5*
8.4*8
22.54.26.0

carci
nomaKrebs-2
5.4*3.113.88.6
carci
nomaLeukemia
1210Lymphoma
4P388
lymphSolid form
orna
Ascites form
9.5
3.3*tumors
2.8
P388D1
form*
Solid
These
values
are
from
separategm
repre-sent
and do not
duplicates done on the same tumor mass.
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Normal1448.8
' The mean value in the livers of 47 normal DBA male mice was 47.4 Â±2.6 (standard deviation).
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SUMMARY
1. The enzyme involved in the synthesis of porphobilinogen from 5-aminolevulinic acid (ALA de
hydrase) has been shown to be present in reduced
levels of activity in the livers of mice bearing a
number of transplanted tumors.
2. From the data thus far available, the varia
tions in ALA dehydrase activity levels resemble
those previously found for catalase in that (a)
pregnancy does not lower the hepatic activity of
either enzyme and (6) the levels of both enzymes
are much lower normally in the C57BL strain of
mice than in others thus far examined and do not
appear to be reduced further by tumors.
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tissues which have the lowest values. There is less
variation among different tumors than among
normal tissues. These observations have been
made on many other enzymes. The only tumor
type whose normal tissue of origin was studied
carefully was the heptaoma. It is seen that in the
malignant transformation considerable loss of en
zyme activity has occurred.
A-methopterin was studied for its effect on the
enzyme, because it has been shown that folie acid
deficiency in animals causes a marked drop in
free erythrocyte protoporphyrin, thereby sug
gesting that folie acid is involved in porphyrin
synthesis (17). The data in Table 1 indicate that
a dose of A-methopterin sufficient to cause a pro
found interference with folie acid utilization had
no effect on ALA dehydrase activity.

