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The aim of this study was to investigate the biological properties of goat milk from the indigenous Greek breed
(Capra prisca). The activity of the milk on platelet aggregation and thromboxane B2 (TXB2) production was
evaluated on platelets isolated from blood obtained from both humans and rabbits. To further understand the
biological properties of the milk ascorbic acid, linoleic and linolenic acid, were also tested. Ex vivo trials showed
that milk from indigenous Greek dairy goats (Capra prisca) inhibited platelet aggregation at a dose dependent
manner, both in humans and rabbits and decreased production of TXB, The milk’s ability to inhibit platelet
aggregation and reduce TXB; production could be attributed to its high content in antioxidant substances and
poly-unsaturated fatty acids (such as ascorbic acid and linolenic acid), when originating from grazing goats in
semi-mountainous shrublands. The paper provides information for nutritionists and health professionals, about
the biological properties of specific types of milk and their potential use as functional foods.

INTRODUCTION

During the last 50 years it has become clear that several
of the degenerative and infectious diseases in man, are greatly
affected by the nutritional habits of individual populations over
time. It has further been shown that the nutritional patterns that
have been established in the Mediterranean basin over thousands
of years exert a protective effect, concerning such diseases, on
the population (Willett et al., 1995). Studies analysing the
protective effect of the Mediterranean diet indicate that this diet
contains large amounts of the necessary vitamins, trace elements,
polyunsaturated fatty acids and poly-phenols; all these substances
have a high anti-oxidative potential and function as detoxifiers
modifying the immune mechanisms of the organism, reduce
the intense proinflammatory reactions and function towards
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normalising the metabolism of individual cells and tissues
(Martinez-Gonzalez and Sanchez-Villegas, 2000; Pitsavos et al.,
2005). In recent years, on the subject-matter of milk, it has been
shown that goat milk contains a wealth of anti-oxidative factors
(Kondyli et al., 2007).

Specific anti-oxidant factors, such as vitamins C and E,
found in high concentrations in goat’s milk, exert alone or in
combination, anti-tumorous and anti-platelet actions (Kallistratos
et al., 1988; Kallistratos et al., 1994; Evangelou et al., 1997; Sofis
et al., 1994; Karkabounas et al., 1996). It has also been found that
goat milk, just like donkey milk, possess interesting nutritional and
bio-functional properties, that are related to the genetic
characteristics of the herds to which the specific animals belong
(Tafaro et al., 2007; Jirillo et al.,, 2010; Amati et al., 2010;
D’Alessandro et al., 2010). Goat milk and its respective dairy
products have an important place in human nutrition; in addition, it
is considered an important food, especially for children, as it can
fully substitute cow’s milk (Hanlein, 2001).
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Goat milk differs from that of other species presenting
enhanced fat digestibility due to the presence of lipid globules of
small size (Attaie and Richter, 2000), composed mostly of short-
chain fatty acids (Hachelaf et al., 1993; Alonso et al., 1999).In a
relatively recent study it has been shown that the daily provision of
goat milk for a period of one month in a group of healthy aged
subjects seems to reduce the exaggerated acute phase response, as
it was recorded by the dramatic decrease of the cytokine IL-8
(Amati et al., 2010). Casein macropeptides from caprine milk has
shown to posses similar antithrombotic properties to those of y-
fibrinogen 400-411 peptide (Qian et al., 1995; Manso et al., 2002).
Simos et al., 2011 have recently showed that that cow’s and goat’s
milk possess considerable inhibitory ability regarding platelet
aggregation, an ability that is well-correlated to their total anti-
oxidant strength. Based on these data we embarked on a study of
the ability of goat milk from Capra prisca, a Greek indigenous
herd, to inhibit human platelet ex vivo and washed rabbit platelet
aggregation in vitro, as well as to inhibit in parallel the production
of TXB, from human platelets. In these same experiments we also
studied the action of ascorbic acid, linoleic and linolenic acid on
the various experimental settings used.

MATERIALS AND METHODS

Volunteer blood donors

Ten healthy volunteers (5 male and 5 female), between
26 and 52 years of age (mean age 29+10 y) were enrolled in this
study. The participation of the volunteers in the study was without
monetary compensation and in agreement with the human rights
legislation from the Declaration of Helsinki (1979). The volunteers
were free of medical problems in their history. Moreover, they did
not consume any kind of medication or food supplements, and did
not consume alcoholic drinks during the experiment.

Experimental animals

Twelve male New Zealand white rabbits were used for
the study, weighing 4-6 kg. The animals were housed in a modern
animal house, with a constant light period of 12 hrs, and were kept
in large cages that allowed communication among the animals.
Access to food and water were ad libitum. The animals were fed a
special feed mixture for rabbits (New Zealand White rabbits), and
were daily supplied with fresh vegetables, in order to achieve a
balanced diet. Blood (about 30-40 mL) was withdrawn from their
ear veins via free blood flow.

Preparation of human platelets

The preparation of human platelets for the ex vivo
experiments of platelet aggregation was performed according to
Simos et al., 2011. Briefly, blood was taken from the medial
cubital vein by free flow with the aid of an appropriate needle. The
blood was placed in test tubes containing citric acid as
anticoagulant agent in the proportion 1 mL of anticoagulant
solution to 9 mL of blood and was gently mixed by end-over-end
mild rotations. Centrifugation of the blood samples was performed

at 54 x g for 20 min in order to separate the plasma rich in platelets
(PRP) fraction. The PRP is then transferred to a plastic centrifuge
tube, capped and remains in a water bath of 37°C until the end of
the experiment. The test tubes containing the rest of the blood
were centrifuged again at 645 x g for 20 min to isolate the plasma
poor in platelets (PPP) fraction, which was collected in a plastic
tube and used for calibration of the aggregometer.

Preparation of washed rabbit platelets

The procedure was described in details by Evangelou et
al., 1998. Briefly, after separation of PRP according to the
procedure described above, the tube is centrifuged, the supernatant
was discarded and an equal volume of buffer solution (pH 6.5) was
added. The solution was gently mixed with the use of a pipette.
The same procedure (centrifugation and mix of platelets) was
repeated once more. Platelets were then counted and their number
was fixed at 250.000 cells/uL before the addition of the platelet
agonists (adenosine diphosphate, ADP; platelet activating factor,
PAF and arachidonic acid, ARA).

Platelet aggregation experiments

All assays for platelet aggregation and platelet reactions
(shape changes and release reaction) were conducted on the
aggregometer. For every aggregation test, samples were placed in
a cuvette, containing 450 pL of PRP and 50 pL of each of three
diluted platelet agonists (ADP, PAF and ARA) in ddH,0. Goat
milk at different doses (2.5, 5.0, 10.0 and 20.0 pL) was diluted in
50uL of ddH,O and incubated for 5 minutes in a cuvette
containing 450 pL PRP. Each of the three agonists was then added
and the percentage of platelet aggregation was recorded at the
aggregometer. All experiments were performed in triplicates.

Platelet TXB, production

For the estimation of thromboxane B, production in PRP
the assay kit TXB,/2,3-DINOR-TXB,[***] radioimmune assay KIT
(Isotop company, Institute of Isotops Co. Ltd. Budapest, Hungary)
was used. Thromboxane B, production was estimated in PRP
before platelet aggregation and 5 min after its initiation, with and
without incubation with the goat milk at the above mentioned
doses. After the completion of platelet aggregation 1.25mg of
indomethacin was added to the samples (to inhibit TXB,
production by the arachidonic acid pathway enzymes) and the
samples were centrifuged at 2500 x g for 5 min and supernatant
was collected. Radioactivity of each sample was measured by -
counter and the result was expressed in pg TXB,/mL.

Statistical analysis

Values are expressed as the mean (xSD) shown as a
percentage, compared to the platelet aggregation values and the
TXB, values in untreated (only with an agonist) platelets (100%).
All statistical procedures were performed using SPSS (SPSS 16.0,
SPSS Inc. Chicago, Illinois, USA, 2009). The statistical
significance between data means was determined by using paired
sample t-test. Data are expressed as mean+SD.
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Fig. 1: Dose-dependent inhibition of platelet aggregation from Capra prisca milk in (A) human and (B) washed rabbit platelets. Data are expressed as
mean+S.D. Each test was performed in triplicates. ADP, adenosine diphosphate; PAF, Platelet activating factor; ARA, arachidonic acid. Different letters indicate
the significant differences (p<0.05) among the current and the exact previous (lower) dose. Symbol a for ADP, b for PAF and c for ARA
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Fig. 2: Dose-dependent inhibition of platelet aggregation from ascorbic acid in (A) human and (B) washed rabbit platelets. Data are expressed as mean+S.D.
Each test was performed in triplicates. ADP, adenosine diphosphate; PAF, Platelet activating factor; ARA, arachidonic acid. Different letters indicate the
significant differences (p<0.05) among the current and the exact previous (lower) dose. Symbol a for ADP, b for PAF and ¢ for ARA

RESULTS

Figure 1 shows the results of the ex vivo trials of the
Capra prisca milk activity according to different doses (0-20 pL)
on platelet aggregation using ADP, PAF and ARA agonist. Both
humans and washed rabbits platelets presented a dose dependent
decrease of platelet aggregation. Platelet aggregation was
completely inhibited at the highest doses tested (20 pL). The ICs
values of ADP, PAF and ARA for human platelets were estimated
at 14.3+1.0 pL, 10.9+0.7 pL and 12.5+0.5 pL, respectively. The
IC5, values of ADP, PAF and ARA were lower for washed rabbit
platelets (8.1£1.3 pL, 8.94+0.7 uL and 8.3+1.2 pL).

A dose-dependent decrease of platelet aggregation was
also observed in human and washed rabbit platelets after
incubation with increasing concentrations of ascorbic acid (Figure
2). Specifically, the ICs, values of ADP, PAF and ARA were
4.1+0.7 mg/100mL, 3.5+0.3 mg/100mL and 4.2+0.3 mg/100mL
for human platelets and 4.6+0.3 mg/100mL, 4.4+0.2 mg/100mL
and 4.8+0.4 mg/100mL for washed rabbit platelets, respectively.

Platelet aggregation was completely inhibited at doses of
8 mg/100mL for human platelets and 12 mg/100mL for washed
rabbit platelets.

The results of the ex vivo trials on the effects of Prisca
goat milk and ascorbic acid on TXB, production are shown in
Figure 3. Inhibition of TXB, production was similar for all three
platelet agonist tested. Specifically, the ICs, values of ADP, PAF
and ARA for Prisca goat milk were 10.4£1 pL, 9.5+0.7 uL and
10.940.9 pul, respectively, whereas for ascorbic acid
were 5.1+0.3 mg/100mL, 4.7+0.2 mg/100mL and 4.8+0.3
mg/100mL.

Linoleic acid failed to inhibit platelet aggregation in the
range of values tested (0.25-25 mg/100mL) (data not shown). On
the other hand, linolenic acid showed a dose-dependent decrease
of platelet aggregation of ADP, PAF and ARA with ICs, values
being 12.1+1.6 mg/100mL, 10.1+1.2 mg/mL and 9.1+1.4
mg/100mL, respectively. Complete platelet inhibition was
observed at the highest doses tested (around 20 mg/100mL)
(Figure 4).
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Fig. 3: Inhibition of TXB, production from (A) Capra prisca milk and (B) ascorbic acid in human platelets. Data are expressed as mean+S.D. Each
test was performed in triplicates. ADP, adenosine diphosphate; PAF, Platelet activating factor; ARA, arachidonic acid. Different letters indicate the significant
differences (p<0.05) among the current and the exact previous (lower) dose. Symbol a for ADP, b for PAF and c for ARA

Platelet aggregation (%)

ADP
-»- PAF
.4 ARA

—

0 T T
-10- 5 10

35

15 20

Linolenic acid mg/100mL
Fig. 4: Dose-dependent inhibition of platelet aggregation from linolenic acid in human platelets. Data are expressed as mean+S.D. Each test was
performed in triplicates. ADP, adenosine diphosphate; PAF, Platelet activating factor; ARA, arachidonic acid. Different letters indicate the significant differences
(p<0.05) among the current and the exact previous (lower) dose. Symbol a for ADP, b for PAF and ¢ for ARA.

DISCUSSION

The experimental results showed that the milk of Prisca
goat inhibited dose-dependently platelet aggregation in humans, as
well as washed rabbit platelets. Goat’s milk is a complex solution
containing molecules of high molecular weight, as well as simpler
molecules of smaller molecular weight. The literature indicates
that casein’s various fractions, as well as lactoferrin present
enhanced antiplatelet properties, which partly might explain the
inhibitory effect of Prisca goat’s milk (Qian et al., 1995; Ruthefurd
and Gill 2000; Manso et al., 2002; Hernandez-Ledesma et al.,
2005a). On the other hand some simple antioxidant molecules such
as ascorbic acid and various tocopherols exist in high
concentrations in the milk of the indigenous Greek goat of Capra
prisca (Kondyli et al., 2007) while it has been reported that these
antioxidants can inhibit platelet aggregation (Karkabounas et al.,
1996). It can be hypothesized that he ability of goat milk to inhibit
platelet aggregation is the result of the individual activity of
the components that make up the solution of goat milk. Thus, the

antiplaletet properties of lactoferrin and casein are added up to
those of ascorbic acid, tocopherols and linolenic acid. Recent
research indicates that processing of selected milk proteins with
antiplatelet properties resulted in an increase of their antioxidant
capacity (Hernandez-Ledesma et al., 2005a; Hernandez-Ledesma
et al., 2005b; Simos et al., 2011). Prisca goat’s milk reduced the
production of the thromboxane B,, an inactive metabolite of
thromboxane A, Thromboxane A,, a product of the arachidonic
acid, stimulates the activation of new platelets as well as increases
platelet aggregation. The majority of NSAIDs with antiplatelet
properties inhibit the production of TXA, (Garret and Fitzgerald
1991). Ascorbic acid, tocopherols, various thiols, some flavonoids
and polyphenols inhibit the enzymes of cyclooxygenase and
lipoxygenase, who represent two of the most important enzymes
for the arachidonic acid metabolites (Visioli et al., 2000; Nijveldt
et al. 2001). An advantage of this study is that the doses of
ascorbic acid, linoleic and linolenic acid used where in line with
those found in native Greek goats. According to Kondyli et al.,
2007, mean content of ascorbic acid is 5.48+0.09 mg/100 mL, well
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within the range we examined (0.16-12.8 mg/100mL). Moreover,
linoleic and linolenic acid content in native Greek goats was
estimated at 559 pg/100mL and 501 pg/100mL, respectively, and
within the range we examined (255-25500 pg/100mL). Washed
rabbit platelets were used to exclude coagulation factors from the
plasma in order to study cell to cell interaction.

CONCLUSION

Our data point to the conclusion that small molecules,
such as ascorbic acid, play a dominant role in the inhibition of
platelet aggregation, as well as on TXB, production, while the two
unsaturated fatty acids exert a mild inhibitory effect on this same
action. The significance of the findings may lead to the
classification of goat milk from certain indigenous breeds as
functional food with health promoting properties leading to a
broader acceptance from the consumers and to the development of
farming systems aiming on the production of milk with superior
nutritional characteristics.
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