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Synopsis 

After four years of a long term contraceptive steroid safety study, 

.the incidence and the histologic type of mammary dysplasia produced is 

similar in beagles treated \vith medro>,.'yprogesterone acetate (medro)>.'Y-

progesterone) or progesterone. 

Serum insulin, thyroid s.timulating hormone (TSH), triiodothyronine, 

growth hormone, prolactin, 176-estradiol, progesterone, and cortisol 

. were determined by radioimmunoassay on samples collected after 45 months 

of treatment. Serum grmll'th hormone and ins.ulin concentrations were 

elevated in a dose related manner in both treatment groups. Triiodo-

thyronine, cortisol, and estradiol-176 (medroxypr0gesterone only) were 

lm17ered. TSH and prolactin concentrations uere not changed. Pituitary-: 

gonadal hormone interaction in the pathogenesis of mammary neoplasia 

of the dog is discussed. Prolonged treatment of the beagle \-lith massive 

doses of progesterone or medroxyprogesterone results in a dose related 

incidence o£ mammary modules. 
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INTRODUCTION 

The hormone dependence.of mammary cancer was hypothesized by 

1 
Beatson in 1896 who noted remission of tumors in patients follm..ring 

ovariectomy. The experimental induction of mammary tumors in mice 

bearing pituitary isografts 2 suggested a relationship between steroid 

and protein hormones in tumor development and permitted manipulation 

of the prolactin estrogen interaction in the laboratory study of 

mammary neoplasia. The pathogenesis of mammary neoplasia has been 

intensively investigated in rodents, and is only partly understood 

. 3 4 1n women ' . However~ in the dOg, a .species with a high spontaneous 

incidence of mammary dysplasia5
•
6 and neoplasia7 •8

, it remains incom-

pletely characterized. In order to relate mammary tumorogenesis to 

hormonal alteration in the bitch, \·le determined the incidence of 

mammary tumors and assayed serum levels of prolactin, growth hormone, 

178-estradiol, progesterone, cortisol, insulin, thyroid stimulating 

hormone and triiodothyronine during the course of a study comparing 

medroxyprogesterone acetate with progesterone in the beagle. 

Development of steroidal contraceptives calls for administration 

.. of new drugs at multipleR of the human dose fur two years in the rat, 

9 
seven years in the dog and ten years in the monkey The 17a-hydroxy-

progesterone derivatives used alone have shown no increase in mam:nary 

. . d . 10 . 10 k 11 d . d f tumor 1nc1 ence 1n rats , m1ce or mon eys , an no ev1 ence o 

mammary dysplasfa has been found in women given medroxyprogesterone 

acetate \vhen used alone in clinical contraceptive tes ting
12 

······································ ····························::::::::::::::::.: ························· 

3 
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Contraceptive doses of medroxyprogesterone have not been linked to 

1 . f 1 . 13 h . . 14 b 11 a terat1ons o pro act1n or growt hormone secret1on or a norma y 

elevated serum 17~-estradiol15 in clinical trials of the drug. However, 

an increased incidence of mammary dysplasia has been found in the dog. 
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HATERIALS AND HETHODS 

Animals and Drug Administration 

One hundred forty (140) virgin beagle bitches were hysterectomized 

at 4-6 months of age and divided into six treatment groups. Drug treated 

groups of twenty bitches each received 30, 180 or 690 mg medroxyprogesterone 

acetate (medro:h.-yprogesterone) per dog every 3 months for 36 months <>.nd 

30, 300 or 735 mg per dog every 3 months from 36 to 48 months. Hedroxy-

progesterone ~·Jas administered intramuscula·rly as an aqueous suspension. 

These latter doses correspond to 1, 10 and 25x the human contraceptive 

dose. Approximately 50 mg per dog is the efficacious contraceptive dose 

in the bitch 16 . T~·lO other groups of 20 dogs each received intramuscularly 

an aqueous suspension of 46 or 1140 mg progesterone per dog per week. 

Preliminary evaluation suggested that these progesterone doses resulted 

in approximately 20 or 500 ng/ml serum progesterone Hhich corresponds 

to approximately lx or 25x luteal phase concentrations. Forty dogs 

were administered aqueous vehicle every 3 months through the 29th month 

of study. After 29 months, the controls ~vere divided eqn;:~lly, with 

one-half receiving the vehicle vol•.;me equivalent to the ldgh dose 

progesterone group, i.e. 11.4 ml per dog per week, and the other half 

receiving vehicle volume equivalent to that administered to the high 

dose medroxyprogestertine group, i.e. 4.6 ml per dog per three months. 

The animals were housed individually in screened outdoor runs 

and allm.;red ~vater ad libitum. The standard laboratory chow ration 

was adjusted to maintain a desirable body weight. 
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Routine Observations 

Clinical observations were conducted daily and estrus and general 

health examination were conducted Heekly. The marrrrnary glands \vere 

examined monthly by inspection and palpation for changes in numbers 

and character of mammary nodules and the character of discharge. Since 

the study inception, the same person has conducted these examinations 

and updated schematics and descriptions of the nodules. Mammary nodules 

which \•Jere less than 2 mm in diameter and, therefore, no longer palpable, 

were deleted the following month. As the inciividual nodules became 

confluent, thus losing their individual identity, they Here scored 

as originally found. Tissue for examination was derived from unscheduled 

deaths; the nodules 'tvere not biopsied. (The mammary nodules ,,1ere his to-

17 
logically classified based upon the guidelines proposed by Hampe. 

~s modified by Dr. Robert K1,rapien, Director Contraceptive Stero.id 

Project*, Armed Forces Institute of Pathology, Washington, D.C.). 

Roubine hematology, serum chemistry, ophthalmology, br-omsulfophthalein 

retention, and oral glucose tolerance tests were performed at regular 

intervals. 

Hormone Determinations 

Sera were collected and frozen during the 45th study month from 

all surviving dogs. All hormones \vere quantitated by radioimmunoassay. 

Canine prolact.in was determined by a heterologous assay
18 

employing an 

ovine prolactin standard. Canine grm.,rth hormone 1-.ras determined by an 

19 
assay employing rhesus antibody to canine pituitary grmvth hormone . 

*Contributors to the Contraceptive Steroid project include industrial 
pathologists, staff of the AFH' and FDA. One of the project goals 1-.ras 
to develop a consensus for the diagnostic criteria for mammary tumors 
of the bitch. 
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Thyroid stimulating hormone (TSH) \vas determined by radioimmunoassay 

described by Quinlan
20

. Progesterone
21

, cortiso1
22

, and triiodo­

thyronine (T-3)
23

, and 17B-estradiol
24 

were determined by previously 

published procedures. Insulin was quantitated with a Schwarz/Mann 

kit (Orangeburg, N.J.). 

Statistic~l Analysis 

7 

Analysis of variance was used to test for overall differences 

among treatment group responses. hThere appli.eable for statistically 

significant endpoints, the response of each treatment group Has com­

pared to the control. ~\Then treatment group variances were not homoge­

neous~ a log transformation of the data was utilized. If variances 

remained heterogeneous, the Kruskal-Wallis test was used to test for 

overall differences among treatment group responses. For statistically 

significant endpoints in this case, each treatment group was compared 

to the control using the Wilcoxon rank sum test
25

. It should be noted 

that when the Wilcoxon test was used, the probabilities presented refer 

to pairw:i.se comparisons and do not account: for experiment-Hise error 

rates except \vhen the rcsul ts of the medroxyproges terone groups pooled 

were compared to the results of the progesterone groups pooled. 
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RESULTS 

The results of ·the 48th month mammary gland clinical examinations 

are summarized in Table 1 and the histologic diagnosis of nodules from 

dogs Hhich have died is found in Table 2. The incidence (Table 1) and 

type (Table_ 2) of tumors produced by medro>~progesterone and progesterone 

-.;.;ras similar. Peripheral serum hormone concentrations in samples 

collected during the 45th month from dogs treated with medroxyprogestarone 

or progesterone are illustrated in Tables 3 anJ 4, respectively. Serum 

prolactin, growth hormone, and insuli~ responses were similar in the 

two tLeatment groups. Prolactin concentration did not change with treat­

ment, while growth hormone and insulin concentrations increased in a 

dose-related manner in both progestin treated groups. Triiodothyronine 

was depressed in dogs treated with either progest~gen, and thyroid 

stimulating hormone \·<as significantly depressed in the high dose medroxy­

progesterone treated group. Serum progesterone was increased in the 

progesterone treated groups, as expected, and in the low dose medroxy­

progesterone treated groups as well. Serum estradiol was similar in 

all progesterone t>.eated groups but depressed in a dose-related manner 

in medroxyprogesterone treated dugs. Serum cortisol was ~ecreased 

significantly in dogs treated \vith progesterone and the high dose 

medroxyprogesterone treated group. There were no significant differences 

in the hormone values of vehicle C•)ntrol dogs for progester.one versus 

vehicle control dogs for medroxyprogesterone with the exception of 

significantli increased serum cortisol levels in the progesterone control 

group (p<.OS). The pooled progesterone treated groups rompared to the 
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pooled results of medroh~progesterone treated groups had significantly 

increa~ed estradiol and progesterone levels in dogs treated with 

progesterone (p<.Ol). Other responses were similar in groups of dogs 

treated \vith either progestogen. 

9 
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Table 1 

Mammary Nodule Incidence in Beagles Treated Hi th Medroxyprogesterone ·. 
Acetate and Progesterone for Four Years 

Number of 
Number of Number of Nodules 

Number of Dogs i·Jith Nodules No Longer 
Dose Group Surviving Dogs"' Nodule.s Present Present,.<>'< 

Vehicle Controls Nedroxypr::>gesterone acetate 17 2 2 1 

Vehicle Controls Progesterone 18 0 0 1 

J mg/kg Hedroxyprogesterone acetate 19 13 29 6 

30 mr,/kg Hedroxyprogesterone acetate 18 15 93 15 

75 mG/kg Medroxyprogesterone acetate 14 12 105 26 

5 rr:g/kg Proges ·:erone 20 13 26 14 

125 mg/kg Progesterone 4 4 45 10 

*. Initially 20 ciogs per group 
** Nodules no longer clinically detected 



Table 2 · 

Histo?atholog~f Mammary Nodules in Beagles Treated 
With Medrnxyprogesteione Acetate and Progesterone for Four Years* 

Vehicle Control 
Med:roxy- Medroxyprogesterone acetate progesterone 

acetate Progesterone 3 mg/kg 30 mg/kg_ 75 mg/kg s 
Number of dogs e}:amined 3 2 1 2 2 
Hype:-Elasias 

Sir.1ple Lobular Hyperplasia 0 2 1 3 9 
Complex Lobular Hyperplasia 0 0 0 3 13 
Simple Papillary Cyst 0 0 0 5 4 
Complex Papillar~ Cyst 0 0 0 2 0 

Total 0 2 1 13 26 

Tumors 

Simple Adenom.l 0 0 0 1 1 
Conqlex Adenoma 0 0 0 4 12 
HL:ed Nammary Tumor 0 0 0 0 4 
Com:>lex Duct Papilloma 0 0 0 0 1 
Si!W.11C Duct Papilloma 0 0 0 0 1 
flasiloid Adenoma 0 0 0 0 0 
In!:r;Jlobular Non-

i:1£iltrating Solid 
Carcinoma, Comedo-Type,.,,·, 0 0 0 0 0 

Focus of Noninfiltrating 
Care inoma :'< 0 0 0 0 0 

Total 0 0 0 5 19 

Total ·o 2 1 18 45 

*Unscheduled deaths only. 
'~-:< Not :1. nodule 

See Table 1 for number of surviving dogs at 4 yrs. 

ONcdules classified c..fter Hampe17 

Progesterone 

mg/kg 125 mg/kg_ 
0 16 

0 11 
0 33 
0 4 
0 0· 

0 48 

0 1 
0 9 
0 1 
0 1 
0 0 
0 1 

0 1 

0 1 

0 15 

0 63 

. : 

t:l . 
~ . 

Total 

26 
49 
13 

2 

90 

3 
25 

5 
2 
1 
1 

1 

1 

39 

129 



Hormone 

Insulin 
J.m/ml 

TSH 
ng/ml 

Thyr::>xin (T3) 
ng/100 ml 

Vehicle 
Control 

Table 3 

S-~rum Hormone Determinations in Beagles Given 
Hedroxyprogesterone Acetate for 45 Honths 

HecroxyErogesterone acetate 

3 mg/kg 30 mg/kg 75 rng/kg 

5. ~.8 + 4. 55·r 15.60 + 5.60 **L 23.42 + 17.14**L 28.39 + 18.19 
<is) (18) (20) (16) 

6.15 + 3.23 5.60 + 3.92 6.05 + 3.57 3.01 + 1. 68 
<i7) (20) (20) (16) 

130.52 + 25 .. 79 116.25 + 41.59 104.09 *V + 47.01 ' 104.75 + 22.29 
'17) ~ ' 

(20) (20) (16) 

''deL 

*'~L 

i:-!<W 

Gr01"th Hormone 5.67 + 1. 27 6.7]. + 5. 23>'<H 42.45 + 48.84HW *''"H 52.14 + 47.49 . 
ng/ml (14) (12) Tl6) 

Prol.-:tc tin 1.60 + 0.63 2.20 + 0.95 1. 70 + 0.65 
ng/1a1 <is) (20) (20) 

~·( 

Estradiol 178. 29.12 + 7.29 22.65 + 7.00 18.22 + 6.86 
pg/m1 (16) (20) (20) 

9.9 + 15.2 34.3 
''o'<L 

3.3 4.5 Prooesterone + 70.9 + ::> 

(19) ng/m1 (17) (20) 

Cort:f.sol· 2.27 + 1.04 2.08 + 1.18 2.89 + 2.12 
!Jg/100 m1 <i7) (20) (20) 

i" Mean+ S.D., number of observations in parenthesis 
'~ p<O.OS · 

>'n'c p <0. 01 
hT Significance determined by ~-lilcoxon Rank Sum test 
L Significance dete~mined by log transformation of data 
K Significance determined by Kruskal-1·Jallis test 

(12) 

2.06 + 1. 48 
(16) 

,·c,~ -;'r;;c 

12.68 + 4. 77 
(16) 

4.9 + 4.6 
(16) 

0.57 + 0.42 
>'d<K 

(16) 

Overall 
Significance 

**L 

*K 

**K 

t::f : ' 



Hormone 

Insulin 
11u/ml 

TSH 
ng/ml 

Thyroxin (T .... ', 
~' 

ng/100 ml 

Table 4 

Serum Hormone Determinations in Beagles 
Given Progesterone for 45 Months 

Vehicle ?rogesterone 

Control 5 mg/kg 125 mg/kg 

6.63 + 5. 71 
t 

13.51 + 9.14*1 27.24 + 15.46 
C15) (20) C7) 

5.67 + 2.22 6.63 + 6.16 4.40 + 3.38 
Ci7) (20) (7) 

125.88 + 38.13 115.39 + 39.03 74.00 + 35.06 
cis) (20) (7) 

to':L 

**W 

Grotvth Hormone 
ng/ml 

6.92 + 1.89 5.37 + 2.09
1
'\.J' 89.20 + 88.9G**W 

Prolactin 
ng/ml 

estradiol 17E. 
pg/ml 

Progesterone 
ng/ml 

Cort.isol 
llg/100 tnl .. 

(ii) 

1.70 + 0.68 
(17) 

26.20 + 9;35 
<i8) 

13.8 + 25.2 
(18) 

3.11 + 0.87 
cis) 

(20) 

1.80 + 0.61 
(20) 

24.55 + 7. 72 
(20) 

62.06 + 159.7 
**\.J' 

(20) 

*'' 2.02 + 0.98 
(20) 

t Mean+ S.D., number of observations in parenthesis 
'~ p<0.05 

,.,., p<O~Ol 
l.J' Si~nificance determined by Wilcoxon Rank Sum test 
L Significan-ce determined by log transformation of data 
K Sign.Lficance determb.ed by Kruskal-Hallis test 

(5) 

1. 85 + 0.37 
C7) 

29.69 + 13.09 
(7) 

156.3 + 67.1 **W 

(7) 

**" 
1.45 + 1.21 

(6) 

Overall 
Significance 

**L 

* 

**L 

** 

t:1· 

~-
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DISCUSSION 

The incidence of mammary nodules in bitches treated with 

progesterone and medroxyprogesterone for 4 years '~as similar and 

related to the dose of the compound administered. }1icroscopic 

examination of the mammary nodules indicated a similar histologic 

spectrum and distribution of change in both progesterone and medroxy-

progesterone treated bitches. Lobular hyperplasia '"as the most frequent 

observed microscopic lesion, arid complex adenomas '"ere the neoplasms 

found most frequently. No morphologic evidence was found that tumors 

associated with medroxyprogesterone treatment differed from those 

produced by progesterone except that histologic evidence of malignancy 

was confined to two dogs treated with 125 mg/kg progesterone weekly for 

4 years. 

The biological significance of progestogen stimulation to mamn1ary 

tumorogenesis of the bitch is indicated by the strong dose relationship 

between the treatment and nodule incidence. Prolonged progesterone 

treatment at massive dose levels is tumorogenic in the beagle. 

Similarly, medroxyprogesterone acetate (17a-hydroxy-6a-methyl-

progesterone acetate) is tumorogenic in the beagle when administered 

at multiples of the Iauman dose prescribed for steroid contraceptive 

safety assessment. This is in keeping Hith the previously reported 

responsiveness of the canine mammary gland to stimulation by. 

progestational agents. 

I h · · "'1 G . 26 . d. h l 1 . ' . . n 1s recent rev1ew ~c u1re 1n 1cates t at t1e re at1onsn1p 

of progesterone ,.,ith anterior pituitary bormones in thP. t,f?nPsis •)f 
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manunary neoplasia is unclear .. Evidence from studies of rats and mice 

suggests a primary relationship between estrogen and prolactin in the 

development of mammary neoplasia Hhile progesterone plays an important but 

uncertain role. Though approximately 40% of the breast cancer in women is 

responsive to steroid chemotherapy? the role of pituitary hormones in 

the genesis of mammary neoplasia in women is based largely upon circum-

stantial evidence. Higher serum prolactin levels have been reported 

in families with an increased incidence of breast cancer; hm,,ever, pro­

lactin receptors have not been demonstrated in human breast cancer tissue26 • 

Hormonally responsive tumors are thought to be primarily estrogen dependent. 

Estrogen, however, increases progesterone receptors in mammary tissue, anq 

the clinical remission rate reflects an advantage of combined steroid 

chemotherapy upon demonstration of estrogen and progesterone receptors. 

Contraceptive doses of medroxyprogesterone in women do not produce 

1 . f 1 . 13 h h . 14 1 . a terat1.ons o pro act1.n or grmvt ormone secre.t1.on or resu t 1.n 

abnormal levels of serum 17B-estradiol15 . 

In the present study, serum prolactin was similar in all groups of 

~'"'gs ~ \vhich suggests that chronic progestational stimulation does not 

.result in increased prolactin secretion in the bitch. Growt~ hormone 

was increased by both progestogens in a dose relate~ fashion. Because 

many high dose dogs shoHed alterations in carbohydrate metabolism, 

elevated serum insulin and acromegalic change, this increase' in grm-1~h 
• 

. "• 

hormone ·was not unexpectec.l·. Serum prolactin shows no apparent relat:ipn-

ship to the incidence of progestationally induced marnmari nodules of the 

hi t:ch, \.Jhi 11? serum groHth hormone shm·:.s a close relationship to the 
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incidence of mammary nodules. 27 Graf reported similar findings in 

beagles given norethisterone enanthate. (In spontaneous mammary 

carcinoma of the dog Hamilton28 found no differen~e in serum prolactin 

between 32 cases with neoplasia and 22 normal dogs). From direct 

analysis of the dog pituitary in various physiological and pathological 

states, Saluja29 concluded that estrogen· is prolactin responsive 

in the dog a~ well as in the rat. Increased prolactin occurred in 

the pituitary of 9/12 bitches with aggressive mammary carcinoma; hmvever, 

peripheral prolactin concentrations were not determined. Pituitary 

growth hormone content also was not reported. 

Our observations and those of others 30 indicate that the mammary 

tumors in the bitch may be expressed as a result of prolonged stimulation 

with massive doses of progesterone or closely related 17a-OH-derivatives. 

Similar results have not been reported in other species with these com-

pounds .. No evidence of treatment related mammary dysplasia has been seen 

in clinical trials with medroxyprogesterone acetate. 

Resultsof these studies reveal several significant differences, 

·and some similaritieR, hP.twPPn. the beagle and human in the hormonal 

response to exogenous progestational compounds. In the present study, 

serum prolactin and cortisol were not changed significantly in dogs 

receiving 3 mg/kg medroh~progesterone, similar to previous reports for 

13 15 the human ' • Growth hormone was elevated and estradiol depressed 

(p<O.OS) in the dog, lvhile these parameters were not changed in the· 

h 14,15 uman . Progesterone was elevated in the low dose medroxyprogesterone 

treated dogs, which may reflect continued ovarian cyclicity. This is in 
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contrast to human studies15 . Basal serum insulin was elevated in the 

14. 
dog (p<O.Ol), but only following a glucose tolerance test in the human • 
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