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100 mg acetylsalicylic acid acutely decreases
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Abstract. Since oral contraceptives (OC) are known to impair blood fluidity and to increase the risk of venous and arterial
thrombosis, while acetylsalicylic acid (ASA) decreases the thrombotic risk and modifies some rheologic parameters, we com-
pared the hemorheologic effects of ASA on blood rheology between women treated by OC and women who never received
this medication. 25 women under OC were compared to 25 matched women who had never used OC. Blood viscosity (MT90
viscometer) and RBC aggregation (Myrenne aggregometer and AFFIBIO erythroaggregometer) were measured before and 1 hr
after women received per os 100 mg ASA, after an overnight fast. The only significant difference between women under OC
and controls was an increased RBC aggregation (‘M’ index +28%, p < 0.04; Affibio aggregation time —21%, p < 0.03). On
the whole sample of 50 women as well as in the subgroup of women under OC, ASA decreased RBC partial disaggregation
threshold (—1.7%, p < 0.01). These results confirm that RBC aggregation is increased under OC and suggest that 100 mg ASA
acutely induces a partial reversal of this RBC hyperaggregation.
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1. Introduction

Oral contraceptives, which are among the most widely taken medications in the healthy population,
may induce clinically important side-effects. The most important of these side-effects is probably venous
and arterial thrombosis [1]. Pharmacological attempts to further decrease venous thrombotic side-effects
by the use of third-generation oral contraceptives have failed [1]. This places a greater emphasis on the
selection of patients to help avoid giving medication to those patients with underlying thrombotic risk
factors. An example of this approach has been the clear confirmation of the adverse effects of cigarette
smoking leading to arterial thrombosis in oral contraceptive users. At the biochemical level, hyperco-
agulability testing (i.e., screening for high-frequency prothrombotic abnormalities, such as the Factor V
Leiden genotype) may be useful [1]. However, the pathophysiology of these events remains uncompletely
understood and a potential involvement of some hemorheological disturbances has been suggested, given
the fact that blood rheology is impaired by OC treatments [2,3].

Recent literature that emphasizes the previously underestimated importance of blood rheology in the
risk of cardiovascular events [4-11] gives more interest to studies on blood rheology in OC users.
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A possible involvement of rheologic disturbances in thrombotic side-effects of OC deserves some at-
tention [12]. Alternatively, it could be interesting to evaluate therapeutic approaches designed to protect
against these cardiovascular side-effects of OC. In this respect, acetylsalicylic acid (ASA) is a well-
known antithrombotic drug which is widely used in persons at risk for preventing thrombotic events [13].
However, its effects on blood rheology, as reported in the literature, are not likely to be so beneficial, since
they include a decrease in RBC deformability [14].

Given the frequency of use of both OC and ASA, the simultaneous intake of these two medications is
surely a usual situation. However, nothing is known about the combined effects of ASA and OC on the
rheologic properties of blood. Thus, in this study, we aimed at comparing the hemorheologic effects of
ASA on blood rheology between women treated by OC and women who never got this medication.

2. Subjects and methods
2.1. Patients

Twenty-five women under OC i.e., 25 pug ethinyl estradiol plus norgestrel, cyprotherone acetate or
norethisterone acetate, were compared to twenty-five matched women who never used OC. All women
were nulliparous. There was the same percentage of smokers (one third) in each group. OC taken in
the first group were representative of the average French contraceptive prescriptions: ethynyl-estradiol
(20-50 ug) associated with either cyprotherone acetate (2 mg), desogestrel (0.15 mg) levonorgestrel
(0.15 mg), gestodene (75 pg), norgestimate (0.25 mg). Characteristics of the patients are given in Table 1.
Hemorheological parameters were measured before and 1 h after they received per os 100 mg ASA, after
an overnight fast. Subjects were recumbent without physical activity during this hour.

2.2. Laboratory measurements

Blood samples for hemorheological measurements (7 ml) were drawn with potassium EDTA as the
anticoagulant in a vacuum tube (Vacutainer). Sampling was performed without tourniquet. Viscomet-
ric measurements were done at very high shear rate (1000 s~!) with a falling ball viscometer (MT
90 Medicatest, F-86280 Saint Benoit) [15,16]. Accuracy of the measurements was regularly controlled
with the Carrimed Rheometer ‘CS’ (purchased from Rhéo, 91120 Palaiseau, France) [17]. The coef-
ficient of variation of this method ranged between 0.6 and 0.8% [18]. With this device we measured
apparent viscosity of whole blood at native hematocrit, plasma viscosity, and blood viscosity at cor-
rected hematocrit (0.45) according to the equation of Quemada [19]. Dintenfass’ ‘Tk’ index of ery-
throcyte rigidity was calculated [20]. RBC aggregation was assessed with the Myrenne aggregome-
ter [21] which gives two indices of RBC aggregation: ‘M’ (aggregation during stasis after shearing at

Table 1
Clinical characteristics of study subjects (mean + SEM)
Subgroup 1 Subgroup 2
under OC (n = 25) without OC (n = 15)
Age (years) 23+43 24 +4.7
Weight (kg) 554 £3.6 555+ 6.6

Height (m) 1.63 £ 0.1 1.62 £ 0.6




A. El Bouhmadi et al. / ASA, oral contraceptives and RBC aggregation 101

600 s~!) and ‘M1’ (facilitated aggregation at low shear rate after shearing at 600 s~!). The hemat-
ocrit/viscosity (h/n) ratio, an index of oxygen supply to tissues, was calculated according to Chien [22]
and Stoltz [23], with hematocrit (as percentage) divided by viscosity at high shear rate determined as
described above.

The AFFIBIO-SEFAM aggregometer was used for a more precise assessment of RBC aggregation.
This device is based upon the experiments of Mills [24,25] on cell disaggregation behavior in shear
flow. This device measures the changes in backscattered light which are observed when sheared RBC
suspensions are abruptly brought to a full stop. The decrease in the optical signal reflects the formation
of RBC aggregates [26-28]. Some parameters are derived from the curve of light intensity as a function
of time. The aggregation time is the reciprocal of the initial slope (calculated between 0.5 and 2 s after
the shear has stopped). The aggregation index at 10 s is a measurement of the extent of erythrocyte
aggregation and is the relative surface area above the curve calculated over the first 10 s. This device
measures also disaggregation thresholds, by submitting blood to a succession of shear rates from 600 5”1
to 7 s~ 1. The total disaggregation threshold is the shear rate below which the backscattered light intensity
starts to decrease, indicating that the shear stress applied to aggregates is no longer sufficient for allowing
complete dispersion of RBC aggregates. The partial disaggregation shear rate is defined as the shear rate
corresponding to the intersection point of the two asymptotes drawn from the extremes (maximum and
minimum shear rate).

2.3. Statistics

Results are presented as mean =+ the SE of the mean. A value of p. < 0.05 was considered as significant.
Comparisons were made with Mann—Whitney and and Wilcoxon nonparametric tests.

3. Results

As shown in Table 1 and indicated in Section 2, the two groups of women appeared to be well matched
for age, weight, height, and smoking habits. Table 2 shows the comparison of hemorheologic parameters.
Hematocrit was not significantly different between the two groups, although there was a nonsignificant
tendency towards a lower value in OC users (p < 0.1). Similarly, viscosity parameters (whole blood
viscosity at either native or corrected Hct, plasma viscosity, hematocrit/viscosity ratio) were similar in
the two groups and were unchanged after 100 mg ASA. The only significant difference between women
under OC and controls was an increased RBC aggregability, either measured with the ‘M’ index (which
was higher by +28%, p < 0.04) or with the time of aggregation TA (which was lower by —21%,
p < 0.03). The partial disaggregation threshold exhibited only a nonsignificant tendency to be higher
in women under OC (p < 0.06). When subgroups are considered separately, an effect of ASA on blood
rheology could be found only in OC users, while there was no significant effect in non-OC users. In OC
users, ASA moderately but significantly decreased both hematocrit (—1%, p < 0.01) and the partial RBC
disaggregation threshold (—1%, p < 0.05).

4. Discussion

These results confirm that RBC aggregation is moderately increased under OC and suggest that 100
mg ASA acutely lowers RBC aggregation in OC-treated women, without affecting this parameter in
non-OC users.
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Table 2
Hemorheological parameters in the 50 women of the study before and 1 h after 100 mg
ASA
Subgroup 1 Subgroup 2
under OC (n = 25) without OC (n = 25)
before ASA after ASA before ASA after ASA
Hct 39.72 + 1.86 39.32 & 1.74%** 4056 £ 1.52  40.48 +1.96
TA 2.49 + 0.76* 246 £0.76 3.02+ 092 290+ 0.85
1) 47.07+£ 1560  46.44 £ 15.02%** 40.30+7.23  38.55+£5.06
M 556 £ 1.47**  585+239 459+ 1.63 4.71+23
M1 8.77+£2.78 8.66 +2.54 597 +£2.80 7.44 £ 3.50
s 2.59 +0.39 2.55+0.34 2.64 +£0.37 2.63 £ 0.40
N 1.35+0.14 1.33+£0.14 1.37+0.14 135+ 1.14
Tk 0.57 £+ 0.081 0.58 £0.078 0.58 £0.070  0.58 £ 0.070
k 1.41 £0.18 142 £0.18 1.41 £ 0.16 1.42 £ 0.17
nd45% 290+ 041 291 +£0.35 2.96 + 0.35 297+04
het/n  0.153+0.018  0.152 £0.016 0.148 £ 0.016  0.150 &+ 0.020

Means + SEM. Abbreviations: Hct, hematocrit (%); TA, time of RBC aggregation mea-
sured by laser backscattering; vp (s™"), RBC partial disaggregation threshold measured
by laser backscattering; M, RBC aggregation index measured by light transmission in sta-
sis after total disaggregation at high shear; M1, RBC aggregation index at low shear rate,
measured by light transmission after total disaggregation at high shear; ns, whole blood
viscosity at native hematocrit at a high shear rate (mPa.s); 7,, plasma viscosity (mPa.s);
Tk, Dintenfass’ index of RBC rigidity calculated.from viscometry at high shear rate; k,
Quemada’s index of RBC rigidity calculated from viscometry at high shear rate; n45%,
viscosity of whole blood corrected for Hct with Quemada’s equation (mPa.s); hct/7,
hematocrit/viscosity ratio (mPa™'.s~").

*p < 0.04 vs non-OC users; **p < 0.03 vs non-OC users; ***p < 0.01 vs values before
ASA.

Alterations of blood rheology in OC users were first reported in 1971 by Aronson et al. [29] and thus
most precisely described in the early eighties by Lowe et al. [2,30] and Buchan and MacDonald [3]. An
elevation of fibrinogen levels [30-32] has been repeatedly observed and is likely to explain most of the
rise in aggregability we observe here. However, it is interesting to compare the hemorheologic profile of
the women of our studies, taking contraceptives of the late nineties, with data reported two decades ago
by the first authors who investigated this question. As reviewed in 1981 by Buchan and MacDonald [33],
OC users in the late seventies were mostly characterized by a lower red cell deformability and a slightly
higher whole blood viscosity despite normal values of plasma viscosity. Hematocrit was also reported
to be increased in some studies [30] but not all [33]. The progestin component of the pill was assumed
to be responsible for a rise in fibrinogen which explained most of this pattern. Actually, this finding on
old progestin compounds of OC pills (mostly 19-nortestosterone derivatives), contrasts to some extent
with the more recent physiological investigations [12] which evidenced in normally cycling women that
estradiol levels were positively correlated to whole blood viscosity, plasma viscosity and fibrinogen, and
negatively correlated to red cell deformability. In physiological conditions, therefore, estrogens were
likely to impair blood fluidity. On the opposite, progesterone in physiological conditions had the oppo-
site effect, decreasing both fibrinogen and blood viscosity, and increasing red cell deformability [12].
These physiological findings are in disagreement with a study performed ten years ago by Derham and
Buchan, which demonstrated that pharmacologic intake of estrogens results in increased hematocrit and
fibrinogen, while synthetic progestogens increase hematocrit and decrease red cell deformability [34].
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Presumably, the modern evolution towards more physiological progestogens at lower doses tends to sup-
press these deleterious effects and to fit more closely with the physiological picture: this assumption is
further supported by more recent studies on blood rheology in OC-users [35,36]. These modern studies
suggest that the recent, low dose, compounds that represent most of our sample of women are almost
devoid of hemorheological side-effects [35,36], in contrast to older preparations with higher doses [33].

Consistent with this literature, we fail to observe any differences in blood viscosity and red cell
deformability between OC-users and non users, suggesting that this evolution toward better-tolerated
molecules and lower concentrations has been beneficial from a hemorheologist’s viewpoint. However,
there is still a moderately higher red cell aggregability as indicated by the value of the M1 index which
is 21% higher in OC users than in non-users (see Table 2). Such a difference may theoretically be as-
sumed to induce some microcirculatory [37] or prothrombotic effects [38]. Presumably, changes in fib-
rinogen [30-32], although this protein was not measured in this study, may explain this high value of
aggregability. This finding suggests that the question of the hemorheologic effects of OC, although it has
been investigated since 1971, still remains a potentially important field. Some recent findings on estro-
gen circulatory effects, such as their vasodilatory action which is mediated by NO synthesis and release
by endothelial cells [39], may offer new areas of research for hemorheologists. Estrogen-response ele-
ments have been identified in the promoting region of the gene coding for the endothelial nitric oxide
synthase [39]. Moreover, estrogens have been suggested to act more rapidly via membrane receptors, re-
sulting in an increase in cytosolic Ca*™ in some cells [39]. Estrogens are also likely to exhibit antioxidant
properties which may delay NO clearing in blood [39].

A second finding in our study is that at the low dose of 100 mg daily, ASA lowers the RBC partial
disaggregation threshold in OC users by 1.7%. Data on blood rheology and ASA remain scarce and
are mostly related to higher doses. On the whole, two hemorheological effects of aspirin have been
described. Some authors but not all [14] have observed that ASA decreases RBC deformability, and
may exert some inhibiting effect on red cell aggregability [42]. Clearly, ancient techniques (mostly RBC
filtration) have been employed in these works. Thus, the picture remains confusing due to the strong
dependence of RBC filterability upon shape and volume alterations. There is very little recent literature
on this topic. A recent report by Bozzo et al. [40] evaluated the influence of treatment with aspirin
in vitro, alone or combined with dipyridamole, on red cell aggregability. Aggregability was estimated
through digital analysis of light microscopy images. With this technique, red cells that had been exposed
to aspirin showed a high aggregation rate, while dipyridamole alone or combined with aspirin provoked
echinocytosis, disturbing the rouleaux arrangement. Washing red cells after treatment restored about 90%
of echinocytes to their biconcave shape, but aggregation rate did not recover in parallel. Not surprisingly,
those in vitro data are not fully in agreement with our in vivo findings. In vivo rheologic effects of
aspirin are likely to be more complex than in vitro, due to an involvement of leukocyte and endothelium.
However, this paper by Bozzo et al. [40] confirms that ASA has a direct effect on both erythrocyte shape
and erythrocyte rheology. Another recent paper by Korbut and Gryglewski [41] investigated the effect of
ASA (compared with prostacyclin and nitric oxide) on deformability of red blood cells in septic shock
in rats. That study showed that administration of NG-nitro-L-arginine (L-NNA, 30 mg/kg, i.p.), as that
of aspirin (50 mg/kg, i.p.), did not affect red blood cell deformability in non-septicaemic rats. However,
L-NNA in contrast with aspirin, significantly improved deformability of red blood cells in LPS-treated
animals. Thus prostacyclin, camonagrel and L-NNA can act as protective agents against LPS-induced
loss of red blood cell deformability, due to specific effects of these agents on biochemical function of
leukocytes present in RBC suspension. By contrast, aspirin did not improve RBC deformability.
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On the whole, it can be concluded from this literature that ASA may induce alterations in RBC mem-
brane properties and shape that may in some situations impair RBC deformability and decrease RBC
aggregability. In our study investigating the short-term effects of a low dose, we did not observe the
former effect, but significantly evidenced the latter. Interestingly, it could be observed only in women
whose RBC aggregability was increased by the use of OC, while there was no decrease of aggregation
when it was normal. Furthermore this effect remained moderate and did not reverse the effect of oral
contraceptive intake.

Besides, a very moderate (—0.6%) decrease in hematocrit is observed in all study subjects after aspirin,
since in the whole sample Hct decreased from 40.14 to 39.9%. An artifact due to blood sampling and thus
RBC withdrawal should be discussed. In fact, we removed only 7 ml (see Section 2.2) representing 0.2%
of circulating blood if we assume a blood volume representing [40] in women 5.5-7% of body weight
(i.e., grossly 3500 ml for the average weight of our subjects). If we assume also that plasma volume is
equal to blood volume x (1 — 0.0087 x Hct) [41] it can be calculated that we removed 4.5 ml of plasma
and 2.5 ml of red cells. However, the same calculation indicates that when hematocrit decreases from
40.14% to 39.9% (if blood volume is constant) there is a “loss” of 7 ml of red cells, i.e., 2.8-fold the
amount of withdrawn red cells. In other terms our drawing reduces the red cell mass by 0.20% and not
by 0.58% so that it is very unlikely to explain the hematocrit change. Thus, the hematocrit change is
probably better explained by an effect of aspirin on body fiuid distribution.

Thus, women representative of the common picture of oral contraceptive use in the late nineties still
exhibit some rheologic disturbances (mostly a higher red cell aggregability). The use of 100 mg of acetyl-
salicylic acid slightly reduces this hyperaggregability but does not totally reverse this effect. In the light
of the recent literature demonstrating an epidemiologic link between blood rheology and atherothrom-
botic events, a possible role of hemorheologic disturbances in the pathogenesis of the vascular risk in OC
users still deserves attention.
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