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ABSTRACT

Henlth & Biolbgy-General x‘»gﬂ,_‘
THE METABOLIC DEGRADATION IN THE MOUSE OF DIBENZANTHRACENE
LABELED IN THE 9 AND 10 POSITIONS #ITH CARBCN 14 S
by
Charles Heidelberger, Martha R. Kirk, and Marion S. Perkins

From the Department of Chemistry,
and the Radlation Laboratory,
University of Californie, Berkseley.

30 January 1948

ABSTRACT

Evidence has been presented which proves that dibsnzanthracene is meta-
bolized by the mouse into at least four substances, and some speculations

as to the sites of this degradation have been advanced.

This paper is based upon work performed under
Contract No, W-7405-Eng~48 with the Atomic Energy Comm~
ission in connection with the Radiation lLaboratory, Univ-
ersity of California, Berkeley.

To be published in Cancer
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THE METABOLIC DEGRADATION IN THE MOUSE OF DIBENZANTHRACENE |

LABELED IN THE 9 AND 10 POSITIONS WITH CARBON 14

by
Charles Heidelberger, Martha R. Kirk, and lMarion S. Perkins (1)

From the Lepartment of Chemistry,
and the Radiation laboratory,
University of California, Berkeley.

30 Januvary 1948

In the accompanying paper (2) studies of the distribution of radioactivity

following the administration of dibenzanthracene labeled in the 9 and 10 posi-

tions with carbon fourteen have been desceribed. In contrast to all earlier re-

ports, a virtually gquantitative recovery of the dose administered has been

accomplished. This is due to the fact that all substances derived from the car-

cinogen and still containing the labeled carbon atoms may be traced by following

the radioactivity, whereas the spectroscopio or fluorometric methods of analysis

previously used are capable of directly detecting only those metabolites which

maintain the intact pentacyclic aromatic ring system. This non-quantitative

2

This paper is based on work performed under Contract #W-7405~-Eng-48

witk the Atomic bknergy Commission in connection with the Radiation
Laboratory, University of California, Berkeley, California. Prelim~
inary reports of this work were presented at the meeting of the ~merican
Association for Cancer Research, Inc. in Chicago, May, 1947, at the
Fourth International Cancer Congress, St. Louis, Sept., 1947, and at

the 50th anniversary meeting of the Columbus Section of the American
Chemical Society, October, 1947. Abstracts of these talks have been
submitted as Kevorts BP-86 and BC-72 and have been declassified.

C. Heidelberger and H. B. Jones, UCRL-43.
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recovery of carcinogen, and apparent disappearance have always been inter-
preted (3) as being due to metabolic degradation of the compound to other
substances with non-characteristic absorption spectra or fluorescence. Levi
end Boyland (4) in 1937 reported the isolation of a dihydroxydibenzaathracene
from rabbit urine, and Dobriner, Rhoads and lLavin (5), in an extremely thorough
study of the excreta of various animals given dibenzanthracene subcutaneously,
isolated another compound from tre urine and feces of rats and mice, which was
proved to be 4',8'-dihydroxydibenzanthracene. In spite of & very extensive
fractionation of excreta, bile, intestinal contents and whole mice, these in-
vestigators were unsble to detect any ebsorption spectra that appeared to be
derived from the administered dibenzanthracene. Yet only a small percentage
of the original material could be accounted fur.

It was decided to reinvestigate tke probiem of metabolic degradation
using the radicactive carcinogen. Since it has been shown (2) that mast of
the radioactivity is found in the excreta, a systematic study was undertaken
in order to gain some information as to the types of substances produced as
dégradation oroducts, and to contrast and compare the patterns of metabolism
of the dibenzanthracene when administered by different routes. Accordingly,
we have submitted to chemical fractionation urines, feces, biles, subcutaneous
injection sites, and tumors produced by the labeled carcinogen. In these frac«
ticnations the radioactivity was determined in each step, and it was shown

immediately that the compound is degraded to several substances, some highly

%, 8) I. Berenblum and L. P. Xeadall, Biochem. J. 30, 429 (1936).
b) J. G. Chalmers &nd P. R. Peacock, Biochkem. J. 30, 1424 (1936).
¢) K. No Jones, C. E. Dunlap, and C. J. Gogek, Cancer Research 4, 209 (1944).

4. Ao k. Lovi and b, Boyland, Chem. and Industry 15, 446 (1937).

X. Dobriner, C. P, Rhoads, and U. I. Lavin, Gancer Research 2, 95 (1942).

5]
ooy
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water-soluble, which are chemically very different from the original material,
end must involve some deep-seated changes in the molecule. It is not surpris-
ing then, that spectroscopio methods failed to detect these substances, for
even if new bands were observed there could be no definite demonstration that
these originated from metabolites of dibenzanthracene.

vater-soluble derivatives of dibenzanthracene have been reported as
having been obtained by photockemical oxidation of the compound in benzene
sclution. Boyland and Boyland (8) in 1934 studied the effect of these sub~-
stances on various enzyme systems and slsopp and Szigeti (7) have determined
their ahsorption spectra and tested them for carcinogenicity. we have found
trat the products of photooxidetion of dibenzanthracene are differsnt from

the water-soluble materials produced by metabolism in the mouse.

Experimental Methods

In order to compare the type and extent of metabolic degradation of
dibenzanthracene following various modes of administration to mice, these
samples have been collecteds feces, urine, and bile from animals given the
carcinogen intravenously as an agueous colloid and intraperitoneally in tri-
caprylin; feces and urine after stomach tube administration in tricapryling
feces and injection sites following subcutaneous injection in tricaprylin;
and tumors induced by the labeled dibenzanthracene. The bile samples were
collected through one day, and the total urine and feces, three days after
administrations These specimens were then subjeoted to the extraction pro-
cedure shown in Table 1.

The feces were dried at 70° in vaecuum, were ground to a fine powder,

and the radicactivity was determined after combusion of an aliquot as de-

. E. Boyland and L. E, Boyland, Biochem. J. 28, 244 (1934).

7. C, B. Alsopp and B. Szigeti, Cancer Research 6, 14 (1946) .
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TABIE I
Original Sample

meke alkaline, add carrier DBA
extract with benzene

i
z

!

‘Renzene Solution

‘ crystallize

dibenzanthracene

L three times

DBA

. 3

\"
Solid Residue
A
! Acidify with HC1
i extract with ethyl acetate

N \‘ 4 \j I
Ethyl Aqueous So0lid Residue
Acetate 2 . C 1.
B reflux 10% in ,reflux with NaOH
gulfuric acid,{cool, acidify, ex- boil with water
add water, ex-jtract with ethyl
tract with tacetate
ethyl acetate
i i
N R 3 £ .
Ethyl Acetate Aqueous Solid Aqueous Residue
D B ¥ G i
§ boil with
{ sodium hydroxide
1
\l » ' Jde
Aqueous Residue
B boil with
€ sulfuric acid
Residue
extract with
sodium hydroxide
N/
\1; J,/
Agqueous Pegidue

I
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séribedypreviously (2)s &n aliguot of the urines was plated directly, a
iit%le dilute sodium hydroxide was added to tle remainder, and the water was
removed as the azeotrope during the prolonged benzene extraction. Biles were
evaporated to dryness after an aliquot was plated directly and a trace of
elkali added. Injection sites and tumors were homogenized, and the activity
was determined by combustion of a sample. & little alkali was added, and

the water was removed &s the azeotrope during the benzene extraction.

The liquid=~solid extractions were carried out in smell flasks fitted with
reflux condensers; the liquid-liguid extractions were performed euntirely in
centrifuge tubes, the upper layer being removed with a pipette. The radio-
activity of both fractions was determined in ell cases, so that a constant
check was maintained on total quantities, and losses might be spotted immedi-
ategly. Moreover, this procedure furnished partition coefficients for each
step, information very valuable for attempts at complete chemical identifica~-
tions.

The radiocactivities of solid samples were determined after combustions,
as described previously (2). Liguid samples were plated directly (8) and —
counted with a thin window Geiger mueller Counter. The empty plate is mounted
on @& rotating turntable with & blast of hot air from a hair dryer directed
upon it. 4an aliguot of the solutlon to be measured is slowly expelled by
means of & syringe, from a micro-pipette onto the rotating plate in such a
way that the solvent evaporates immediately and the residue is spread evenly
on the plate. Because the weight of sample on tre plate seldom exceeds a
few tenths of a milligram, the self absorption of the {i~particle may be neg-
lected. The accuracy of this method is not as great as that obtained when

barium carbonate is mounted, but the advantages of speed, convenience, and

8., This technique was devised by Dre A. 4, Benson of these laboratories.
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the fact that the sample is not destroysd make this technique ideal for the
type of work described here. The total experimental error on each sample
does not exceed 10%, and tris is substantiated by the excellent recoveries
in the extractioh experiments. This method also makes it possible to gain
considerable information as to the organic chemistry of labeled compounds on
the microgram seale., It is, of course, unsuitable for the assay of volatile
compounds.

A summary of the results obtained in the extraction experiments is shown
in Table IT1. These are expressed as counts per minute and as percentage of the
radioactivity in the original sample. The total counts recovered are also
expressed as the number of milligrams of dibenzanthracens to which the radio~
activity would be equivalent. It is q;ite evident from casual inspection of
these data that dibenzanthracene is very extensively metabolizad by the mouse
to other substances differing widely in chemical characteristics from the
original carcinogen. However, in a der to gain more detailed information as
to the chemistry of the various fractions, each was subjected to further ex-
amination.

Dibenzanthracene

The dibenzanthracene is determined by means of carrier technique. A
known amount of non-labeled dibenzanthracene is added during the fractionation
and is crystallized from the benzene solution. It is purified by two recry-
stallizations, one from acetic acid, and the other from benzene. The diben-
zanthracene is combusted and its radioactivity determined. Under these con-
ditioﬁs this radioactivity could onl& originate from tre labeled carcinogen,
and this furnishes an extremely accurate and sensitive method for the guantli-

-stive determination of non-metabolized, labeled dibenzanthracene on the micro=



Tot .
cts.re- .
covered D E F G I % Recovery
(mg. of
DBA)
12,900 1 1 1
Intravenous: (0.193) 127 1900 0 2050 760 566 (spill in
5.8% 15% 15% 5.9% 1st step)
Tnt . 1180 1 1 1
rEravenous: (0.018) 0} 35,4 113 | 32 0 85%
30% 19% 2.7%
2600 | 1 1
Intravenous: (0.039) 1800 0 80 0 90%
11,000 ' o
Intraperitoneal: Teces | (q)164) 3500 1400 87%
32% 13%
_ . 1780 1 1 I
Intraperitoneal: (0.027) 530 | 156 | 18 0 103%
Urine . 37% ¢ 8.5% 0 1.0%
. . ns 880 11
Intraperitoneal: Bile (0.013) 410 3% | 0o 0 z 81%
3% % ; i
, 58% 5% 1 |
Stomach tube: feces 8520 1 /l ‘; : ‘ e
: (0.130) 450 Oog/ s ?Oo% 450 5 | 8%
502/0 . GO T -— 503‘0 :
. 3360 1 1
Stomach tube: (0.050) 6’;8 gzs,; 3 lgg 0 90%
% %
. ‘.»_‘_?-—v——»,mm-.m_..»..ﬁ
Subcutaneous: Feces 2320 2 2 ;
(0.047) 110 285 | 345 465 93%
! 3.9%1 10% L 12% { 39% 17% ,

L

~0T~



TABIE II (continued)
et e e . . —— : - —; B R B e s tarar i, e
Tot. | E i | ‘
cts. re- 5 ; ; )
covered L[BA ; 4 + B ¢ b E ¢ F | G . H | I | % Recovery
(mg. off ¥ | ’ % ; '
_— DBA) i —__ B RS S AR R S
Subcutaneous Injec- | 45,300 | 44,100 i
tion Site, 1 wk. (0.675) 560, 730 : ; | . 100%
1 | 97% | 1.5% ; ; f i
— R L O do et - T U S -
Subcutaneous Injec- 4150 | 4020 | | | ; | :
tion Site, 3 mos. | (0.052)} 60%: 135 | | i : z i 100%
96.5% i 3.5% | ‘ : ; ; j
- ‘ . — : — SR S UUN ESMNEN VS ‘ — —
Tumor: & mos.,tricap-| 460 460 | | ; I ; y
rylin, hyperkeratosig K25 i ‘ i ; : i =
O skin vith early .(0'0069) gog% i ; ; ; ‘ 100% ¥
__spindle-cell sarcoma ’ X Nf SRS ISR A e SN S i o
. Tumor: 10 mos., mouse | 577 310 ;, § i :
fat spindle-eell — (470086) 4.64 90 {127 | o ! 0o | ez
sarcoma i L 54% v 13%) 22% | g | BeT%
Tumor: 6 mos., mouse ? 1050 140 ; { 3 1 1 ‘ 1 ? |
fat spindle-cell | (5 016) 2.4y | o a0 72 26 1 o 330 ;270 1 0 | 79
sarcoma § bo15% (23% | D% R1B | 32% | 25%
Tumor: 6 mos‘.,tricap-{l’ ' i ? ’( 1 3 T T T
. . : 5030 700 ' : : 5 :
rylin, srindle-cell | (0?060) 3,,_55;;;5 0 29 | 113 190 ¢ 0 ! 987,
sarcoma : | 927 3 L 0.7 | ; 2.9% boTh ?
©F i ; i . ‘ : 3
— . f Y 1 R - ! 3
Tumor: 8 mos., tricaps ;200 | 4130 i ‘ { : ’= |
rylin, snindle-cell y i ; , : @ | y
ssalrcgﬁxa with markea ! (0.033)] 6&2¢ 0 ; | f ! i 99%
hyalinization | 9% ‘ ' i : ' . 5
- P S . : ; | e — + e ¥
Photo-oxidation, 1 hrd 40 500 | 29,700 : (MamC03) : |
in-benzene solution . {0,505)| 4503 : 3 | ! ‘ - 7500 2000 O : 100%
739 i ! ; ‘ [ 18.5% 7.2% i
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gram scale.

The benzene solution from which the dibenzanthraceie is crystallized con-
tains no other compounds containing labeled carbon, because activity measure-
ments on this solution alw;ys correspond closely to the activity of the total
dibenzanthracene. |

This fraction ccntains organic meterial trat is probably unconjugated,
since it is obtained by very mild treetment. This is also the fraction that
would contain dihydroxydibenzanthrécone if not conjugated. Unfortunately,
none of this compound was available for use as carrier. Table IIIl represents
an attempt to gain further information as to the chemical components of this
fraction. It shows that there is acidic material present that is extracted
by bicarbonate. However, further extraction of the organic‘phase with alkali
does not remove more activity, indicating that no phenolic compounds are pre~
sent in this mixture. Furthermore, it was found that there was & very consid~
erable amount of activity present in this fruction that is not extracted with
acid or alkali. This neutral material is not dibenzanthracene, for no radio-
activity was found in carrier dibenzanthracene added to the solution. This
material is evidently some neutral metabolite that was not taken up in the
original benzene extraction.

In order to detect dihydroxydibenzanthracene with more certainty, the
experiment shown in Table IV was carried out. Fraction B was acetylated . under
the conditions described by Cason and Fieser (9), and the mixture was made
alkaline and extracted with ethyl scetate. The activity remaining in the

aqueous is derived from acidic material. The ethyl acetate layer was hydrolyzed

9, J. Cason and L. F, Fieser, J. am. Ykem. Scc. 62, 2681 (1940).
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TABLE III
Fraction B, Féqgé
from Stomach Tube
Ethyl Acetate
51
!
extract with 0.1 N
sodium hydroxide
Agqueous Ethyl Acetate
45% 53%
‘ acidify,
extract with
ethyl acetate .
\,
J PR ot
, ' 7 Ethyl Acetate
l | |
- extract with
Aqug°u8 l 0.5 N bicarbonate
\i/
J T |
, |
-/ AN T4
Agueous Ethyl Acetate
230 250
45% 49%

#
{

| extract with 0.1

extracted with 0.1 N
N sulfuric acid

sodium hydroxide

|
. ! )

Aqueous Ethyl Acetate Aqugous
. 0 1
added DBA

carrier
Lcrystallized 3 times

DBA
0



TABLE 1V

Fraction B

Feces from Stomach Tube

| Ethyl Acetate |
! 2800 |

boiled to dryness, refluxed with
acetic anhydride and sodium acetate,
decomposed with water, cooled, made
alkaline, extracted with ethyl acetate

4 [
j/ Jr

g Ethyl Acetate ] | Agqueous
| 1790 | 770
g 64% i | 27%

boiled to dryness,

refluxed with C.1 N

sodium hydroxide, extiacted
lwith oethyl acetate

! |

i Ethyl Acetate lﬁqueous}
i 1280 ! 460 |
! 6% L
boil with 1.0 N sodium o
hydroxide, extract with acidified
ethyl acetate ! extracted with
| ethyl acetate
‘ in \j/ !Et«hyl Acetate'} ‘ Aqueous
. A | 430 j 0
% Aq%fous ’ Ethyl Acetate P 15% 1 i

'
[PPSR

!

| boiled with 1.0 N
sulfuric acid, extract
with ethyl acetate

J

et et o
Agueous ! | Ethyl Acetate
0 | 1320
| ars

.,.
i
¢
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with alkali and re~extradted with afhyl tcetate. There was radioacﬁivity in
the alkali this time, which &ftet acidification was taken up in the organic
solvent. This represents phenolic material, and is probably dihydroxydiben-
zanthracene, although there is no further evidence on this point. This fraction
only accounts for 15% of the radioactivity in Fraction B or 2.7% of the activity
in the entire feces sample. +gain a considerable amount of neutral material

was found, which was not affected by drastic acid and alkaline hydrolysis.

Fraction C

——

This fraction appears to consist of éome extremely water soluble organic
substances together with some less soluble material that is conjugated with
water-solubilizing groups. Fraction C is split by hydrolysis into fractions
D, E, and F. Procedure 1 is an alkaline hydrolysis, 2, an acid hydrolysis,
as indicated in Tables I and II. Fraction D conteins ttre substances that were
conjugated with solubilizing groups, and is acidic in nature, for most of the

activity is extracted from the ethyl acetate by alkaline solution. The radio-

activity of Fraction E is in truly water-soluble form, even after rather
drastic hydrolytic treatment. This activity is not extracted by sthyl acetate
from the agueous- phase at acidic, basic pH's or at neutrality. Fraction F

is a solid that appears after hydrolysis and carries considerable activity.
The solid must be & component of the urine or feces, since several milligrams
of meterial are invariably obtained whereas the radiocactivity it carries gen-
erally corresponds to only a few micrograms of compounds The solid is usually
soluble in alkali, as is the radioactivity, but this varies from sample to
sample, and little progress has been made as yet in the separation of the
radioactive compounds from this solid carrier. Thus, the chemical nature of

this fraction is not clearly known, although it appears to be acidic, and yet
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is not extracted by oﬂganic sdlvents|

Fraction G

This fraction is obtained by boiling with water tre solid residue from
the original sample following the removal of fractions B and C. This, like
E, consists of truly water soluble material together with some substance that
is rendered soluble by conjugation. Further processing of this fraction is
thown in Table V, and similar results were obtained from several other samples;
fgain troublesome solids were sncountered, and have nof been further character-
izeds These results indicate that the ethyl acetate fraction is very similar
4o the acidic material of Fraction B. If the organic compound containing the
1abeled carbon is the same, however, it is present in conjugated form in Fraction
G, since it had been made water—soluﬂle. 1t also appears that the water-soluble
fraction after hydrolysis is the same as Fraction E.. These points of similar-
ity cannot be completely confirmed until tre final identification of the com-
pounds in these fractions has been accomplished.

Fraction H

This fraction is obtained by boiling with alkeli the solid residue from
Fraction G, and contains acidic and water-soluble substances that are released
by alkaline hydrolysis and were probebly conjugated with proteins and other
solid material., Further processing of this sample is shown in Table VI, and
these results correspond closely with those obtained by similar treatment of
other samples. Again, ethyl acetate does not extract any radioactivity from
water;soluble fraction whether the solution is basic, acidie, or neutral, The
distribution of mctivity of the alkaline extract of the ethyl acetate solution
suggests that this fraction might contain acidic mterial very similar to that

found in other ethyl acetate fractions, such as B and D. The precipitate that
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Table V
Fraction G

Feces from Intravenous Injection

Agueous

2090

| added sulfuric to 10% by volume.
ethyl acetate.

; 2 hours, extract with
i

Refluxed

iy

3, s i
Ethyl Acetate Agueous sofid
695 700 440
33% 33% 21%

extract with

|
f

i
i

'made alkaline,

!
| 0.1 N NaOH ‘ext. ethyl acetate
!
! i
e Ny R 4 : . }:3
W d L I 1 ,
Ethyl Acetate Agueous Ethyl Acetate Aqueous Solid
320 285 12 300 360
15% 13.5% 0.58% 14.5% 17%
! {
| ext. 0.1 N !
NaOH |
3
, N !
) N
Ethyl Acetate AqueouSeme o ..
0 acidified, extract with
ethyl acetate
!
U
' T
N ¥
Ethyl acetate Agueous
560 110
5.3%

7%

P



Table VI
Fractien H
Feces from Intravenous Colloid

Agneous NalOH
Solution
4700

Acidified to pH 2
; with HCl, ext. with
J, ethyl acetate

r B ¢
N J L
Ethyl Acetate Aqueous Trecipitate

960 1010 ;

20% 21% . |

i dissolved partially

' ' in 0.1 N NaOH

| ext. 0.1 N

{ NaOH '

\gl W
Y X . \2/ \4;4

Ethyl Acetate Agueous Agueous Residue
270 550 1140 550

5.8 14% 25% 11.5%

| acidified, extract
with ethyl acetate

\/
E%hyI%Acetate Aq&éous sotid
490 180 230

10% 3.8% 4.9%
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formed on acidification of the original solution partially dissolved in alkali,
and on acidification of an appreciable amount of radioactivity was extracted
by ethyl acetate.

Fraction I

In some samples there was still radiocactivity in the residue from the
alkaline extraction, Fraction H. When this residue was refluxed with dilute
sulfuric aecid, no activity appeared in the agueous phese. Howsever, when the
vresidue was then extracted with alkali, radioactivity appeared in the agueous

solution. This activity represents acidic compounds that are possibly conju-

- zated with protein or other materiel in such a way thet they are hydrolyzed

by acid and not by base.

Table VII

At the kind suggestion of Lr. James Cason, who called our attention to
the fact that dihydroxydibenzanthracene is very unstable in acidic solution,
the experiment shown in Table VII was carried out in order to determine whether
some of the "metabolites" encountered in the previously described work might
have arisen from the vhenolic compound as an artifact during the isolation pro-
cedure.

The feces sample was acetyleted before further processing in order to
protect any dihydroxydibenzanthracene that might be present, and the mixture
was extracted with ethyl acetate, Fraction l. This wes then hydrolyzed with
alkali, and re-extracted with ethyl acetate. Carrier dibenzanthracene was
added to this fraction and after purificetion, it was found that 6.5% of the
activity was due to the unchanged carcinogen. This represents 1.6 J ef com-
pound. Fraction 2 was acidified and extracted with ethyl acetate, and Fraction

3 conteins phenolic material, probably dihydroxydibenzanthracene.
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TABLE VII (part 1)
Feces Following Intraperitoneal Injection

1640 (0.025 mg. DBA)

Refluxed witk acetic anhydride
and sodium acetate. Added water,
and extracted with warm ethyl

acetate
1.4 3 v
Ethyl Acetate Agueous Solid
230 56 1180
13.5% 3.3% 72%
extract with cold NaOH ‘L
J " 1 (see Table VII
Agueous Ethyl Acetate part 2)
0
boiled to dryness
refluxed 3 hrs., with
1 N NaCH. Ext. warm
ethyl acetate
N
(e
* A
Aqueous Ethyl acetats
1287 .
T1¥%iaisy HOL xtallize &
Ext. ethyl acetate rextallize DBA
N/
: DBA
v 106
L J j{ 645%
N /3 : (1.6.)
Agueous Ethyl Acetate Solid
0 105 21

6.2% 1.3%
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TABLE VII (part 2)

4‘
Solid
1180
72%
{

refluxed with 0.1 N
NaOH 3 hours

£ 1

Solid Aqueous
625
38% Acidify acetic acid

Extract ethyl ascetate

5. J L

Agqueous Ethyl Acetate Soliad
82
5.0% .
reflux acetic
boiled down, re- anhydride.
fluxed with ace- dMake alkaline.
tic anhydride & Ext. ethyl
sodium acetate. acetate
Decomposed, made
alkaline, ext. y
ethyl acetate
\7.
Ethyl Acetate Aqueous
120
7.4%

boiled NaOH
ext. ethyl acetate

|

v
Ethyl Acetate Agueous
0
h 4 , tacidify,
: J’ \!. ext.
Ethyl Acetate Aqueous ethyl
18 117 acetate
< 3
9. 10.
Ethyl Acetate Aqueous
124 261

7.5% 16%
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The solid precipitate, Fraction 4 was refluxed with alkali, and the
residual solid, Fraction 5 was not further investigated. The agueous solution
was acidified, extracted with ethyl acetate, and re-scetyleted. Further pro-
cessing resulted in various fractions of which number 8 is phenolic in nature.
Thus, Fractions 3 and 8, which account for almost 14% of the radiocactivity in
the entire specimen, are phenolic in nature; Fractions 7, 9; and 10 contain
31% of the activity, and are water-soluble. Fraction § was not further inves-

tigated, but in the light of other experiments, it very likely consists of

water-soluble substances in conjugsted form. This appreciable amount of phen~

olic material is greater than has been previously observed in other investiga-
tions and in our other experiments, and indicates that some of the degradation
products may heve arisen from a prenolic compound (probably dihydroxydiben-

zanthracene) during the isolation procedure.

Metabolic Degradation Following Different Modes of Administration

Intravenous

1% is epparent from Table II that dibenzanttracene administerered by in-
travenous injection of the agueous colloid is very extensively degraded, since
only 5.6% and 4,0% of the radioactivity in the feces and urine respectively
is due to dibenzanthracene itself. These activities corresvond to 11 aﬁd 0.7%
of the carcinogen. It is cleur from inspection of data for the bile, that the
liver is ons of the sites of degradation, because there is only 26% of diben-
zenthracene radioactivity in the sample and it has already been shown (2) that
‘there is immediste upteke of activity by the liver whicl then empties it ints
the bile. Since it has also been demonstrated that the only source of activity
in the intestinal contents is derived from the bile, it is evident that further

degradation takes place in the intestinal tract, because of the considerably
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smaller quantity of non-metabolized carcinogen in the feces than in the bile.
It is rather surprising that such & large and insoluble molecule could be elim-
inated through the kidneys and appear in the urine, but similar observations
have been made by spectroscopic methods (3c). It is possible, however, that
this may heve arisen dus to contamination of the urine by the feces, since it
was imvossible under the conditions of our experiments to prevent these excreta
from coming into contact with each other. The B fraction contains considerably
more activity in the urine and feces than does the bile. The absence of an
H frection in the bile probably indicates only that the metabolite does not con-
jugate with the components of the bile.

Stomach Tube

There is & considerably larger amount of unchanged dibenzanthracene in the
feces (45%) by this route than by tre others, but only 4.5% of the radioactivity
in the urine sample can bs accounted for as dibenzantkracene. This probably

indicates that the intestinal tract is not as efficient as the liver in meta-
bolizing the compound. The majority of the water soluble material in the feces
is bound in some way (Fraction H), whereas in the urine most of the activity
appears in Fraction C and is in & less conjugated state, However, the degrada-
tion in these cases must take place exclusively in the gastrointestinal tract.

Intraperitoneal

There 1is vefy extensive metabolism of dibenzanthracene administered intra-
peritoneally, but it is by no means clear as yet what the gxact mechanism of
absorption and elimination by tris route is. The B fractions of the urine and
bile are unusually high, and there is & very appreciable I frection in the feces.
The very small amount of dibenzanthracene eliminated in the feces (1.2%) is in

accord with the observations of Berenblum and £endall (3a), who were unable to



~Dhid
UCRL~-45

detect any dibenzanthracene fluorescence in feces collected from mice that had
been given the compound intraperitoneally.

Subcutaneous

Fractionations performed on the sites of subcutaneous injectioh after
one week and three months, show that there is no appreciable degredation of
the dibenzanthracene. It has already been demonstrated trat most of the radio-
activity lost from the site appears in the feces, and fractionetion of the
feces indicates a very substantial metabolism of the compound (ohly 11% of the
radioactivity is duevto the carcinogen). Thus it appears that the dibenzan-
thracene leaves the site of subcutansous injection intact, but is then degraded
during the process of elimination from the body.

Tumors induced by the labeled carcinogen

Several tumors, induced by the rudioactive dibenzantiracene, have been
fractionated to determine the extent of degradation. (For thre percent of in-
jected radioactivity in these tumors see Teble VII (2).) There appears to be
a considerable individual variation among these. 4in three of the tumors more
than 90% of the radioactivity is due to unchanged dibenzanthracene. Fowever,
it is striking that in two of tre tumors, the carcinogen has been extensively
degraded (only 15% and 54% of the activity is due to dibenzanthracene). Since
there is no evidence that under normal conditions any degradation occurs at
" tre site of subcutaneous injection, these results suggest that neoplastic tissue
is capable of degrading the carcinogen, whereas normal tissue cannot. Obviously,

more experiments must be done bvefore this point can be settled with certainty.

Photooxidation of dibenzanthracene
Labeled dibenzanthracene was photooxidized in bsnzene solution by exposure

for one hour to & mercury vapor arc, according to the procedure of Alsopp and
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Szigeti (7)¢ The resu1t£ng mixture was processed in elmost the usudl way,
except that Fraction © and U were not obtsined; and Fraction C was a bicarbonote
extraction. The products are unstebls, for on acidificution and warming of
Fractions G and H as shown in Table VIII, radioactive carbon dioxide is elimin=
ated. There is also an appreciable loss of overall activity when alkaline
solutions are concentrated at atmospheric pressure, suggesting perhaps that
volatile neutral substances are formed during tle reaction. These observations
suffice to prove that the water~soluble metabolites are not closely related

to the photooxidation products, because the former never exhibit this instability.

Discussion of Results

In the preceding sections of this paper, evidence has been presented which
proves thet dibeazanthracene is metabolized by the mouse into at least four
substances, and some speculations as to the sites of this degradation have been
advanced. Lt is possible that a srall amount of these compounds is produced
as an artifcat from dihydroxydibenzanthracene during the isolation procedure.

The fact that unchanged dibenzanthracene is found in tumors six to eight
montrs after their induction is an interesting one, and has previously been
demonstrated spectrophotometrically by Lorenz and Shear (10)s This observa-
tion, it must be emphasized, does not throw any light on the problem as to
whether the original hydrocarbon is tle true carcinogen, or whether some meta-
bolite is. In view of tre increasing body of evidence (11) that only very

minute quantities of carcinogenic hydrocarbons are required to initiate the

10, L. Lorenz and L. J. Shear, am. J. Cancer 28, 333 (1936).

1l. a) I. Beremblum, Arch. Path. 38, 233 (1944).
b) w. ¥, Friedewald and P, Kous, J. Expt. med. 80, 101 (1944).
¢) J. C. Mottram, Brit. J. kxpt. fath 26, 1 (1945).
d) I, Berenblum, Report at 4th International Cancer Congress, Sept. 1947,
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TABLE VIII

PHOTOOXIDATION

Fraction G
(in bicarbonate)
2940

acidified with HC1,
warmed, collected COz
evolved

made alkaline i

concentrated
s, N AL
Carbon Dioxide Agueous Lost
(as BaCOgz) 2170 460

310 74% 15.5%
10.5% _

Fraction H
2000

acidified, warmed,
i collected COZ evolved

made alkaline

concentrated
L4
Carbon Dioxidse
(as BaCOg) T
110
5.5% f

e V4

Agueous Lost

1050 840

52.5% 42%
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irreversible process that leads to the tumor, the fact that appreciable amounts
of dibenzanthracene are found in the tumor is of little more than academic
interest. Indeed, it seems likely that the metabolic degradation described

here is merely a detoxication process quite unrelated to the initiation of

cancerid

This work is being continued with the aim of eludidation of the structures
of these metabolites, and the various fractions described are being tested both

for carcinogenic and tumor~regressive properties.











