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Dose-dependent Induction of Liver and Thyroid Neoplastic Lesions by Short-term
Administration of 2-Amino-3-methylimidazo[4,5-flquinoline Combined with Partial
Hepatectomy Followed by Phenobarbital or Low Dose 3’-Methyl-4-dimethylaminoazo-
benzene Promotion
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Dietary administration of 0.1, 0.05, or 0.025% 2-amino-3-methylimidazo[4,5-f]quinoline (I1Q)
for two weeks combined with partial hepatectomy at the end of the first week and followed hy
long-term treatment with phenobarbita! (PB) or 3'-methyl-4-dimethylaminoazobenzene (3’-Me-
DARB) from week 3 to week 86 resulted in dose-dependent development of liver and thyroid
neoplastic and preneoplastic lesions, Quantitation of glutathione S-transferase placental form
(GST-P)-positive hepatocellular focal populations revealed a significant correlation of IQ concen-
tration with lesion area, with a yield approximately equal to that generated by a similar dose of
2-acetylaminofluorene. The fact that IQ was less toxic therefore allowed greater yields of
hepatocellular carcinomas to be induced. The development of thyreid tumors initiated by the IQ
treatment was significantly enhanced by the administration of PB, whereas Zymbal gland tumors

induced by I1Q} did not show any correlation with either PB or 3-Me-DAB treatment.
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Since the first demonstration of ir vivo
carcinogenicity of a tryptophan pyrolysis
product in 1981" a number of the heterocyclic
amines present in broiled foodstuffs have been
shown to have tumorigenic potential in either
mice or rats.”™ Thus, in addition to 3-amino-
1,4-dimethyl-5 H-pyrido[4,3-b]indole (Trp-P-
1)"?and 3-amino-1-methyl-5 H-pyrido[4,3-b]-
indole (Trp-P-2),” glutamate pyrolysis
products™ ® and a number of heterocyclic im-
idazo derivatives’ '™ were all revealed to be
potent carcinogens. These compounds have
long been known to be mutagenic,'” and low
doses have furthermore been demonstrated to
induce far greater yields when administered in
combination than simple summation would
predict'” and therefore may be of direct and
exceedingly important relevance to tumor de-
velopment in man.

Abbreviations: IQ, 2-amino-3-methylimidazof4,3-
flquinoline; PB, phenobarbital; 3'-Me-DAB, 3'-
methyl-4-dimethylaminoazobenzene; GST-P, gluta-
thione S-transferase placental form: 2-AAF, 2-
acetylaminofluorene.
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The compound 2-amino-3-methylimidazo-
{4,5-flquinoline (IQ) is a potent mutagen
which was isolated from fish broiled under
normal conditions.’” It has been synthe-
sized'®) and was reported to induce tumors in
the forestomach, liver and lung of CDFI
mice® and liver, skin, Zymbal gland, colon
and intestine of F344 rats.” Requiring
microsome-dependent activation,’® IQ has
been demonstrated to be genotoxic in both
bacteria and rat, hamster or guinea-pig
hepatocytes in culture.'®'” Since the earlier
reports were based on data generated by long-
term application, the present investigation
was performed to ascertain whether limited
exposure might prove effective for initiation.
Partial hepatectomy was performed during
the administration period and PB or a low
level of 3'-Me-4-DAB was added in a second
promotion stage to increase yields, as pro-
posed previously.'® '

MATERIALS AND METHODS

A total of 240 male 5-week-old F344 rats
(Charles River Japan, Inc., Atsugi) housed 5 per
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plastic cage with wood chips for bedding were
maintained under constant conditions (12-hr light
dark cycle, 60% humidity, 22°) on Oriental MF
diet (Oriental Yeast Co., Tokyo) and tap water ad
libitum. After one week for acclimation, animals
were divided into groups as shown in the experi-
mental regimen. Groups 1 to 3 received a two-week
dietary treatment with IQ at doses of 0.1, 0.05 and
0.025%, respectively and were maintained on diet
supplemented with PB (0.05%) or 3'-Me-DAB
(0.0024%) from week 3 until final sacrifice at week
86. The dose of the latter was chosen as being itself
insufficient for liver tumor development within the
time scale of the experiments.” Group 4 served as
a non-initiated control and group 5 received 0.1%
IQ without subsequent promotion. IQ and 2-acetyl-
aminofluorene (2-AAF) intake was calculated
from 2-day consumption data measured biweekly.
Groups 6 and 7 received 0.016% 2-AAF, this being
the maximum dose allowing 1009 survival after
partial hepatectomy, with or without second stage
promotion, and were maintained to give an approx-
tmate assessment of the comparative potency of IQ
initiation. All animals underwent two-thirds partial
hepatectomy at week 1.

Rats surviving till the end of the experiment and
those dying of tumor development after week 52
were included in the effective numbers for assess-
ment of neoplastic lesion yield by histopathological
analysis of hematoxylin and eosin stained sections
of formalin-fixed tissue from all major organs. In
addition, at final sacrifice, liver slices were fixed in
ice-cold acetone and paraffin sections cut and
stained immunohistochemically for binding of spe-
cific antibodies to GST-P (generous gift of Dr. K.

Sato, Hirosaki University), earlier shown to be
an accurate marker for rat liver preneoplastic
lesions® (raised as described previously™), using
the avidin - biotin - peroxidase complex (ABC})
method™ (Vectastain Kit, Vector Laboratories
Inc., Burlingame CA).

Incidence data were compared statistically using
the ¥* test whereas Student’s rtest was applied for
analysis of the significance of differences in areas of
the GST-P-positive lesions.

RESULTS

Effective numbers, and data on survival,
mean body weights and IQ intake are
summarized in Table I. Significant reduction
in body weight as compared to appropriate
controls was observed in all groups receiving
1Q followed by PB or 3'-Me-DAB promoting
regimens. Incidences of neoplastic lesions
arising in the different groups are given in
Tables II and IIL Significant yields of hepa-
tocellular carcinomas, thyroid lesions and
Zymbal gland tumors were associated with
initial 1Q exposure. Yields were in general
dose-related. In contrast, the development of
preputial gland tumors appeared to be inde-
pendent of IQ, similar incidences being ob-
served in animals with or without the initia-
tion treatment (see Table 1II). Occasional
intestinal tumors were diagnosed but without
any dose-dependence being apparent. PB ex-
erted strong enhancing effects on development

Table I. Mean Survival Time, Body Weight and Total Inifiator Intake
Treatment No. of Mean Mean Total
Group Initiation by Promotion ra.ts survival time body weight initiator intake
1Q/2-AAF (%) by (days) (g) (g/rat)
1 1Q (0.1) PB 14 570.4+45.29 313.1%e67.1° 0.15
IQ (0.05) PB 18 583.21£29.0? 367.5+63.87 0.09
IQ (0.025) PB 17 586.01+40.5 393.0+80.87 0.05
— PB 18 602 4473+ 34.6 0
2 IQ (0.1) 3’ -Me-DAB 16 591.5+42.0 399.5+64.9¢ 0.15
IQ (0.05) 3’ -Me-DAB 18 582.4+51.8 415416979 0.09
IQ (0.025) 3 -Me-DAB 17 593.1£25.6 433.3+70.49 (.05
— 3’ -Me-DAB 18 602 47641248 0
3 1Q (0.1) — 19 586.51t38.5 404.01t61.1 0.15
4 2-AAF (0.016) PB 18 596.81t21.9 422.8140.5 0.03
5 2-AAF (0.016) 3 -Me-DAB 20 602 459.2+28.9 0.03
6 2-AAF (0.016) — 17 602 44931221 0.03

Significantly different at P<{0.05 (a), 0.01 (&), 0.001 (¢) compared to the respective IQ dose O group.
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Table II, Incidence and Area of Liver Lesions

Treatment No. of animals with (%) Area of GST-P-positive lesion®
Group  [nitiation by Promotion No. of  Hyperplastic Hepatocellular No. of 2fomt

1Q/2-AAF (%) by rats nodules carcinomas  rats® mm/em

1 I1Q (0.1) PB 14 14 (100)? 7 (50)%® 8 29.91£10.52¢%2
IQ (0.05) PB 18 18 (100)* 7 (38.9)%% 10 33.58 £ 14.29%#2
IQ (0.025) PB 17 17 (100)¢ 6 (35.3)*4 10 18.93+6.88=2
— PB 18 5 (29.4) 0 (@ 17 274+ 1.68

2 1Q (0.1) 3’ -Me-DAB 16 16 (100)? 5 (31.3) i4 14.071 4239
IQ (0.05) 3’ -Me-DAB 18 18 (100)? 3 (16.7) 13 12.78 £ 4,35%9
IQ (0.025) 3’ -Me-DAB 17 17 (100)? 1 (5.9) 14 8.9513.82=#
— 3’ -Me-DAB 13 7 (38.9) 0 (O 18 1.65£0.79

3 1Q (0.1) — 19 19 (100) 0 (0) 15 29014 1.79

4  2-AAF (0.016) PB 18 18 (100) 2 (11.1) 15 8.231+3.46"

5 2-AAF {0.016) 3'-Me-DAB 20 18 (90) 2 (10) 20 4.88%1.92

6  2-AAF (0.016) — 17 14 (82.4) 0 (™ 17 4,58 £2.78

a) Including hepatocellular carcinomas.

b) Survivors at week 86.

Significantly different at P<0.05 {c), 0.01 (d), 0.001 (¢) compared to the respective IQ dose O group.
Significantly different at P<0.01 (£}, 0.001 (g) compared to group 3.

Significantly different at P<C0.01 (k) compared to group 6.

Table III. Incidence of Tumors in the Thyroid, Zymbal and Preputial Glands

Treatment No. of No. of rats with (%)
Group Initiation by Promotion r(;'t;) Thyroid Zymbal gland Preputial
1Q/2-AAF (%) by tumors? tumors” tumors?
1 1Q (0.1) PB 14 9 (64.3)" 6 (42.9)° 3(35.7)
1Q (0.05) PB 18 8 (44.4)%% 2(11.1) 6 (33.3)
IQ (0.025) FB 17 8 (47.1)*® 2(1.8) 4 (23.5)
— PB 18 2 (11.8) 0 (0) 4 (22.2)
2 IQ (0.1) 3’ -Me-DAB 16 3 (18.8) 1 (6.3) 6 (37.5)
IQ (0.05) 3’ -Me-DAB 18 2 (1L 0 9 (50)
1Q (0.025) 3 -Me-DAB 17 0 4 (23.5)* 5(29.4)
— 3 -Me-DAB 18 0 0 (O 6 (33.3)
3 IQ (0.1) — 19 1 (5.3) 5 (26.3) 7 (36.8)
4 2-AAF (0.016) PB 18 2 (11.1) 0 (O 1 (5.6)
5 2-AAF (0.016) 3 -Me-DAB 20 1 (5 0 (O 3 (15
6 2-AAF (0.016) — 17 0 (O 0 (M 3 (17.6)

a) Adenoma plus carcinoma.

b) Squamous cell carcinoma plus adenoacanthoma.

¢) Adenoma, adenccarcinoma plus squamous cell carcinoma.,

Significantly different at P<0.05 (d), 0.01 (&) compared to the respective IQ dose 0 group.
Significantly different at P<0.05 (f}, 0.01 (g), 0.001 (k) compared to group 3.

of liver and thyroid tumors but not Zymbal Analysis of GST-P-positive lesions which
gland lesions. Enhancement by 3’-Me-DAB  included both foci and hepatocellular carcino-
appeared limited to the liver case. mas (see Table II and Figs. 1 and 2) revealed
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Fig. 1. IQ and 2-AAF dose dependences of GST-

P-positive liver lesion development in animals pro-
moted with PB. (), Number of rats, »=0.743,
P<0.001, Y=326X+7.85 for IQ and r=0.711,
P<0.001, Y=2331X+2.93 for 2-AAF.
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Fig. 2. IQ dose dependence of GST-P-positive

liver lesion development in animals promoted with
3-Me-DAB. ( ), Number of rats. = 0.614,
P<0.001, Y=111X+4.45 for IQ and r=10.753,
P<0.001, Y=202X+1.66 for 2-AAF.

significant differences in area between groups
with and without IQ administration. Both PB
and 3’-Me-DAB alone brought about induc-
tion of a similar number of small lesions but
PB appeared to exert a far greater promoting
effect on the size of IQ- or 2-AAF-initiated
foci and nodules. Indeed 3’-Me-DAB did not
have any influence in the 2-AAF initiation
case, and even with PB, the extent of enhance-
ment was far less than after IQ initiation.
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Thyroid lesions were almost all diagnosed
as papillary adenomas and carcinomas, only a
few cases of tumors with follicular morphol-
ogy being observed. The Zymbal gland neo-
plasms were either squamous cell carcinomas
or keratoacanthomas. The few intestinal
tumors were adenomas or adenocarcinomas,
whereas the preputial gland lesions were of
squamous cell character.

DiIsCussioN

The results of the present investigation
clearly demonstrated that even a relatively
short administration of IQ given in combina-
tion with a regenerative stimulus to the liver
can bring about a very effective initiation of
hepatocarcinogenesis. The influence of partial
hepatectomy is generally attributed to fixation
of DNA lesions by cell division before repair
processes can operate.'® ' * 2% However, the
demonstrated high incidence of thyroid
tumors would indicate that a proliferative
stimulus, other than any inherent in possible
carcinogen toxicity and associated regenera-
tion, may be unnecessary for initiation of
thyroid carcinogenesis by IQ. Investigation of
the direct effects of IQ on thyroid tissue is
warranted, This is, to the authors’ knowledge,
the first demonstration of the thyroid’s sus-
ceptibility to IQ’s carcinogenic potential, the
carlier report of its effects in the rat being
concerned with liver, Zymbal gland, colon,
small intestine, skin, oral cavity and clitoral
lesions.”

Strong initiating activities in rat liver were
earlier demonstrated for medium-term treat-
ment with other pyrolysis products, including
lysine- and soybean globulin-derived com-
pounds,”™?” and the present results thus sug-
gest that all members of this group might
share this potential. Indeed, the initiating po-
tential of 1) was greater than that of 2-AAF
at similar dose (see Figs. 1 and 2) although
the level of toxicity was far lower, allowing
application of far larger doses. In addition, it
appears that at least IQ, and perhaps by anal-
ogy all these heterocyclic aromatic amines,
also exerts a very pronounced promoting
action for development of hepatocellular le-
sions. The extent of enhancement reported
earlier was approximately equal to that ob-
served for very strong hepatocarcinogenic
regimens with 2-AAF, diethylnitrosamine,

Jpn. J. Cancer Res. {Gann)
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and 3-Me-DAB.*® It should perhaps be
stressed that the presence of IQ in the envi-
ronment tends to imply that it is a direct
relevance to human cancer, even though
proof of an association is as yet lacking.®”
Therefore thorough testing of this important
group of environmental contaminants in
medium-term in vivo assay systems for both
initiation and modulation activities is obvi-
ously warranted. The advantage of using en-
zyme markers for assessing dose-effect rela-
tionships, and thereby relative initiating and
promoting potencies, has been emphasized by
Pitot and his colleagues.”” The marked effects
of PB and to a lesser extent 3'-Me-DAB in the
present experiment highlight the importance
of post-initiation processes for turnor develop-
ment. Indeed in extreme cases, a total shift
from one tumor type to another may result
from appropriate selection of promoting
chemicals.’” Since IQ is a multitarget car-
cinogen® the present results regarding devel-
opment of only liver and thyroid tumors are
in good agreement with the suggestion that
manifestation of neoplastic lesions is heavily
reliant on an appropriate promoting stimulus.

The fact that PB at the doses administered
was far more effective at enhancing liver
lesion development than was 3'-Me-DAB,
even though both induced approximately
equal numbers of nodules and small foci when
given alone, is presumably an example of the
variation in initiating and promoting poten-
tial. In view of the earlier demonstration that
PB at the same dose as given in the present
experiment strongly promoted development
of DEN- and to a lesser extent aflatoxin B,-
but not N-OH-AAF-initiated lesions,’” the
observed finding of only a slight effect on 2-
AAF-induced foci is of interest. Thus, in
comparison to the 10-fold enhancement of
IQ-initiated lesions by PB, the doubling of 2-
AAF alone values is obviously low. Similarly,
with 3'-Me-DAB the equivalent comparison is
between a 5-fold increase and no effect what-
soever. Investigation of biochemical differ-
ences which presumably must underlie such
variation in susceptibility to promotion is an
as yet barely explored area.

Although a great deal of information has
been generated as to the target organ speci-
ficity of different second-stage modulators of
neoplastic development, again the mechanisms
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involved remain largely unclear.”¥ The pres-
ent finding of clear promotion of thyroid but
not Zymbal gland tumors by PB is, however,
in agreement with earlier reports,***?
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