
Introduction
Water buffalo is a domesticated ruminant species,which is

bred mainly for milk production. Like for other ruminants,
the precise humoral and neural mechanisms involved in lac-
tation are complex and not completely understood. In this
context, the possible functional roles of nitric oxide (NO) in
the mammary gland are still discussed. Nitric-oxide (NO), a
unique biological messenger molecule synthesized from l-
arginine by nitric-oxide synthase (NOS) [ 2, 8, 11, 13] was
shown to be involved in many physiological to pathophysio-
logical mechanisms, including a role in smooth muscle
relaxation [4] and the control of mammary blood flow [9].
The presence of NO in milk as well as in the endothelium
and smooth muscle of the human internal mammary artery
was shown [12]. Moreover, a local secretion of NO in the
udder and its involvement in regulating mammary blood
flow (MBF) and milk secretion was hypothesized [7]. At the
same time, the presence of NO synthase in goat mammary
tissue was also shown, suggesting that the mammary gland
produces and responds to NO and, further, raised the possi-
bility that the epithelium may control its own blood supply
by secreting NO [9]. Moreover, IIZUKA et al [6] showed a
relation between NO and milk production in the early lacta-

tion in humans and suggested that NO may trigger lactation.
On the basis of these observations, the purposes of this study
were to: i) establish the presence of NO2

- + NO3
- in colos-

trum and milk, ii) evaluate the presence of NO synthase in
mammary epithelium at different stages of lactation.

Material and Methods

1. MILK AND BLOOD SAMPLES 

Thirty-four healthy buffalo dams were included in the
trial. Blood was taken from the jugular vein, colostrum and
milk samples were collected daily from the udder up to 30
days from delivery and transported in the cold (4°C) to the
laboratory. Blood was centrifuged at 300 x g for 10 minutes,
colostrum and milk were centrifuged at 4000 x g for 15
minutes to remove fat and sediments and re-centrifuged at 20
000 x g for 30 minutes. The intermediate layer was with-
drawn for analysis. 

2. TISSUE HOMOGENATE SAMPLES

Fifteen mature female buffaloes were used. The animals
were killed in a public slaughtery house. Mammary tissue
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La présence d’oxyde nitrique (NO) et de la NOS (Nitric Oxide Synthase)
a été recherchée dans les glandes mammaires de buffles femelles (n=34). La
détection de fortes quantités de nitrites et de nitrates dans le colostrum et le
lait a révélé une production locale de NO par la glande mammaire pendant
la lactation. La principale enzyme NOS mise en évidence a été iNOS, qui
s’est avérée localisée dans les cellules épithéliales des alvéoles mammaires.
Les quantités maximales de NO2

- et de  NO3
- ainsi qu’une expression opti-

male de NOS ont été observées durant le 1er jour de lactation, ce qui révèle
une augmentation de la production de NO pendant la formation du colos-
trum. Ces résultats suggèrent que le NO est impliqué dans le développement
de la glande mammaire et qu’un système local générant le NO serait activé
dès le démarrage de la lactation.

Mots-clés : Oxyde nitrique - lactation - buffle - NOS.

Revue Méd. Vét., 2006, 157, 1, 16-19

SUMMARY

Nitric oxide (NO) production and the presence of nitric oxide synthase
(NOS) in the mammary gland of water buffaloes (n=34) was investigated.
A local production of NO in the mammary gland during lactation was hypo-
thesized by the presence of high amounts of nitrite plus nitrate (NO2

- +
NO3

-) in colostrum and milk. The iNOS was the main isoform and was
detected in the alveoli epithelial cells. The highest quantities of both NO2

-

+ NO3
- and NOS was detected at the first day of lactation, suggesting an

increase of NO production during the synthesis of colostrum. The results
suggest that NO is involved in the development of mammary gland and a
local NO-generating system may be activated at the onset of lactation.
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samples were taken from animals killed at the day of deli-
very (n=5), 2-5 days after delivery (n=5) and in the dry per-
iod (n=5). Connective tissue and fat were removed. The
samples were washed and cut into small pieces and then
homogenized (1gr/4ml PBS) using a Ultra-Turrax homoge-
nizer and centrifuged at 3,000 x g for 15 minutes. The super-
natant was withdrawn for analysis.

3. NITRITE PLUS NITRATE ASSAY 
Briefly, milk samples were pretreated with HClO4 30%

(V/V) for 15 min. at 100°C and then centrifuged at 1500 x g
for 10 min. The supernatant (2ml) was used for NO2

- + NO3
-

assay. NO was estimated in homogenate mammary tissue by
measuring the nitrite (NO2) converted from NO with Griess
reagent mixture. The nitrite concentration was determined
by colorimetric method [5] and absorbance at 540 nm was
determined in a spectrophotometer. The nitrite concentration
was estimated from a standard curve that was simultaneously
prepared for NaNO2 in PBS. Absorbance was read at 540 nm
using a Microplate Reader 550 from Biorad® (Hercules, CA,
USA). The concentration of NO2

- + NO3
- was calculated on

a calibration curve, and the data were expressed as µmol of
nitrite/l. 

4. IMMUNOHISTOCHEMISTRY OF NITRIC OXIDE
SYNTHASE ISOFORMS 

Briefly, small pieces of mammary glands were surgically
collected from dry water buffalo dams and at two stages of
lactation (day 1 and day 5). Antisera against  n(neuronal)
NOS (rabbit, sc-8309), i(inducible) NOS (rabbit, sc-651) and
e(endothelial) NOS (rabbit, sc-654) all purchased from Santa
Cruz Biotechnology, Inc. (Santa Cruz , CA 95060, United
States), were used at a working dilution of 1:100. The speci-
ficity of the nNOS, eNOS and iNOS antisera were tested by
absorption of each primary antisera either with excess homo-
logous (up to 100 mg/ml antiserum as the final dilution) anti-
gens (nNOS - N3303, eNOS - N2783, iNOS - N1533)
(Sigma-Aldrich Fine Chemicals, Box 14508, St Louis,

Missouri 63178, USA). No immunoreaction was found in
control tests. [10].

5. STATISTICAL ANALYSIS
All results are expressed as means ± standard deviations

and correlations were calculated using the Pearson’s product
moment correlation coefficient [3]. Each tested sample was
run in duplicates and the average of the two results was used
for the calculation. The differences were considered as signi-
ficant when p values were less than 0.05.

Results

1. NITRITE PLUS NITRATE CONCENTRATIONS IN
MILK AND SERUM 

The highest amount of milk NO2
- + NO3

- (1137 ± 383
?mol/l), was found on the first day of lactation (colostrum).
Therefore, the concentrations dramatically decreased on day
2 (441 ± 239 µmol/l) until day 15 and remained stable until
day 30. Milk yield increased from 6,3 ± 2,1 to 12,3 ± 3,8
liters at day 30 (Fig. 1). There was no correlation between
milk yield and NO2

- + NO3
- production and between NO2

- +
NO3

- in blood and milk. 

2. NITRATE PLUS NITRITE CONCENTRATIONS IN
MAMMARY TISSUE (Fig.2)

The highest amount was found  at the day of delivery.
NO2

- + NO3
- concentrations at the day of delivery was signi-

ficantly higher than 2-5 days after delevery or during the dry
period (p<0.01). During the first period of lactation (2-5 days
after delivery) the NO2

- + NO3
- concentrations were similar
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FIGURE 1. — Milk yield (■■) and NO2
- + NO3

- concentration in milk (●●) and
serum (◆◆) from water buffalo dams for 30 days after delivery.

* = lower (P<0.01) than P2 and P3
** = higher (P<0.01) than P1 and P3

FIGURE 2. — NO2- + NO3- concentrations in mammary tissue at three dif-
ferent periods of lactation. Period 1 (P1) : dry period, Period 2 (P2) : at
delivery, Period 3 (P3) : 2-5 days after delivery.



Revue Méd. Vét., 2006, 157, 1, 16-19

18 PERO (M.E.) AND COLLABORATORS

to the NO2
- + NO3

- concentrations in milk. In the dry period

a significant low concentration of NO metabolite (< 10mM)

was seen in comparison to day of delivery or to 2-5 days

after delivery (p< 0.01).

3. IMMUNOHISTOCHEMICAL STUDIES OF NOS ISO-
FORMS IN MAMMARY GLAND

The nNOS immunostaining showed positive nerve fibers
surrounding the alveoli (Fig. 3A). The immunoreactive

FIGURE 3. — Immunohistochemistry of n(neuronal) NOS (A), i(inducible) NOS (B) and e (endothelial) NOS (C) isoforms in buffalo mammary glands.
eNOS showed a positive immunoreaction only in the endothelium of blood vessels (D). Immunoreaction for iNOS showed the highest staining
intensity at day 1 (E) while a less intense staining was detected at day 5 (F). The mammary gland samples were obtained surgically from water buf-
falo dams and subjected to immunohistochemistry with specific antisera against NOS isoforms as described in Materials and Methods. Alveoli (al)
and blood vessels (bv) are indicated. Bars 50 µm.
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signal of iNOS was clearly localized in the epithelial cells of
the alveoli and lactiferous ducts of the mammary gland at the
first day of lactation (Fig. 3B). No immunoreactivity was
detected for eNOS in the epithelium (Fig. 3C) while a good
staining intensity for this enzyme was found in the endothe-
lium of mammary blood vessels (Fig. 3D).
Immunoreactivity with anti-iNOS antiserum was also pre-
sent in the mammary glands obtained from animals at day 5
of lactation, but a less intense staining with anti-iNOS anti-
serum was noted (Fig. 3E, 3F). In addition, a small number
of iNOS-positive epithelial cells was also observed in the dry
mammary gland (data not shown).

Discussion
The high levels of NO2

- + NO3
- both in milk and in the

homogenates suggest that NO is synthesized in the mam-
mary gland of buffaloes and may play a role in lactation.
Such hypothesis is supported by immunohistochemical stu-
dies for NOS isoforms. Interestingly, iNOS was clearly the
main isoform detected in the mammary gland from water
buffalo, whereas previous studies on cow mammary gland
showed the presence of eNOS in epithelial cells suggesting
this is the dominant isoform in such species [9]. Although we
do not have a clear explanation regarding the discrepancy in
the presence and localisation of eNOS and iNOS isoforms
between this previous report  and our findings. Species and
cell type differences may account for the inconsistencies
suggesting that specific studies are needed for the two spe-
cies. Anyway, the presence of NOS in the mammary gland
suggests a local production of NO during lactation. 

Interestingly, iNOS was present not only in lactating mam-
mary glands but also in the mammary glands from dry ani-
mals, although the amount of iNOS was relatively reduced in
comparison with the lactating mammary glands. This sug-
gests a basal expression of iNOS isoform in the unstimulated
mammary glands. It is possible that an NO-generating sys-
tem may closely participate in the regulation of morphologi-
cal and functional features of the mammary gland, because
the growth and differentiation of the mammary gland are
dependent on the hormonal conditions, which change during
the developmental stages of this gland. In any event, our pre-
sent study demonstrates the presence of NOS isoforms in the
buffalo mammary gland and such NOS isoforms may corre-
late with mammary gland development and regulatory func-
tions. 

The main expression of the iNOS isoform in the mammary
gland was detected at day 1 from delivery suggesting that a
high activation of the NO pathways occurs during colostro-
genesis. NO was shown to increase the mammary blood flow
during lactation allowing the mechanism of milk synthesis.

Blood flow is greatly expanded during lactation to make
available the large amounts of substrate required for milk
synthesis. In ruminants, colostrum is fundamental for calf
survival, therefore, a possible NO-mediated mechanism
involved in the determination of the nutritive and immune
properties of colostrum should be of great importance.

In conclusion, our results suggest that NO is produced in
the mammary gland of buffalo and the presence of NOS sho-
wed several differences between results reported in bovines.
Detection of iNOS in the mammary gland from dry animals
and the clear differences obtained for this enzyme at diffe-
rent stages of lactation suggest NO could be involved both in
the development and function of the mammary gland.
Because of the highest presence of both NO and NOS at the
first day of lactation and the importance of colostrum for the
calf survival, the origin, significance and importance of the
various compounds involved in such mechanism merits fur-
ther for investigations. 
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