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Abstract

Objectives Milk contains considerable quantities of

estrogens and progesterone and as such may be one of the

risk factors for hormone-related cancers. To determine the

hormonal effects of commercial and traditional types of

milk, we performed uterotrophic tests.

Methods Forty-five rats were ovariectomized and divided

into three groups of 15 animals each. The animals were

kept for 7 days on powdered chow and one of three dif-

ferent liquids: commercial milk (C), traditional milk (T), or

water. At autopsy, wet and dry uterine weights were

determined. The cell heights of the uterine epithelium and

endometrium were determined. The uterine 5-bromo-2-

deoxyuridine (BrdU) labeling index of the epithelium and

endometrium gland epithelium was also assessed.

Results The weights of wet and dry uterus were 142 ± 13

and 112 ± 10 mg in the C group, 114 ± 30 and

91 ± 24 mg in the T group, and 87 ± 6 and 69 ± 5 mg in

the W group. Significant differences in wet and dry uterus

weights were found between all pairs of groups. The ratio

of the wet uterine weight to body weight was significantly

higher in the C and T groups than in the W group. The

heights of the uterine epithelium and endometrium were

higher and BrdU labeling index was greater in the C group

than in the T and W groups.

Conclusions Commercially available milk and traditional

milk have uterotrophic effects on young ovariectomized

rats. Our findings indicate that these uterotrophic effects in

the milk groups were partly due to the estrogen and pro-

gesterone in the milk.

Keywords Cow milk � Estrogen � Ovariectomized

rat � Progesterone � Uterotrophic assay

Introduction

Endocrine disrupting compounds (EDCs) are chemicals

that elicit adverse effects on humans and wildlife at very

low concentrations, and their presence in the environment

has raised worldwide concern [1, 2]. Various EDCs are

known to cause reproductive and developmental abnor-

malities and certain hormone-related cancers, such as

prostate and breast cancers [3–5]. The potential conse-

quences of human exposure to such endocrine disrupters

has been the focus of much discussion [6]. Multiple in vivo

and in vitro assays have been developed to test estroge-

nicity [7, 8]. In 1998, the U.S. Environmental Protection

Agency recommended the in vivo uterotrophic response

assay as the ‘‘gold standard’’ since it incorporates the

effects of both metabolism and pharmacokinetics [9].

Milk is an important dietary staple in Western countries,

and it is becoming increasingly popular in China where it
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has traditionally not been part of the diet. Most studies on

milk have identified beneficial effects, such as the preven-

tion of osteoporosis and the promotion of growth and

development. However, milk also contains organochlorine

pesticides and endogenetic estrogens, which are classified

as EDCs [10]. Forty years ago, Armstrong and Doll reported

an association between the intake of milk-based products

and increased breast cancer mortality [11]. More recently,

Ganmaa et al. reported close correlations between cheese

and testicular cancer and between milk and prostate cancer

[12]. However, epidemiological studies have yielded

inconsistent results, ranging from a significantly increased

risk to a significantly reduced risk [13–15]. Animal studies

may provide some clues as to the effect of milk consump-

tion on cancer risk. In an earlier study, we fed commercial

milk to rats and found that it promoted the development

of 7,12-dimethylbenz(a)anthracene (DMBA)-induced mam-

mary tumors [16]. Based on the levels of hormones found in

milk and rats’ plasma, we considered estrogen to be the

cause of the observed increase in the frequency of mam-

mary tumors. However, endogenous estrogen, mainly

derived from ovaries, was not taken into account.

Commercially available milk is the product of geneti-

cally improved dairy cows, who continue to lactate for

almost the entire period of the pregnancy. In contrast,

Mongolian traditional cows do not lactate during the latter

half of pregnancy [17]. It is plausible that this traditional

milk contains relatively low levels of estrogen and pro-

gesterone. As such, if is the ideal control for studies of

commercial milk aimed at determining the effects of hor-

mones. To the best of our knowledge, there have been

published reports comparing commercially available milk

with milk from such traditional sources.

We report here our evaluation of the estrogenic potential

of milk and our comparison of the uterotrophic effects of

commercial and traditional milk. We selected the immature

rat as an experimental model because developing organ-

isms are particularly sensitive to hormone-like chemicals

[18].

Materials and methods

Animals and treatment

A total of 45 female Sprague–Dawley 5-week-old rats were

obtained from Beijing Vital River Laboratory Animal

Company (Beijing, China). The animals were housed

individually in stainless-steel wire-bottomed cages in an

air-conditioned room where the temperature was main-

tained 22 ± 2�C and 50 ± 10% relative humidity under a

12/12-h (light/dark) photoregimen. The experimental pro-

cedures and care of the animals followed the guidelines

for animal experiments of the Peking University Health

Science Center.

After 1 week acclimation, all rats were ovariectomized

under anesthesia by ether inhalation. Two weeks later, the

rats were randomly assigned to three groups of 15 rats

each. Each groups received one of three different liquids:

commercial milk (C), traditional milk (T) and tap water

(W). Commercial milk, produced by dairy cows grazing on

Inner Mongolian grassland, was purchased from a local

supermarket. Traditional milk was collected from tradi-

tional cows grazing on the same grassland area in Inner

Mongolia, China, but it was obtained through milking by

nomads in the morning, then immediately placed in an ice

box. The traditional milk was transported by airplane at

4�C to our laboratory on the same day and stored at -18�C.

All rats consumed commercial rat chow and drank the

respective liquids. The amount of liquid intake was

recorded daily by calculating the liquid weight difference

at 4:00 p.m. and 10:00 a.m. the next day. The intakes of

chow and body weight were recorded each day.

Autopsy and morphologic studies

Seven days after exposure to the liquids, all rats were intra-

peritoneally injected with a single dose of 50 mg/kg body

weight of 5-bromo-20-deoxyuridine (BrdU, 12.5 mg/ml

saline; Sigma Chemical, St. Louis, MO). Six hours later, all

rats were sacrificed by ether inhalation. The uterus was

quickly dissected after the removal of connective tissue, and

wet uterine weight was recorded. The uterus was then gently

punctured and dried by blotting to remove any remaining

fluid, and the dried weight was recorded. The uterus was then

fixed in formalin buffer and embedded in paraffin. Each

paraffin-embedded uterus was cut into 3-lm-thick sections

that were used for hematoxylin–eosin (H&E) staining and

immunohistochemical analysis.

For the immunohistochemical analysis, the de-paraffi-

nized and rehydrated sections were subjected to micro-

waves for antigen retrieval. After cooling to room

temperature, the sections were treated with 0.1 M HCl for

30 min. All sections were incubated with 1% hydrogen

peroxide in phosphate-buffered saline for 1 h for blocking

the endogenous peroxidase and then incubated with

blocking solution for 1 h. The sections were incubated with

mouse anti-BrdU monoclonal antibody (Clone Bu33;

Sigma Chemical) at a dilution of 1:20 at 4�C overnight,

with anti-mouse immunoglobulin G conjugates (DAKO,

Glostrup, Denmark) at room temperature for 1 h, and with

horseradish peroxidase-conjugated avidin–biotin complex

for 1 h. All sections were routinely visualized by the per-

oxidase enzyme reaction with metal-enhanced 3,30-diam-

inobenzidine (Pierce Co., Rockford, IL) in buffer solution

containing 0.02% hydrogen peroxide for 5 min. Finally, all
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sections were counterstained with hematoxylin to visualize

immunostaining.

Heights of the epithelium and endometrium

HE-stained sections were evaluated for the height of the

epithelium and endometrium using an Olympus BH-2

microscope (Olympus Corp., Tokyo, Japan) connected

with an image analysis system (Video Micro-Meter, VM-

30; Olympus, Tokyo, Japan) as previously described [19].

The height was determined from the mean value of three

measurements from each region.

Uterine labeling index of epithelium

and endometrium gland epithelium

The uterine labeling index was assessed using the formula:

uterine labeling index = the number of BrdU-labeled

nuclei/total number of cells 9 100% [20]. A total of 1000

BrdU-labeled endometrial cells in the S-phase per animal

were used to calculate the BrdU uterine labeling index. The

number of labeled nuclei and the total number of cells were

counted by at least two individuals who were unaware of

the animal’s group.

Measurement of estrogens and progesterone in milk

Five 1-ml samples of commercial milk were collected and

mixed to produce a single sample for the hormone mea-

surement. When traditional milk was collected, five 1-ml

samples were obtained from different buckets and mixed to

produce one sample for measurement. Five such samples of

commercial and traditional milk were obtained. Commer-

cial enzyme immunoassay (EIA) kits from American

Laboratory Products Company (Windham, NH) were used

to measure estrone and estradiol in milk. An EIA kit to

measure the progesterone in cow milk was obtained from

Cambridge Veterinary Science (Cambridge, UK). All

experimental procedures followed the guidelines provided

by the respective companies.

Measurements of hormone concentration in plasma

Before sacrifice, blood samples were obtained from tail

veins using heparinized capillary tubes and centrifuged at

4�C. Plasma estrone and 17b-estradiol concentrations were

measured using the commercial EIA kit from American

Laboratory Products Company. The plasma progesterone

concentration was measured using a commercial enzyme-

linked immunosorbent assay (ELISA) kit from Immuno-

Biological Laboratories (Hamburg, Germany).

Statistical analysis

Data were expressed as mean ± standard deviation (SD)

and analyzed using an analysis of variance (ANOVA)

followed by Student’s t test using SPSS ver. 11.5 software

for Windows (SPSS, Chicago, IL). P values \0.05 were

considered to be significant.

Results

The rats in the W group consumed more solid chow than

those in the C and T groups (p \ 0.001), but those in the W

group drank less than those in the two milk groups

(p \ 0.001; Table 1). The average energy intakes were

72.5 ± 7.1, 73.6 ± 6.1, and 73.3 ± 5.6 kcal/day in the W,

C, and T groups, respectively, and were not significantly

different. As shown in Table 1, although there were no

significant differences in body weight among the three

groups, the weight of the peritoneum adipose was signifi-

cantly lower in the W group than in the C and T groups

(p \ 0.01). Significant differences in wet and dry uterus

weights were found between all pairs of groups in the order

of C group [ T group [ W group. The ratio of the wet

uterine weight to body weight was significantly higher in

the C and T groups than in the W group.

The concentrations of estrone and estradiol were

150.2 ± 8.4 and 34.1 ± 2.0 pg/ml in commercial milk,

which was approximately 1.5-fold higher than the

Table 1 Effects of different types of milk and water on body and organ weights

Test groups Liquid

consumption

(g/day/rat)

Chow

consumption

(g/day/rat)

Body

weight (g)

Peritoneum

adipose

weight (g)

Wet uterine

weight (mg)

Dry uterine

weight (mg)

Wet uterine

weight/body

weight (10-4)

Commercial milk 43.6 ± 2.0 14.9 ± 3.9 312.2 ± 15.1 8.6 ± 0.6 142 ± 13 112 ± 10 4.5 ± 0.4

Traditional milk 41.4 ± 4.8 15.3 ± 4.6 318.8 ± 22.6 8.4 ± 1.1 114 ± 30 a 91 ± 24 a 3.7 ± 1.2

Water 33.8 ± 5.2 b,d 24.1 ± 6.7 b,d 307.0 ± 16.4 6.4 ± 1.6 b,d 87 ± 6 b,c 69 ± 5 b,c 2.8 ± 0.3 b,c

Values are given as the mean ± standard deviation (SD)

Values followed by different letters indicate signficant differences. a Significant difference from the commercial milk group (p \ 0.01);

b significant difference from the commercial milk group (p \ 0.001); c significant difference from the traditional milk group (p \ 0.01);

d significant difference from the traditional milk group (p \ 0.001)
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concentrations of these substances in traditional milk. The

progesterone concentration was almost 100-fold higher in

commercial milk than that in traditional milk (Table 2).

The plasma estrone concentration was significantly lower

in the W group than in the T and C groups (Table 3).

Although there was no significant difference in plasma

estrone concentration between the two milk groups, the

plasma concentrations of estradiol and progesterone were

significantly higher in the C group than in the T group.

The heights of the uterine epithelium and endometrium

were in the order of C group [ T group [ W group, with

significant differences between all pairs of groups. The

greatest heights were found in the C group, 17.5 ± 1.2 lm

and 0.56 ± 0.01 mm, respectively (Table 4).

Endometrium immunostaining to identify BrdU-labeled

cells in the three groups is shown in Fig. 1. Labeled

endothelia are distinguishable due to the appearance of a

red–brown nucleus, with peri-nuclear immunostaining

indicating the S-phase (BrdU is a synthetic nucleoside that

is an analog of thymidine and can be incorporated into the

newly synthesized DNA of replicating cells). The C group

had the highest percentage of labeled cells in both the

uterine epithelium (8.9 ± 1.1%) and endometrium gland

epithelium (7.9 ± 0.9%), followed by the T group and then

the W group (Table 5). There were significant differences

between all the pairs of groups. These results indicate that

exposure to commercial or traditional milk led to a sig-

nificant increase in the number of S-phase cells in the

uterine epithelium and endometrium gland epithelium and

that the effect was greater in the C group than in the T

group.

Discussion

The results of our study suggest that commercial milk has

weak uterotrophic effects on the immature ovariectomized

rat. As such, they are consistent with those of Ganmaa

et al.’s study where a mixture denoted ‘‘artificial milk’’ was

used to mimic commercial milk [21]. Although protein, fat,

and carbohydrate were present in this artificial milk at

typical levels, the concentrations of minerals and contam-

inants were significantly different from those of real milk

[10, 22]. The main improvement of the study reported here

is the use of traditional milk.

Mongolian cows traditionally fed only on pasture grass

and do not lactate during the latter half of pregnancy. In

contrast, modern genetically improved dairy cows, such as

the Holstein, are fed on a combination of grass and con-

centrates and allowed to lactate during the latter half of

pregnancy when the estrogen and progesterone levels

Table 2 The concentration of estrogens and progesterone in different types of milk

Test groups Estrone (pg/ml) Estradiol (pg/ml) Progesterone (ng/ml)

Traditional milk 98.5 ± 12.4 24.6 ± 3.0 0.2 ± 0.3

Commercial milk 150.2 ± 8.4 a 34.1 ± 2.0 a 20.1 ± 2.1a

Independent samples t test for comparison between groups. Values are given as the mean ± SD

Values followed by the letter ‘a’ are significantly different from the traditional milk group (p \ 0.001)

Table 3 The concentration of estrogens and progesterone in plasma

Test groups Estrone (pg/ml) Estradiol (pg/ml) Progesterone (ng/ml)

Traditional milk 58.5 ± 8.4 12.6 ± 2.0 0.8 ± 0.2

Commercial milk 63.2 ± 6.4 16.1 ± 2.2 a 8.4 ± 3.1 a

Water 24.5 ± 4.6 a,b 6.7 ± 2.9 a,b 0.4 ± 0.3 a,b

Analysis of variance (ANOVA) for comparison among groups. Values are given as the mean ± SD

Values followed by different letters indicate signficant differences. a Significant difference from the traditional milk group (n = 15; p \ 0.001);

b significant difference from the commercial milk group (n = 15; p \ 0.001)

Table 4 The height of the uterine epithelium and endometrium

Groups Epithelium (lm) Endometrium (mm)

Commercial milk 17.5 ± 1.2 0.56 ± 0.01

Traditional milk 13.1 ± 3.1a 0.42 ± 0.07 a

Water 11.0 ± 1.1 a,b 0.37 ± 0.03 a,b

ANOVA analysis for comparison among groups. Values are given as

the mean ± SD

Values followed by different letters indicate signficant differences.

a Significant difference from the commercial milk group (n = 15;

p \ 0.05); b significant difference from the traditional milk group

(n = 15; p \ 0.001)
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markedly increase. Thus, in terms of estrogen and pro-

gesterone levels traditional milk should be significantly

different from modern commercial milk [17]. This

hypothesis is supported by our results that indeed did show

that the concentrations of estrogens and progesterone were

much higher in the commercial milk than in the traditional

milk. This is one explanation of why the T group, as a

natural control, was markedly different from the C group in

terms of uterotrophic effects. After 1 week of exposure to

different liquids, the uterine weight and ratio of uterine

weight to body weight of the sacrificed rats were in the

order of C group [ T group [ W group. Morphologic

parameters of estrogenicity, including uterine epithelial

cell height, endometrium height, uterine labeling index of

epithelium and endometrium gland epithelium, also

showed similar patterns, suggesting that the different

uterotrophic effects among the three groups were due to the

different concentrations of estrogens and progesterone to

which they were exposed. Researchers have found that

hormones in milk can cause an increased frequency of

mammary and prostate tumors in rats [16, 23, 24]. More-

over, some human studies have demonstrated that milk

consumption increases the level of estrogen in circulation.

South African black males that switched from a vegetarian

to a Western diet with milk and butter showed an increase

in circulating estrogen levels [25]. The existence of a

relationship between milk consumption and plasma estro-

gen concentration is supported by the fact that Asian

women, who consume little milk and few dairy products,

have a lower plasma estrogen concentration than Caucasian

women, whose dairy product consumption is relatively

high [26]. In our study, the plasma levels of estrogen and

progesterone were higher in the C and T groups than in the

W group. This explains, at least in part, the differences in

uterotrophic effects among the C, T, and W groups.

The relationship between estrogen and uterotrophic

effects is well established. The role of estrogen in utero-

trophic effects is regulated by the estrogen receptor [27].

Fig. 1 Light micrographs of immunostained BrdU-labeled cells in

the epithelia among the three experimental groups. Positively labeled

endothelia have a darkly stained nucleus and peri-nuclear immuno-

staining that indicates S-phase cells. The C group had the highest

frequency of BrdU-labeled cells, followed by the T and then the W

groups. The irregular morphology of epithelia was observed in the C

and T groups. Bars: 50 lm

Table 5 The labeling index of the uterine epithelium and endothe-

lium gland epithelium

Groups Epithelium Endometrium gland epithelium

Commercial milk 8.9 ± 1.1 7.9 ± 0.9

Traditional milk 3.3 ± 0.4 a 3.9 ± 0.5 a

Water 0.7 ± 0.1 a,b 0.9 ± 0.1 a,b

ANOVA analysis for comparison among groups. Values (%) are

given as the mean ± SD

Values followed by different letters indicate signficant differences.

a Significant difference from the commercial milk group (n = 15;

p \ 0.05); b significant difference from the traditional milk group

(n = 15; p \ 0.001)
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In sexually immature rodents, estrogen stimulates DNA

synthesis and cell proliferation in all uterine compartments

[28]. In adult female estrogen receptor knockout mice,

there is a loss of estrogen responsiveness, including a

hypoplastic uterus; the same is exhibited in mice with

disruption of the estrogen-responsive ring finger protein

gene [29, 30]. Therefore, it seems reasonable that the

highest uterine weight and most marked morphological

parameters of the uterotrophic effects were exhibited in the

C group, which were exposed to the highest estrogen level

via commercial milk.

The relationship between progesterone and uterotrophic

effects remains to be identified. Most actions of proges-

terone are mediated via the progesterone receptor (PR)

[31]. This receptor is one of the most intensely studied

estrogen-regulated genes and is widely recognized as a

marker of estrogen activity [32]. Clusters of estrogen

response element (ERE) half-sites, which are essential for

transactivation of the PR gene by liganded response ele-

ments, are present within the PR gene promoter [33–35].

Almost all hormone treatment protocols designed to elicit

effects of progesterone involve preparatory estrogen

priming to induce PR [36, 37]. Therefore, it is possible that

the combination of estrogen and progesterone in milk had

uterotrophic effects on the immature ovariectomized rats.

If other EDCs were present in the milk, they do not

appear to have played an important role in the significant

differences in uterotrophic effects between C and T groups.

Estrogens in milk have the same structure as endogenous

estrogens, which have been found to possess an estrogenic

potency 100 to 100,000-fold greater than that of EDCs

[38]. Thus, the effects of other EDCs are concealed by the

strong effects of estrogens in milk. Moreover, the com-

mercial and traditional types of milk used in this study

came from cows bred in the same grassland and exposed to

the same environment; consequently, they had the same

chance of exposure to other EDCs. Thus, we speculate that

these other EDCs, whatever their concentration, would not

affect the difference between the uterotrophic effects in the

C and T groups.

In conclusion, our findings demonstrate that estrogens in

milk have significant uterotrophic effects on immature

ovariectomized rats. The adverse effects of estrogens in

milk should be considered to be very important.
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