The effect of estrogen on parenchyma tissue
composition in calves fed an enhanced diet
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Fig 1A. This diagram represents the area of the mammary gland where
tissue samples were taken from. This is the area where the parenchyma
invades the mammary fat pad.
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R6 (QImaging, Canada) digital camera. Image fields of view were selected at random.
Individual images were analyzed using Image-Pro-Plus 7.0 (Media Cybernetics,
Rockville, MD). Outlines of epithelial ducts (ED), duct lumens (DL), and stroma (STR)
were made (Figure 2A and Figure 2B) for all images. Outlines of structures were
measured for area, in pixels sq. (4.408 pixels sq. per um sq.) Data were exported to a
Microsoft Excel spreadsheet where area measurements were summed for each class (ED,
DL, STR) of outline per image. Outline class sums per image were reported as a
percentage of the total tissue area of the image. Individual heifer ED, DL and STR
measurement data were calculated by averaging the per image values.
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Fig. 1B. Mammary gland (skinned with excess fat trimmed off)
of 10 wk old EH calf.
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Fig. 1C. Mammary gland (skinned with excess fat trimmed off)
of 10 wk old EH-E2 calf.

MATERIALS AND METHODS
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Figure 4A, 4B and 4C Differences in stroma, epithelium and lumen averages in 10 wk old EH and EH-EST
calves. Error bars reflect standard error of the mean.
P < 0.05.
Fig 2A. Example of manually outlined epithelium and lumen
in a 10 wk old heifer at 20x magnification. Outlines in this
photo are thickened for demonstration.

Fig 2B. Example of manually outlined lumen in a 10 wk old
heifer at 20x magnification. Lumen area is then subtracted
from total epithelium +lumen area (Fig.2A)to determine the
epithelium only area. Outlines in this photo are thickened for
demonstration.

Statistical Analysis-Percent calculations of the various tissue structures were made
within each heifer. Those percentages were then averaged within each treatment (EH or
EST). T-Tests were then calculated between the two groups for lumen, epithelium and
stroma percentages. Resultant data are shown in Figures 4A, 4B and 4C. All data were
analyzed using the T-Test in Microsoft Excel (test type 2, one-tailed). Significance
declared at P < 0.05.
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Animals and Experiment Design- Tissue samples were obtained
from a previous experiment. Samples were from 10 heifers fed an
enhanced milk replacer based diet until 8 wks, with starter offered
from 4-10 wks. Calves received either an estradiol implant (EH-EST,
n=6) or a placebo (EH, n=4) at 8 weeks of age. Full details of that
experiment are reported elsewhere (Geiger, et al., 2016).
Mammary Tissue Sampling and Collection- Heifers were
euthanized at 10 wks. Details of method, organ collection and tissue
fixing methods appear elsewhere (Geiger et al., 2016). The udder was
removed (skin intact) from each heifer, dissected, and weighed as an
indicator of mammary component mass (Figure 1B, 1C). Mammary
tissue subsamples were collected for histological analysis as shown in
Figure 1A.
Embedding of Tissue and Preparation of Microscope SlidesFormalin fixed tissues were prepared for paraffin embedding using an
automated tissue processor (Leica TP 1020; Leica Microsystems Inc.;
Buffalo Grove, IL).Paraffin infiltrated samples were then embedded in
paraffin blocks. Tissue sections were cut at 5 µm using a microtome
(Model HM 340 E, Microm, International GmbH, Germany) and
mounted on charged glass slides.
Hematoxylin and Eosin Staining of Microscope Slides- Tissue
sections were stained with hematoxylin and eosin using the methods
of Daniels et al. (2009). Cover slips were permanently mounted on
slides with Permount (Fisher Scientific) mounting medium.
Image Acquisition and Analysis- Stained and cover slipped slides
were viewed on an Olympus BH-2 light microscope. Digital images
(5-6) were acquired from each slide using the 20x objective and a (56) were acquired from each slide using the 20x objective and a Retiga
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In general, U.S. dairy producers feed pre-weaned calves a diet which
meets metabolic needs while discouraging excess weight gain and
excess labor/cost. Producers then increase the plane of nutrition fed
post weaning to encourage quick growth and earlier puberty. There is
evidence that this feeding standard may not be the most beneficial to
mammary gland development and later milk production. For instance,
heifers which gain too much weight between weaning and puberty
tend to have lower milk production in the future (Lammers, Heinrichs,
& Kensinger,1999). In addition, the work of Geiger et.al (2016) shows
that feeding an enhanced diet with more fat, protein and fiber to preweaned calves increases height, weight, organ development and in
particular mammary gland growth and development. The previous
assumption was that the mammary gland experienced allometric
growth (growth at a faster rate than the rest of the body) mostly
between weaning and puberty. Calves in Geiger (2016) trial which
were fed a limited diet similar to production standard did show
minimal mammary gland development. The difference between calves
on a limited diet that were given mammogenic hormone (exogenous
estrogen) and those that were not was insignificant. However, an
enhanced diet produced a significant amount of growth and
development in the mammary gland. Also the enhanced diet increased
the response of mammary gland cells to estrogen. The exact
measurements and resulting conclusions of the study appear elsewhere
(Geiger, et al., 2016). We hypothesized that these affects would be
reflected in the tissue composition of parenchyma samples when
analyzed on a light microscope with a 20x objective.

of Dairy Science, Virginia Polytechnic Institute and State University, Blacksburg 24061 2Department of Biology, Northern New Mexico College, Española, NM 87532

EH-EST

B

0.25

CONCLUSIONS
In conclusion, significantly less stroma was seen relative to tissue area in
EH-EST calves (Figure 4A). There were biological increases in epithelium
and lumen area among EH-EST calves; however there was no significant
difference (Figure 4B,4C). This suggests that calves fed an enhanced diet
have an increase in mammary gland development with early administration
of estrogen that could eventually lead to increased milk production.
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Figure 3A and 3B Differences in Mammary Fat Pad and Parenchyma weight in EH and EH-EST calves after euthanization at 10 wks
old. From Geiger et al. 2016 study.
P < 0.05.
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