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INTRODUCTION

Cholesterol is important for the
body’s functions. It contributes to
cell membranes configuration and
properties and in synthesis of cer-
tain hormones. Absorbable choles-
terol comes from three sources: the
diet, the liver and from intestinal cell
turnover. Artery-clogging plaques
may be formed from excess of
plasma cholesterol levels, increasing
vascular event. Plant phytosterols are
known to suppress intestinal choles-
terol absorption even through the

mechanisms has not been established
[1,2]. The aim of this study is to
show how phytosterols-milk in-
take influenciates plasma choles-
terols levels in healthy subjects.

MATERIALS AND METHODS

Subjects Twenty (aged 27-50 y)
healthy subjects were selected.

Protocol The subjects were fed
a milk-sterol containing (2mg/day)
for thirty days. The subjects were
instructed to maintain the same
dietary intake during the study.

Analyses Blood samples were
collected from subjects before
breakfast on days 0, 15 and 30 of
the trial. Plasmatic concentrations of
Total cholesterol, HDL- and LDL-
cholesterol were determinate.

Statistical methods The data
were evaluated by using t-Student
test for paired samples (level of sig-
nificance P<0.05).
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PHYTOSTEROLS IN MILK EFFECTS ON PLASMA
CHOLESTEROL CONCENTRATIONS: EXPERIMENTAL
EVIDENCE IN PORTUGUESE HEALTHY SUBJECTS

S. Gonçalves*, A. S. Silva, C. Branco, C. Saldanha, J. Martins e Silva

Instituto de Biopatologia Química, Unidade de Biopatologia Vascular, Instituto de
Medicina Molecular, Faculdade de Medicina de Lisboa, 1649-028 Lisboa Portugal.
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Structures of Cholesterol and Sitosterol molecules.Figure 1.
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CONCLUSIONS

• After fifteen days of treatment
Total cholesterol and LDL-cho-
lesterol concentrations decreased
significantly by 9%, P < 0.05 and
11.48%, P < 0.05 respectively.

• HDL cholesterol levels did not
change significantly.

• After thirty days, the values did
not change significantly in relation
with the results obtained at fifteen
days.

• These results show a positive
effect in cholesterol plasma levels
in healthy subjects.

REFERENCES

[1] K.B. Hicks and R.A. Moreau. Food Tech-

nology. 55:1 (2001)

[2] M.H. Moghadasian and J.J. Frohlich. Am.

J.Med. 107: 588-594 (1999)

APOIO

RESULTS
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Table N.o1. Total cholesterol, HDL- LDL cholesterol values obtained
during the study. Effect of the phytosterol-enriched milk on Total choles-

terol concentrations of healthy subjects.
Figure 1.

Effect of the phytosterol-enriched milk on HDL choles-
terol concentrations of healthy subjects.

Figure 2.

Parameter Mean

0 Days

Mean

15 Days

Mean

30 Days

Total Cholesterol

(mg/dL)

200 ± 40 182 ± 40 182 ± 29

HDL (mg/dL) 59 ± 15 56 ± 17 55 ± 11

LDL (mg/dL) 122 ± 38 108 ± 35 111 ± 26

Effect of the phytosterol-enriched milk on LDL choles-
terol concentrations of healthy subjects.

Figure 3.
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INTRODUCTION

Cholesterol is a fatty substance
that forms deposits in the blood ves-
sel. Artery-clogging plaques may
formed when among others factors,
cholesterol levels become too high,
so blood vessels become blocked
and are unable to supply blood to
the heart or brain, triggering a heart
attack or stroke. Plant sterols have
been reported to decreased plasma
concentrations of cholesterol with-
out any side effects. The aim of this
work is to show the effect of phy-
tosterol milk containing in the
treatment of the subjects with
hypercholesterolemia.
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PHYTOSTEROLS IN MILK AS A DEPRESSOR OF
PLASMA CHOLESTEROL LEVELS: EXPERIMENTAL
EVIDENCE IN HYPERCHOLESTEROLEMIC SUBJECTS

S. Gonçalves1*, A. S. Silva1, C. Saldanha1, J. Martins e Silva1, A. V. Maria2

1 Instituto de Biopatologia Química, Unidade de Biopatologia Vascular, Instituto de

Medicina Molecular, Faculdade de Medicina de Lisboa, 1649-028 Lisboa Portugal.
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MATERIAL AND METHODS

Subjects  Thirty seven (aged 30-
45 y) hypercholesterolemic patients
(LDL cholesterol > 130mg/dL) were
selected.

Protocol. Nineteen subjects
were treated with enriched
phytosterols milk (2mg/day), the
other eighteen were used as control
group (milk without phytosterols).
Both groups drunk the milk during
thirty days.

Analyses Blood samples were
collected from subjects before
breakfast on days 0, 15 and 30 of
the trial. Plasmatic concentrations of
Total cholesterol, HDL- and LDL-
cholesterol were determinate.
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Statistical methods The data
were evaluated by using t-student
method (two tails paired with a level
of significance P<0.05).

Posters

Table No.1 Effect of phytosterol enriched and none en-
riched milk on mean of Total cholesterol, HDL- LDL cho-
lesterol concentrations of hypercholesterolemic subjects
after fifteen days of milk intake.
i inicial value, f final value; * P < 0.05, ** P > 0.05

Parameter Phyto Milk Normal Milk

Total Cholesterol

(mg/dL)

248 ± 38 *

229 ± 29

255 ± 38*

239 ± 45

HDL (mg/dL) 62 ± 15 **

61 ± 14

52 ± 8**

51 ± 9

LDL (mg/dL) 157 ± 38 *

143 ± 26

166 ± 33*

146 ± 40

Table No.2 Effect of phytosterol enriched and non enriched
milk on mean of total cholesterol, HDL- LDL cholesterol con-
centrations of hypercholesterolemic subjects after thirty days
of milk intake
P < 0.05, ** P > 0.05

Effect of phytosterol enriched and non enriched milk on
mean of Total cholesterol concentrations of hyper-
cholesterolemic subjects.

Figure 1. Effect of phytosterol enriched and none enriched milk on
mean of HDL cholesterol concentrations of hyper-
cholesterolemic subjects.

Figure 2.

Parameter Phyto Milk Normal Milk

Total Cholesterol

(mg/dL)

i 245 ± 37*

f 223 ± 33

253 ± 37**

247 ± 34

HDL (mg/dL)
63 ± 16**

58 ± 13

52 ± 7**

52 ± 7

LDL (mg/dL)
156 ± 37*

137 ± 36

166 ± 31**

156 ± 28

RESULTS
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Effect of phytosterol enriched and none enriched milk
on mean of LDL cholesterol concentrations of
hypercholesterolemic subjects.

Figure 3.

CONCLUSIONS

• After fifteen days of treatment
Total cholesterol and LDL cho-
lesterol concentrations decreased
significantly by 10.08%; P < 0.05
and 12.74%; P < 0.05, respec-
tively.

• After thirty days, the values did
not change significantly in relation
with the results obtained at fifteen
days.

• The control group do not show
significative diference after fifteen
and trirty days of normal milk.

• These results show a positive ef-
fect with the milk as a good food
vehicle as lowering plasma cho-
lesterol in the treatment of
hypercholesterolemia.

APOIO
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INTRODUCTION

An unknown binding mechanism
can be relate increased erythrocyte
aggregation with plasma fibrinogen
concentration. Several studies have
shown that an increase in fibrinogen
levels is associated with the risk of
cardiovascular disease and cer-
ebrovascular disorders, infections,
inflammations, trauma and to others
factors such as hypertension and
obesity. A previous in vitro study
has shown an impaired erythrocyte
aggregation in the presence of b Es-
tradiol[1]. The study of ligand bin-
ding to fibrinogen could provide in-
formation about the functionality of
this protein during erythrocyte ag-
gregation. The aim of this work is
to study fibrinogen-binding pro-
perties in the presence of diffe-
rent ligand concentrations by
using fluorescence spectroscopy.

METHODS

Measurements Absorbance
measurements were carried out in a
Genesys 10 UV ThermoSpectronic
at 280nm. Fluorescence measu-
rements were carried out in a Varian
Cary Eclipse Fluorescence Spectro-
photometer. For Fibrinogen-ligand
studies emission spectrum was re-
cording by setting the excitation
wavelength to 280 nm and acquired
the emission spectrum between 300-
400nm. For quenching experiences
the excitation wavelength was 295
nm and the emission wavelength was
344nm.

Analysis: The results were fitted
by using the Lehrer[2] equation and
the fraction of exposed quenchers
were obtained:

CONFORMATIONAL CHANGES DURING
FIBRINOGEN-LIGAND BINDING FOLLOWED BY
FLUORESCENCE SPECTROSCOPY

S. Gonçalves*, N. C. Santos, J. Martins e Silva, C. Saldanha

Instituto de Biopatologia Química, Unidade de Biopatologia Vascular, Instituto de
Medicina Molecular, Faculdade de Medicina de Lisboa, 1649-028 Lisboa Portugal.
* sabreu@fm.ul.pt
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RESULTS

Figure 1.  Structures of Fibrinogen (a) and β Estradiol (b) molecules

Figure 2. Fluorescence intensities for Fibrinogen-β Estradiol binding.

Posters
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CONCLUSIONS

• In the range of the concentrations
studied for Fibrinogen- b-
Estradiol interaction no shifts in

the fluorescence maxima were
observed.

• The quenching parameters ob-
tained at different b-Estradiol
concentrations (22 or 65 nM)

Posters

Fitting results obtained for the different Fibrinogen-ligand
concentration.

Figure 3.

β- Estradiol concentrationQuencher

0 nM 22 nM 65 nM

CsCl Ksv = 158 ± 75

fB= 0.22 ±0.02

Ksv = 268 ± 47

fB = 0.3 ± 0.01

Ksv = 230 ± 41

fB = 0.29 ± 0.01

KI/Na2S2O3 Ksv = 46 ± 12

fB = 0.29 ± 0.02

Ksv = 70 ± 17

fB = 0.27 ± 0.01

Ksv = 176 ± 46

fB = 0.22 ± 0.01

Table 1 Ksv* and fB ** values obtained after fitting the experimental results
* Stern Volmer constant, **fraction of exposed residues.
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show alterations that can be re-
lated with either possible confor-
mational changes or a discrete re-
organization of tryptophan
residues during fibrinogen-ligand
binding.

• The Fibrinogen- b-Estradiol
binding induces an enhanced ex-
posure of tryptophan residues.

REFERENCES

[1] Gonçalves, I., Saldanha, C. and Martins e

Silva, J. 2001, Clinical Hemorheology and

Microcirculation, 25,127

[2] Lehrer,S.S. 1971, Biochemistry, 10, 3254.
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ABSTRACT

The expression of acetylcholinesterase (AChE) in proinflammatory cells
has supported the hypothesis that this protein plays a role in intercellular
adhesion, beyond its acetylcholine hydrolysis ability. Previous results of our
group show that velnacrine (VM), an acetylcholinesterase inhibitor, increases
the number of rolling leukocytes in post-capillary venules of Wistar rats’
cremaster muscle. In order to evaluate the influence of the local application
of velnacrine and acethylcoline (Ach), on the microcirculation in post-ca-
pillary venules of Wistar rats’ cremaster muscle, the numver of rolling
leukocytes was monitorized. The number of adherent leukocytes, the dia-
meter of the respective venule and the neighboring arteriole was also deter-
mined. The results have shown that in the presence of velnacrine there is

EFFECTS OF VELNACRINE MALEATE IN THE
LEUKOCYTE-ENDOTHELIAL CELL INTERACTIONS IN
RAT CREMASTER MICROCIRCULATORY NETWORK

A.S. Silva*, C. Saldanha, J. Martins e Silva

Instituto de Biopatologia Química,Unidade de Biopatologia -  Instituto de
Medicina Molecular, Faculdade de Medicina de Lisboa, Portugal
* anarmsilva@fm.ul.pt
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significant decrease of the rolling leukocytes (1.36 ± 1.05 vs 1.96 ± 1.15),
as well as an increase of the adherent ones (1.04 ± 1.03 vs 1.05 vs 1.20).
When ACh was also added the results obtained suggest that the effect of
the velnacrine counters the one of acethylcoline, leading to the hypothesis
that there is a specific interaction between velnacrine and acethylcolinesterase.
The measurement of the venules and arterioles diameters allows us to con-
clude that acethylcoline induced vasodilatation either alone or in association
with velnacrine. In opposition, in the venules, both the effectors and velnacrine
alone lead to vasoconstriction. We raise the hypothesis that the different
vasoactive effects of VM and Ach on the venular and arteriolar sectors
could be mediated by different signal transduction mechanism of AChE.

AIMS

The presence of acetylcholineste-
rase in the sanguineous cells and in
the endothelial cells has come to base
the hypothesis of this protein to play,
beyond the catalytic functions, func-
tions of intercellular adhesion. It is
known that the systemic administra-
tion of velnacrine maleate (VM), an
inhibitor of AChE, takes to an in-
crease of the number of leukocytes
in rolling in the endotelium of post-
capillary venules of Wistar rats

cremaster, without alteration of the
adherent ones. This work tends to
evaluate the influence of the local ap-
plication of VM and acetylcholine on
the microcirculation.

METHODS

Anaesthesia – i.p with 1,5g/Kg
body weight and i.m. 50mg/Kg
body weight with ketamine
Tracheotomy – to maintain the
animal in spontaneous breath

Posters
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Catheterization – of right jugu-
lar for drug administration and
left carotid artery for arterial
pressure and cardiac frequency
measure
Cremaster preparation for intra-
vital microscopy in an inverted
microscope.
45 minutes of postsurgical equi-
libration period in NaCl 0,9%
pH 7,4 perfusion

RESULTS

in the presence of velnacrine
there is a significant increase of
the rolling leukocytes
with velnacrine the number of
adherent leukocytes increases
the rolling speed increases with
velnacrine and acetylcholine and
decreases with both the effectors
at the same time.
the venular diameter decreases
in presence of velnacrine and in-
creases with acethylcoline, a
profile similar with velnacrine is

Number of rolling (A) and adherent leukocytes (B) in the endothelium of post-capillary venules of Wistar rats cremaster muscle.
C - Control; V - Velnacrine; A - Acetylcholine; A+V – Acetylcholine + Velnacrine

Figure 2.

Image of a post-capillary venule, observed on the optical micros-
cope (400x) where we can observe the rolling leukocytes (arrow).
Image obtained through the AquaCosmos software Version 2.0.

Figure 2.

Posters
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obtained with both the effectors
used.
in the arteriolar sector, the ace-
tylcholine has a vasodilator ef-
fect

CONCLUSIONS

The rolling state of the leukocytes
is a transitional state in the inflam-
mation process. At the endothelial
cell level, the effects caused by the
velnacrine and by ACh are different.
The vasoactive effects of VM and

Variation of the venules (A) and arterioles (B) diameters.
C- Control; V- Velnacrine; A- Acetylcholine; A+V – Acetylcholine + Velnacrine

Figure 3.

Leukocytes rolling velocity after the administration of

velnacrine, acetylcholine and velnacrine + acetylcholine

Figure 4. IL-1b plasmatic concentrations in Wistar rats’ blood
samples

Figure 5.

ACh on the venular and arteriolar
are also different, this raises the hy-
pothesis that two forms of AChE
are present. One active form, when
ACh is used as an effector, charac-
terized by a decrease in the adhe-
rent leukocytes, an increase in the
rolling velocity and vasodilatation
properties. The AChE/Velnacrine
complex describes an inactive form
of the enzyme leading to an increase
of the rolling and adherent
leukocytes and a decrease of the
rolling velocity. The two described

Posters
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forms of the enzyme, active and
inactive, appear to be related, res-
pectively, with an anti-inflammatory
and a proinflammatory state.

APOIO

EFFECTS OF PHYTOSTEROLS SUPPLIED IN HALF-FAT
AND LOW-FAT MILK, IN THE SERUM CHOLESTEROL
CONCENTRATIONS IN RATS

A.S. Silva* , C. Branco, J. Martins e Silva, C. Saldanha

Instituto de Biopatologia Química,Unidade de Biopatologia -  Instituto de Medicina

Molecular, Faculdade de Medicina de Lisboa, Portugal

* anarmsilva@fm.ul.pt

ABSTRACT

Clinical and experimental studies have shown that the use of phytosterol
esters as a food ingredient reduces the plasmatic concentrations of choles-
terol and LDL cholesterol, not affecting the HDL cholesterol levels. Resul-
ting from the use of phytosterols as a food component, a number of studies
have demonstrated the efficacy of these components in a variety of foods,
such as margarines. Knowing that there is a positive correlation between
artherosclerosis and the LDL cholesterol levels and negative between the
HDL cholesterol, the use of phytosterols as a food ingredient, due to their
cholesterol lowering properties can have a beneficial effect on health by
reducing the risk of developing artherosclerosis and coronary heart disease.
In this basis we have conducted a 30-day feeding study in a 40 rats group,
using half-fat and low-fat milk containing phytosterols, in order to
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cholesterol lowering properties can have a beneficial effect on health by
reducing the risk of developing artherosclerosis and coronary heart dis-
ease. In this basis we have conducted a 30-day feeding study in a 40 rats
group, using half-fat and low-fat milk containing phytosterols, in order to
evaluate the serum cholesterol concentrations after a 30-day feeding pe-
riod. Thus we have used milk containing the following concentrations in
phytosterols: 0 (as the Control group), 0.2, 0.3, and 0.4 g of phytosterols
per 100mL of milk. Throughout the study, clinical observations, body weight
and food and milk consumption were measured. The fourth concentrations
studied were tolerated as evidenced by the absence of clinical changes or
major abnormalities in growth, food and milk consumption, the minor
changes in hematological parameters, were considered to be with no bio-
logical or toxicology significance. For the plasmatic cholesterol concentra-
tion there were no significant differences in the cholesterol and HDL cho-
lesterol levels, either with low-fat or half-fat milk, but there was a decrease
of about 70% in the LDL cholesterol level with low-fat milk and of about
50% with half-fat milk.

AIMS

Phytosterols (PE) effects in
lowering the plasma cholesterol con-
centrations are already known, thus
they can have a beneficial effect on
health maintenance by reducing the
risk of developing artherosclerosis
and coronary heart disease. Other
studies show the efficacy of PE as a
food ingredient. Thus, the aim of this
study is to analyse the milk as a
vehicle for phytosterol induce lowe-
ring of plasma cholesterol levels.

METHODS

Schematical representation
RESULTS

The rats were kept for 1 week in an animal facility with a 12h light/dark cycle, on
a diet standard rat food and water ad libitum. After this adaptation period the
animals started drinking low and half-fat milk containing phytosterols in four
different concentrations for 30 consecutive days. After the 30-day feeding pe-
riod, blood samples were collected for further analysis.

Figure 1.

Posters
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TABLE I – Hematological and biochemical parameters determined after a 30-day feeding period with low (LF) and half-fat
(HF) milk

Mean values of total cholesterol, HDL and LDL concentrations in rat blood
samples after a 30-day drinking period of low-fat milk supplied with phytosterols.
The ingestion of milk without phytosterols leads to an increase in the LDL
concentrations of about 54,5%, not affecting the cholesterol and HDL concentra-
tions.
* Statistically significant difference from the control group p<0.001

Figure 2.
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There were no statistically signifi-
cant differences in mean body
weights, food and milk consumption
between the control and the experi-
mental groups, the minor statistically
significant changes in some of the
hematological parameters were con-
sidered to have no biological signifi-
cance.

Relatively to the biochemical pa-
rameters, the following results were
obtained:

there were no significant dife-
rences in total cholesterol and
HDL levels
there was a decrease in the LDL
levels after the ingestion of both
low and half-fat milk supplied
with PE
there is no proportional decrease
in the LDL levels, with the in-
crease of PE concentrations

the decrease of LDL levels is
higher with low-fat than with
half-fat milk.

CONCLUSIONS

The phytosterols doses used did
not produce any side effects on food
or milk consumption, and there were
no significant rat growth changes.

Phytosterols when added to milk
did not lose its ability to lower cho-
lesterol plasma concentrations.

APOIO

Mean values of total cholesterol, HDL and LDL concentrations in rat blood
samples after a 30-day drinking period of half-fat milk supplied with phytosterols.
Statistically significant difference from the control group *p<0.0003  ¨p<0.0001  §p<0.0005

Figure 3.
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ABSTRACT

In the endothelial cell signal transduction pathways there are several
receptors which have acetylcholine (ACh) as agonist. Acetylcholinesterase
that hydrolyses ACh is also present. We studied the effect of ACh on the
NO production and on the cAMP and cGMP concentration, on cultured
HUVECs, in the absence or in the presence of velnacrine maleate (VM,
acetylcholinesterase inhibitor).  Cultured cells were allowed to stabilize for
30 minutes in PBS buffer. After that, we stimulated the HUVECs with ACh
10 mM in absence or in presence of VM 10 mM and monitorized the
HUVECs NO production with a amperometric NO sensor. HUVECs stimu-
lated with ACh (0, 0.01mM, 1 mM and 10 mM) in absence or in presence
of VM 10 mM, were lysed and assayed for quantification of total cellular
cAMP and cGMP. We observed that ACh induced an increase on NO
production and this effect was significantly lowered in presence of VM
(P=0.009, n=5). The cAMP and cGMP levels increased upon incubation
with ACh. For ACh 10mM, the cAMP levels were of 16.7 fmol/well vs
4.1 fmol/well (control) and the cGMP levels were of 2.3 fmol/well vs 1.7
fmol/well (control), as an example. The VM slightly reduced those levels.
This cAMP decrease was more evident for high ACh concentrations while
the cGMP levels decrease was more relevant for low ACh concentrations.

In conclusion, these results revealed that the ACh activate the signal
transduction mechanisms that leads to the NO, cAMP and cGMP produc-
tion in HUVECs. The AChE-VM complex interfere with these mecha-
nisms that so far are unknown
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OBJECTIVE

The aim of this work was to study
the in vitro effects of acetylcholine
on nitric oxide production, cAMP
and cGMP concentration by

HUVECs in absence and presence
of an acetylcholinesterase inhibitor,
the velnacrine maleate (VM).

EXPERIMENTAL DESIGN

RESULTS

Endothelial cells were isolated from human umbilical cords obtained from
St.Maria’s Hospital Obstetrics Service. Cultured HUVECs were incubated for 30
minutes at room temperature, in PBS with immersion of an amiNO-IV sensor
(Innovative Instruments Inc. FL, USA). After we stimulated the HUVECs with
ACh 10 mM  in absence or presence of  VM 10 mM, we monitorized the
HUVECs nitric oxide production. The total cellular cAMP and cGMP concentra-
tion are measured in supernatants, after 30 minutes of incubation at 37ºC in
humidity air of 5 % CO2 in presence of ACh (final concentrations of 0, 0.01 mM,
1 mM and 10 mM) and in absence or presence of VM 10 mM. After proceed with
the HUVECs lysis, we quantified the cAMP and cGMP levels with the
enzymeimmunoassay kit (Amersham Pharmacia Biotech (UK)). Before the lyses
of the HUVECs, the cells concentration is 4x105cells/sample.

Figure 1.

Changes on the NO production of HUVECs incubated with ACh 10mM in
absence or resence of VM 10 mM (n=5). Significant value between the NO
of  HUVECs incubated with ACh and/or VM were of P=0.009.

Figure 2.
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CONCLUSIONS

ACh increase NO production on
endothelial cells.
The presence of VM significantly
decrease the NO levels
achieved on endothelial cells in-
cubated with ACh.
ACh increase the cAMP and
cGMP concentration on
HUVECs.
VM slightly decreased the
cAMP values on HUVECs.

Figure 3. Changes on the cAMP values achieved on HUVECs with diferentes
concentrations of ACh in absence or presence of VM (n=3).

Changes on the cGMP values achieved on HUVECs with
diferentes concentrations of ACh in absence or presence of VM
(n=3).

Figure 4.

VM decrease the cGMP values
on HUVECs incubated with
ACh at low concentrations.

This work reinforce the evidence
that NO production by endothelial
cells, and increase of intracellular
cAMP and cGMP levels are in-
volved in some of the different
mechanisms of the signal transduc-
tion pathway.

  The acetylcholinesterase in-
hibition, by velnacrine maleate,
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leads to changes on NO produc-
tion mechanisms but do not inter-
fere with others pathways that
could change the cAMP or
cGMP levels.
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ABSTRACT

  Acetylcholine (ACh) has been detected in human blood. ACh receptors
and acetylcholinesterase (AChE) are present in erythrocytes membranes.
We tested the ACh effect on the nitric oxide production, the cAMP and
cGMP concentration on erythrocytes suspensions, in absence or in pre-
sence of velnacrine maleate (VM, AChE inhibitor). We used human
erythocytes suspensions in sodium chloride 0.9% pH 7 (haematocrit 0.05%)
to measure the NO production with a amperometric NO sensor during
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OBJECTIVE

The aim of this work was to study
the in vitro effects of acetylcholine
on nitric oxide production, cAMP
and cGMP concentration on eryth-

rocytes suspensions in absence or
presence of velnacrine maleate
(VM, acetylcholinesterase inhibi-
tor).

EXPERIMENTAL DESIGN

stimulation with ACh 10 mM in absence or in presence of VM 10 mM. For
quantification of the total cellular cAMP and cGMP we incubate the ery-
throcytes suspensions (haematocrit 45%), for 15 minutes at 37ºC, with
ACh (0, 0.01mM and 10 mM) in absence or in presence of VM 10 mM.
After that we lysed them and used the supernatant for the enzyme immu-
noassay kits. We observed that ACh induce an increase on the erythro-
cytes NO production and the presence of VM reduced this increase
(P=0.009, n=10). The erythrocytes ACh stimulation does not produced
significant diferences in cAMP control levels and the presence of VM was
also insignificant. Although cGMP levels increased with ACh and this fact is
more relevant for low ACh concentrations. The VM significant decreased
these levels and leads them to near the control values. These results de-
monstrated that ACh modulate the NO and the cGMP production on ery-
throcytes and that this effect could be mediated by unknown interactions
with the membrane enzyme acetylcholinesterase. The signal transduction
mechanisms that leads to cAMP production seams not to be related or
activated by the presence of ACh on erythrocytes.

Figure 1: Venous blood samples were collected from ten
healthy caucasian men for tubes with sodium heparin 10
UI/mL. The blood was centrifuged and plasma and buffy-
coat was discarded. The erythrocyte suspensions were
obtained adding sodium chloride 0.9% at pH 7.0 to the
erythrocytes to reconstitute a hematocrit of 0.05%. For
amperometric NO quantification we used the amiNO-IV
sensor (Innovative Instruments Inc. FL, USA). The ery-
throcytes suspensions were incubated for 30 minutes at
room temperature and after that, we stimulated the sus-
pensions with ACh 10 mM  in absence or presence of
VM 10 mM and we monitorized the erythrocytes nitric
oxide production. The total cellular cAMP and cGMP
concentration are measured in supernatants, after 30 mi-
nutes of  erytrocytes suspensions incubation at 37ºC
with a hematocrit of 45%, in presence of ACh (final
concentrations of 0, 0.01 mM, 1 mM and 10 mM) and in
absence or presence of VM 10 mM. After proceed with
the HUVECs lysis, we quantified the cAMP and cGMP
levels with the enzymeimmunoassay kit (Amersham
Pharmacia Biotech (UK)).
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RESULTS

CONCLUSIONS

ACh increase NO production on
“in vitro” erytrocytes suspen-
sions.
The presence of VM significantly
decrease the NO levels achieved

Figure 2.  Changes on the NO production of erythrocytes suspensions incubated with
ACh 10mM in absence or presence of VM 10 mM (n=10). Significant value
between the NO of erythrocytes incubated with ACh and/or VM were of P=0.009.

Figure 3. Changes on the cAMP values achieved on erythrocytes suspensions with diferentes
concentrations of ACh in absence or presence of VM (n=3).

on erythrocytes suspensions in-
cubated with ACh.
The cAMP levels do not have
significant changes when ACh
are present on erythrocytes sus-
pensions.
VM increased the cAMP values
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on erythrocytes suspensions
with high ACh concentrations.
Low concentration of ACh leads
to an increase of cGMP ery-
throcytes levels.
VM decrease the cGMP values,
on erythrocytes suspensions in-
cubated with ACh, to near con-
trol values.

With this study we may con-
clude that the NO and the cGMP
production on erythrocytes are
involved in some of the different
mechanisms of the signal trans-
duction pathway that are related
with the membrane enzyme ace-
tylcholinesterase.

Changes on the cGMP values achieved on erythrocytes suspensions with
diferentes concentrations of ACh in absence or presence of VM (n=3).

Figure 4.

The mechanisms that are in-
volved with changes on cAMP
erythrocytes levels, in presence
of ACh, seems to be distinct of
others that leads to changes on
NO and cGMP levels.
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ABSTRACT

The nitric oxide (NO) is an important vasodilator messenger interfering
in a number of physiological and pathophysiological processes. In this study
we stimulated human erythrocytes obtained from patients with different types
of diseases (hypercholesterolemia, drepanocytosis, delirium and renal trans-
plantation) with acetylcholine (ACh) and measured the NO production,
comparing with the NO levels achieved on erythrocytes of healthy persons.
We used human erythrocyte suspensions in sodium chloride 0.9% pH 7
(hematocrit 0.05%) to measure the NO production with a amperometric
NO sensor during stimulation with ACh 10 mM. The erythrocytes NO
levels, according to the different studied groups, were of 2.8 ± 0.8 nM
(delirium; P<0.001, n=67), 2.5 ± 0.7 nM (hypercholesterolemia; P=0.018,
n=17), 5.4 ± 0.8 nM (drepanocytosis; P<0.001, n=5) and 2.4 ± 1.2 nM
(renal transplantation; n=15) against the 2.0 ± 0.8 nM (n=43) for the con-
trol values. We observed the most significant change on the NO production
with drepanocytosis erythrocytes samples, which could be a positive factor
for the compromised tissue oxigenation in this kind of anemia. In conclu-
sion, human erythrocytes of different diseases have different physiological
responses to ACh stimulation that leads to changes on NO mobilization
mechanisms. The different erythrocytes NO values obtained after ACh stimu-
lation, suggested a future target for vasodilate therapeutic action on a mi-
crocirculatory network, damaged by different sorts of stimulus.
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OBJECTIVE

The aim of this work was to com-
pare the in vitro effects of acetyl-
choline on nitric oxide production of
healthy persons erythrocytes sus-
pensions and of others with different

types of human diseases (delirium,
hypercholesterolemia, drepanocyto-
sis and renal transplantation).

EXPERIMENTAL DESIGN

Venous blood samples were collected for tubes with sodium heparin 10 UI/mL,
from healthy humans and from people who have different types of diseases
such as, delirium, hypercholesterolemia, drepanocytosis and renal transplanta-
tion. We quantified the levels of hemoglobin and of acetylcholinesterase acti-
vity from the differents total blood samples. The blood was centrifuged and
plasma and buffy-coat was discarded. The erythrocyte suspensions were ob-
tained adding sodium chloride 0.9% at pH 7.0 to the erythrocytes to reconsti-
tute a hematocrit of 0.05%. For amperometric NO quantification we used the
amiNO-IV sensor (Innovative Instruments Inc. FL, USA). The erythrocytes
suspensions were incubated for 30 minutes at room temperature and after that,
we stimulated the erythrocytes suspensions with ACh 10 mM  and monitorized
the erythrocytes nitric oxide production. We also measured other parameters
like osmolality and pH on 0.05% hematocrit samples before and after ACh
stimulation.

Figure 1.
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RESULTS

CONCLUSIONS

ACh increase NO production on
“in vitro” erytrocytes of diffe-
rent diseases.
Drepanocytosis is the disease

 Changes on the NO production of erythrocytes suspensions incubated with
ACh 10mM from healthy and different diseases persons, such as, delirium,
hypercholesterolemia, drepanocytosis and renal transplantation. Significant value
between the NO of healthy persons with others are of P <0.001 for delirium, P
=0.018 for hypercholesterolemia, P <0.001 for drepanocytosis and for renal
transplatation the values were not significants.

Figure 2.

Table 1. Mean values of hemoglobin (Hb), acetylcholinesterase activity, P50, pH, and
osmolality from healthy persons and others who have delirium, hypercholesterolemia,
drepanocytosis or renal transplantation diseases. The values indicated by  _ / _ were those
achived for measurements before / after ACh stimulation of erytrocytes suspensions.

that get the most increase of
erythrocytes NO production.
The hemoglobin levels increase
with the studied diseases com-
paring to healthy persons, except
for drepanocytosis that decrease.
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The acetylcholinesterase activity
have different changes related
with the different disorders.
The pH and the osmolality main-
tain the same levels before and
after ACh erythrocytes stimula-
tion (hematocrit 0.05%).

With this study we may con-
cluded that different diseases
have different physiological re-
sponses to erythrocyte ACh sti-
mulation that leads to changes on
erythrocytes NO production.
This fact could be related with
changes on the membrane en-
zyme acetylcholinesterase acti-
vity or on hemoglobin concentra-
tion (eg drepanocytosis, an
anemia type). The cellular inte-
ractions between ACh and ery-

throcytes membrane that leads to
NO appearance are not related
with changes on pH or osmola-
lity of the medium.

All the results suggest a future
target for vasodilate therapeutic
action on a microcirculatory net-
work, damaged by different sorts
of stimulus.
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ABSTRACT

The use of diphenylhexatriene (DPH), trimethylamino-diphenylhexatriene
(TMA-) or heptadecyl-hydroxycoumarin (C

17
-HC) allows to, simultaneously

and with the same molecule, to induce erythrocyte exovesiculation and la-
bel the released vesicles with the fluorescent probe. This method was used
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1. INTRODUCTION

Erythrocyte membrane vesicula-
tion occurs during differentiation, se-
nescence and storage. ATP deple-
tion, pH and temperature variations,
or amphiphiles treatment also induce
exovesicle release from erythrocytes.
These microvesicles are enriched
with acetylcholinesterase (AChE), a

marker of erythrocyte membrane
integrity.

As previously described (1, 2),
the use of diphenylhexatriene
(DPH), trimethylamino-diphenylhe-
xatriene (TMA-DPH) or hepta-
decyl-hydroxycoumarin (C

17
-HC)

allows to induce erythrocyte
exovesiculation and label the re-
leased vesicles with the fluorescent
probe (Figure 1).

to evaluate gramicidin D (a channel-forming peptide), dithiothreitol (a re-
ducing agent) and cytochalasin B (a toxin that disrupts contractile
microfilaments) effects on the human erythrocytes vesiculation process. The
release of cholesterol and phospholipids in exovesicles at longer incubation
times was only detectable in the presence of these effectors. When C

17
-HC

was used to induce the vesiculation, the presence of gramicidin or dithiothreitol
lead to a drastic decrease on the [Phospholipids]/[Cholesterol] ratio. How-
ever, in the samples with dithiothreitol, this variation did not result in the
expectable decrease of membrane fluidity. These effects can be related
with the presence of lipid rafts, the transbilayer lipids reorientation induced
by gramicidin or dithiothreitol, and the cholesterol-dependent gramicidin
channels inactivation. At most of the experimental conditions under evalua-
tion, cytochalasin B induced significantly increased cholesterol concentra-
tion and acetylcholinesterase (AChE) enzyme activity on the released vesi-
cles.

Molecular structures of DPH, TMA-DPH and C
17

-HC, together with the loca-
tion of the fluorophores in the membrane.

Figure 1.
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2. AIMS

To use the previously developed
method to evaluate the effects on
the human erythrocytes vesicu-
lation process of:

Gramicidin D (a channel-
forming peptide)
Dithiothreitol (a reducing
agent)
Cytochalasin B (a toxin that
disrupts contractile microfila-
ments)

The effects on the exovesicu-
lation process were assessed by:

i) comparing the exovesicle
membrane fluidity at different
depths;
ii) determining the cholesterol
content released on the
exovesicles;
iii) determining the phospho-
lipids content of the same
vesicles;
iv) determining the AChE en-
zyme activity on the exovesi-
cles.

3. MATERIALS AND
METHODS
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4. RESULTS

Table 1 – Cholesterol concentrations determined on the supernatants of centrifugations
carried out 1 h (t

1
), 24 h (t

24
) and 48 h (t

48
) after erythrocyte suspensions incubation with

DPH, TMA-DPH or C
17

-HC (C, control; G, gramicidin; D, dithiothreitol; cB cytochalasin
B). There is a significant (p < 0.0005) decrease of the cholesterol content with time. Inde-
pendently of the incubation time, the controls cholesterol concentration decreases following
the trend [C]

TMA-DPH
 > [C]

DPH
 > [C]

C17-HC
 (p < 0.0005). For samples with gramicidin or

dithiothreitol, the trend changes to [C]
C17-HC

 > [C]
TMA-DPH

 > [C]
DPH

 (p < 0.04).

Ratios between the phospholipids and cholesterol molar concentrations ([P]/[C]) obtained after differ-
ent times of erythrocyte suspensions incubation with DPH (A), TMA-DPH (B) and C

17
-HC (C), in

the absence and presence of gramicidin D or dithiothreitol. For the controls, the ratios obtained for the
different probes follow the trend [P]/[C]

C17-HC
 > [P]/[C]

DPH
 > [P]/[C]

TMA-DPH
 (p < 0.008). In the presence

of gramicidin or dithiothreitol the trend changes to [P]/[C]
DPH

 > [P]/[C]
TMA-DPH

 > [P]/[C]
C17-HC

. These
ratios were significantly (p < 0.05) different from their controls.

Figure 2.
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[Cholesterol]  (mM)SAMPLE

DPH TMA-DPH C17-HC

C 1.53 ± 0.13 1.73 ± 0.21 0.53 ± 0.07

G 1.01 ± 0.10 1.25 ± 0.19 1.56 ± 0.19

D 0.98 ± 0.19 1.44 ± 0.21 1.86 ± 0.13

 Supernatant t1

cB 1.62 ± 0.18 2.00 ± 0.23 1.56 ± 0.11

C 1.43 ± 0.14 1.60 ± 0.22 0.39± 0.09

G 0.76 ± 0.11 1.01 ± 0.24 1.30 ± 0.23

D 0.74 ± 0.19 1.12 ± 0.17 1.55 ± 0.16

 Supernatant t24

cB 1.05 ± 0.13 1.31 ± 0.07 1.05 ± 0.91

C ≈ 0 ≈ 0 ≈ 0

G 0.32 ± 0.19 0.49 ± 0.31 0.60 ± 0.30

D 0.20 ± 0.11 0.45 ± 0.14 0.31 ± 0.18

 Supernatant t48

cB 0.73 ± 0.10 0.94 ± 0.09 0.96 ± 0.08
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5. CONCLUSIONS

AChE enzyme activities of the
supernatants confirm the pres-
ence of exovesicles released
from erythrocyte membrane
labeled with the fluorescent
probes DPH, TMA-DPH and
C

17
-HC, indicating that these

probes can be used to induce
erythrocyte vesiculation.
Contractile microfilaments dis-
ruption by cytochalasin B facili-
tates the vesiculation process, as
shown by the increased AChE
activity and by the increased
cholesterol release.
When (TMA-)DPH is used to
induce vesiculation, erythrocytes
incubated with gramicidin
present a slower release of cho-
lesterol and phospholipids (com-
pared with control), justifiable
by a decreased cholesterol
availability due to its interaction
with gramicidin.
When C

17
-HC is used to induce

vesiculation, the presence of
gramicidin leads to larger cho-
lesterol release, without a con-
comitant variation on the
phospholipids release. This in-
creased cholesterol release can
be due to some gramicidin-in-
duced phenomena, namely: de-
crease on ATP content, promo-
tion of inverted hexagonal HII
non-lamellar lipid phases and/or
enhancement of transbilayer
reorientation of lipids in erythro-
cytes (all these effects can lead
to a more intense vesiculation).
Both gramicidin or dithiothreitol
in samples with C

17
-HC led to

identical reductions of [P]/[C].
For gramicidin, this decrease is
in agreement with the expectable
increase on fluorescence ani-
sotropy (lower membrane flui-
dity), due to a higher percentage
of cholesterol. However, for
dithiothreitol a decrease on
anisotropy (higher membrane
fluidity) is observed.

 AChE activities measured in the supernatants of aliquots cen-
trifuged at different times after erythrocyte incubation with
DPH, TMA-DPH or C

17
-HC, in the absence and presence of

cytochalasin B. This contractile microfilaments disrupter led
to increased AChE activity.

Figure 3.
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Gramicidin, dithiothreitol and
cytochalasin B change: i) the
variation of [P]/[C] vs. time in-
duced by any of the three fluo-
rescent probes, and ii) the com-
position of the exovesicles
released with C

17
-HC (specially

relevant at t
48

).
Erythrocyte vesiculation may be
nonspecifically triggered by most
of the alterations on the native
erythrocyte membrane compo-
sition, such as the incorporation
of exogenous molecules or the
impairment of the native phos-
pholipid asymmetry between in-
ner and outer monolayers.
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