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In vivo study of the oestrogenic activity of milk

Lidia Radko™, Andrzej Posyniak

Department of Pharmacology and Toxicology,
National Veterinary Research Institute, 24-100 Putawy, Poland
lidia.radko@piwet.pulawy.pl

Received: March 30, 2021 Accepted: August 26, 2021

Abstract

Introduction: Milk has been suggested to be a possible source of oestrogenically active compounds. In order to assess the
health risk for milk consumers and ensure the safety of this staple part of the human diet, it is important to study the effect
of xenooestrogen mixtures present in milk. This investigation used the available in vivo model to learn to what extent such
compounds may be endocrine disruptors. Material and Methods: The recommended immature golden hamster uterotrophic
bioassay was chosen. A total of 132 animals were divided into nine groups of experimental animals and positive and negative
control groups, each of 12 animals. The experimental females received ad libitum either one of five samples of raw cow’s milk
from individual animals or one of four samples of pasteurised or ultra-high temperature treated cow’s milk as retail products. After
7 days, the animals were sacrificed and necropsied. Uterine weight increases were measured as the endpoint of oestrogenic activity
in milk. Results: The milk samples from individual cows and the retail milk samples did not show oestrogenic activity. However,
in three groups, decreased uterine weights were observed. Conclusion: Considering that milk supplies are beneficial to health,
contamination in this food should be avoided. There is a need for further animal experiments and epidemiological studies are

warranted to evaluate any causative role of milk in human endocrinological disorders.
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Introduction

Endocrine-disrupting compounds (EDCs) are
a group of natural and anthropogenic substances that
disrupt the synthesis, activity or metabolic lysis of sex
hormones in human and animal bodies. Their effects
may result in permanent changes in function or
sensitivity to hormones, leading to disorders of puberty,
and reproduction and even to development of
hormonally dependent tumours (8). An important source
of EDCs is food of animal origin, in which, apart from
natural hormones there are anthropogenic equivalents
and non-steroidal natural compounds (11, 31).

Milk is an important structural element of human
nutrition worldwide. It is a source of protein with high
nutritional value and many biologically active
substances and is an important constituent of the daily
diet. There is a body of information in the literature
supporting the assertion that oestrogenic activity of milk
is a new, unrecognised problem in food safety (6, 7, 15,
32, 33, 34, 37). Milk is certainly an external source of
hormonally active compounds in the diet (1, 3,4, 10, 17,
18, 25, 34). The oestrogen concentrations in milk depend

on the cow’s physiological condition, reaching the
highest levels during late pregnancy (10, 17). The
introduction of modern breeding methods aimed at
increasing milk yield, is associated with calving cows in
annual intervals and extending the milking period until
the last trimester of pregnancy, when the oestrogen level
in milk reaches very high concentrations (18).
Prostaglandin, used for regulation and synchronisation
of oestrus, also has an effect on oestrogen levels.
Oestrogens in milk occur in free and conjugated form as
sulphates or glucuronates. The conjugated form of
oestrogen is not biologically active but can be
deconjugated in the human body by bacterial or
endogenous sulphatase and glucuronidase in the
digestive tract. Epidemiological studies suggest
a relationship between milk consumption and some
reproductive and health disorders in humans (2, 20, 36).
Because oestrogens are proven risk factors for
developing hormonally dependent cancers (5, 21) their
relatively high content in milk raises concerns that a diet
rich in milk may cause hormonal disorders (e.g. breast,
prostate and testicular cancer, and decrease of semen
quality in males) and even hormonally dependent
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cancers (2, 5, 20, 21, 26). These concerns appear to be
confirmed by epidemiological studies conducted in
recent years, indicating a link between high milk
consumption and the increased risk of the occurrence of
endometrial and ovarian cancer in women (20) and
prostate cancer in men (26). Food of animal origin
including milk additionally may contain natural and
synthetic sex steroid hormones (17B-oestradiol,
oestrone, oestriol, progesterone, medroxyprogesterone,
and glucocorticoids) which are used illegally to increase
cattle performance (11, 31). The growth promoters
among these have very strong oestrogenic activity and
may greatly enhance this effect in milk. Detecting
steroid hormones in milk is difficult, because they are
used in dairy cows in a mixture of various oestrogenic
compounds in very low doses administered to the
animals in the same illegal preparation as natural
hormones. Milk may contain a number of other residues
of active substances which are structurally diverse
xeno-, phyto- and mycooestrogens (1, 3, 4). It has been
experimentally shown that the combination of different
compounds can cause significant changes, even when
they occur in low concentrations which individually do
not cause noticeable effects.

To assess the risk to consumer health and ensure the
safety of infants and children as the most vulnerable
groups it is important to study the effects of
xenohormones on the endocrine system using the
available in vivo models. Therefore, biotests are
particularly useful for assessing the total hormonal load
of different diet types (13, 19). The rodent uterotrophic
bioassay is the preferred in vivo oestrogenicity screen
and is the “gold standard” for oestrogenicity study (23).
The basis of the assay is the principle that the growth of
the uterus in the natural oestrous cycle is controlled by
oestrogens. The uterus becomes sensitive to external
sources of them when the natural source of oestrogens is
not available, for example because the animal is
immature or ovariectomised. The Organisation for
Economic Cooperation and Development (OECD)
recommends the use of immature animals in order to
spare mature females the surgical procedure. A second
reason for favouring immature animals is past
experimental outcomes suggesting that they are more
sensitive than ovariectomised ones (14, 24).

Hendry et al. (12) showed that the golden hamster
is the perfect model for perinatal endocrine disruption
studies. The use of the species for uterotrophic assays
indicated that these rodents are sensitive to
oestrogenically active compounds to a similar extent as
rats or mice (27). The usefulness of the golden hamster
in a study of endocrine disruption caused by laboratory
feed and milk was attested to in past studies (27, 28).

This study was performed with the aim of assessing
the oestrogenicity of raw milk samples from individual
animals (from individual farms) and commercially
available processed milk and used an immature hamster
uterotrophic assay which was previously found to be
very sensitive to reference oestrogen agonists (27).

Material and Methods

Milk samples. Nine milk samples were studied
(Table 1). Five originated from individual Polish Black-
and-White cows on different individually identified
farms. These farms are located in the Leczna-Wlodawa
Landscape Park, which is a rural area away from
industrial activity located in eastern Poland. The samples
of raw milk were collected during the summer of 2016
as the cows grazed on grassland. All animals were
clinically healthy and were at least two months pregnant.

Table 1. Milk sample origins and type

Sample number Raw milk from individual animals

Cow, 120 days of lactation
Cow, 126 days of lactation
Cow, 110 days of lactation
Cow, 122 days of lactation

W\ AW N =

Cow, 135 days of lactation
Retail milk
whole-fat cow’s milk, UHT
whole-fat cow’s milk, pasteurized
reduced-fat cow’s milk, UHT
fat-free cow’s milk, UHT

O 0 3 O

The other four milk samples were of the processed
product purchased through retail channels. The cow’s
milk (n = 4) was whole fat (3.2% fat) (n = 2), reduced
fat (2%) (n = 1), and fat free (n = 1). One sample of milk
came from one producer, one deliverer and one retailer,
and these were all in Poland. These retail milk samples
were bought in August 2016.

Animals, housing, and diet. A total of 132
immature females of golden hamsters (Mesocricetus
auratus) raised in the National Veterinary Research
Institute in Pulawy, Poland, were housed in
polypropylene cages with non-phytooestrogen beta chip
bedding at a temperature of 22 + 2°C with lighting on
a light:dark cycle of 14 h: 10 h and humidity of 45-65%.
Distilled water and the Altromin 7010 certified hamster
phytooestrogen-free diet (ALTROMIN Spezialfutter
GmbH & Co., Lage, Germany) were provided
ad libitum. On the 15th postnatal day (PND) female pups
were weaned, weighed and randomly assigned to groups
(12 animals per group/cage). Test Guideline 440 issued
by the OECD allows the use of 6 animals per group (23).
Due to the fact that the milk or water was administered
ad libitum, we increased the group size to 12 hamsters
per group for all groups (experimental and control
groups). The experiment was started immediately after
weaning young females from their dams. At the
beginning of the study, the variability in animals’ body
weights was minimal and did not exceed + 20% of the
average weight in the group. The animals were assigned
to groups (both control and treated) according to
randomised weight distribution. The average body
weight in each group did not differ statistically from any
other group (23).
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Uterotrophic assays. The immature female
hamsters were given one of the nine different milk
samples, water (negative control) or 17B-oestradiol (E2)
(Sigma-Aldrich, Saint Louis, MO, USA) at 100 ng/mL
in water (positive control) to drink (22, 28), these being
available ad libitum for seven days (15-22 PND) (7, 22,
28, 37). Fresh milk, water or 17B-oestradiol solution was
administered in 65-70 mL volumes per group
(5 mL/day/animal) every morning at 8:00 a.m. All
hamsters in the experimental groups drank all the milk
of the kind assigned to them. Body weights were
measured prior to the experiment and daily thereafter.
After the last treatment at the 24 h point, the females
were sacrificed by i.p. injection of a lethal dose of
pentobarbital (200 mg/kg b.w). The necropsy was
carried out directly after the animals were terminated.
The uterus was resected, weighed immediately (for the
wet weight) and then dried at 60°C for at least 24 h and
weighed again (for the dry weight).

Statistical analysis. The results are shown as
means and standard deviations (SD) (n = 12). The
obtained data were analysed using the Shapiro—Wilk test
for normality and Bartlett’s test for confirming
homogeneity of variances. The statistical significance
between the mean values of the negative control group
and the study groups was evaluated with
a nonparametric Kruskal-Wallis test and Dunn’s post
hoc test. Statistical differences between parameters for
hamsters given raw milk from individual cows and the
same parameters for hamsters provided retail milk were
assessed with the nonparametric Mann—Whitney U test.

Analyses were made wusing GraphPad Software
(GraphPad, San Diego, CA, USA). P < 0.05 was
considered to be statistically significant.

Results

The initial body weight of the immature female
golden hamsters was comparable among the nine milk-
consuming groups and the negative and positive control
groups (Table 2). The differences in body weight of animals
between the groups were less than + 20 % of the mean (23).

Comparison of terminal body weights of female
hamsters did not show significant changes among the
study groups (Table 2). An increase in body weight of
62.0 to 89.7 % in the groups of females (groups 1-5)
drinking raw milk from individual cows was found
(Table 2). Also, an increase in body weight ranging from
76.4 to 102 % among groups of animals (groups 6-9)
consuming retail milk was found (Table 2). No change
in animal behaviour was observed during the period of
milk administration.

In all studied groups of female hamsters drinking
raw milk from individual animals, no statistical increase
in uterine weight was observed. On the other hand,
a significant (P < 0.045) decrease in the absolute dry
weight of the uterus was noted in one group of female
hamsters drinking raw milk (sample no. 2). No significant
changes in the weight of the hamster uterus in the
remaining five groups of animals receiving raw milk
from individual animals were observed (Table 2).

Table 2. Uterotrophic effects of different kinds of milk in immature female hamsters

Body weight Wet weight of the uterus Dry weight of the uterus
Group - - - -
. . Percentage Fold induction over Relative Relative
Initial Terminal gain Absolute (mg) control (mg/100g) Absolute (mg) (mg/100g)
Negative control  13.7+2.14 252 +3.54 83.9 350+6.53 1 139+ 12.7 7.1+1.20 28.1 +2.60
Raw milk from individual cows
| 146123 27.7+147 89.7 33.1+3.03 0.96 122+13.5 6.2+0.71 223+3.10
P <0.055 P<0.118 ’ P<0.215 ' P <0.060 P <0.053 P <0.060
2 13.7£2.61 222+3.37 62.0 26.1+7.98 075 117 +14.7 4.9+ 1.59* 22.0+£345
P <0.832 P<0.186 ’ P <0.066 ' P <0.055 P <0.045 P <0.080
3 13.7+1.72  237+233 73.0 27.9+5.62 0.80 118 +26.8 5.7+1.00 24.4+536
P <0.908 P<0.613 : P <0.060 ’ P <0.065 P<0.070 P <0.064
4 147+1.84 254+3.20 728 28.4+5.86 081 112+18.1 5.6+0.82 22.0+3.17
P<0.318 P<0.999 : P <0.055 ’ P<0.074 P <0.059 P <0.051
5 146+1.52 242+222 65.8 28.9+4.28 0.83 120 +16.0 6.0+1.20 25.0+441
P <0.243 P <0.633 : P <0.061 ’ P <0.061 P <0.054 P <0.062
Retail milk
6 13.7£2.63 27.6+3.21 101 36.6+6.33 1.05 119+ 16.5 6.7+0.97 21.8 +£3.00%*
P<0.610 P<0.077 P <0.305 ' P <0.070 P <0.237 P <0.031
7 127+1.33  224+230 76.4 26.0 +4.35 0.74 116 £17.9 5.0+0.82% 22.4+3.66
P <0.075 P<0.187 ’ P <0.052 ' P <0.060 P <0.046 P <0.062
3 120+ 0.80 22.4+1.76 86.7 36.6 £ 8.91 1.05 162 +£25.3 7.6£2.05 33.6+6.03
P <0352 P<0.107 ’ P <0.346 ' P <0.062 P <0.266 P <0.059
9 123+£0.68 249+2.24 102 43.7+6.24 125 175+ 17.6 8.0+0.33 31.9+3.11
P <0.056 P <0.949 P <0.063 ’ P<0.071 P <0.088 P <0.053
Positive control 126 +2.81 26.0+3.83 106 127 + 24.6%** 163 493 + 64.9%%*  19.6 £4.13%*%* 76.3 + [1.70%***
P <0.355 P <0.855 P <0.0008 ) P < 0.0006 P <0.0007 P <0.0008
Mann—Whitney test P <0.058 P <0.082 P <0.084 P <0.061

Data are presented as mean + SD values (n = 12); *P <0.05; ***P <0.001 vs negative control. The Mann—Whitney test was used to compare the
statistical differences between raw milk from individual cows and retail milk
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In all studied groups of female hamsters drinking
retail milk, no statistical increase in uterine weight was
observed. However, the fold induction over the negative
control absolute wet weight of the uterus was 1.25 in the
group which received raw milk (sample no. 9).
A statistical decrease in absolute dry uterine weight
(P <0.046) was observed in a group receiving retail milk
(sample and Group no. 7). In another group given similar
milk (sample no. 6), a statistical reduction (P < 0.031) in
relative dry weight of the organ was noted (Table 2).

There were no differences between the analysed
weights of the uteri of hamsters which took raw milk
from individual cows and those of animals which had
retail milk (Table 2).

Discussion

Milk is globally the most consumed food and a rich
source of bioactive compounds. In recent years, special
note has been paid to the hazard of different reproductive
disorders caused by drinking milk (2, 26, 32, 36).

The influence of oestrogens from milk on
reproductive health was studied in animal models (rats,
mice and hamsters) (6, 7, 9, 10, 15, 22, 28, 37). The
results of these studies are inconsistent because they are
based on the testing of only one or two milk samples.
Therefore, five samples from individual cows and four
samples of milk purchased from retailers were studied.
The study showed that there were no differences in the
parameters studied in the females drinking raw milk
from individual cows versus females drinking
commercial milk. Additionally, a lack of oestrogenic
activity in raw milk from individual animals was found.
The results of the study are consistent with those of
Nielsen et al. (22), who did not find uterotrophic activity
after giving experimental animals milk from individual
farms. The constancy of uterine weight in the present
study confirms that milk oestrogens did not reach the
systemic blood circulation at levels that could cause
biological effects. In contrast to Nielsen et al. (22) and
our study, Zhou et al. (37) and Davaasambuu et al. (7)
showed oestrogenic activity of milk from individual
farms. The difference between the studies’ results could
be caused by species-specific responses and the type and
origin of the tested samples of milk. Zhou et al. (37) and
Davaasambuu et al. (7) used ovariectomised rats
(6 weeks old), but we used immature (15-day old)
female hamsters. Two further specific divergences were
that Zhou et al. (37) used sterilised samples of milk from
Holstein cows; our study was performed on samples of
raw (unsterilised) milk from Polish Black-and-White
COWS.

Besides finding raw milk not to have
oestrogenically active contents at a level to produce
effect, the study found the same for retail milk. The
result is consistent with the study of Li et al. (15) which
did not show differences in reproductive or histological
parameters between a study group of rats that were fed

retail milk and a control group of rats that were fed
artificial milk without oestrogens. This outcome
suggests that oestrogens present in retail milk did not
impact reproductive functions. Likewise, Furnari ez al. (9)
did not find uterotrophic effects in rats after
administration of commercial milk. A study performed
in recent years assessed the potential effects of milk with
defined  concentrations  of  oestrogens  (10).
No uterotrophic effect of the hormones in the milk was
found on ovariectomised mice, and notably was
no effect on the group drinking milk from cows in late
pregnancy with high contents of oestrogens.
Furthermore, milk spiked so as to exceed the
endogenous oestrogens content one-hundred-fold did
not have any effect on uterus or ovary weights.
However, a one-thousand-fold excess of estradiol and
estrone in milk increased reproductive organ weights in
females. The study indicated that oestrogens do pass
from milk into the blood, but to exert some impact on
reproductive organs their concentrations must surpass
the endogenous concentration of hormones in milk by
more than a hundred times (10). In a further
demonstration of Davaasambuu et al. (6) he conducted
a study of rat reproduction on two generations to
investigate the generational effects of milk feeding with
regard to female sex hormones. Neither generation
tested bore any reproductive parameter effects.

In addition to endooestrogens, milk may contain
a number of structurally diverse xenooestrogens.
Depending on their concentrations, these compounds
may have hormonal (oestrogenic or anti-oestrogenic)
activity (33, 34). Such activity was exerted by synthetic
oestrogens such as oestradiol esters, ethinyloestradiol,
dienoestrol, hexoestrol and diethylstilboestrol when they
were used illegally. In addition, plant phytoestrogens
(equol, coumoestrol, daidzein and genistein) and
mycooestrogens (zearalenone and its metabolites) in
cattle feed can be present in milk (1, 3). Some studies
showed the phytooestrogen genistein to increase growth
in oestrogen-sensitive cells at low concentrations, but at
high concentrations to decrease cell growth by inhibition
of DNA synthesis and lead to cell death (16, 30).
Furthermore, environmental pollutants can contaminate
milk: endocrine residues, active pesticides, polycyclic
aromatic polychlorinated hydrocarbons, biphenyls,
bisphenol A, and 2-isopropylthioxanthone may cause
milk to be oestrogenically or anti-oestrogenically active
(34). A significant problem with commercial food
products is content of compounds arising during their
processing or leaching out of their packaging (4, 29, 35).
The combination of different compounds present in milk
can significant changes in uterine weight. The study
showed a reduction in dry uterine weight in two groups
drinking commercial milk and one group receiving milk
raw from the cow. The level of hormonally active
compounds in milk can vary greatly, which may explain
the large differences between the results of various
pieces of research suggesting protective, neutral or even
harmful effects of milk consumption in relation to the



L. Radko, A. Posyniak/J Vet Res/65 (2021) 335-340 339

risk of hormonal disorders. The broadly ranging nature
of milk samples’ hormonal activity strengths validates
the discordant research results even without considering
individual differences in disease development and milk
metabolism.

It is important to assess the potential harmful
effects of milk on human health based on the study of
endocrine disruptions of a mixture of xenooestrogens.
Human epidemiological studies and further experiments
on animals should be conducted providing long-time
exposure to a mixture of exogenous substances, and their
additive effects should be a topic for further studies.
Based on the study, it is reasonable to conclude that the
evaluated milk did not show an oestrogenic effect.
However, there may have been some hormonal activity
of the milk which is reflected in the decrease in dry
uterine weights in this study. The contribution of milk
intake to the appearance of human reproductive
disorders is not clear, and since there are no general
conclusions, this problem remains a subject of
discussion. Taking into account that milk is a nutritive
food product that delivers health benefits, research effort
must be invested to avoid risk to its consumers.
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