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Table 1
Levels of retinoid in diet fed to azaserine-treated rats

After the rats were fed initially at levels of 1.0 or 2.0 mmoi/kg of diet, the
declining health of some groups necessitated reducing the level of retinoid.

Dietary level/

Retinoids days® Dose index”  No. rested”
cv-1? 0/364 0 0
CV-1 + 4-PVOPHR

High 2.0/49
1.0/237
0.5/41 355.5 21
Low 1.0/78
0.5/284 220.0 1
CV-1 + 2-HPRR
High 2.0/343 686.0 20
Low 1.0/364 364.0 17
CV-1 + 3-HPRR
High 2.0/39
1.0/322 400.0 18
Low 1.0/48
0.5/315 205.5 1
CV-1 + 2,3-DHPRR
High 2.0/363 726.0 21
Low 1.0/363 363.0 17

# mmol of retinoid/kg of diet/number of days fed at that level. The total possible
number of days of treatment was 365 + 2, due to variations in sacrifice schedule.
Whenmetotalnumbefofdaysslowefmmmtz this indicates that the animals
were ‘‘rested,” i.e., fed retinoid-free diet.

® Expressed as “mmol days,” which is defined as the diet level of retinoid in
mmol X the number of days fed the diet; e.g., animals fed 1.0 mmoi/kg of diet on
all possible days, without “rest,” would have received 1 x 365 = 365 mmol days
of treatment. When more than one dietary level was fed, the calculated number of
mmol days for each level has been totaled. This dose index reflects the maximum
retinoid treatment possible in each group. One-third of the rats received slightly
less retinoid, as explained in c.

© Individual rats with marked growth failure were “rested” without altering
treatment for the whole group. The number of rats rested in each group is indicated.
Each animal was only rested for 7 days at a time, but some rats were cycied
through such retinoid-free periods 2 or 3 times, i.e., for up to a total of 21 days.

9 CV-1, chow + Vehicle 1.

to be growing in expansile fashion. Localized carcinomas are
lesions with a degree of cellular atypia of acinar cells which is
similar to the lesions in which there is evidence of local invasion
or metastasis to lymph nodes, liver, or lungs.

Eighty-six rats which were not given injections of azaserine
survived for at least 51 weeks. There were no neoplasms in the
pancreases of these rats, but 1 to 3 AACN were present in 11
of 41 females and 28 of 45 males. This incidence is consistent
with previous experience in aged non-carcinogen-treated rats (4,
6). The number of lesions/pancreas is in the range of 1% of that
in the azaserine-treated rats.

The results of the histological study of pancreases from the
azaserine- and retinoid-treated rats and their controls are sum-
marized in Table 2. In many instances, individual pancreases
contain several lesions. Each pancreas has been scored only
once in the category of the highest grade lesion which was found
in the pancreas, and no effort has been made at this point to
record muitiplicity or the presence of lesions of more than one
category in a single pancreas. Those animals surviving for 51
weeks or longer after their first carcinogen injection have been
included in the calculations of incidence of pancreatic neoplasms.
This time period corresponded to the earliest appearance of a
CIS in the pancreas. Several rats autopsied during the 36- to
50-week interval were found to have adenomas in the pancreas.
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Only AACN were found in rats surviving for fewer than 36 weeks.
The pancreases of all azaserine-treated rats contained many
AACN, so that the incidence of such lesions is not a useful index
of the effect of retinoids. We feel that the effect of retinoids on
the growth of AACN is refiected in pancreatic weights, as is
suggested by the data for retinoid and non-retinoid-treated rats
given in Table 3. The mean pancreas weights in all but one
retinoid-treated group are less than those of the corresponding
vehicle control group. The reduction is significant in all male
retinoid-treated groups and in 2 of 4 female retinoid-treated
groups, as indicated in the footnote to Table 3. This is consistent
with retardation of growth of carcinogen-induced lesions in the
retinoid-treated groups. We have previously reported that the
average size of AACN was smaller in rats fed retinyl acetate (6)
and that mean pancreas weights were less in groups fed 3 other
retinoids (4) than in the pancreases of the control groups.

The combined incidence of invasive carcinoma and CIS in the
pancreas was lower in all retinoid-treated groups than in the
vehicle control groups (Table 2). Two of the 4 male and 2 of the
4 female retinoid-treated groups showed a significant reduction

Table 2
Effect of retinoids on incidence of pancreatic neoplasms in azaserine-treated rats
surviving for 51 weeks of longer.
Ratsweremtedmthweeklyn;ecbonsofazasmwMebengfedd\ow
Two weeks later, they were switched to or non-retinoid-contain-
ing diets which were fed for 1 year before the animals were autopsied.

% with neoplasms Rank correlation”
N Ade- Carci-
Group N nomas CIS nomas Iy p
Males
Vehicle 1 24 38 25 0
4-PVOPHR -0.3604 0.0029
Low 25 32 4 0
High 24 17 0 4
2-HPRR -0.221  0.070
Low 24 21 12 0
High 25 16 12 4
3-HPRR -0.1482 0.24
Low 23 35 4 4
High 22 18 23 0
2,3-DHPRR -0.2610 0.024
Low 25 36 12 4
High 25 24 8 0
Females
Vehicle 1 24 8 17 0
4-PVOPHR -0.348 0.0092
Low 24 4 0 0
High 25 0 0 0
2-HPRR -0.1492 024
Low 24 0 8 0
High 24 8 4 0
3-HPRR -0.197 0.13
Low 26 8 0 0
High 25 0 8 0
2,3-DHPRR -0.2300 0.036
Low 25 12 12 0
High 24 4 0 0

®r,, Spearman rank correlation coefficient. p values are for a 2-sided test for
trend versus the alterative of no correlation between retinoid dose and effect on

neoplasticprogressm Negative values for r, refiect retarded progression in
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in the incidence of neoplasms when compared to the vehicle
non-retinoid-supplemented group. Of the 2 remaining retinoids,
1 would reach significance (p < 0.05) in the males if a 1-tailed
test were accepted. In summary, the order of effectiveness of
these retinoids in regard to inhibition of pancreatic carcinogenesis
is: 4-PVOPHR (most effective); 2,3-DHPRR; 2-HPRR; and 3-
HPRR (least effective). It might be noted that, in this series, there
is little correlation between toxicity and effectiveness. Thus, 4-
PVOPHR, the most effective retinoid, was also the most toxic,
and effectiveness in inhibition of carcinogenesis does not merely
reflect total dose of retinoid administered to the animals.

Neoplasms in organs other than the pancreas included:
hepatocellular carcinoma; adenocarcinoma of the kidney; malig-
nant lymphoma; carcinoma of the Zymbal’'s gland; squamous
carcinoma of the skin; adenocarcinoma of seminal vesicles;
adenocarcinoma of the breast; and carcinoma of the lung, lipoma,
liposarcoma, and leiomyosarcoma. The most frequent were car-
cinomas of the liver and breast.

Among female retinoid-treated rats, the number of hepatocell-
ular carcinomas and neoplastic nodules in liver was higher than
expected. Many of the livers also contained altered foci or areas
such as are commonly seen among carcinogen-treated animals.
We have used nomenclature suggested by Squire and Levitt (10)
to classify carcinogen-induced liver lesions. As is shown in Table
4, the Spearman rank correlation indicated an increasing inci-
dence of liver tumors with increasing retinoid dose in 3 of 4
female retinoid-fed groups. In contrast, the trend was for fewer
liver neoplasms in 3 of 4 male retinoid-treated groups, although

the 2-sided probabilities were greater than 0.05. Thus, there is
an indication that some of the retinoids serve as promoters for
hepatocarcinogenesis in female rats. The higher incidence of
hepatocellular carcinomas in male versus female non-retinoid-
fed azaserine-treated groups is consistent with our experience
in previous studies in which both sexes have been studied. The
male/female ratio for the incidence of liver carcinomas was 2/0
in the nonretinoid control group of our previous retinoid study (4)
and had been 3/1 among azaserine-treated rats in an earlier
study (6).

Ductal proliferation was present in the livers of many female
retinoid-fed rats, with a higher incidence in high- than in low-
dose groups. The incidence was similar in azaserine- and non-
azaserine-treated rats. The incidence in male rats was in the
range of 10 to 20% of that in females. Ductal proliferation was
seen in 87% of the female rats given the high dose of PVOPHR.

The appearance of the other tumors is sporadic among various
groups, and no significant increase or decrease in incidence was
present in any group in comparison with the appropriate control
group.

Testicular atrophy was noted in 7 of the 8 groups of rats fed
retinoid-supplemented diets. During the routine sampling of testis
as explained above, the prevalence of atrophy among the reti-
noid-treated groups became evident. At that point, weights of
representative ‘‘normal’’-size and ‘‘small’’ testes were recorded.
A mean of 3.04 + 0.22 g for the pairs of testes from 25 *‘normal’’-
appearing rats was recorded. A mean of 1.26 + 0.38 for 63 rats
which appeared to have “‘small”’ testes was found. Combined

Table 3
Mean pancreas weights in azaserine-treated rats fed retinoid-supplemented diets
Group mean pancreas weights are given for all animals that survived for 36 or more weeks after the first

carcinogen injection.

Pancreas wt (g)

Females Males
Diet group No azaserine +azaserine” No azaserine +azaserine”

Vehicle 1 1.00 + 0.11b(4)c 1.11 £ 0.14 (24) 1.32+0.11(5) 1.68 + 0.25 (23)
4-PVOPHR

Low 074 £ 0.11 (4) 0.88 + 0.14 (24) 1.22 + 0.25 (5) 1.20 £ 0.19 (24)

High 0.80 = 0.07 (5) 0.92 + 0.14 (25) 1.20 £ 0.10 (5) 1.26 + 0.14 (25)
2-HPRR

Low 1.00+0.13 (4) 1.10+ 0.13 (24) 1.50 £ 0.13 (5) 1.62 + 0.20 (24)

High 097 £ 0.12 (5) 0.91 + 0.16 (24) 1.23+£0.14 (5) 1.41 + 0.24 (25)
3-HPRR

Low 1.03+0.26 (4) 1.04 + 0.14 (26) 1.30 £ 0.12(5) 1.38 + 0.22 (23)

High 1.03+022 4) 1.05 + 0.16 (25) 144 + 0.11 (5) 1.32 £ 0.22 (21)
2,3-DHPRR

Low 1.12+0.08 (5) 1.12 £ 0.13 (25) 1.30 £ 0.07 (5) 1.56 + 0.19 (26)

High 1.02+0.13 (5) 1.07 £ 0.22 (24) 1.28 £ 0.11(5) 1.45 + 0.22 (25)

? The data from azaserine-treated rats have been evaluated using the Spearman rank correlation statistic
to compare pancreas weights as a function of treatment. For each sex, treatment was stratified into 3 groups,
i.e., vehicle versus low retinoid level versus high retinoid level. The correlation coefficient and the probability

(2-sided) for each retinoid are shown below.

Females Males
Retinoid I P A P
4-PVOPHR —0.4459 <0.001 —0.5345 <0.001
2-HPRR -0.4377 <0.001 -0.4154 <0.001
3-HPRR -0.1692 . 0.15 -0.4927 <0.001
2,3-DHPRR -0.1919 0.1 -0.3301 0.0064
® Mean + S.D.

° Numbers in parentheses, number of animals.
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Table 4

Effect of retinoids on incidence of liver neoplasms in azaserine-treated rats surviving for 56 weeks or longer
after the first carcinogen injection

The incidence of hepatocellular carcinomas and neoplastic nodules in livers differed in male and female rats

fed retinoid-containing diets.
Incidence (%) Rank correlation®
Neoplas- Liver
N tic nod- cell car-
Diet group N None Foci Areas ules cinomas A P
Males

Vehicle 1 24 25 25 17 12 21

4-PVOPHR —-0.2263 0.074
Low 21 48 33 14 5 0
High 24 46 25 17 4 8

2-HPRR -0.1168 0.34
Low 23 39 35 13 4 9
High 24 29 42 8 4 17

3-HPRR -0.2115 0.1
Low 22 50 41 4 4 0
High 20 25 60 10 0 5

2,3-DHPRR +0.0079 0.95
Low 25 20 52 16 4 8
High 25 12 40 32 0 16

Females

Vehicle 1 24 79 0 8 4 8

4-PVOPHR +0.4132 <0.001
Low 24 38 17 33 4 8
High 25 24 16 20 20 20

2-HPRR +0.3054 0.017
Low 24 79 12 0 4 4
High 24 42 8 21 17 12

3-HPRR +0.1684 0.16
Low 25 72 12 4 4 8
High 25 56 24 4 4 12

2,3-DHPRR +0.2370 0.047
Low 25 48 24 4 12 12
High 24 50 17 4 0 29

2 r,, Spearman rank correlation coefficient. p values are for a 2-sided test for trend versus the alternative of
no correlation between retinoid dose and effect on neoplastic progression. Negative values for r, reflect
retarded progression in retinoid-treated groups, whereas a positive 7, reflects enhanced progression.

N, number of animals.

testes weight of 2.3 g or less was visually determined to be
“small,”” and the tissue sampling for abnormal organs was taken
from this group. In a previous study, a mean testis weight of 2.5
+ 0.50 was found for 4 untreated rats. When the incidence of
testicular atrophy among azaserine-treated, non-retinoid-treated
rats (3/24) is compared to that among non-azaserine, non-
retinoid-treated rats (0/4), the difference is not significant (p =
0.56; x? test). The overall incidence of testicular atrophy in
azaserine-retinoid-treated groups is 35% and, in retinoid- but not
azaserine-treated groups, it is 33%. From this data, we conclude
that the presence or absence of retinoid has more influence on
testicular atrophy than does azaserine treatment. In light of this
conclusion, we have combined the results within diet groups,
irrespective of presence or absence of azaserine treatment (see
Table 5). The degree of testicular atrophy was assessed histo-
logically using a grading system based on degeneration of ger-
minal epithelium of testicular tubules and suppression of sper-
matogenesis similar to that of Maddock et al. (7). One of the 4
retinoids, 3-HPRR, shows a significant increase (p = 0.0084;
Spearman test) of testicular atrophy over non-retinoid-treated
animals, with a positive dose response. Two other retinoids
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show significance when the low-dose group only is tested against
the non-retinoid-treated control group (4-PVOPHR, p = 0.048;
2,3-DHPRR, p < 0.001; Spearman test). Although the fourth
low-dose retinoid group shows a trend toward atrophy, it does
not reach significance (2-HPRR, p = 0.065). From these obser-
vations, we conclude that the 4 retinoids in this study have a
toxic effect expressed by testicular atrophy. In the case of 3-
HPRR, the atrophy was dose related; i.e., atrophy was greatest
in the high-dose group. The other 3 retinoids studied showed an
anomalous dose response, with more severe atrophy in the
lower-dose groups. This leads us to question whether simple
cytotoxicity is the mechanism causing the atrophy, but no simple
explanation is obvious to us.

DISCUSSION

When we previously used the azaserine rat model to evaluate
the potential of 4 other synthetic retinoids for chemoprevention
of pancreatic carcinomas (4), we used a slightly different initiation
protocol in which a total of 150 mg/kg of azaserine was injected
over a 15-week rather than a 5-week period. We chose to use
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Table 5
Degree of testicular atrophy among retinoid-treated rats

Testicular atrophy was noted at autopsy in 7 groups fed retinoid-containing
diets.

% with atrophy grade® Rank correlation®
Group N 0 1 2 3 4 5 ro P
Vehicle 29 9 3 0 0 0 7
4-PVOPHR +0.0563  0.55¢
Low 30 67 10 3 0 13 7 +0.2623  0.048°
High 29 8 0 10 7 0 0 +00911 049°
2-HPRR +0.1343  0.19¢
Low 29 69 3 0 7 10 10 +0.2475  0.065°
High 30 77 3 0 0 3 17 +0.1755 0.18°
3-HPRR +0.2811  0.0084°
Low 28 64 4 4 4 4 21 403012  0.027°
High 27 59 0 0 7 7 26 +0.3516 0.011°
2,3-DHPRR +0.0083  0.937
Low 31 23 3 3 6 16 48 +0.6503 <0.001%'
High 30 8 3 7 0 3 3 +00782 055°'

? Degrees of atrophy represented by column headings: 0, no atrophy; 1, 1 to
20% of tubules showing lack of spermatogenesis; 2, 21 to 40% of tubules showing
lack of spermatogenesis; 3, 41 to 60% of tubules showing lack of spermatogenesis;
4, 61 to 80% of tubules showing lack of spermatogenesis; 5, 81 to 100% of tubules
showing lack of spermatogenesis.

b, Spearman rank correlation coefficient. p values are for a 2-sided test for
trend versus the alternative of no correlation between retinoid dose and effect of
progression of atrophy. A positive r, reflects enhanced atrophy in retinoid-treated
groups.

¢ N, number of animals.

9 Evaluations carried out using vehicle versus low dose versus high dose,
showing dose response of retinoid.

° Evaluations carried out using vehicle versus low dose or vehicle versus high
do§e. showing difference from no-retinoid group.

This retinoid was the only one of the 4 in which the low dose differed significantly
from the high dose when doses were evaluated together without a non-retinoid-
treated group. r,, —0.6485; p < 0.001. The negative r, reflects increase in retinoid
correlated with decrease in degree of atrophy.

the shorter initiation regimen in the present experiment in an
attempt to allow intervention of the retinoids at an earlier stage
of evolution of the carcinogen-induced lesions. The incidence of
carcinomas was dramatically lower in the current study than in
the previous one and was lower than we anticipated in the
vehicle control group. In part, this may reflect the shortened
initiation protocol. Another contributing factor may have been
the size of the rats at the time of first carcinogen injection.
Weanling rats were ordered for both rounds of study; however,
different suppliers were used. The mean weight of rats in the
current study was 65.5 + 13.8, whereas the mean weight was
37.2 £ 6.0 at the time of first carcinogen injection in our previous
study. We have demonstrated previously that young rats are
more sensitive than are older rats to induction of AACN by
azaserine (5). Thus, if the difference in size reflects age, it could
have influenced the number of initiated foci, i.e., fewer in the
current study. A third consideration is the fact that, in the current
experiment, the rats were sacrificed 9 weeks earlier after the
first azaserine injection than in the previous experiment, so that
there was a shorter period for evolution of the neoplasms. The
effect of retinoids on pancreatic carcinogenesis was similar in
the 2 experiments and consistent with an inhibition of the rate of
progression of azaserine-induced lesions toward carcinomas.
Toxicity of the retinoids was manifest as growth failure in both
sexes, testicular atrophy in males, and apparent promotion of
liver carcinogenesis in female rats. The effect of the retinoids on
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growth was minimized by intermittent feeding of diets free of
retinoid and by reduction of retinoid levels in the diet. in general,
the impact of the retinoids on growth was less in the current
experiment than in the previous experiment. The mean body
weight at the end of the experiment was lower in only 1 of the
male high-dose retinoid-treated groups in comparison with the
vehicle-fed controls. Thus, the possible effect of ‘‘calorie restric-
tion” on incidence of pancreatic cancers appears to be a minimal
consideration in the current experiment.

Considering the total dose of retinoid administered to each
group, the number of individual rats which grew slowly, and the
growth curves for the retinoid-fed and vehicle-fed groups, we
conclude that the order of relative toxicity of the 4 retinoids in
rats is: 2-HPRR (least toxic); 2,3-DHPRR; 3-HPRR; and 4-
PVOPHR (most toxic). The first 2 and the last 2 retinoids were
very similar in toxicity.

Testicular atrophy was a more striking finding in the current
study than was our experience in the earlier study. Such changes
have been reported in retinoid-treated rats (7), dogs (3), and
hamsters (13). The synthetic retinoids are complex molecules,
and testicular atrophy was primarily associated with retinoids
containing the hydroxypropyl moiety. It may be that this portion
of the molecule or retinamides incorporating this component are
particularly damaging to the testis.

The finding of an increased incidence of hepatocellular carci-
nomas in several of the high-dose retinoid-treated female rats is
particularly alarming. An increasing number of agents have been
shown to promote hepatocellular carcinoma in experimental
systems (14), and Stinson et al. (12) have reported an increased
incidence of hepatic hemangiomas and hemangiosarcomas
among hamsters treated with 2,6-dimethylnitrosomorpholine and
13-cis-retinoic acid. Promotion of tracheal carcinogenesis in ham-
sters (11), carcinogenesis in the hamster cheek pouch (8), and
formation of skin papillomas in mice (2) have been reported in
retinoid-treated groups. This has raised a note of caution in
regard to the use of retinoids as chemopreventive agents. The
retinoids utilized in the current studies seem to merit further
evaluation in protocols designed specifically to evaluate promo-
tion of liver carcinogenesis.

In view of the significant toxicity encountered in this study, we
recognize that some or all of the apparent inhibition of pancreatic
carcinogenesis could resuit from indirect effects of the retinoids
on metabolism or endocrine function rather than from a direct
effect of the retinoids on pancreatic cells. Future studies will
address this issue.
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