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PERINATAL EXPOSURE TO GLYPHOSATE AND PROPICONAZOLE IMPAIRS THE 
DEVELOPMENT OF THE MALE RAT MAMMARY GLAND 

BACKGROUND EXPERIMENTAL DESIGN

RESULTS
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Male offspring (F1)

• Whole-mount (WM)

• Lobuloalveolar development

• Lobular and ductal hyperplasias

• Proliferation (Ki67)

• Expression of estrogen receptor
alpha (ESR1), cyclin D1 (Ccnd1),
androgen receptor (AR), Wnt5a
and aromatase.

MASTECTOMY

PROGLY (3.7 mg/kg/day glyphosate & 4 
mg/kg/day propiconazole)AIM: Evaluate whether perinatal exposure to glyphosate (GLY),

propiconazole (PRO) or both (PROGLY) alter the mammary gland
development in postpubertal male rats.

Control GLY PRO PROGLY

Total area (mm2) 492.0±15.8a 418.7±21.3b 435.9±17.0ab 472.5±18.9ab

Perimeter (mm) 94.1±1.9 87.3±2.2 94.8±3.1 87.4±2.6

Longitudinal growth 

(mm) 
7.0±0.3 7.0±0.4 7.0±0.5 7.4±0.5

TEBs (n°) 0.8±0.1 0.5±0.2 0.9±0.4 1.0±0.3

Mammary gland tree 

development (score)
2.5±0.1 2.4±0.1 2.4±0.1 2.1±0.2

Figure 1. Mammary gland development. A) WM images of exposed animals. LN: Lymph nodes. B) WM parameters. Values
are expressed as the mean ± SEM of 8-15 animals/group. Different letters indicate significant differences (p<0.05, ANOVA
followed by Tukey post-hoc test).

Figure 2. Lobuloalveolar development.
A) Picrosirius & hematoxylin (P&H) images of males
on PND60. The images have the same
magnification. B) The lobuloalveolar development
was evaluated with a qualitative score on a 1–4
subjective scale, where a value of 4 represented
the highest level of lobuloalveolar development.
The bars represent the percentage of males that
presented a 1-2 score and those with a 3-4 score.
Different letters indicate significant differences
(p<0.05, Fisher's exact test).

Incidence of lobular
hyperplasias 

Control 0/23

GLY 0/8

PRO 3/11

PROGLY 1/11

Table 1. Whole-mounts parameters

Figure 3. Lobular and ductal
hyperplasias. A) P&H images in two
magnifications. B) Incidence of lobular
hyperplasias; the first number indicate
the males with lobular hyperplasias and
the second one, the total of animals in
each experimental group. C) The bars
represent the percentage of males that
presented two or less hyperplastic ducts
and those with more than two. Ducts
with more than two layers of epithelium
were consider hyperplastic. No
differences were observed between
experimental groups (Fisher's exact test).

Both agrochemicals alter the male mammary gland
development, GLY reduces the mammary gland area,
whereas PRO induces mammary gland lesions. However,
these effects are not observed when males are exposed
simultaneously to a mixture of both compounds.

CONCLUSION

Figure 4. Expression of ESR1, Ki67 and Ccnd1. A) Percentage of positive cells expressing ESR1 and Ki67. Different letters indicate
significant differences (p<0.05, ANOVA followed by Tukey post-hoc test). B) Ccnd1 mRNA expression (Mann-Whitney Test).

Figure 5. AR and Wnt5a
expression. A) Percentage
of positive cells expressing
AR. (ANOVA followed by
Tukey post-hoc test). B)
Wnt5a mRNA expression
(Mann-Whitney Test).

Figure 6. Aromatase expression. A) Aromatase protein IOD (p<0.05, ANOVA followed by
Tukey post-hoc test). B) Aromatase mRNA expression (Mann-Whitney Test).
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Glyphosate-based herbicides (GBH) exposure induces
adverse effects on the reproductive system of male rats.

Can be used concomitantly with glyphosate and may modify the effects induced by
glyphosate when both agrochemicals are present.

Perinatal and postnatal GBH exposure alter the male mammary gland development,
reducing or enhancing mammary growth depending on the dose.

Can cause alterations in steroidogenesis.

Is a hepatotoxic compound, which could alter the
hepatic response to xenobiotics.

In protein and mRNA determinations the bars represent the mean values ± SEM of 5-7 animals/group. mRNA values were
normalized to L19 expression and to the control animals.


