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ABSTRACT

The aim of this study was to evaluate the application
of an endoscopic technique to investigate the teat and
udder cisterns of the bovine mammary gland, and to
biopsy tissues within the cisterns. An anesthetic proto-
col for application in standing animals was designed,
using a combination of general and local anesthesia.
Individual quarter milk production (QMP), quarter so-
matic cell count (SCC), and occurrence of new intra-
mammary infection were assessed after application of
the technique, and possible applications for biopsies
collected were investigated. Bovine teat and gland cis-
tern lining could be visualized and small biopsy sam-
ples could be collected. The collected biopsy samples
were successfully used in histological-histopathologi-
cal examination and PCR analysis. To study the im-
pact of endoscopy on QMP, milk SCC, and bacteriology,
endoscopic examination of 12 low SCC (<200,000 cells/
mL) quarters was performed in 8 different first- and
second-lactation cows. Immediately following endo-
scopy, 8 quarters received antibiotic treatment,
whereas 4 quarters remained untreated. During a 15-
d follow-up, no new intramammary infection could be
observed in the endoscopically treated quarters. For
QMP, no significant interaction between time and
treatment could be observed throughout the 15-d fol-
low-up period. Quarter SCC did not differ among treat-
ments (control, endoscopy with antibiotics, and endo-
scopy without antibiotics). In conclusion, the endo-
scopic technique is suitable for examination and tissue
biopsy collection of the bovine mammary gland cis-
terns without major interference with QMP and quar-
ter SCC.
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INTRODUCTION

Diagnosis and treatment of teat injuries and steno-
sis has been performed for several decades (Roine,
1975). Major problems associated with teat injuries
and stenosis are compromised milk flow, poor milkabil-
ity, abnormal milk, presence of pathogens, and greater
risk for mastitis in the affected quarters (Querengas-
ser et al., 2002). Besides a good anamnesis and a thor-
ough clinical examination involving palpation of the
affected glands, various techniques, such as radiogra-
phy, ultrasonography (Stocker et al., 1989), and thelo-
scopy (Tulleners and Hamir, 1990; Medl et al., 1994;
John et al., 1998; Seeh and Hospes, 1998; Hirsbrunner
and Steiner, 1999; Hirsbrunner et al., 2001), have been
introduced for diagnosis and subsequent treatment of
teat problems. In contrast to the classical surgical ap-
proach, theloscopy using an endoscope has been
proven quicker, less invasive, nontraumatic, and free
of major postoperative complications, such as hemor-
rhages, inefficient wound healing, and mastitis
(Tulleners and Hamir, 1990).

Most of the currently applied techniques for mam-
mary gland endoscopy have curative purposes and fo-
cus on treatment of teat injuries and stenosis in high-
yielding dairy cows (John et al., 1998; Hirsbrunner
and Steiner, 1999; Hirsbrunner et al., 2001). The de-
velopment of an in vitro bovine mammary teat and
ductal epithelial cell culture technique for pathogen
adhesion (Cifrian et al., 1994), and neutrophil diapede-
sis studies during health and mastitis (Smits et al.,
1996; 1998; 1999) have demonstrated that freshly col-
lected mammary tissue samples are essential for longi-
tudinal studies. Initially, tissue samples were prelev-
ated from bovine udders at necropsy (Cifrian et al.,
1994; Plath et al., 1997). A number of researchers,
using surgical prelevation techniques (Knight et al.,
1992; Farr et al., 1996; Schmitz et al., 2004), have
obtained large tissue samples (1 cm?® or 30 to 60 mg).
Postinvasive complications, however, were multiple,
such as blood clots in milk, fistula formation, and mas-
titis. Therefore, an endoscopic approach through the
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ductus papillaris may be a more suitable alternative
for the collection of fresh biopsies of the lower parts
(i.e., lactiferous cistern) of the mammary gland
(Tulleners and Hamir, 1990; Persson et al., 1992;
Shakespeare, 1998). Using an endoscopic technique,
follow up of macroscopic lesions occurring during ex-
perimentally induced mastitis could be of interest.
Further, biopsy samples collected before, during, and
after experimentally induced mastitis could be used
for histological, histopathological and immunohisto-
chemical examination.

The aim of the present study was to evaluate the
application of an endoscopic technique to investigate
the teat and udder cisterns of the bovine mammary
gland, and biopsy tissues within the cisterns. Quarter
milk production (QMP), quarter SCC, and occurrence
of new IMI were evaluated after application of the
technique, and possible applications for biopsies col-
lected were investigated.

MATERIALS AND METHODS
Experimental Animals and Housing

The study was approved by the Ethical Committee of
the Faculty of Veterinary Medicine (Ghent University,
Belgium). Midlactating cows in their first (n = 4) or
second (n = 4) lactations were selected on the basis of
3 consecutive bacteriologically negative examinations
and a quarter milk SCC below 200,000 cells/mL. Cows
were housed in a tie-stall barn at Ghent University.
They were milked twice daily at 0800 and 1630 h.
Average daily milk production was 10 L. The ration
consisted of hay and water ad libitum and concentrates
were distributed according to milk production.

Endoscopic Procedure

Before endoscopic examination, the cows were
milked following intravenous administration of 0.77
IU of oxytocin (10 IU/mL, VMD, Arendonck, Belgium)
into a jugular vein to obtain a maximal emptying of
the mammary gland. The cows were restrained in a
head catch, and a rope secured the hind and forelegs.
The cow was sedated through epidural injection with a
combination of xylazine and morphine (George, 2003).
This anesthetic protocol can only be performed on non-
food-producing (experimental) animals in the Euro-
pean Union, because no maximum residue limit is
available for morphine in lactating dairy cows. The
teat end was disinfected with 70% ethanol-0.5% chlor-
hexidin. Following disinfection, a sterile teat cannula
(7 ecm x 2 mm, MeVeMat, Deinze, Belgium) was in-
serted through the ductus papillaris to remove the
remaining milk. Twenty milliliters of procaine (pro-
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caine hydrochloride 2%; VMD) combined with an equal
volume of sterile pyrogen-free saline solution (0.9%
NaCl; Laboratoire Aguettant, Lyon, France) was in-
fused into the teat and udder cistern, and the lower
part of the mammary gland was massaged for 30 s to
obtain a good distribution of the infused anesthetic
product throughout the cisterns.

The method for teat and cisternal endoscopy in the
bovine udder described by Shakespeare (1998) was
adapted. Use of filtered air inflation to increase visual-
ization and performance of a stab incision for biopsy
collection were omitted. Briefly, the endoscope (cysto-
urethroscope compact 8616.411, 14 cm x 3.0 mm out-
side diameter, visualization angle 0°; Endoscopie Rich-
ard Wolf, Drongen, Belgium), equipped with a biopsy
channel, was connected to a video camera (Strycker
Vision, Sunnyvale, NY). During introduction and
throughout the endoscopic procedure, the mammary
quarter was continuously rinsed with sterile, pyrogen-
free saline solution to obtain better visualization of
the internal structures. A flexible biopsy forceps
(829.03, 23.5 cm, 5 charr.; Endoscopie Richard Wolf)
was used for tissue sampling.

Visualization of the Teat and Udder Cistern
and Biopsy Sampling

Using a digital camera (Sony Digital Handycam
TVR25E, Sony, Tokyo, Japan), digital pictures of the
teat-gland cistern and lactiferous duct structures were
captured throughout the entire explorative session
(Figure 1). Small tissue biopsies (1 mm?®) were collected
at different locations throughout the mammary gland
using the flexible biopsy forceps. After collection, the
tissue biopsies for histological examination (paraffin
sections) were transferred into PBS containing 4%
formaldehyde and fixed for 12 to 24 h. Tissue biopsies
for mRNA PCR analyses were frozen separately in
RNAlater (Sigma-Aldrich, St. Louis, MO). Biopsies
were further processed for histological and histopatho-
logical examination. Each biopsy sample could only be
used in a single application.

General Histological Procedures

Formaldehyde-fixed mammary tissue biopsies were
dehydrated through graded series (50, 70, 80, 94, and
100%) of ethanol and embedded in paraffin. Sections
(7 pm thick) were cut, mounted on 3-aminopropyl-
triethoxysilane-coated slides (Sigma, St. Louis, MO),
dried for 1 h at 60°C on a hot plate, and dried overnight
at 37°C. Subsequently, the sections were deparaffin-
ized in 2 changes of xylene, rehydrated through graded
series of ethanol, and stained with hematoxylin and
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Figure 1. Schematic view of the anatomical structures of the lower part of the bovine mammary gland. A = teat canal, B = teat cistern,
C = plica annularis mucosae (Fiirstenberg rosette), D = gland cistern (cistern lactiferous), E = large milk duct, and F = alveolar parenchyma.

eosin for 10 min. Following staining, slides were
washed in water for 5 to 10 min, dehydrated, and incu-
bated in 2 changes of xylene. Cover slips were added
using DPX mounting medium (VWR International,
Leuven, Belgium).

Total RNA Extraction and mRNA Analysis

Small pieces (1 mm?) of cisternal mammary tissue,
frozen separately in RNAlater (Sigma-Aldrich), were
thawed. Total RNA was isolated from these biopsies
using total RNA isolation reagent (Abgene, Epsom,
UK), followed by DNA digestion using RQ1 RNase-free
DNase (Promega, Mannheim, Germany) according to
the manufacturer’s protocol. To exclude contamination
with genomic DNA, a glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) fragment spanning several ex-
ons was amplified by PCR (results not shown). The
DNase-treated RNA was used for generating single-
stranded ¢cDNA using the iScript cDNA synthesis kit
(BioRad, Hercules, CA) according to the manufactur-
er’s protocol.

Journal of Dairy Science Vol. 89 No. 5, 2006

The obtained cDNA served as template for a PCR
using primers specific for the bovine GAPDH tran-
script (119 bp). The PCR reaction included 25 repeti-
tions of the following cycle: a denaturation step at 95°C
for 1 min, an annealing step at 60°C for 30 s, and an
elongation step at 72°C for 30 s. A negative control
using water instead of cDNA was used to exclude con-
tamination.

Postinvasive Follow-Up of the Explored Glands

After removal of the endoscope, the individual udder
quarter was emptied by hand milking and an antibiotic
suspension (lincomycin; Lincocin intramammary tube,
Pfizer Animal Health, Sandwich, UK) was adminis-
tered into the teat cistern. Eight out of 12 quarters
were treated with the intramammary antibiotic sus-
pension (endoscopy + antibiotics), whereas 4 did not
receive any additional treatment (endoscopy). Of the
8 cows, 4 cows (first lactation, n = 2; second lactation,
n = 2) were explored in 2 quarters; the other cows
were only explored in a single quarter. Endoscopic
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exploration included visual examination and multiple
tissue biopsy sampling in all examined quarters. Anti-
biotic treatment was evenly distributed between both
lactation groups.

From 2 d before until 15 d after the intramammary
endoscopic exploration, foremilk samples (1 mL) were
collected daily before morning milking for bacteriologi-
cal examination for major mastitis pathogens. Fur-
thermore, milk samples were collected for evaluation
of presence of blood (10 mL) and for the analysis of
SCC (50 mL) using a fluoro-opto-electronic method
(Fossomatic 400, Foss Electric, Hillergd, Denmark).
All milk samples were collected according to Interna-
tional Dairy Federation standards. Serum albumin
concentration was quantified in the endoscopy-treated
quarters (endoscopy vs. endoscopy + antibiotics) using
a radial immunodiffusion test (Vangroenweghe et al.,
2004; 2005). Quarter milk production was quantified
using a quarter milking device (Packo and Fullwood,
Zedelgem, Belgium). Daily QMP was calculated as the
total milk production of the evening milking and the
subsequent morning milking. Presence of blood in the
milk samples was evaluated through visual inspection
of the pellet following centrifugation (1,000 x g, 10
min).

To control aseptic conditions of the technique, rins-
ing fluid samples (8 per explored quarter, length of
each rinse approximately 60 s) for bacteriological ex-
amination were collected throughout the endoscopic
exploration. Following collection, 1 mL of the rinsing
fluid was plated out onto sheep blood agar, incubated
at 37°C for 24 h, and subsequently all colonies on the
plate were counted.

Statistical Analyses

Quarter milk production, serum albumin concentra-
tion, and SCC (log transformed for assumed normal
distribution) were compared among the 3 treatments
by a mixed model with cow as random effect and time,
treatment, and their interaction as categorical fixed
effects. The 3 treatments were compared pairwise at
a global significance level of 5% using Tukey’s multiple
comparisons adjustment technique.

RESULTS

Visualization of the Teat and Udder Cistern
and Tissue Biopsy Sampling

Introduction of the endoscope through the ductus
papillaris into the teat canal was successful in all of
the examined quarters. No substantial differences in
penetrability of the teat canal were observed between
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quarters of first- and second-lactation cows (results
not shown).

Endoscopy revealed a clear view of all parts of the
lactiferous cistern, such as the teat cistern (Figure
2a) and the plica annularis mucosae (Figure 2b). Teat
contraction and relaxation could be observed during
endoscopic examination of the teat cistern. In the
gland cistern, multiple lactiferous ducts could be ob-
served (Figure 2c). With the endoscope’s full length it
was possible to enter a large milk duct to visualize the
upper system branching into small lactiferous ducts
deeper in the mammary gland parenchyma (Figure
2d).

Tissue biopsy samples could be collected easily from
different locations in the gland cisterns without appar-
ent bleeding or lesions. Sample volume obtained with
this endoscopic technique was sufficient for use in his-
tological and histopathological examinations and PCR
analysis. Tissue samples could be obtained with a min-
imum of tissue damage or crushing, which resulted
in good recognition of microscopic structures during
histological examination. Tissue biopsy samples were
collected at more than 2 different locations from each
of the endoscopically examined quarters (n = 12) of
the 8 cows in the study.

Histological Examination

Observation of the paraffin sections (Figure 3a and
3b) shows that the morphology remains intact after
biopsy sampling. In the samples of both the teat cistern
(Figure 3a) and the transition zone between teat and
gland cistern (Figure 3b), the 2-layered cuboidal epi-
thelium and connective tissue fibers could easily be
recognized, as well as blood vessels in the loose connec-
tive tissue beneath the epithelium.

Analysis of mRNA

Total RNA extraction and subsequent mRNA analy-
sis was successful in biopsy samples collected from 7
of 8 cows. Although the exact amount of extracted
total RNA could not be measured because of its low
concentration, the obtained RNA could be used for
reverse transcription and PCR analysis. Following gel
electrophoresis and ethidium-bromide staining, clear
bands at 119 bp, representing the GAPDH transcript,
could be visualized (Figure 4).

Evaluation of Postinvasive Complications

All rinsing fluid samples collected during endoscopy
were negative for the presence of bacteria, which indi-
cates that the endoscopic procedure for the collection
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Figure 2. Endoscopic image from a) the teat cistern epithelial lining; b) region of the plica annularis mucosae (Firstenberg rosette *),
within the front the teat cistern, evolving into a ring-shaped narrowing and continuing into the udder cistern (central black part, **); c)
udder cistern-lactiferous duct region with a close-up aspect of udder cistern lining (*) with the lactiferous ducts (**); and d) lactiferous duct
with different smaller ducts (¥) branching deeper into the udder parenchyma.

of tissue biopsy samples was carried out under accept- all foremilk samples collected after the endoscopic ex-
able aseptic conditions. Cows were free of major masti- ploration remained bacteriologically negative. No
tis pathogens before the start of the experiment and blood could be detected in the milk originating from

Figure 3. Light microscopic images showing the morphology of biopsy samples: a) biopsy sample originating from the teat cistern; and
b) biopsy sample taken at the transition zone (region of Fiirstenberg rosette) between teat and gland cistern. The 2-layered cuboidal
epithelium can easily be recognized, besides other cell types, connective tissue fibers, and blood vessels in the loose connective tissue beneath
the epithelium (bar = 100 pm).

Journal of Dairy Science Vol. 89 No. 5, 2006
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Figure 4. Agarose gel following electrophoresis and ethidium bromide staining, revealing a glyceraldehyde-3-phosphate dehydrogenase
fragment (119 bp) amplified from cDNA, originating from total RNA extracted out of endoscopically collected bovine mammary gland biopsy
samples. Cow identification: 1 to 7, © = negative control, M = bp marker.

the treated quarters following endoscopy (results not
shown).

Quarter milk production was smallest on the day of
endoscopy mainly because the evening milking follow-
ing endoscopic exploration of the glands was omitted.
Following endoscopy, QMP rapidly recovered to pre-
endoscopy levels (Figure 5). No significant interaction
between time and treatment could be detected for QMP
throughout the entire study period. On the day of en-
doscopy, LogSCC varied between 4.16 and 4.62 per mL
of milk, and did not differ among treatments. Follow-
ing endoscopy, no effect of treatment on SCC could be
observed, although a slight numerical increase in SCC
could be observed, reaching a maximum 2 d after en-
doscopy (Figure 6). Serum albumin concentration in
the treated glands increased (P < 0.01) on d 2 after
endoscopy in both treated groups. Significant differ-
ences between endoscopically treated groups were,
however, not present. At d 4 after endoscopy, serum
albumin concentrations returned to normal concentra-
tions (results not shown).

DISCUSSION

The presented endoscopic technique, approaching
the bovine mammary gland through the ductus papil-
laris, allowed exploration of the bovine mammary teat
and gland cistern without pronounced postexplorative
complications. No abnormalities in milk composition,
such as blood clots, flakes, or increased SCC, could
be observed following endoscopic exploration of the
bovine mammary gland. Analysis of quarter SCC re-
vealed only a slight numerical increase in the days

following endoscopy. This increase could be expected
because of the intracisternal manipulation and biopsy
sampling. It does, however, not compromise the utility
of the above described endoscopic procedure. Quarter
milk production was smallest on the day of endoscopy
in all quarters because of skipping the evening milking
following the endoscopic exploration of the mammary
glands. Rapid recovery of QMP to pre-endoscopic pro-
duction levels was observed in the days following en-
doscopy. Postexplorative administration of intramam-
mary antibiotics did not affect QMP or quarter SCC.
New IMI were not observed in any cow after endo-
scopic treatments.

Although all quarters used in this study were lactat-
ing, excellent visualization of the internal structures
of the teat and udder cistern was obtained by rinsing
with sterile, pyrogen-free saline solution. Although
continuous milk flow of the large milk ducts into the
gland cistern of the lactating udder may sometimes
disturb visibility, the removal of residual alveolar milk
through intravenous oxytocin administration before
endoscopy resolved most of these visibility problems.
Interference of milk descending from the alveoli and
the gland cistern into the teat cistern was described
previously for the bovine and was the main reason
for surgical separation of teat and gland cistern in
previous studies (Persson and Astrom, 1989; Persson
and Hallén Sandgren, 1992; Persson et al., 1992,
1993). In these studies, separation was performed to
eliminate disturbing effects from mammary gland se-
cretions in the teat cistern during experimental poly-
morphonuclear leukocyte (PMN) diapedesis studies
(Persson and Astrom, 1989; Persson and Hallén Sand-

Journal of Dairy Science Vol. 89 No. 5, 2006
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Figure 5. Mean + SEM quarter milk production (QMP; kg/d) before and after endoscopic exploration of bovine mammary gland. All
endoscopically treated quarters were visually explored and multiple tissue biopsy samples were collected. Day 0 represents the day of
endoscopy; O = control quarters (n = 20), A = endoscopy without antibiotic treatment (n = 4), and [0 = endoscopy + antibiotics (n = 8).
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Figure 6. Quarter SCC (log;¢/mL, data are expressed as means + SEM) before and after endoscopic examination of the bovine mammary
gland. All endoscopically treated quarters were visually explored and multiple tissue biopsy samples were collected. Day 0 represents the
day of endoscopy; O = control quarters (n = 20), A = endoscopy without antibiotic treatment (n = 4), and [] = endoscopy + antibiotics (n = 8).
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gren, 1992; Persson et al., 1992,1993). Flushing of the
mammary gland cistern for optimal visualization dur-
ing the endoscopic procedure could be considered as
one of the major disadvantages in the applicability of
the technique for multiple sampling during experi-
mentally induced mastitis because inflammatory me-
diators or bacterial substances are rapidly removed
from the infected gland.

Although first- and second-lactation cows were used
in the present study, no pronounced differences in pen-
etrability of the teat canal could be observed between
them (data not shown). The outside diameter of our
endoscope equipped with a biopsy channel was only 3
mm, which is comparable to other studies (Persson et
al., 1992; Shakespeare, 1998; Hirsbrunner and
Steiner, 1999). In most studies, biopsy samples were
collected after endoscopic visualization through stab
incision of the teat wall (Shakespeare, 1998; Hirsbrun-
ner and Steiner, 1999), which allowed for use of an
endoscope with a smaller outside diameter (2.7 mm;
Shakespeare, 1998). The endoscopic technique de-
scribed by Persson et al. (1992) was limited to direct
endoscopic tissue biopsy collection in the area of the
teat cistern because surgical separation of the teat
cistern from the gland cistern had been performed
(Persson and Astrom, 1989; Persson et al., 1992).

In contrast to Shakespeare (1998), no general anes-
thesia was applied with the present endoscopic tech-
nique, which implies that cows in the present study
could remain standing throughout the manipulation.
Local anesthesia, a combination of epidural xylazine
and morphine and intramammary procaine, provided
enough anesthetic effect to work for at least 30 min in
one quarter. The present endoscopic technique allowed
full exploration of the teat and gland cistern without
major interference from descending milk, which is
comparable to the results of Shakespeare (1998). To
collect biopsy samples, however, no stab incision was
necessary for introduction of a tissue biopsy forceps.

In contrast to the prelevation of mammary tissue
biopsies through invasive surgery (Knight et al., 1992;
Farr et al., 1996) or at necropsy (Cifrian et al., 1994;
Berry et al., 2003; Pfaffl et al., 2003), the endoscopic
procedure yields much smaller amount of mammary
tissue. The limited sample size did not, however, com-
promise the possible applications of the technique. Us-
ing an established epithelial cell culture model (Ci-
frian et al., 1994; Smits et al., 1996, 1998, 1999), a
primary epithelial cell culture was obtained, originat-
ing from the small biopsy samples (data not shown).
This epithelial cell culture could be used for PMN dia-
pedesis research (Smits et al., 1996, 1998, 1999). Cau-
tion should be taken on the localization of tissue biopsy
collection because variations in PMN diapedesis have
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been observed related to the type of epithelium used
in cell culture (Smits et al., 1996). Diapedesis of PMN
was greater across ductal cell monolayers than across
secretory cell monolayers in response to complement
component 5a. This might be explained by the differ-
ence in tightness of the junctional complexes between
secretory and ductal cells (Smits et al., 1996). In the
present study, it was not possible to collect biopsy
samples from the secretory tissue in the upper part of
the mammary gland. This limitation in tissue biopsy
collection could be considered a major disadvantage of
the present endoscopic technique.

Besides application of the collected tissue samples
in primary epithelial cell culture and histological ex-
amination, we have shown that tissue sample size,
although limited, was sufficient to perform mRNA
analysis. In the present study, PCR analysis on the
presence of GAPDH, a household gene, was performed.
During experimentally induced mastitis, the expres-
sion of other genes (e.g., IGF-I, COX-2,iNOS, and PAF)
in the bovine mammary tissue could be measured
(Pfaffl et al., 2003; Schmitz et al., 2004). In our study,
however, clinically healthy animals were used, and
therefore, no other gene expressions were tested.

CONCLUSIONS

The described endoscopic procedure approaches the
bovine mammary gland through the ductus papillaris.
The endoscope, equipped with a biopsy channel, omit-
ted the necessity for stab incisions to introduce sam-
pling devices. Using the specific anesthesia protocol,
endoscopy could be performed on standing animals.
The technique is suitable for multiple sampling and
repeated visualization of the teat and udder cistern of
healthy, lactating cows without major complications.
The collected biopsy samples, although limited in vol-
ume, could be used in primary epithelial cell culture,
histological examination, and PCR analysis.

Using the present endoscopic technique, multiple
tissue sampling during experimentally induced masti-
tis is possible. Moreover, follow-up of local epithelial
changes in longitudinal studies also could be per-
formed. This could offer new possibilities for studies
throughout the lactation cycle and opportunities for
multiple sampling during the early stages of experi-
mentally induced mastitis.
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