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SUMMARY

The current study aimed to investigate the role of melatonin, B-carotene,
selenium, and hydrocortisone in protecting a primary mammary cell line,
as a model of mastitis, from the deleterious effects of reactive oxygen
species (ROS) secreted from activated neutrophils in vitro. Different
concentrations of melatonin (0.5, 5, 50, and 500 UM), B-carotene (1, 10,
and 100 uM), selenium (0.001, 0.01, and 0.1 uM), and hydrocortisone
(0.1, 1, and 10 uM) were added separately in triplicates to primary
mammary epithelial cell lines prepared from active mammary tissue of
female buffalo co-incubated with activated buffalo neutrophils (5 X
10(’/well). Mammary cell damage was evaluated by measuring lactate
dehydrogenase (LDH), malondialdehyde (MDA) and nitric oxide (NO)
concentrations in culture media as indicative of ROS, and by
morphological observations of neutrophils after acridine orange staining.
Activated neutrophils damaged the mammary epithelial cell line as
demonstrated by an increase in LDH, MDA, and NO concentrations in
control mammary cells that did not receive any treatments. Meanwhile,
treated mammary epithelial cells with melatonin, B-carotene, selenium,
and hydrocortisone secreted, considerably, low concentrations of LDH,
MDA, and NO. Also photographs of the neutrophils treated with
antioxidants or hydrocortisone did not show much damage as compared
with non-treated control cells. Our results suggest that ROS such as
superoxides, hydrogen peroxide, hydroxyl radical, and nitric oxide
released by activated neutrophils cause damage to mammary epithelial
cells indicated by increased concentrations of LDH, MDA, and NO and
this deleterious effect could be quenched by the use of antioxidants such
as melatonin, B-carotene, and selenium or by the use of anti-
inflammatory compound such as hydrocortisone.

Key words: Udder, antioxidants, anti-inflammatory drugs.
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INTRODUCTION

Despite major advances in herd management and antibiotic
therapeutics, bovine mastitis continues to be a major source of economic
loss in dairy industry (Crist ef al., 1983 and Smith, 1983). During the
course of mastitis, the inflammatory reaction induced by the activated
immune cells is accompanied by the secretion of many metabolites and
molecules belong to reactive oxygen species (ROS). This species plays a
central role in killing the invading microorganisms that cause mastitis,
unfortunately it also have destructive effect on the udder tissues and
consequently reduces milk production (Oliver and Calvinho, 1995 and
Rajala-Shultz et al., 1999). Accumulation of neutrophils in the udder
tissues is a major sign during mastitis (Paape et al., 2000) and is
accompanied by the secretion of ROS such as hydrogen peroxide,
superoxide anion, hydroxyl radicals, and nitric oxide (NO). These
molecules are destructive to both invading pathogen causing mastitis and
udder tissues (Weiss, 1989; Cuzzocrea ef al., 1998; Knaapen et al., 1999
and Ledbetter et al., 2001). The destructive cytotoxic effects of these
molecules include protein oxidation, lipid peroxidation, DNA damage,
and the inhibition of cellular metabolic pathways. Also, stimulated
neutrophils generate hypochlorite (OHCI) via the release of the enzyme
myeloperoxidase and hydrogen peroxide. Hypochlorite damages
proteins by reaction with amino acid side-chains or backbone cleavage
(Hawkins and Davies, 1998). Apparently, the process of inflammation
during mastitis is devastating to udder tissue as well the invading
organisms. Controlling the severity of inflammation and protecting the
udder tissue from both pathogens and ROS seems to be a requisite for
the future health of the mammary tissues. :

Interestingly, many studies demonstrated that most of the
antioxidants improved the neutrophils phagocytic functions in vitro and
in vivo (Hemingway, 1999; Spears, 2000; Ramadan et al., 2001 and
Politis e al., 2004). Melatonin, which is a hormone secreted by the
pineal gland during night, recently showed great activity in scavenging
hydroxyl radical (Marshall ef al., 1996) and peroxynitrite also melatonin
prevented DNA damage and tissue injury (Cuzzocrea and Caputi, 1999).
Selenium (Se) is an integral part of the antioxidant enzyme glutathione
peroxidase (GSH-Px) and plays an important role in the maintenance of
the oxidation reduction state of a cell. Selenium supplementation in the
bovine has been shown to improve the outcome of acute mastitis caused
by coliform bacteria (Maddox et al., 1999). B-carotene is known to
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activate neutrophil killing functions in vitro (Ramadan et al., 2001).
Moreover, this molecule proved to be effective antioxidant in protecting
cells from damage during inflammation (Michal er al., 1994).
Hydrocortisone, anti-inflammatory agent, has been recommended in the
treatment of some forms of clinical mastitis (Rossoff, 1974 and Mercer
and Teske, 1977). However, this drug has been reported to cause
significant decreased neutrophil functions in bovine (Paape et al., 1981
and Roth and Kueberle, 1981). Therefore, this study aimed to test the
hypothesis that could antioxidants diminishes and quench the destructive
effect of the secreted oxidants and, hence, protect the udder tissue. We
constructed a model of mastitis in vitro to test this hypothesis and we
used some selective antioxidants such as melatonin, B-carotene, and Se,
beside hydrocortisone as an anti-inflammatory compound to study their
effect on decreasing mammary epithelial cell damage in vitro.

MATERIALS and METHODS

Primary cell culture:

Primary cell culture of active mammary tissue was prepared as
standard method described by Mahy and Kangro (1996). A section of
mammary tissue, from freshly slaughtered buffalo, was transferred
aseptically to the laboratory in Hank’s transport medium containing
penicillin  G-sodium (100 IU/ml), streptomycin (100 pg/ml) and
antimycotic amphotricin B (0.25 pg/ml). The tissue was minced into
small pieces using sterile scissor in a sterile beaker containing suitable
amount of pre-warmed 0.22% trypsin and transferred onto a magnetic
stirrer for 2 minutes, the tissue was digested and the supernatant was
discarded. Then the tissue was digested several times in a new volume of
trypsin for 20 minutes each time till the tissue was exhausted. The
suspension was filtered through two layers of sterile gauze in a bottle
containing 50 ml of growth minimum essential medium (GMEM;
containing 10% fetal bovine serum, 200 mM HEPES buffer, 0.75 mg/ml
sodium bicarbonate, 0.29 mg/ml L-glutamine) and antibiotic/antimycotic
mixture as mentioned above. The cellular suspension was centrifuged at
1000 xg for 20 minutes at 4°C. The supernatant was discarded and the
digested cells re-washed two extra times. Finally the cells re-suspended
in GMEM. The number of live cells, stained with filtered neutral red
stain solution (0.1 gm in 100 ml phosphate buffered saline, PBS) as 5:1
V/V at room temperature was calculated using hemocytometer. The cells
then were dispensed in 24-well plates as 15 X 10* cells/well and the
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plates were incubated overnight at 37°C and 5% CO, in humidified
incubator till a monolayer cell line was completed.
Preparation of treatments:

Melatonin, B-carotene, Se and hydrocortisone all were used as
treatments in this study. Four concentrations of melatonin were prepared
(0.5, 5, 50, and 500 uM) first by dissolving in 50% methanol then
diluted to the final concentration in assay medium (minimum essential
medium; MEM). Three concentrations of B-carotene were prepared (1,
10, and 100 uM) first by dissolving in dimethylsulfoxide (DMSO) then
diluted in assay medium (final concentration of DMSO was 0.2%) of the
medium. Three concentrations of Se were prepared (0.001, 0.01, and 0.1
uM) and three concentrations of hydrocortisone (0.1, 1, and 10 uM). All
of the above mentioned concentrations of the four treatments are the
final concentrations distributed in the plates.

Isolation and preparation of neutrophils:

Neutrophils were isolated from whole blood of one female
buffalo. Briefly, blood collected in sterilized Vacutainer tubes containing
25 ul of heparin. Blood was layered onto Ficoll solution and centrifuged
at 3000 xg for 25 minutes at room temperature. Neutrophils settled in the
bottom were collected and erythrocytes were removed using cold
distilled water and warm 2.7% NaCl. Cells were washed twice, using
assay medium without fetal bovine serum, and suspended in the whole
medium (GMEM) at concentration of 5 X 10° cells/ml.

In vitro mastitis model assay:

The GMEM in the 24-well plates was discarded and fresh
medium added to primary mammary epithelial cell line. Neutrophils then
were added to each well (0.5 ml containing 2.5 x 10 neutrophil) and 50
ul opsonized zymosan (0.5mg/ml) also added to activate neutrophils and
to initiate inflammation. Various treatments of melatonin, B-carotene,
Se, and hydrocortisone were added to assigned wells (four wells for each
concentration) to reach the final concentrations indicated above.
Controls included mammary epithelial cell culture alone (basal LDH
release by the primary tissue), activated neutrophils alone (basal LDH
release by phagocytic cell), GMEM (basal LDH release by the medium).
Plates then were incubated at 37°C and 5% CO,. After 24 hours,
supernatants were collected from each well, centrifuged, and stored
frozen at -70° C until assayed for lactate dehydrogenase (LDH),
malondialdehyde (MDA) and NO.
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Effect of oxidative metabolites on cell viability:

After removal of the supernatants from the wells, the plates
washed gently with PBS then | ml of acridine orange solution (8 pg/ml
PBS) was added to each well and incubated at room temperature for 10
minutes to allow the stain to penetrate the cells. After incubation,
acridine orange was removed from the wells and the cells fixed with 0.5
ml 4% formaldehyde solution. Wells were visualized using fluorescent
microscopy and pictures of the live and dead cells were photographed.
Analyses for lactate dehydrogenase and malondialdehyde activity:

The samples collected from the wells were analyzed
speactrophotometrically for both lactate dehydrogenase (LDH)
(Friedman and Young, 1997) and malondialdehyde (Satoh, 1978)
activities according to manufacturer manual using special kits.

Analysis for nitric oxide:

Nitric oxide was assessed according to the assay described by
Rajaraman et al. (1998). Briefly, 100 ul from each sample was
transferred into flat-bottom 96-well ELISA plate and 100 pl of Griess
reagent (0.5% sulfanilamide; Sigma Chemical Co.) in 2.5% phosphoric
acid (Mereck Co.) and 0.05% N-(1-naphthyl) ethylenediamine
dihydrochloride (Sigma Chemical Co). The mixture was incubated at
21° C for 10 minutes. Absorbency of the samples and standards was
measured at 570 nm using ELISA reader (Dynatech MR7000; Dynatech
Laboratories Inc.). Absorbency of test samples was converted to micro
molar (uM) of nitrite by comparison with absorbance values of sodium
nitrite (Sigma Chemical Co.) standard curve within a linear curve fit,
Data Analyses:

Data were analyzed using General Linear Model (GLM) of
Statistical analysis system (SAS) to detect the difference between treated
wells and control wells. Data presented as mean + SE
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RESULTS
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Fig. 1: Effect of different concentrations of melatonin on lactate
dehydrogenase production by buffalo mammary epithelial cell
line subjected to activated neutrophils in vitro. Stars indicate
significant difference from control (P< 0.01).
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Fig. 2: Effect of different concentrations of B -carotene on lactate
dehydrogenase production by buffalo mammary epithelial cell
line subjected to activated neutrophils in vitro. Stars indicate
significant difference from control (P< 0.01).
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3: Effect of different concentrations of Se on lactate dehydrogenase
production by buffalo mammary epithelial cell line subjected to
activated neutrophils in vitro. Stars indicate significant difference

from control (P< 0.01).
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4: Effect of different concentrations of hydrocortisone on lactate
dehydrogenase production by buffalo mammary epithelial cell
line subjected to activated neutrophils in vitro. Stars indicate
significant difference from control (P< 0.01).
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5: Effect of different concentrations of melatonin on
malondialdehyde production by buffalo mammary epithelial
cell line subjected to activated neutrophils in wvitro. Stars
indicate significant difference from control (P< 0.05).
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Fig. 6: Effect of different concentrations of p-carotene on

malondialdehyde production by buffalo mammary epithelial
cell line subjected to activated neutrophils in vitro. Stars
indicate significant difference from control (P< 0.05).
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7: Effect of different concentrations of Se on malondialdehyde
production by buffalo mammary epithelial cell line subjected to
activated neutrophils in vitro. Stars indicate significant
difference from control (P< 0.01).
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8: Effect of different concentrations of hydrocortisone on
malondialdehyde production by buffalo mammary epithelial
cell line subjected to activated neutrophils in vitro. Stars
indicate significant difference from control (P<0.05).
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Fig. 9: Effect of different concentrations of melatonin on NO production

Nitric oxide concentration in uM/ml

by activated buffalo neutrophils co-cultured with mammary
epithelial cell line in vitro. Stars indicate significant difference
from control (P< 0.05).
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Fig. 10: Effect of different concentrations of B -carotene on NO

production by activated buffalo neutrophils co-cultured with
mammary epithelial cell line in vitro. Stars indicate significant

difference from control (P< 0.05).
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Fig. 11: Effect of different concentrations of Se on NO production by
activated buffalo neutrophils co-cultured with mammary
epithelial cell line in vitro. Stars indicate significant difference

from control (P< 0.05).
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Fig. 12: Effect of different concentrations of hydrocortisone on NO
production by activated buffalo neutrophils co-cultured with
mammary epithelial cell line in vitro. Stars indicate significant
difference from control (P< 0.05).
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Fig. 13: Acridine orange staining of (A) activated neutrophils without
any treatment (control) (B) neutrophils incubated with
melatonin (C) neutrophils incubated with [-carotene (D)
neutrophils incubated with Se.

DISCUSSION

The primary role of polymorphonuclear neutrophils (PMNs) is to
destroy pathogenic microorganisms after phagocytosis by producing
reactive oxygen species (ROS) and toxic molecules. The respiratory
burst by neutrophils is characterized by marked changes in oxygen
metabolism that result in increased production of superoxide and
hydrogen peroxide (Baboir, 1984). Although neutrophil-generated
oxygen metabolites are necessary in antimicrobial defense mechanisms,
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these free radicals alsc can damage the neutrophil and surrounding
tissues (Weiss and LoBuglio, 1982). Indeed, PMNs produce sufficient
amounts of ROS during an oxidative burst to be autotoxic and
detrimental to their own functions and to possibly cause DNA damage,
protein and lipid oxidation and cell membrane destruction (Walrand ef
al., 2005). Both malondialdehyde and lactate dehydrogenase enzymes
are metabolites of lipid peroxidation and cellular damage (Shiono ef al.,
2003; Claassen ef ai., 2005; Chagunda et al., 2006a and b). Elevation of
both enzymes in serum or milk is associated with severe cell damage.
Nitric oxide which is secreted in large amounts from the activated
immune cells such as neutrophils and macrophages, is part of what is
known as killing system of the immune cells. It is known to cause
cellular damage during respiratory burst (Maeda and Akaike, 1998 and
Murphy, 1999).

In current study, mammary epithelial cell line co-cultured with
activated neutrophils produced great concentrations of LDH, MDA, and
NO in vitro. Indeed, we can refer these elevated concentrations to
mammary cell damage by neutrophil respiratory burst and not to
bacterial cause since zymosan was used to activate neutrophils in vitro
(non-bacterial activator to the neutrophils). The addition of known
antioxidants (Se, melatonin, or p-carotene) or anti-inflammatory
(hydrocortisone) compound greatly reduced the concentrations of LDH,
MDA, and NO in vitro. Selenium in different molar concentrations,
greatly reduced LDH secretion by 8-10 folds, MDA by 5-8 folds and NO
by 2-3 folds compared with control non-treated mammary epithelial
cells. Selenium is an integral component of the enzyme glutathione
peroxidase in the cells (Diplock, 1981 and Erskine, 1993). The specific
function of glutathione peroxidase is the conversion of hydrogen
peroxide to water and lipid hydroperoxides to the corresponding alcohol
(Smith ef al., 1997). Selenium is expected to play its antioxidant effect
on the cytosolic level of the cell (Baker and Cohen, 1983). Many reports
indicated the importance of Se in many physiological aspects of the
immune and non-immune cells. Smith et al. (1985) noticed that heifers
supplemented with Se had significantly fewer quarters infected at
calving, reduced prevalence of infection throughout lactation, fewer
cases of clinical mastitis, infections of shorter duration, and lower milk
somatic cell count (SCC) compared with un-supplemented heifers.
Boyne and Arthur (1986) reported that neutrophils from Se-deficient
mice, rats and cattle were able to ingest pathogens in vitro but were less
able to kill them than did neutrophils from Se-sufficient animals. This
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defective function has been associated with decreased cytosolic
glutathione peroxidase (GPx1) activity in the neutrophils, which allows
the free radicals that are produced in the respiratory burst to kill the
neutrophils themselves. Also Vitamin E and Se were related to rate of
clinical mastitis and bulk tank milk SCC in a survey of Ohio herds that
had controlled contagious mastitis (Hogan et al., 1989; Weiss et al.,
1990). Grasso et al. (1990) showed that PMN from Se-deficient cows
had increased accumulation of hydrogen peroxide, decreased viability,
and reduced ability for intracellular kill of mastitis-causing pathogens.
Smith et al. (1997) pointed out that Se plays important role in udder
health through quenching ROS from the mammary cells during mastitis.
Ramadan et al. (2001) reported that Se enhanced both phagocytic and
killing activities of neutrophils isolated from peripartal buffaloes in
vitro. Cebra et al. (2003) suggested that neutrophils from postparturient
dairy cows with higher blood concentrations of Se have greater potential
to kill microbes. Kommisrud et al. (2005) described a positive
association between increased blood Se concentration pre partum and
decreased incidence of mastitis, ovarian cysts and anoestrus/silent estrus
post partum. Gumustekin e al. (2004) reported that Se supplementation
may accelerate wound healing by preventing induced oxidative stress
and lipid peroxidation in injured tissues. It is worth mentioning that NO
was not dramatically decreased like MDA or LDH. This may be due to
the fact that NO is integral part of the killing system of the neutrophils
and its presence is required at this point to eliminate infection.

Melatonin is synthesized and secreted from the pineal gland
during the night and is involved in various physiological processes
(Borjigin et al., 1999). Melatonin is a hydroxyl radical scavenger and
has been shown to protect cells against the damage induced in
experimental models of inflammation (Reiter ef al., 1995; Marshall ef
al., 1996 and Cuzzocrea and Caputi, 1999). Melatonin, lately, received
much attention from many researchers in many aspects. Lopez-Gonzalez
et al. (1993) described the presence of receptors of melatonin in
neutrophils. Silva ef al. (2004) proved that neutrophils are one of the
main targets for melatonin and that melatonin induces cytokine
production by neutrophils. Cos et al. (1998) described a direct anti-
proliferative effect of melatonin on estrogen-responsive MCF-7 cells
(human breast cancer cells) in culture. In our study, melatonin reduced
the productlon of LDH by 3-13 folds, MDA by 2-3 folds, and NO by 2-
3.5 folds by buffalo mammary epithelial cell line co-cultured with
activated neutrophils compared with control non-treated cells.
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Melatonin has been reported to prevent LDH release from MAC-T cells
cultured with activated neutrophils and prevented morphological
changes of MAC-T cells (Boulanger e al., 2002). Chang and Mun
(2004) reported that the level of MDA generated in neutrophils treated
with Cyclosporine (which contributes to oxygen free radical metabolism
in neutrophils) was increased, suggesting that damage resulted from
oxygen free radicals by this compound. This damage was reduced by the
addition of melatonin to the culture. Also, Barlas et al. (2004) reported
that melatonin injected intra peritoneal in rats with acute pancreatitis,
reduced the level of MDA secretion in both liver and pancreatic tissue
samples. They concluded that melatonin may by its free-radical
scavenging and antioxidant activity, which involves an inhibitory effect
on tissue neutrophil infiltration, protected pancreatic and hepatic tissues.

B-carotene, in this study, reduced the production of MDA and
LDH by 2-5 folds and 4-7 folds respectively by buffalo mammary
epithelial cell line co-incubated with activated neutrophils compared
with control non-treated cells in vitro. It is obvious that B-carotene acted
to prevent or block the damage of both mammary cells and neutrophils.
Recently, Walrand er al. (2005) indicated that carotenoids have
quenching capacities that control both in vivo and in vitro the
neutrophils generation of ROS and probably protect these cells against
DNA, membrane lipid and protein damages during oxidative burst. B-
carotene also been reported to enhance the phagocytic and killing
activity of neutrophils in vitro (Ramadan et al., 2001). Moreover, Michal
et al. (1994) described multiple effects of B-carotene in dairy cows such
as enhanced host defense mechanisms by potentiating phagocytic
function and decreased the incidence of certain reproductive disorders.
Bohne ef al. (1997) reported that B-carotene significantly and
concentration-dependent inhibited the ROS generation by stimulated
neutrophils in vitro. Our results also showed a dose-dependent effect of
B-carotene on the production of MDA, LDH, and NO in vitro. Jiang et
al. (1996) described that B-carotene could significantly inhibit the
damage of rat neutrophil membrane protein caused by either intracellular
or extracellular ROS.

In current study, hydrocortisone significantly reduced mammary
cell damage in the form of decreased LDH by 8-11 folds, MDA by 2-4
folds and NO by 1-2 folds compared with control non-treated cells in
vitro. Hydrocortisone is used, pharmacologically, to suppress the
immune system reaction in certain diseases such as autoimmune diseases
and in some allergic conditions. Recently, Kraemer et al. (2005)
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reported that cortisol significantly reduced plasma MDA concentrations
in volunteers after 65 minutes post exercise. Also hydrocortisone
inhibited NO production by rat cardiomyocytes and decreased cellular
lipid peroxidation (Florio, 2003). Lactate dehydrogenase release from
activated immune cells was blocked by treating the cells with
corticosteroids (Banks and Michales, 1985).

The effect of Se, B-carotene, and melatonin on activated buffalo
neutrophils in vitro has been demonstrated in Figure 13 (B, C and D)
compared with non treated cells (A). The overall effect of these
antioxidants was protective. The integrity and number of live neutrophils
was greater, as indicated by increased fluorescent green stain, while the
fluorescent stain decreased in control non-treated cells.

In conclusion, results of this study demonstrated the protective
effect of Se, melatonin, and P-carotene, as antioxidants, and
hydrocortisone, as anti-inflammatory, on buffalo mammary epithelial
cell line in vitro. During mastitis, excessive cell damage due to the
inflammatory process may be considered more dangerous than the
infection itself since ROS are secreted in great quantities enough to
damage mammary cells. Anti-inflammatory agents seems to act locally
on the immune cells through specific cell receptor and their duration of
activity seems also to be limited, so their use for prolonged time will not
affect ROS secretion but on the other hand will suppress the immune
cells. Therefore, the use of anti-inflammatory agents to control
inflammation during mastitis should be well controlled. On the contrary,
we encourage the use of antioxidants during mastitis for long periods
because they will not be detrimental or suppressive to the immune cells,
but they may enhance the phagocytic activity of neutrophils and protect
them from ROS. Both MDA and LDH are known enzymes associated
with lipid peroxidation and hence they consider as marker for cellular
damage. Nitric oxide, in current study, although it was significantly
decreased in response to antioxidants and hydrocortisone treatment, yet
the decrease was not dramatically like LDH and MDA. May be it is
essential metabolite necessary for controlling infection and antioxidants
or hydrocortisone could not suppress it more than that.
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