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Abstract

Type 2 diabetesmellitusisapatho-
logical condition often associated with
anincreased cardiovascular risk, which
could result both from central and/or
periphera disturbanceswhose causes
remainsto befully elucidated. Thepur-
poseof thisstudy wasto eval uate some
of the main clinical laboratorial CV
parameters, the platel et activation, as
well asthe peripheral sympathetic and
serotonergic nervous systems.

A group of type 2 diabetesmellitus
patients and a sex- and age-matched
control group of healthy volunteers
were compared. A complete clinical
laboratoria evaluation was performed
(blood pressures; haematology and
coagulation; lipid profile; eectrolytes,
protein and renal and liver function

parameters) using standard laboratory
methods. Plasma NA and AD and
platelet NA, AD, 5-HT and 5-HIAA
contents were assessed by HPLC-
ECD. Collagen and ADP-evoked
whole blood platel et aggregation was
measured through the impedance
method. Thrombin-evoked platel et
[C&a']i, with and without Ca*_ and
staurosporin, a PKC inhibitor, was
measured by using fura-2 fluorescence.

The diabetic group showed minor
differencesregarding theclassicd lipid
profile parameters when compared
withthe control group. Concerning the
other laboratorial examinations, the
main changes were obtained in the
platelet parameters. lower values of
PTC and PCT and higher of PDW.
Thediabetes patientshad lower plasma
NA (423 + 49 pg/ml; P<0.05) and
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AD (347 £ 62 pg/ml) and also platel et
NA (226 + 76 pg/ml; P<0.05) and
AD (837 £ 50 pg/ml) contents vsthe
control individuals (plasma: NA —858
+ 103, AD —574 £ 154; platelet: NA
— 457 + 34, AD — 1119 + 132 pg/ml).
Platelet 5-HT concentration was also
lower in the group of patients (5.0 £
0.7 ng/ml; P<0.01) vscontrol (32.1+
6.5 ng/ml), whereas 5-HIAA values
wereidentical. ADP-induced platel et
aggregation wassgnificantly higherin
the diabetic group (16.2 = 2.9 ohms;
P<0.05) thaninthecontrol (8.4+1.7
ohms), in agreement with the lower
PTC and PCT values, indicatives of
microaggregates formation, and with
higher PDW, suggestive of platelet ac-
tivation. Thrombin-evoked intracel lu-
lar calcium release (156.7 + 8.0 Anmol/
[; P<0.05) and transmembrane influx
(192.3 = 10.2 Anmol/l; P<0.05)
showed ahigher increasein the group
of diabetic patientsthenin the control
individuals(123.5+ 32.6 Anmol/l and
147.8 £ 4.1 Anmol/l, respectively).
Staurosporin-evoked PK Cinhibition
did not significantly influence those
[C&?]i variations.

In conclusion, the type 2 diabetes
group demonstrated platel et aggrega-
tion and [Ca*]i contentsaugmentation
together with 5-HT concentration de-
crease, which might contributeto the
structural and/or functional vascular
impairment associated with the in-
creased risk of thromboembolic events
and CV complications. The platel et
hyperactivated state encountered even
in the absence of clear-cut variations
of theclassic CV risk parameterssug-
geststhat platel et activation might bea
useful predictor/marker of CV risk.
Furthermore, since platelets might be
viewed asmodels, in several features,
for VSMC and for themonoaminergic

neurons, the relevant changes on
[C&']i contentsand on adrenergic and
serotonergic measures here demons-
trated, reinforces the usefulness of
platelets astools for the study of CV
disturbancesintype 2 diabetic patients.

INTRODUCTION

Type 2 diabetesmellitusis associ-
ated with variablelevelsof insulinre-
sistance and/or deficiency and often
timesalso linked withincreased risk of
cardiovascular (CV) complications,
namely hypertension, atherosclerosis,
thromboembolic eventsand microan-
giopathies (1-5), which could result
both from central and/or peripheral CV
dysfunctions, whoseunderlying mecha-
nismsremainto befully elucidated.

Chronic activation of the sympa-
thetic nervous system (SNS) might be
apathogenic mechanism by which dia-
betes, and particularly hyperinsulinemia,
induces cardiovascular disturbances
(6-8). Plasma catecholamines (CAS)
areusually measured to estimate sym-
pathetic activation but, duetoitstran-
sient character, there is controversy
about itsfeasibility in accessing per se
SNSactivity (9,10). Therefore, aspre-
vioudy suggested, concomitant evalu-
ation of plasmaand platelet CA con-
tentsmight better eval uate peripheral
SNSactivity (11). Serotonin (5-HT: 5-
hydroxitryptophan), isanother biologi-
cal natural aminaof great physiologi-
cal and pathophysiological relevance,
particularly concerningthe CV system.
Serotoninisstored peripherally inthe
platelet dense granules and has been
reported to play an important rolein
thrombotic complicationsandincreases
inblood pressure (12). When activated,

Boletim da SPHM Vol. 20 (2) Abril, Maio, Junho 2005



ARTIGO ORIGINAL

Platelet hyper activation and peripheral adrenergic

platel ets adhere and aggregate to the
damaged endothelium, releasing CA
and 5-HT (among other compounds),
which may act asvasoconstrictorsand
also extend aggregation to other
agonists, thuspromoting thrombusfor-
mation.

Impaired platelet functionindiabetic
patients have been described (13,14),
but someof theunderlying mechanisms
remainsuncertain, such astheintrac-
ellular sgnasthat regulatesintracel lu-
lar calcium concentration ([Ca®*]i)
homeostasis. Impaired cal cium regu-
lation might be of significancefor the
impairedinsulin secretionand actionin
type 2 diabetes (15), aswell asfor the
development of CV complications,
being a common link between these
two important features of the disease.
Therefore, intracellular Ca?* isan es-
sential second messenger in platelet
responsesand isthemajor determinant
of vascular smooth muscle cells
(VSMC) contractility (16,17), leading
toincreased peripheral resistancethat
determinesvascular impairment. Un-
derstanding the general principles of
cellular C&* regulationiscrucial tothe
pathophysiology of several cardiovas-
cular diseases, such asit isin hyper-
tension (18). Changesin cellular cal-
cium metabolism have been also
reported in diabetic patients and ani-
mal models of type 2 diabetes (15).
However, whereas the relationship
between cytosolic Ca?* and vasocon-
striction has been clearly established,
themolecular basisof high Ca?*levels
in diabetesremainsunclear. Onefac-
tor that regulates VSM C and platel et
activity istheproteinkinase C (PKC),
particularly because of itsrole on pro-
tein phosphorylation that precedes ac-
tivation (19). Furthermore, PKC also
hasarole on Ca?* movements (intrac-

ellular Ca?* rel ease from dense tubular
system or transmembrane influx) that
determinesitshaemostasis, butitsrole
onthetype 2 diabetesmellitus[Ca?*]i
augment islessstudied.

As vectors of the vascular tone,
mediatorsof thrombotic complications
and promoters of arteriosclerosis
(20,21), platelets might be of grest rel-
evance for the study CV pathophysi-
ology. Thesecorollaries, aswell asther
easy clinical accessibility and thefea-
tures they have in common with
monoaminergic neurons and VSMC
(22,23), makethem useful toolsinthe
study of pathophysiologica abnormali-
tiesrelated with catecholaminesand 5-
HT turnover and to calcium move-
ments, respectively.

The purposeof thisstudy was, thus,
to evaluate some of themain clinical
CV parameters (blood pressures, hae-
matology, coagulation, lipid profile), to
assessthe peripheral sympathetic and
serotonergic nervous systems (by si-
multaneously measuring plasmaand
platelet CAs and platelet 5-HT) and
platelet activation (through whole-
blood aggregation and [ Ca?*]i testing,
and theinfluence of PKC modulation).
Theplateletsusefulnessas predictors/
markersof CV risk and asmirrorsfor
the VSM C and monoaminergic neu-
ronschangesintype?2 diabetesmdlitus
was also under debate.

MATERIALS AND METHODS

Subject selection and
characterization

The study was performed using a
group of 12 type 2 diabetic patients
(diabetic group) and 8 sex- and age
(x 5yrs)-matched healthy volunteers
(control group). Subject selection and
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Table 1 — General characterization of groups: anthropometric
data, blood pressures and diabetes indexes

Parameter Control Group Diabetic Group
Age (yrs) 584+5.4 61.3+3.3
BMI (kg/m?) 29.0+0.1 299+17
SBP (mmHg) 113.0+ 54 1438+ 48
DBP (mmHg) 740+3.7 775+28
Glucose (mg/dl) 87.2+7.0 182.6 + 16.5**
HbA1c (%) 55+0.2 81+1.2*

Each bar represents the mean of 12 patients and 8 controls + SEM. Significant
differences between the groups are expressed: **P<0.01. BMI: body-mass index;
SBP: systolic blood pressure; DBP: diastolic blood pressure; HbAlc:
glucosylated haemoglobin.

characterization was done in the
Endocrinology, Diabetesand M etabo-
lism Unit of the Coimbra University
Hospital. The study was conducted
according to the principlesestablished
intheHe sinki Declaration. All thesub-
jects (diabetic patients and control
healthy volunteers) wereinformed and
have given written consent. Glucose
and glucosylated haemoglobin
(HbA1c) values were employed to
characterizethediabetesstate (Table1).
All thediabetic patientswere under oral
anti-diabetic therapy and with no fur-
ther medication. No differenceswere
observed in anthropometric evaluation
or fat distribution. Body weight was
measured inthemorning, after thesub-
jectshad voided, tothe nearest 0.1 kg.
Body height was measured barefoot
and to the nearest 0.5 cm. No differ-
enceswere observed in body massin-
dex (BMI) between the 2 groups (Ta-
ble1). Thesystolic and diastolic blood
pressure (SBP and DBP) valueswere
the mean of two measuresontheright
arm in a random zero sphygmoma-
nometer, with acuff Szecorresponding
tothesizeof theright arm. No statisti-
cal differences were observed in the

SBP and DBP values between the 2
groups(Table 1), but the high value of
SBP in the diabetic group should be
reported.

Blood collection and samples
separation

Blood was collected to tubes con-
taining the appropriate anticoagul ant
solution (in accordance with the pro-
tocol) and then centrifuged (160 xg for
10 min. at 20°C) to obtain platelet-rich
plasma (PRP). Theplatelet pellet and
the platel et-poor plasma (PPP) were
then recovered by a new centrifuga-
tion (900 xg, 10 min., 20°C), in order
to beusedin the different experimen-
tal protocols.

Clinical laboratorial examinations

After onenight fasting, blood sam-
plesweredrawn to appropriated tubes
provided with anticoagulant solutionfor
the determination of haematological
and biochemical parameters. Several
laboratory examinationsrelated with
hematol ogy (blood cell countsand co-
agulation: Table2), lipid profile (cho-
lesterol lipids, triglycerides and
apolipoproteins: Table 3) and electro-
lytes, protein and renal and liver func-
tion (Table 4) were made in the dia-
betic patients and in the control
volunteers, using standard laboratory
techniquesfor human clinical practice.

Plasmaand platelet
catecholamines contents

Plasmaand platel et catecholamines
(NA and AD) contentsweremeasured
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asprevioudly described (24). Inbrief,
to 2 ml of plasmaor platelet suspen-
sion, obtained as above-mentioned,
100 ng/ml of theinterna standard 3,4-
dihydroxybenzylamine(DHBA), 50mg
of alumina(Bioandyticd Systemslinc.,
West Lafayette, ID, U.S.A.)and 1 ml
of Trisbuffer (1 mol/l, pH 8.6) were
added. The catecholaminesinthe sam-
ples, extracted by using the method of
alumina adsorption and appropriate
microfilter systlems, werefinaly re-sus-
pended in perchloric acid (100 mmol/l)
in order to be further quantified by
HPL C with electrochemical detection
(HPLC-ECD). In a Gilson Applied
Chromatographic System, aBiophase
ODSRP18 analytical column (250 x
4.6, J =5 micron; Bioanalytical Sys-
temsinc., U.S.A.) was used and sepa-
ration was achieved by using an
isocratic solvent system consisting of
an acetate-citrate buffer (sodium ac-
etate 0.1 mol/I, citric acid 0.1 mol/l),
containing sodium octane sul phonate
(0.5 mmol/l), EDTA (0.15 mmol/l),
dibutylamine (1 mmol/l) and 10%
methanol. A flow rateof 1 ml/minwas
maintained and detection of the
chromatographed CAs achieved by
using a 141 Gilson electrochemical
detector model (650 mV). In order to
correct the possible CAsloss during
aluminaextraction, NA and AD con-
centrations were calculated by using
theauthentic standards of each and the
internal standard DHBA (Sigma
Chemicals, St. Louis, MO, U.SA.).
The NA and AD values were ex-
pressedin pg/ml.

Platelet 5-HT and 5-HI AA contents

Platel et serotonergic measurements
were performed asprevioudy described

(25). Inbrief, theplatelet pellet, collected
as previoudy described, was re-sus-
pendedin 1 ml of abuffer solution (pH
7.4) containing (inmmol/l): NaCl (145),
KCI (5), MgSO, (1), CaCl, (1), D-glu-
cose(10), and 120 pl of perchloricacid
(70 %) was added. Following 15 min.
at icetemperature, the suspensionwas
findly centrifuged at 730 xgfor 20min.
at 20°C and the supernatant containing
the released 5-HT and 5-HIAA was
collected for quantification. Platel et 5-
HT and 5-HIAA contents were deter-
mined by HPLC-ECD, using theabove-
described conditions and equipment.
The concentrationsin samples, calcu-
lated by using authentic standards as
reference (SigmaChemicals, &t. Louis,
MO, U.SA.), wereexpressedinng/ml.

Whole blood platelet aggregation

Whole blood platel et aggregation
was measured by assessing the elec-
tric impedance (26), using aChrono-
log aggregometer (Chrono Log Corp.,
Havertown, Penn., USA.). Thistech-
nique is based on the detection of
changes in electrical resistance be-
tween two electrodessubmergedinthe
sample. Half a milliliter of fresh
heparinized wholeblood and 0.5 ml of
0.9% NaCl were mixed using amag-
netic stirrer and allowed to balance at
37°C for 5 min. before adding the
agonists (collagen—equinetypel: 10
ug/ml; ADP: 2 umol/l; from (Chrono
Log Corp., Havertown, Penn., USA.).

Platelet intracellular freecalcium
concentration

Preparation of fura-2-loaded
platelets— Theplatel et pellet, obtained
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asprevioudy described, containing 100
umol/l of acethyl-sdlicylicacid (ASA),
was re-suspended and incubated for
10 min. inaphysiological saline solu-
tion containing (inmmol/l) NaCl (145),
KCl (5), MgSO,.7H,O (1), Hepes
(10), D-glucose (10) and 20 ug/mi
apyrase (to prevent activation by re-
sidual traces of ADP). After having
been washed and re-suspended in the
samebuffer without apyrase, the plate-
lets were then loaded with 5 pmol/I
fura-2/AM (Molecular Probes Inc.,
Eugene, OR, U.S.A.) and incubated
for 45 min. at 37°C. After adding an
anticoagulant and washing once before
final suspensioninthe same solution,
the platel et suspension wasthen cen-
trifuged (900 xg 10 min. 20°C).
Fluorescence measurements —
Fluorescence was measured at the
emission wavelength of 510 nm, with
the excitation wave ength continuousdy
switched between 340 and 380 nm
(FluoroMax spectrofluorometer,
SPEX Industriesinc., Edison, U.SA.).
Fluorescence measurementswere car-
ried out at 37°C with continual agita-
tion. The ratio of the fluorescence
intensitiesat the two excitation wave-
lengthswas used to determine[Ca],
based on the following equation:
[Ca], = Kd[(R-Rmin)/(Rmax-R)]x3
(27). [Ca], calibration was achieved
by lysing the cellswith 50 umol/I digi-
tonininthepresenceof 1 mmol/I CaCl,
or 10 mmol/l EGTA (pH 9.0).
Experimental conditions of
stimulation — [Ca**]. was tested at
basal conditionsand after addition of
0.5 U/ml thrombin (bovine, lyophilised,
fromDiaMed AG, Cressier, Switzer-
land). Thrombin stimulationwastested
in the presence (after 1 mmol/I CaCl,
addition) and absence of extracellular
cacium (after 1umol/l EDTA addition)

inorder to evaluateintrace lular release
and transmembranar influx and inthe
presence and absence of a PKC in-
hibitor (staurosporin—0.1 umol/l).

Statistical analysis

Results are expressed as means +
standard error of the mean (SEM) of
nindividualsfor each group (asindi-
cated). Groupsweretested for differ-
ences by performing the analysis of
variance (ANOVA) and Fisher’'s
PLSD (least protected significant
difference) test, using the Statview
4.53 software from Abacus Concepts
Inc. (Berkdley, CA, USA). Differences
wereconsdered statistically significant
at aP value<0.05.

RESULTS
Clinical laboratorial examinations

Concerningtheblood cdl countsand
the coagulation parameters, the plate-
letsvaluesmust beemphasized. There-
fore, platelet count (PTC) and
platel etocrit (PCT) inthediabetic group
weresgnificantly lower (P<0.05) than
inthecontrol (Table2), whichmightin-
dicatetheformation of micro-aggregeates
resulting fromincreased platelet activa
tion (confirmtheresultson wholeblood
platel et aggregation further described).
Furthermore, ahigher platelet deviation
width (PDW) value was encountered,
whichisan additional indicativeof in-
creased activation, reinforcing thusthe
exisenceof aplatel et hyperaggregation
state. No significant differences were
obtained in white blood cells (WBC),
red blood cells (RBC) and coagulation
parameters(Table2).
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Table 2 —Blood cell counts and coagul ation parameters

Parameter Control Diabetic Group
Group
WBC (101 4.42 +0.60 5.77 +0.78
NE (%) 55.90 + 3.36 55.06 + 4.39
LY (%) 32.82+3.32 33.60+1.96
MO (%) 7.72+0.62 5.56 + 1.48
EO (%) 3.12+0.38 2.44 + 057
BA (%) 0.44 + 0.08 0.43+0.11
RBC (10*1) 4.13+0.19 4.01+0.10
HGB (g/dl) 12.63 + 0.46 11.95+0.38
HCT (%) 3737+ 167 35.36 +0.92
MCV (fl) 90.51 £ 0.99 88.15+1.16
MCH (pg) 30.64 + 0.42 29.80 + 0.50
MCHC (g/d)  33.86+0.50 33.79+0.38
RDW (%) 22.30 + 6.00 13.37 £ 0.18
PLT (10'%1)  217.71+13.18 124.60 + 31.98*
MPV (fl) 8.53 + 0.44 8.48+0.52
PCT (%) 0.18+0.01 0.10 + 0.02*
PDW (%) 1583+105  31.35+9.63*
Coagulation
Prothrombin 1343+ 0.41 12.65+0.34
Time ()
Prothrombinaemi  103.00 + 5.69 102.17 + 4.58
a (%)
APTT (3) 28.10+0.72 26.93+ 1.64
Fibrinogen (g/l) 276+0.21 3.63+041
FVIII AG (%)  14835+21.45 150.40 + 23.08

Each bar represents the mean of 12 patients and 8 controls + SEM. Sig-
nificant differences between the groups are expressed: * P<0.05. WBC:
white-blood-cells; NE: neutrophils; LY: lymphocytes; MO: monocytes;
EO: eosynophils; BA: basophyls; RBC: red-blood-cells; HGB: haemo-
globin; HCT: haematocrit; MCV: mean corpuscular volume; MCH: mean
corpuscular haemoglobin; MCH: mean corpuscular haemoglobin con-
centration; RDW: red distribution width; PLT: platelet count; MPV:
mean platelet volume; PCT: plateletocrit; PDW: platelet distribution
width; APTT: activated partial thromboplastin time; FVIII AG: Factor

VIll-antigen.

Regarding thelipid profile
parameters, despite numerical
changes between the two
groupsin some of the values
evaluated, thesevariationsdid
not reach statistical signifi-
cance: increased total choles-
terol (T-Chol), low-density
lipoprotein cholesterol (LDL-
Chal), triglycerides (TGs),
apolipoprotein B (ApoB) and
decreased high-density lipo-
protein cholesterol (HDL-
Chol) and ApoA1l (Table 3).
Thesmall number of Sgnificant
differencesencountered were
an increased ApoB/ApoAl
ratio (P<0.05) and a de-
creased levd of apha-electro-
phoresis band (P<0.01),
when compared with the con-
trol (Table 3).

Thelaboratorid anayssfor
electrolytes, proteinand rena
and liver function evaluation
demondtrated asingle statisti-
cal significant difference: the
reduction of albumin content
(P<0.05) inthediabetic group
when compared with the con-
trol (Table4).

Plasmaand platelet
catecholamines contents

PlasmaNA concentration
wasdgnificant lower inthedia
betic group (423 + 49 pg/ml;
P<0.01) then in the control
(858 £ 103 pg/ml). The
plasma AD content, despite
lower, did not significantly dif-
fer from the control (Fig. 1).
In agreement with the plasma
CAsconcentrations, platel et
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Table 4 — Parameters of electrolytes, protein and renal and liver
function evaluation

Table 3 — Lipid profile parameters

Parameter Control Diabetic Parameter Control Group  Diabetic Group
Group Group )
Calcium (mg/dl) 9.14+0.19 9.37+0.16
T-Chol (mg/d) ~ 189.2+142  199.2+938 Sodium (mmol/l) 138604051  137.46+0.62
- + + .
HDL-Chol (mg/d)  496£37  441£20 Potassium (mmol/l) 4.18+0.05 436+0.10
LDL-Chol (mg/dl) ~ 986+63  117.8+88 Chloride (mmol/l) 10460+121  10473+273
+ + .
TGs (mg/di) 710£68  1239+143 Osmolarity (mosmkg) ~ 277.60£0.93 28164+ 1.41
ApoAL(mg/dl)  177.6+125 161.3+86 BUN (mg/dl) 17.00+ 0.63 1927 +2.05
Apo B (mg/di) Hatra 1174182 Creatinine (mg/dl) 0.82+0.04 0.91+0.05
*
ApoB/Apo AL 050+002  07+0.06 Uric Adid (mg/d) 4284084 454+020
9 + +1.1%* .
Alpha (%) 302+16  238+11 Protein, Total (g/dl) 6.92 +0.08 7.26+0.17
0,
Prebeta (%) 136+30  183+36 Alburmin (g/d) 430+ 0,07 404+ 0,05
9 + +
Beta (%) 562+25 534454 SGPT (ALT) (U/l) 2600+532  29.36+385
Each bar represents the mean of 12 patients and 8 controls + SEM.
Significant differences between the groups are expressed: *P<0.05 SGOT (AST) (Ul) 25.00 £3.32 22.18+2.19
and **P<0.01. T-Chol: total-cholesterol; HDL-Chol: high-density .
lipoprotein cholesterol; LDL-Chol: low-density lipoprotein choles- Alkaline Phosphatase 67.20 £ 8.27 81.36 £ 10.11
terol; TGs: triglycerides; Apo: apolipoprotein. un)
GGT (U/l) 34.20+9.81 34.64 +9.46
Bilirubin, Total (mg/dl) 0.58 +0.06 0.73+0.08
LDH (U/l) 323.00 +5.11 335.73+14.43

Each bar represents the mean of 12 patients and 8 controls + SEM. Significant differ-
ences between the groups are expressed: **P<0.01. BUN: blood ureanitrogen; GGT:
Gamma-glutamyltranspeptidase; SGPT (ALT): Glutamic-Pyruvic Transaminase;
SGOT (AST): Glutamic-Oxal ocetic Transaminase; LDH: Lactic Acid Dehydrogenase.

when compared with the control vol-
unteers(32.11 + 6.50 ng/ml). No dif-

NA content wassignificantly lower in
the diabetic group (457 £ 34 pg/ml;

P<0.05) thaninthe control one (226 +
76 pg/ml), without sgnificant difference
inthe AD levels, even considering the
lower numerical value, but that did not
reach gatistica significance(Fig. 1).

Platelet 5-HT and 5-HI AA contents
Platelet 5-HT concentration was

significantly lower in the diabetic pa-
tients (4.96 = 0.72 ng/ml; P<0.01)

ferencesinthe platelet 5-HIAA con-
tents were reported between the
diabetic and the control group (Fig. 2).

Wholeblood platelet aggr egation

Collagen-induced whole blood
platel et aggregation was higher inthe
diabetic patients (18.78 + 3.55 ohms)
when compared with the control indi-
viduals(16.00 £+ 2.32 ohms), but with-

12
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Fig. 1 — Plasmaand platelet noradrenaline and
adrenaline contents in the type 2 dia-
betic patients group and in the control
group of healthy volunteers. Each bar
represents the mean of 12 patientsand
8 controls £ SEM. Significant differ-
ences between the groups are ex-
pressed: *P<0.05 and **P<0.01.

309 Collagen ADP

Platelet Aggregation (O hms)

Control Diabetic

Control Diabetic

Fig. 3—Collagen (2 ug/ml) and ADP (10 wmol/
1)-evoked whole blood platelet aggre-
gation in the type 2 diabetic patients
group and in the control group of
healthy volunteers. Each bar represents
the mean of 12 patients and 8 controls
+ SEM. Significant differencesbetween
the groups are expressed: * P<0.05.

out reaching statistical significance(Fig.
3). However, ADP-induced whole
blood platel et aggregation wassignifi-
cantly higher inthediabeticgroup (16.17

45+ 5-HT 5-HIAA 45

40+ 40
T 354 L35 E
j=2)
2 30 F30 £
oy 1 L <
; 25 25 <
B 204 F20 T
o i o,
g 15 15 P
- D
z 10 % 10 E
5+ 5 o

o i

Control  Diabetic Control Diabetic

Fig. 2—Platelet 5-HT and 5-HIAA contentsin the type 2 diabetic
patients group and in the control group of healthy volun-
teers. Each bar represents the mean of 12 patients and 8
controls+ SEM. Significant differences between the groups

are expressed: **P<0.01.

* 2.9 ohms; P<0.05) than in the con-
trol (8.43 = 1.66 ohms) (Fig. 3).

Platelet intracellular freecalcium
concentration

In the presence of EGTA to pro-
duce extracelullar calcium quelation,
[C&a*]i isgoverned by intracellular mo-
bilization. In the diabetic group there
wasahigher variation of Ca?*i mobili-
zation (156.7 + 8.0 Anmol/l; P<0.05)
thanin the control group (123.5+ 32.6
Anmol/l). When the extracellular cal-
cium was present (in the absence of
EGTA), transmembranecalciuminflux
variationwasaso higher inthediabetic
patients (192.3 + 10.2 Anmol/l;
P<0.05) than in the control volunteers
(147.8+ 4.1 Anmol/l) (Fig. 4).

The presence of a PKC inhibitor,
staurosporin, originated only dight vari-
ations against the opposed situation
(staurosporin absence). Inthediabetic
group thevariationsof Ca'i mobiliza-
tion and transmembrane influx were
151.0 + 7.4 Anmol/l and 206.3 + 9.2
Anmol/l, respectively, whileinthe con-
trol group thevalueswere 128.5 + 3.6
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Fig. 4 — Platelet intracellular free calcium con-
centration variations in the type 2 dia-
betic patients group and in the control
group of healthy volunteers. Platelets
wereincubated with fura-2/AM (5 umol/
1) for 45 min. and further stimulated with
thrombin (0.5 U/ml) in the presence of
1 mmol/l EGTA to quelate calcium in
order to assessintracellular calcium mo-
bilization and in the presence of 1 mmol/
I of CaCl, inorder torestorethe external
[C&*] and assess transmembrane cal-
ciuminflux. Thevaluesobtained arethe
variations of peak [Ca?]i (achieved 1
min. after the addition of the agonist) in
relation to the basal values. Each bar rep-
resents the mean of 12 patients and 8
controls+ SEM. Significant differences
between the groups are expressed:
*P<0.05.

Anmol/l and 169.1+ 6.7 Anmal/l, res-
pectively (Fig. 4). Noneof thesevaria-
tions reached statistical significance
when compared with the situation of
staurosporin absence, indicating no
relevant role for PKC in the above-
described differences.

DISCUSSION

Type 2 diabetes mellitus is com-
monly associated withanincreased risk
of CV complications, namely hyper-
tension, atherosclerosis, thromboem-
bolic events and microangiopathies.
Thedydipidaemiaprofile, related with
both the cholesterol lipoproteins and
withthe TGslevels, isone of the best
characterized disturbancesunderlying
theincreased CV risk (28,29). In our
study, despite some tendentiousindi-
cationsof lipidmetabolisnimparment,
only the ApoB/ApoALl ratio and the
alpha values in the diabetic patients
weredsignificantly different fromthose
obtained inthe control subjects, which
seemstoindicatean ordinary lipid pro-
file. Thelaboratoria examinationsthat
illustrated pronounced changeswere
those related with the platelets. PTC
and PCT valuesdecreased inthedia-
betic group, indicative of micro-aggre-
gates formation resultant from in-
creased platel et aggregation, and the
PDW value increased, suggestive of
increased activation. Thesedatarein-
forcesthe existence of aplatelet hyper-
aggregation state in the diabetic pa-
tients. All the other classical clinical
laboratorial examinationsrelated with
the CV risk (BMI, blood pressures,
cell countsand coagulation), aswell as
thelaboratorial analysisfor eectrolytes,
protein and renal and liver function
evaluation, revealed identical valuesto
those obtained in the control healthy
volunteers. Consequently, even though
thewdl|-defined diabetes pattern given
by the glucose and HbA 1c values, the
classic CV risk factors demonstrated
an ordinary state in the group of 12
patients under investigation, which
might be attributed to the homogeneity
of thediabetic group: all the 12 patients

Boletim da SPHM Vol. 20 (2) Abril, Maio, Junho 2005



ARTIGO ORIGINAL

Platelet hyper activation and peripheral adrenergic

were under oral anti-diabetic therapy
and with no further medication.
Hyperinsulinemia and increased
sympathetic activity areusually viewed
as mediators of the relation between
obesity and CV disturbances (6-8).
Insulin seemsto play aroleinthesym-
patho-adrenal turnover of catechola-
mines (10), and, when using catecho-
lamineslevelsto assesscardiovascular
risk, thesemultipleinteractionsshould
be considered. Both central and pe-
ripheral CAschangesmight be utilized
to estimate sympatho-adrenal activity.
Noradrendline, themain neurotransmit-
ter from the sympathetic nerves, isre-
leased astheresult of sympeathetic nerve
activation. Inenervated periphera tis-
sues, NE is stored in vesicles from
adrenergic nerveterminas. Adrenaline,
which functions as a circulating hor-
mone, ismainly derived from the ad-
renal medulla, fromwhichisreleased
to the circulation upon sympathetic
stimul ation and then taken by periph-
eral tissues. Boththe NA andthe AD
circulatesinitsfreeformonly insmall
amount and for short periods, which
makesthemlessreliabletoolsto evalu-
ate SNSactivity in non-standard situ-
ations. Thus, amore consistent evalu-
ation of basal SNStoneismoredifficult
to accomplish by measuring only
plasma CAslevels. In order to over-
comethisproblem, someauthorshave
suggested the parallel study of platelet
CAscontents (11,30). Duetoitsem-
bryo-genetic, biochemical and
morphofunctiona features, plateletsare
usually seen as peripheral modelsfor
themonoaminergic neuron (31). Plate-
lets selectively uptake catecholamines
from the plasma, from many areas of
thebody, and storethem for relatively
long periods, thus overcoming possi-
bleregional differences, whichisthe

main problem of plasmaCAsanalysis.
Since platelets are incapable of syn-
thes zing themonoamines, their content
derives entirely from those released
into the bloodstream by the adrenals
or the SNSterminals and can be con-
Sidered ardliableand stablelong-term
index of SNSactivity (11,30). Accord-
ingly, thes multaneous measurement of
NA and AD contentsin plasmaandin
platelets might be abetter index of pe-
ripheral SNSactivity in diabetes.
Inour study, plasmaNA content Sg-
nificantly decreasedinthediabetic pa-
tients. Theplasmaand platelet AD con-
tentsinthese subjects evennumericaly
lower thaninthehedthy individuds, did
not reach statistical significance. The
plasmaNA decreasewasaccompanied
by aparald platelet variation, which
seemstoindicate anidentica patternin
thetwo compartments, thusconfirming
that platel et catecholaminescontent does
not merdly reflect thecirculating plasma
catecholamineslevd, butitisrather the
result of a dynamic balance between
these two compartments, aswas previ-
ously suggested both in physiological
and pathological situations(24,32,33).
Altered SNSactivity might beviewed
asamechanismunderlying theincreased
CV disturbancesin diabetic patients (6-
8). The decreased levels of the free
aminas obtained do not excludes that
hypothess, because other rel evant path-
waysrelated withthe CAslifeincircu-
lation (such asmetabolism and/or con-
jugation) or with the peripheral tissues
CAsturnover (such asnerveterminas
release and uptake) were not addressed
inthisstudy. Therefore, therearereports
from other sudiesof insulin-inducedin-
creased NA uptake in periphera tis-
sues, thuscontributing to decreased free
circulating content (6,34), whichwould
agree with our values in plasma and
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platelets. Inany case, takingin consid-
eration the simultaneous plasma and
platelet variations obtained, our results
areindicativesof important periphera
adrenergic nervous systemimpairment
in diabetic patients; deserving further
studiesin order to ducidatethe mecha-
nisms underlying the variations ob-
served.

Serotonin, due to its pro-aggre-
gatory and vasoconstrictor properties,
might play akey roleintheincreased
risk of thromboembolic eventsand CV
complicationsin diabetes. Plateletsare
the main storage site of 5-HT and
changesin their contents may reflect
important physiopathological distur-
bances. Inthe current study therewas
aplatelet 5-HT content decreaseinthe
diabetic group. Low platelet 5-HT
concentration may be dueto decreased
uptake, increased rel ease or decreased
degradationinitsmetabolite 5-HIAA.
However, smilar 5-HIAA levelswere
obtained inthe diabetic and in the con-
trol group, suggesting no significantin-
fluence of monoamine-oxidase(MAO)
activity for the decreased 5-HT con-
tent. 5-HT uptake was not evaluated
in this study, but an increased 5-HT
release from the plateletsis expected
according to thewhole blood platel et
aggregation results, which demon-
strated a hyper-aggregation state.
Therefore, activated platel etsrel ease
higher amounts of some vasoconstric-
tion agents, such as5-HT. If serotonin
isabnormally released by platelets, an
increasein the plasmaconcentration of
thisamine could be expected (35,36),
and consequently an increased depo-
sition on collagen fibers of the vessel
wall, thus promoting direct vasocon-
striction and platel et aggregation am-
plification (35,37,38).

In harmony with the platelet

hyperactivated state in the diabetic
group, platelet [Ca*]i was also €l-
evated when compared with the con-
trol subjects. Therefore, thrombin-
evokedintracdlular cciumreleaseand
transmembraneinflux werehigherinthe
diabetic patients. Intracellular calcium
is akey factor for platelet responses
and V SMC contractile activity. How-
ever, whereasthere ationship between
cytosolic calcium and vasocongtriction
has been clearly established, the mo-
lecular basisof high calciumlevelsin
type 2 diabetes mellitusremainsto be
fully elucidated. Itisknown that intra-
cellular calcium haveanimportant in-
fluence on both the glucoseand thein-
sulinmechanisms(15), thusreinforcing
its probableimportancefor the vascu-
lar and platel et hyperactivation asso-
ciated with diabetes. In our study, the
increased [ Ca*]i previously reported
by other authorswas confirmed, both
asresult of intracdlular caciumrelease
fromthe platelet densetubular system
and from the transmembrane influx.
PKC activity is associated with key
stepsof platelet and VSM C activation,
particularly protein phosphorylation,
and is also pivotal in the Ca?* move-
mentsthat determineincreased [Ca?*]i.
However, the involvement of PKC
activity intheincreased [Ca?']i intype
2 diabetesmellitusisnot yet e ucidated.
PK Cinhibition by staurosporindid not
haveadgnificant influenceontheabove
described [Ca*]i variations between
the two groups, excluding, thus, its
contribution asarelevant step for the
observed calcium haemostasisimpair-
ment. Since platel ets are seen asmod-
elsfor VSMCinsevera features, par-
ticularly in intracellular calcium
regulation, and are more easily ob-
tained from humans, the changeshere
reported confirms not only the exist-
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enceof aplatelet hyperactivated state
inthediabetic patientsbut also therel-
evanceof platelet sudiesfor theknowl-
edge of changeson other critical cells
for CV risk development, such asthe
VSMCs.

In conclusion, the type 2 diabetes
group demonstrated the absence of a
clear-cut dydipidaemia pattern, since
only minor aterationsof thelipid profile
parameterswere observed. The periph-
eral catecholamines contents changes
suggest an SNSimpairment that could
be followed by analysing the platelet
contents, whichreflectsthe plasmavari-
ations. Theincreased platel et aggrega-
tionand[Ce?*]i contentsinthediabetic
group, together with decreased 5-HT
concentration, might facilitate/contribute
to the vascular dysfunction associated
with theincreasesrisk of thromboem-
bolic eventsand CV complicationsin
type 2 diabetesmellitus. Thus, the cur-
rent study suggeststhat platelet activa-
tion might beauseful tool aspredictor/
marker of CV risk, evenintheabsence
of well-defined impairment of theclas-
sical laboratorial CV parameters. Fur-
thermore, since platelets might be
viewed as models for VSMC and for
themonoaminergic neuronsin severa
features, and Sncereevant changeson
[C&]i contentsand on adrenergic and
serotonergic measures were encoun-
tered, platel ets might be useful for the
study of CV disturbances in diabetic
type 2 patients.
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