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WALKER, R. F., C. A. WEIDEMAN AND E. B. WHEELDON. Reduced disease in aged rats treated chronically with
ibopamine, a catecholaminergic drug. NEUROBIOL AGING 9(3) 291-301, 1988.—As part of preclinical safety testing for
carcinogenicity, postpubertal (50 days old) rats were dosed (0, 30, 90 or 180 mg/kg/day) with ibopamine
(N-methyldopamine, 0,0'-diisobutyroyl ester-HCI; SK&F 100168) for 730 consecutive days. Neoplastic and nonneoplastic
lesions were identified histologically in all rats that died during the period of dosing, as well as in those that were killed after
it was completed. Six neoplastic lesions (adrenal cortical, mammary, and pituitary adenoma, skin papilloma,
pheochromocytoma and mammary adenocarcinoma) and five nonneoplastic lesions (chronic glomerulonephropathy, renal
pelvic mineralization, hepatocellular proliferative nodule, galactoceles and chronic cardiomyopathy) were significantly
reduced in a dose-related fashion in at least one sex of ibopamine-treated rats. In addition, age-related alopecia and atrophy
of the adrenal zona glomerulosa were retarded by ibopamine treatment. Squamous cell skin carcinoma was the only lesion
that was significantly (p <0.05) increased in the treated groups. Mortality during the study was not significantly different in
treated and control groups, indicating that the lower incidence of disease in ibopamine-treated rats was a drug effect and not
an artifact of differential survival. Although life span was not measured, ibopamine-treated rats had s‘:gniﬁcantly less
malignant lesions than controls at the end of dosing, suggesting a potentially positive effect of treatment on population
survival. As the result of these beneficial effects, ibopamine may be useful for future study of factors affecting the
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occurrence of disease during aging.

Ibopamine Catecholamines Antitumor

Antiaging

Reduced disease

CATECHOLAMINES are progressively lost from the cen-
tral nervous system of rodents [12], monkeys [13] and hu-
mans [32] during aging. This change in monoamine composi-
tion of the mammalian brain may contribute to physical and
psychological deterioration since pharmacologic replace-
ment of catecholamines improved movement [21], cognitive
behavior [2] and extended fertility [9] in old animals. Chronic
dietary administration of the catecholamine precursor
levodopa (1-3,4-dihydroxyphenylalanine) also extended
longevity in mice, presumably by ‘‘reducing the incidence of
intercurrent disease’’ during aging [9].

A causal relationship between disease, catecholamine de-
crements, and premature death in humans was suggested by
the fact that patients with Parkinson’s disease, a nonlethal
affliction resulting from loss of nigrostriatal dopamine
neurons, had higher mortality,than age-matched subjects
from the general population [14]. Life expectancy in the
Parkinson’s patients increased to normal values upon treat-
ment with levodopa which replaced catecholamines that
were lost as a result of the disease [19,30]. Life span also
increased significantly in mice that were chronically treated
with levodopa, suggesting that catecholamine decrements,

contribute to the onset and progression of disease during
aging [9].

As part of preclinical safety testing for carcinogenicity,
ibopamine (SK&F 100168-A), the diisobutyroyl ester of
N-methyl-dopamine, was administered daily to rats for two
years. The compound is orally active, and exerts its phar-
macologic effects through differential, dose-dependent ac-
tivation of dopaminergic, alpha-adrenergic and/or beta-
adrenergic receptors. For example, in rats the diuretic effect
of ibopamine is antagonized by dopaminergic and alpha ad-
renergic receptor antagonists but not by beta receptor
antagonists, while the increased blood pressure effect is an-
tagonized by alpha but not beta or dopaminergic receptor
blockers [11].

The duration of drug administration in the present study
constituted the major portion of a rat’s life span, providing
an opportunity to test the effects of ibopamine on the spon-
taneous occurrence of diseases whose incidences increase
with age. Since ibopamine reduced the frequency of several
neoplastic and nonneoplastic lesions, it may represent a
class of catecholaminergic drugs with the potential to allevi-
ate some of the intrinsic diseases of senescence.

Requests for reprints should be addressed to Dr. R. F. Walker, Smith Kline and French Laboratories, 1500 Spring Garden Street, Mail

Code: L60, Philadelphia, PA 19101.
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APPENDIX I: SAMPLE SIZES

WALKER, WEIDEMAN AND WHEELDON

Males Females
Ibopamine (mg/kg/day) Ibopamine (mg/kg/day)
Organ Group 0 30 90 180 0 30 90 180
Adrenal Gland Found Dead 98 46 47 55 111 59 60 51
Killed Terminally 102 53 52 45 89 41 40 49
Brain Found Dead 98 — — 55 111 — — 51
Killed Terminally 102 — — 45 89 — - 49
Duodenum Found Dead — — — — 111 — — 51
Killed Terminally — — — — 89 —_ — 49
Heart Found Dead 98 48 48 55 111 59 60 51
Killed Terminally 102 8 4 45 89 0 3 49
Jejunum Found Dead 98 — — 54 — — — —
Killed Terminally 100 — — 45 — —_ — —_
Kidney Found Dead 98 46 48 55 111 59 60 51
Killed Terminally 102 20 20 45 89 11 11 49
Liver Found Dead 98 46 48 55 111 59 60 51
Killed Terminally 102 33 30 45 89 18 20 49
Lung Found Dead 98 — — 55 — — — —
Killed Terminaily 102 — — 45 — —_ — —
Mammary Gland Found Dead 98 46 48 55 111 59 60 51
Killed Terminally 102 3 3 45 89 27 19 49
Pancreas Found Dead 98 — —_ 54 —_ —_ — —
Killed Terminally 102 —_ —_ 45 — — - _
Parathyroid Gland Found Dead 94 — — 55 94 — —_ 40
Killed Terminally 87 — — 37 68 — — 39
Pituitary Gland Found Dead 95 46 48 S5 111 59 60 51
Killed Terminally 102 27 23 45 89 29 24 49
Skin Found Dead 98 46 47 55 110 59 60 51
Killed Terminally 101 48 47 44 89 31 22 49
Stomach Found Dead 98 — — 55 — — — —
Killed Terminally 102 — — 45 — — —_ -
Testes Found Dead 98 46 48 55
Killed Terminally 102 9 8 45
Thyroid Gland Found Dead 98 — — 55 111 — — 51
Killed Terminally 102 — —_ 45 89 — —_ 49
Uterus Found Dead 111 — — 51
Killed Terminally 89 — — 49

METHOD

Outbred rats [CD(BR)SD; Charles River Labs, Wil-
mington, DE] were used in this study because historical data
provided extensive information on lesion incidences in this
strain. The animals were housed individually in wire cages
and were acclimated to standard laboratory conditions of
light (12 hours; 0600-1800 hr), temperature (75+5°C) and
nutrition (Wayne Certified Lab-Blox-Meal and water ad lib
for two weeks after which 500 males and 500 females were
randomly assigned to the study [8]. Ibopamine was adminis-
tered daily by gavage as an aqueous solution containing 0,
30, 90 and 180 mg/kg/day. Each dosing group contained 100
rats (50 male, 50 female) except for controls (0 mg/kg/day)

which consisted of two groups containing 100 rats each. Two
control groups were used to compensate for anticipated var-
iability in the spontaneous occurrence of neoplasms in long-
term studies [25). The additional control group provided data
to calculate a normal range of lesion frequencies against
which to assess the incidence of pathological changes and
their significance in the drug-treated rats.

Ibopamine treatment lasted for two years (730 days) up to
but not including the day of necropsy. All animals received
daily health checks, and records of their body weights, food
consumption and general physical health, as well as phar-
macologic and toxicologic effects of ibopamine, were main-
tained. Physical examinations were performed monthly with
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TABLE 1

BODY WEIGHT AND FOOD CONSUMPTION IN IBOPAMINE-TREATED RATS

PRESENTED AS % OF CONTROL AVERAGE

Duration of

Males

Ibopamine (mg/kg/day)

Females

Ibopamine (mg/kg/day)

Treatment 30 90 180 30 90 180
Body Weight
6 months 100.2 94.9 94.7 98.2 100.3 97.0
12 months 100.6 939 90.0 99.0 96.8 91.2
18 months 99.7 91.2 87.4 95.4 95.0 88.2
24 months 104.0 97.7 93.7 99.4 96.1 91.4
Food Consumption
6 months 105.4 98.4 96.2 97.9 94.4 90.8
12 months 104.2 107.7 104.2 103.9 109.4 100.8
18 months 104.7 95.9 95.3 90.2 87.1 94.7
24 months 103.3 100.5 103.3 96.7 94.1 100.7

Body weights of male and female rats (180 mg/kg/day) were significantly lower
(p<0.05, at least) than controls after 6 to 24 months of ibopamine treatment.

particular attention given to the occurrence of palpable tis-
sue masses. Moribund animals were immediately euthanized
and necropsied. After two years of dosing all remaining
animals were killed and all major organs were collected. All
tissues from animals in control and high-dose groups, as well
as those from all rats that died during the study, were exam-
ined microscopically. The incidences of lesions in these tis-
sues were then compared statistically using Fisher’s Exact
test [18]. The statistical significance of dose response trends
in the incidences of lesions when all dose groups were exam-
ined was assessed with the Cochran Armitage trend test
[1,7]. Body weight and food consumption data were
analyzed using the Student’s (-statistic [28]. The specific
numbers of animals from which the incidence data were cal-
culated for lesions occurring in those found dead or killed
terminally are presented in Appendix I.

RESULTS

The incidences of various lesions in the two control
groups were not statistically different. Thus, the data from
both groups were combined for comparing and assessing the
effects of ibopamine on the occurrence of neoplastic and
nonneoplastic lesions in test animals.

The data presented in Fig. 1 show the cumulative mortal-
ity of male and female rats assigned to vehicle and ibopamine
treatment groups. Temporal differences in survival between
the various groups were not statistically significant.

The body weights and amounts of food consumed by rats
used in the present study are summarized in Table 1. Body
weights were not significantly different between ibopamine-
treated and control rats of either sex at the onset of dosing.
However, after receiving ibopamine (180 mg/kg/day) for 6
months, male rats weighed significantly less (p<0.05) than
their concurrent controls. After 6 months of treatment,
female rats also weighed significantly less (p<0.05) than
their controls. The reductions in body weight did not remain
constant or increase uniformly, but instead, fluctuated be-
tween 1% and approximately 12% until the study was termi-
nated. The differences in body weight between ibopamine-
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FIG. 1. Survival curves for rats treated with ibopamine (A; 180
mg/kg/day) or vehicle (O).

treated and control rats did not correlate with food con-
sumption. For example, after 12 months of ibopamine treat-
ment at 180 mg/kg/day, male rats weighed 10% less but ate
4% more than their controls. After 24 months of dosing, the
same group of rats weighed 6% less than controls even
though they consumed 3% more food. Similar differences
were observed in other dose groups. However, differences in
food consumption between ibopamine-treated and control
groups were not statistically significant.

As seen in Table 2, the incidences of neoplasms, whether
benign, malignant or multiple, in ibopamine-treated rats of
both sexes were significantly lower (p<0.01, at least) than
controls. The data in Table 2 were compiled from counts of
all lesions that were observed during histological examina-
tion of all tissues, whether or not the incidence of each spe-
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TABLE 2
EFFECT OF IBOPAMINE ON THE INCIDENCE OF NEOPLASMS IN RATS

Incidence (% of Animals)

Male Female
Control Ibopamine* Control Ibopamine*
Number of Animals 200 100 200 100
Neoplasms 88% 76%t 97% 86%%
Benign Neoplasms 80% 63%t 96% 83%%
Malignant Neoplasms 53% 33%% 39% 25%t
Multiple Neoplasms 62% 34%% 75% 48%%

*Ibopamine was administered in doses of 180 mg/kg/day.
tComparison with control group is statistically significant (p<0.01).
$Comparison with control group is statistically significant (p <0.001).

TABLE 3
EFFECT OF IBOPAMINE ON THE OCCURRENCE OF BENIGN LESIONS IN MALE RATS
Equal or
Decreased Incidence Increased Incidence
Ibopamine (mg/kg/day) Ibopamine (mg/kg/day)
Lesion Group 0 180 0 180
Adrenal Cortical Adenoma Found Dead 23.5% 5.5%t
Killed Terminally 26.5% 15.6%
Total 25.0% 10.0%t
Mammary Gland Adenoma Found Dead 1.0% 0.0%
Killed Terminally 0.0% 0.0%
Total 0.5% 0.0%
Mammary Gland Fibroadenoma Found Dead 1.0% 0.0%
Killed Terminally 0.0% 0.0%
Total 0.5% 0.0%
Parathyroid Adenoma Found Dead 3.2% 1.8%
Killed Terminally 11.5% 8.1%
Total 7.2% 4.3%
Pituitary Adenoma Found Dead 62.1% 40.0%%
Killed Terminally 62.7% 42.2%*
Total 62.4% 41.0%%
Skin, Fibroma Found Dead 3.1% 3.6%
Killed Terminally 5.9% 2.3%
Total 4.5% 3.0%
Skin, Papilloma Found Dead 10.2% 0.0%t
Killed Terminally 5.9%% 4.5%
Total 8.0% 2.0%*
Testes, Interstitial Tumor Found Dead 2.0% 0.0%
Killed Terminally 5.9% 17.8%*
Total 4.0% 8.0%
Thyroid, Follicular Cell "~ Found Dead 1.0% 0.0%
Adenoma Killed Terminally 3.9% 0.0%
Total 2.5% 0.0%

*Comparison with control group is statistically significant (p<0.05).
tComparison with control group is statistically significant (p<0.01).
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TABLE 4
EFFECT OF IBOPAMINE ON THE OCCURRENCE OF BENIGN LESIONS IN FEMALE RATS

Equal or
Increased Incidence
Ibopamine (mg/kg/day)

Decreased Incidence
Ibopamine (mg/kg/day)

Lesion Group 0 180 0 180
Adrenal Cortical Adenoma Found Dead 32.4% 19.6%
Killed Terminally 39.3% 18.4%t
Total 35.5% 19.0%1
Mammary Gland Adenoma Found Dead 27.0% 37.3%
Killed Terminally 41.6% 8.2%%
Total 33.5% 23.0%*
Mammary Gland Fibroadenoma Found Dead 12.6% 9.8%
Killed Terminally 9.0% 10.2%
Total 11.0% 10.0%
Parathyroid Adenoma Found Dead 3.2% 0.0%
Killed Terminally 4.4% 0.0%
Total 3.7% 0.0%
Pituitary Adenoma Found Dead 87.4% 82.4%
Killed Terminally 74.2% 67.3%
Total 81.5% 75.0%
Skin, Fibroma Found Dead 1.8% 0.0%
Killed Terminally 3.4% 2.0%
Total 2.5% 1.0%
Skin, Papilloma Found Dead 0.9% 0.0%
Killed Terminally 1.1% 2.0%
Total 1.0% 1.0%
Thyroid, Follicular Cell Found Dead 0.0% 0.0%
Adenoma Killed Terminally 1.1% 1.0%
Total 0.5% 1.0%

*Comparison with control group is statistically significant (p <0.05).
tComparison with control group is statistically significant (p <0.01).
$Comparison with control group is statistically significant (p <0.001).

cific lesion was significantly different between control and
treated groups. In other words, each lesion was simply listed
as benign or malignant, and the number of lesions were noted
for each animal. Then the total number of lesions were com-
pared statistically and reported in Table 2. The lists of spe-
cific lesions from which these data were compiled are pre-
sented in Tables 3 through 6.

Benign neoplasms that were found in male and female rats
are presented in Tables 3 and 4, respectively. The benign
lesions are listed as being increased or decreased as a corre-
late of ibopamine treatment (180 mg/kg/day). Ibopamine-
treated rats of both sexes had fewer benign lesions than con-
trols, with reductions in adrenal cortical adenoma, pituitary
adenoma, mammary gland adenoma and skin papilloma
reaching statistical significance in at least one sex (p<0.05,
at least). However, as also seen in Table 3, interstitial cell
tumor of the testes occurred more frequently (p<0.05) in
ibopamine-treated rats that were killed terminally than in
their corresponding controls.

Malignant lestons observed in male and female rats are
presented in Tables 5 and 6, respectively. The incidence of
adrenal pheochromocytoma was significantly lower (p<0.05,

at least) in all ibopamine-treated male rats and in females that
died of other causes during the study. In addition, mammary
gland adenocarcinoma was significantly reduced (p<0.001)
in treated females, occurring in 15.5% of controls versus
1.0% of ibopamine-treated rats (Table 6). Although the inci-
dences of certain other malignancies such as hepatocellular
carcinoma, pancreatic islet cell carcinoma, and adrenal cor-
tical carcinoma were greater in controls than in ibopamine-
treated rats, the differences did not reach statistical signifi-
cance. Squamous cell skin carcinoma was the only malignant
lesion that occurred more often (p<0.05) in ibopamine-
treated rats. The higher incidence was sex-linked, with the
lesion occurring in 3% of drug-treated females compared
with 0% of controls.

The frequencies of 6 neoplastic lesions were inversely
related to dose in ibopamine-treated rats. As seen in Table 7,
statistically significant, dose-related trends were obtained in
males for adrenal cortical adenoma, pituitary adenoma, and
adrenal pheochromocytoma. Similar effects occurred in
females for adrenal cortical adenoma, mammary gland
adenoma and mammary gland adenocarcinoma. Skin papil-
loma and adrenal pheochromocytoma were also significantly
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TABLE 5
EFFECT OF IBOPAMINE ON THE OCCURRENCE OF MALIGNANT LESIONS IN MALE RATS

WALKER, WEIDEMAN AND WHEELDON

Decreased Incidence

Ibopamine (mg/kg/day)

Equal or

Increased Incidence
Ibopamine (mg/kg/day)

Lesion Group 0 180 0 180
Adrenal Cortical Carcinoma Found Dead 3.1% 1.8%
Killed Terminally 2.9% 2.2%
Total 3.0% 2.0%
Adrenal Pheochromocytoma Found Dead 21.4% 0.0*
Killed Terminally 23.5% 15.6%
Total 22.5% 7.0*
Brain, Astrocytoma Found Dead 3.1% 1.8%
Killed Terminally 0.0% 2.2%
Total 1.5% 2.0%
Brain, Oligodendroglioma Found Dead 2.0% 0.0%
Killed Terminally 1.0% 0.0%
Total 1.5% 0.0%
Jejunum, Adenocarcinoma Found Dead 2.0% 0.0%
Killed Terminally 0.0% 0.0%
Total 1.0% 0.0%
Renal Adenocarcinoma Found Dead 1.0% 0.0%
Killed Terminally 1.0% 2.2%
Total 1.0% 1.0%
Hepatocellular Found Dead 4.1% 1.8%
Carcinoma Killed Terminally 6.9% 2.2%
Total 5.5% 2.0%
Lung, Broncheolar-Alveolar Found Dead 1.0% 0.0%
Carcinoma Killed Terminally 1.0% 0.0%
Total 1.0% 0.0%
Mammary Gland Adenocarcinoma Found Dead 2.0% 1.8%
Killed Terminally 2.9% 0.0%
Total 2.5% 1.0%
Pancreas, Islet Cell Found Dead 7.1% 1.9%
Carcinoma Killed Terminally 7.8% 4.4%
Total 7.5% 3.0%
Skin, Basal Cell Tumor Found Dead 0.0% 0.0%
Killed Terminally 3.0% 2.3%
Total 1.5% 1.0%
Stomach, Squamous Cell Found Dead 1.0% 0.0%
Carcinoma Killed Terminally 0.0% 0.0%
Total 0.5% 0.0%
Thyroid, C-Cell Carcinoma Found Dead 7.1% 3.6%
Killed Terminally 7.8% 6.7%
Total 7.5% 5.0%
Thyroid, Follicular Cell Found Dead 1.0% 0.0%
Carcinoma Killed Terminally 1.0% 2.2%
Total 1.0% 1.0%

*Comparison with control group is statistically significant (p <0.001).
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TABLE 6
EFFECT OF IBOPAMINE ON THE OCCURRENCE OF MALIGNANT LESIONS IN FEMALE RATS
Equal or
Decreased Incidence Increased Incidence
Ibopamine (mg/kg/day) Ibopamine (mg/kg/day)
Lesion Group 0 180 0 180
Adrenal Cortical Carcinoma Found Dead 0.0% 0.0%
Killed Terminally 5.6% 0.0%
Total 2.5% 0.0%
Adrenal Pheochromocytoma Found Dead 9.0% 0.0%
Killed Terminally 1.1% 6.1%
- Total 5.5% 3.0%
Brain, Astrocytoma Found Dead 0.0% 0.0%
Killed Terminally 2.2% 0.0%
Total 1.0% 0.0%
Brain, Granular Cell Tumor Found Dead 0.0% 0.0%
Killed Terminally 0.0% 2.0%
Total 0.0% 1.0%
Duodenum, Adenocarcinoma Found Dead 0.0% 2.0%
Killed Terminally 0.0% 0.0%
Total 0.0% 1.0%
Renal Transitional Cell Found Dead 0.9% 0.0%
Carcinoma Killed Terminally 0.0% 0.0%
Total 0.5% 0.0%
Liver, Cholangiocarcinoma Found Dead 0.9% 0.0%
Killed Terminally 0.0% 2.0%
Total 0.5% 1.0%
Mammary Gland Adenocarcinoma Found Dead 15.3% 0.0%t
Killed Terminally 15.7% 2.0%t
Total 15.5% 1.0%%
Pancreas, Islet Cell Found Dead 1.8% 3.9%
Carcinoma Killed Terminally 4.5% 2.0%
Total 3.0% 3.0%
Skin, Squamous Cell Found Dead 0.0% 3.9%
Carcinoma Killed Terminally 0.0% 2.0%
Total 0.0% 3.0%
Skin, Basal Cell Tumor Found Dead 0.0% 0.0%
Killed Terminally 1.1% 0.0%
Total 0.5% 0.0%
Thyroid, C-Cell Carcinoma Found Dead 4.5% 2.0%
Killed Terminally 7.9% 14.3%
Total 6.0% 8.0%
Thyroid, Follicular Cell Found Dead 0.0% 0.0%
Carcinoma Killed Terminally 2.2% 2.0%
Total 1.0% 1.0%
Uterus, Adenocarcinoma Found Dead 0.0% 2.0%
Killed Terminally 0.0% 2.0%
Total 0.0% 1.0%

*Comparison with control group is statistically significant (p<0.05).
+Comparison with control group is statistically significant (p<0.01).
$Comparison with control group is statistically significant (p <0.001).
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TABLE 7
DOSE RELATED EFFECTS OF IBOPAMINE ON NEOPLASTIC LESION IN RATS
Males Females
Ibopamine (mg/kg/day) Ibopamine (mg/kg/day)
Group 0 30 90 180 0 30 90 180
Benign Lesions
Adrenal Cortical Adenoma Found Dead 23.5% 17.4% 6.4% 5.5%% 32.4% 28.8% 18.3% 19.6%*
Killed Terminally 26.5% 24.5% 15.4% 15.6% 393% 22.0% 27.5% 18.4%*
Total 25.0% 21.2% 11.1% 10.0%% 35.5% 26.0% 22.0% 19.0%%
Mammary Gland Adenoma Found Dead 1.0% 0.0% 0.0% 0.0% 27.0% 16.%% 23.3% 37.3%
Killed Terminally 0.0% 333% 33.3% 0.0% 41.6% 59.3% 36.8% 8.2%t%
Total 0.5% 2.0% 2.0% 0.0% 33.5% 30.2%  26.6% 23.0%*
Pituitary Adenoma Found Dead 62.1% 73.9% 45.8% 40.0%t 87.4% 76.3% 88.3% 82.4%
Killed Terminally 62.7% 92.6% 87.0% 42.2% 74.2% 96.6% 100.0% 67.3%
Total 62.4% 80.8% 59.2% 41.0%% 81.5% 83.0% 91.7% 75.0%
Skin, Papilloma Found Dead 10.2% 4.3% 4.3% 0.0%*% 0.9% 0.0% 0.0% 0.0%
Killed Terminally 5.%% 8.3% 8.5% 4.5% 1.1% 3.2% 4.5% 2.0%
Total 8.0% 6.4% 6.4% 2.0% 1.0% 1.1% 1.2% 1.0%
Malignant Lesions
Adrenal Pheochromocytoma Found Dead 21.4% 10.9% 6.4% 0.0%% 9.0% 0.0% 1.7%  0.0%t
Killed Terminally 23.5% 11.3% 19.2% 15.6% 1.1% 2.4% 5.0 6.1%
Total 25% 1.1% 13.1% 7.0%% 5.5% 1.0% 3.0 3.0%
Mammary Gland Adenocarcinoma Found Dead 2.0% 2.2% 0.0% 1.8% 15.3% 15.3% 10.0%  0.0%t
Killed Terminally 2.9% 0.0% 0.0% 0.0% 15.7% 22.2% 15.8%  2.0%*
Total 2.5% 2.0% 0.0% 1.0% 15.5% 17.4% 11.4% 1.0%%

*Trend is statistically significant (p <0.05).
tTrend is statistically significant (p <0.01).
$Trend is statistically significant (p <0.001).

reduced compared to controls in dose-related fashion in
ibopamine-treated males and females, respectively, that died
during the course of this study.

Lower frequencies of nonneoplastic lesions in at least one
sex of ibopamine-treated rats were also dose-related (Table
8). Significant (p <0.05, at least) trends leading to lower inci-
dences of chronic glomerulonephropathy, renal pelvic
mineralization, hepatocellular proliferative nodule, mam-
mary galactoceles and chronic cardiomyopathy occurred.
There were no dose-related trends to suggest that nonneo-
plastic diseases increased as a consequence of ibopamine
treatment.

In addition to reducing disease, ibopamine retarded age-
related atrophy of the adrenal cortex. The adrenal cortex of
the rat undergoes severe atrophy by two years of age [17].
However, the zona glomerulosa of ibopamine-treated rats
was appreciably thicker than the zona glomerulosa in age-
matched controls (Fig. 2). This difference between control
and ibopamine-treated rats was highly significant (p <0.001)
and dose-related. In males dosed with 30, 90, and 180
mg/kg/day of ibopamine, atrophy of the zona glomerulosa
was prevented in 20%, 34%, and 42% (p<0.001), respec-
tively. In females receiving the same doses, atrophy of the
zona glomerulosa was prevented in 9%, 19% and 37%
(p<0.001), respectively. Since the zona glomerulosa from
24-month-old ibopamine-treated rats were comparable to
those in 3-month old untreated rats, the data suggest that
age-related, atrophic changes in the adrenal cortex were pre-
vented by ibopamine.

Another atrophic change partially retarded by ibopamine
was hair loss. As seen in Table 8, alopecia in male rats was
significantly reduced in a dose-related fashion.

DISCUSSION

An initial concern with the results of this study was that
the significantly lower incidences of lesions in ibopamine-
treated rats might be an artifact of early death. Theoretically,
if more ibopamine-treated rats than controls died before the
age at which lesions occurred spontaneously, and if all rats
were used for calculating the differences between groups,
then a lower incidence of lesions in treated rats could be
apparent but not real. Thus, when mortality is very different
between groups, a time-adjusted analysis is required to de-
termine if differences in lesion incidence are really due to
treatment. In the present study, differences in mortality be-
tween control and ibopamine-treated rats were not statisti-
cally different, suggesting that the lower incidences of le-
sions in ibopamine-treated rats were drug-related. Support
for this view also derives from the fact that differences in
mortality and lesion incidences in the two control groups
were not consistent with bias resulting from early deaths.
For example, no male rats from control group I and 7 male
rats from control group II were dead after 12 months on the
study. However, adrenal cortical adenoma and pheo-
chromocytoma occurred more often in control group II (29%
and 24%, respectively) than in control group I (16% and 18%,
respectively). If early deaths were skewing the incidence
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TABLE 8
DOSE RELATED EFFECTS OF IBOPAMINE ON NONNEOPLASTIC LESIONS IN RATS
Males Females
Ibopamine (mg/kg/day) Ibopamine (mg/kg/day)
Lesion Group 0 30 90 180 0 30 90 180
Alopecia Found Dead 22.4% 26.1% 10.6% 9.1%* 12.7% 6.8% 11.7% 13.7%
Killed Terminally 38.6% 39.6% 34.0% 11.4%t 202% 29.0% 18.2% 10.2%
Total 30.7% 33.0% 22.3% 10.1%% 16.1% 14.4% 13.4% 12.0%
Chronic Found Dead 73.5% 89.1% 60.4% 65.5% 33.3% 20.3% 30.0% 13.7%*
Glomerulonephropathy Killed Terminally 84.3% 75.0% 85.0% 844% 393% 45.5% 27.3% 30.6%
Total 79.0% 84.8% 67.6% 7T4.0% 36.0% 24.3% 29.6% 22.0%*
Renal Pelvic Found Dead 10.2% 6.5% 6.2% 1.8%* 48.6% 54.2% 36.7% 23.5%%
Mineralization Killed Terminally 4.9% 100% 10.0% 2.2% 52.8% 36.4% 27.3% 8.2%t%
Total 7.5% 7.6% 74% 2.0% 50.5% 51.4% 352% 16.0%%
Hepatocellular Proliferative Found Dead 5.1% 10.9% 6.2% 1.8% 13.5% 8.5% 1.7%  0.0%%
Nodule Killed Terminally 15.7% 9.1% 16.7% 11.1% 18.0% 11.1% 40.0% 8.2%
Total 10.5% 10.1% 10.3% 6.0% 15.5% 9.1% 11.2%  4.0%7
Mammary Galactoceles Found Dead 13.3% 13.0% 42% 1.8%t 27.9% 39.0% 23.3% 17.6%
Killed Terminally 13.7% 100.0% 66.7% 4.4% 24.7% 44.4% 42.1% 12.2%
Total 13.5% 18.4% 7.8% 3.0%t 26.5% 40.7% 27.8% 15.0%*
Cardiomyopathy, Chronic Found Dead 37.8% 29.2% 25.0% 471.3% 243% 102% 11.7%  9.8%f%
Killed Terminally 64.7% 75.0% 100.0% 46.7%  30.3% 0.0% 33.3% 14.3%*
Total 51.5% 357% 30.8% 47.0% 27.0% 102% 12.7% 12.0%%

*Trend is statistically significant (p <0.05).
tTrend is statistically significant (p <0.01).
$Trend is statistically significant (p<0.001).

data of these two neoplastic diseases, then males from con-
trol group I which began dying later, i.e., after thirteen
months on study, should have had the greater number of
lesions. Similarly, early death was not correlated with a
lower incidence of renal pelvic mineralization in female con-
trol rats. Although mortality was initially higher in females
from control group II than in females from control group I,
the number of renal pelvic lesions was higher in control
group II (53% vs. 43%). Since mortality in male and female
rats receiving ibopamine (180 mg/kg/day) was comparable to
controls, but adrenal cortical adenoma, pheochromocytoma
and renal pelvic mineralization were significantly lower
than controls, the data suggest that ibopamine was more
influential than early death upon the incidence of spontane-
ous lesions in the present study.

Nutritional factors also have the potential to affect the

results of a study in which animals are chronically exposed -

to chemical agents. For example, long-term restriction of
food intake has been shown to depress body weight, reduce
tumors and increase life span in rodents of both sexes [3, 4,
20, 22, 31]. Since nutrition can-modulate the incidence of
disease, Rao er al. [26] recently reviewed the data from sev-
eral National Cancer Institute-National Toxicology Program
(NCI-NTP) 2 year chemical carcinogenicity studies to de-
termine if the results were in some way correlated with
differences in body weight between treated and control
groups. Using body weight as an indicator of caloric intake,
they showed that 10-20% reductions in body weight corre-
lated with significantly lower incidences of mammary and
anterior pituitary adenomas. Malignant lesions did not show

comparable correlations in the NCI-NTP studies that were
reviewed.

In the present study body weight and food intake were
carefully monitored to determine if the reduced incidences of
malignant and nonneoplastic lesions were associated with
caloric restriction. Food intake in ibopamine-treated rats
was comparable to controls throughout the study, even
though body weight was slightly lower in the treated animals.
Since reduced food consumption was clearly not responsible
for the lower body weight in ibopamine-treated rats, it is
unlikely that the antitumorigenic effect of the drug had a
nutritional basis. The lower body weights may instead reflect
a leaner body mass resulting from muscle maintenance in
preference to fat production. Alternatively, the weight
differences may have resulted from the mild diuretic action
of ibopamine which has been observed in experimental and
clinical studies [11,15]. This action may, in fact, account for
the lower body weight of ibopamine-treated rats in the pres-
ent study since clinical administration of the drug has been
associated with slight weight loss in man [23].

The most obvious mechanism by which ibopamine re-
duced the incidence of disease, and especially certain
endocrine tumors, is by inhibition of prolactin release from
the pituitary. Since ibopamine retards prolactin secretion
[10], it may thereby reduce pituitary tumors, mammary
cancer and galactoceles which are related to hypersecretion
of the hormone. Lactotropes possess dopamine receptors
whose activation retards prolactin secretion, so that the
ability of ibopamine to reduce prolactin-dependent lesions
may be due simply to its dopaminergic effect on the pitui-
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FIG. 2. Photomicrographs of outer adrenal cortex showing capsule, zona glomerulosa (arrows) and outer zona fasciculata. Approx-
imate thickness of zona glomerulosa is indicated by a bar (I). (A) 3-month-old control rat. (B) Age-matched control, 2 years.

(C) Ibopamine-treated for 2 years.

tary. The effectiveness of this therapeutic approach to
treatment of diseases that are linked to hypersecretion of
prolactin has been demonstrated [29].

However, only a portion of the lesions that were reduced
by ibopamine are prolactin-dependent. Furthermore, clinical
data suggest that the action of ibopamine on prolactin is

more complex than one of simple suppression. For example,
the drug significantly suppressed serum prolactin in man two
hours after its initial administration, but baseline levels of the
hormone were normal after eight days of repeated dosing
(27). Thus, rather than being chronically suppressed,
prolactin secretion may be stabilized by continued adminis-
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tration of ibopamine. Such action might retard the onset of
prolactin-dependent tumors while still allowing sufficient
hormone to provide positive support for other prolactin-
dependent functions such as those of the immune system
[24]. This possibility is supported by the fact that the lower
incidences of adrenal cortical neoplasms, pheochromo-
cytoma, chronic glomerulonephropathy, renal pelvic
mineralization, hepatocellular proliferative nodule, chronic
cardiomyopathy and retardation of adrenal cortical atrophy
in ibopamine-treated rats are difficult to attribute to reduced
prolactin secretion. While all of these effects cannot be ex-
plained by enhanced immune function either, the findings
suggest that ibopamine has a more generalized mechanism of
action than one simply involving inhibitory dopamine recep-
tors in the pituitary.

The results of other carcinogenicity studies published by
the National Toxicology Program and National Cancer Insti-
tute support the view that the prophylactic effects of
ibopamine are related to its catecholaminergic properties.
For example, the sympathomimetics ephedrine and phenyl-
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ephrine increased survival and significantly reduced the in-
cidence of leukemia and pheochromocytoma in rodents
[5,16). These effects were recently shown to be unrelated to
changes in body weight [26]. In contrast, the catecholamine
depleting drug reserpine increased the incidence of pheo-
chromotoma and tumors of the testes and mammary glands
[6]. Since ibopamine reduced a larger number of diseases
than ephedrine or phenylephrine, the structural peculiarities
of these drugs and their differential ability to activate cate-
cholamine receptors, alone or in combination, may account
for their unique prophylactic efficacies. Perhaps these puta-
tive structure:activity relationships can be enhanced, and
new compounds developed for future study and/or preven-
tion of certain intrinsic diseases of aging.
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