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There are some indications in a few studies on animals and humans that the mucolytic agents N-acetylcysteine and erdosteine have
a disruptive effect on the coagulation cascade.

This study aimed to examine the effects of both erdosteine and N-acetylcysteine on the coagulation pathway.

Materials and Methods. The research was conducted on patients treated with N-acetylcysteine (600 mg/day) or erdosteine
(600 mg/day) for 7-14 days. To evaluate the coagulation and hemogram parameters, blood samples were taken from patients before
treatment and on days 7-14 after starting the treatment. Hemogram and coagulation parameters were measured in the venous blood
samples.

Results. The levels of factor Il significantly decreased, and the platelet count significantly increased in patients treated with
erdosteine. D-dimer levels reduced and factor VIl levels increased in patients treated with N-acetylcysteine, but these changes were not
significant (p=0.069 and p=0.062, respectively). Other coagulation and hemogram values did not change in both groups. Erdosteine may
have a dualistic effect on the coagulation cascade through its different metabolites.
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Bnusanune mykonutuyeckux areHtoB N-aueTunuuctenHa u IpaocTenHa
Ha remocTas y nofieu

EcTb NMMWb HECKONMbKO MCCNENOBaHMIA Ha XUBOTHBIX U JIOASX, B KOTOPLIX COOOLLAETCS, YTO MyKONUTUYECKME areHTbl N-auetmnum-
CTEeVH W 3pLOCTENH OKa3bIBaKOT paspyLUMNTENbHOE BO3AENCTBIE HA Kackaz Koarynsuum.

Llenb uccnepoBaHna — usyyeHne BNusHUS apaocTenHa v N-aLetunumcTenHa Ha KoarynsunoHHbIA myTb.

Marepuanb! U meToabl. VccnegoBaHne NpoBedeHO Ha naumeHTax, nonyyaslumx N-auetunumctenH (600 Mr/geHb) unm apaocTenH
(600 mr/neHb) B TeueHue 7—14 aHeit. [ns OLEHKM NapaMeTpoB Koarynsiuyy u reMorpammbl B3sTbl 06pasiibl BEHO3HOW KPOBM 10 Havana
neveHus n Ha 7-14-n gHu nocne.

Pesynbrathl. Y nauMeHTOB, MOMy4YaBLUMX 3PAOCTEMH, YPOBHU chakTopa |l 3HAUMTENbHO CHU3WUAMCH, @ KONMYECTBO TPOMOOLMTOB
3HAUNTENBHO YBENMYMNOCH. Y NauneHToB, nonyyaslimx N-aueTunumcTenH, yposHu D-gumepa cHuaunmuch, a yposHu gaktopa VIl yee-
NINYUIINC, OAHAKO 3TW U3MEHEHUsI He Bbinu cTaTucTnydeckn 3HaummMbiMm (p=0,069 1 p=0,062 cooTBeTCTBEHHO). [pyrue napameTpsbl Ko-
arynsuum u reMorpammbl He M3MeHUNUCh B 06enx rpynnax. Takum obpa3om, 3pAoCTENH MOXET OKasbiBaTb ABONCTBEHHOE BIUSIHWE Ha
kackap koarynsuum Yepes CBoW pasnnyHble MeTabonnTbl.

KntoyeBble cnoga: Koarynauua; Konn4ecTso TpOMGOU,VITOB; TpOM60U,VITbI; N-aueTnnumcTenH; 3POOCTENH.
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Introduction

N-acetylcysteine (NAC) and erdosteine belong to a
class of medicines called mucolytics. These mucolytic
agents have been widely used for many years in
the treatment of patients with various respiratory
problems [1]. These drugs showed clinical efficacy in
acute respiratory diseases and in chronic obstructive
pulmonary disease. Both agents are mostly used to treat
chronic obstructive bronchitis and acute exacerbation of
chronic bronchitis in adult and pediatric clinics dealing
with chest diseases. A few studies on animals and
humans report their disruptive effect on the coagulation
cascade. In other studies, the researchers have shown
on volunteers and patients that NAC has anticoagulant
and platelet-inactivating effects [2-5]. There are studies
on animals that have also demonstrated that NAC
disrupts platelet aggregation [6]. Erdosteine in some
animal studies was reported to produce a dualistic
effect on hemostasis [7]. For example, a low dose of
erdosteine (3 mg/kg) prolonged prothrombin time (PT)
and international normalized ratio (INR) in young rats,
and also clotting occurred in tubes. Additionally, there
was a decrease in coagulation factor levels in animals
treated with different doses of erdosteine [8-9]. On the
other hand, we were unable to find any human study in
the literature investigating the effects of erdosteine on the
coagulation cascade. Therefore, we aimed to investigate
the effects of erdosteine on hemostasis and coagulation
parameters in humans. Mucolytic agents are generally
used for a few weeks in pediatric patients and adults for
mucolytic and especially expectorant purposes. Duration
of treatment with the drug was not adequately considered
in human studies with NAC. In this study, the effects of
both NAC and erdosteine on hemostasis and coagulation
were investigated, taking into account their commonly
used dosage and treatment duration.

Materials and Methods

Subjects. This study was approved by the Mustafa
Kemal University Local Ethics Committee (Hatay,
Turkey) and the participants signed the written informed
consent. The study was carried out in the Hospital of
Mustafa Kemal University in Hatay. A healthy control
group was not planned in this research protocol, so
patients diagnosed with viral respiratory tract infection
were included in the study. Patients who apply to the
clinic are generally infected for 1-3 days. The patients
were infected at the time the first blood sample was
taken. Although there is some information that viral
infections have a procoagulant effect, it is not clear
[10]. In particular, the procoagulant effect of respiratory
viral infections is on a lung tissue, and a systemic
coagulopathy has not been proven [11]. Subjects who
had a disease that affects coagulation, i.e., were using
medications that influence coagulation, pregnant, or
breastfeeding, were excluded from the study. A total of
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30 patients were included in the study: 15 patients were
administered erdosteine (600 mg/day) and 15 patients
NAC (600 mg/day). Mucolytic treatment started during
the active stage of the disease, and towards the end
of the treatment, the active disease has regressed.
For this reason, if there is a viral procoagulant effect,
independent of the drug, it is expected to decrease [12].
A total of 19 patients (11 patients receiving erdosteine
and 8 patients taking NAC) have completed the study.
Both drugs were prescribed to the patients for 2 weeks.
Blood samples were taken from the patients before the
treatment. The 19 patients taking erdosteine and NAC
were called for a follow-up examination within 7-14 days
before they stopped taking the medicine. During the
examination, venous blood samples were taken from
these patients. Hemogram and coagulation parameters
were measured in the blood samples.

Biochemical analysis. The blood samples were
put into a tube containing 3.8% sodium citrate (4.5 ml
blood sample and 0.5 ml citrate mixture) for coagulation
analysis. Part of the blood samples were put into a
hemogram tube, and plasma samples were processed
by a centrifuge at 3000 g for 10 min. Hemogram
parameters such as hemoglobin, hematocrit, white blood
cell count, and platelet count were measured using the
BC-6800 auto hematology analyzer (Mindray, China).
Hemostatic parameters such as INR, PT, and activated
partial thromboplastin time (APTT) were measured by
the MDA-II Automated Coagulation Analyzer System
(BioMérieux, Inc., USA). Coagulation factors such as the
D-dimer test, fibrinogen, factor Il, factor VII, factor X, and
antithrombin Il (AT-Ill) were evaluated by the AMAX-200
Automated Analyzer (Trinity Biotech, Germany).

Statistical analysis. Statistical analyses were
performed using the Statistical Package for Social
Sciences 24.0 for Windows (SPSS Inc., Chicago, IL,
USA). The descriptive tests were used for determination
of the coagulation and hemogram parameters in blood
samples and demographic data. Although the number of
subjects was small, the data distribution was generally
normal according to the Shapiro—Wilk test. The paired
t-test was used to compare normally distributed
parameters. The Wilcoxon test was preferred to compare
parameters that did not show normal distribution (INR,
D-dimer, fibrinogen, and white blood cell count in the
NAC-treated group and D-dimer, APTT, and AT-IIl in
the erdosteine-treated group). Results are presented
as mean = standard deviation; p<0.05 was considered
statistically significant.

Results and Discussion

The effects of NAC on the hemogram, hemostasis,
and coagulation parameters are represented in Table 1.
D-dimer levels reduced and factors VI levels increased,
but these changes were not significant (p=0.069
and p=0.062, respectively). The other coagulation and
hemogram parameters did not change in patients treated
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Table 1

The values of hemostatis and hemogram parameters
in the patients (5 males and 3 females) treated
with N-acetylcysteine for 7-14 days
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Table 2

The values of hemostatis and hemogram parameters
in the patients (9 males and 2 females) treated
with erdosteine for 7-10 days

Parameters Pre-treatment  Post-treatment p Parameters Pre-treatment  Post-treatment p
INR (%) 1.0620.11 1.00£0.07 0.235 INR (%) 0.9810.05 0.99:0.05 0.298
D-dimer (pglL) 138811634 690+544 0.069 D-dimer (ug/L) 4201484 4561530 0.213
PT (sn) 13.62+0.96 13.06+0.54 0.174 PT (sn) 12.6110.69 12.750.69 0.242
APTT (sn) 28.1843.57 28.772.49 0.627 APTT (sn) 29.48+3.69 30.7445.21 0.266
Fibrinogen (mg/dl) 446£193 428190 0.889 Fibrinogen (mg/dl) 339168 320499 0.326
Factor Il (U/L) 100.50£15.09 97.63£16.41 0.581 Factor Il (UL) 93.22414.62 86.89111.93 0.117
Factor VII (U/L) 100.00£21.44 119.13125.66  0.062 Factor VII (U/L) 93.45£21.13 91.85£19.57  0.805
Factor X (U/L) 105.88+17.91 113.00£17.54  0.126 Factor X (U/L) 100.91£20.29 95.91£16.30  0.254
ATl (pg/ml) 99.25:18.84 98.6319.88 0.915 AT-II (pg/ml) 106.36+26.41 105.09£31.43  0.838
WBC count (K/mm3) 13.64+6.89 11.87£2.34 0.866 WBC count (K/mm?3) 9.71£3.27 8.48+2.88 0.201
HGB (mg/dl) 13.49+1.29 13.59+1.39 0.337 HGB (mg/dl) 15.0610.80 14.78+0.97 0.349
HTC (%) 41.5544.07 42.19+3.96 0.431 HTC (%) 44.8312.40 43.99+2.26 0.274
PLT count (K/mm?) 305.87+129.05  335.28+185.86  0.866 PLT count (K/mm?3) 233.4044.61 274.11£58.84  0.004

Note. Values are represented as mean + standard Note. Values are represented as mean t standard
deviation. INR: international normalized ratio; PT: deviation. INR: international normalized ratio; PT:

prothrombin time; APTT: activated partial thromboplastin
time; AT-ll: antithrombin lll; WBC: white blood cell; HGB:
hemoglobin; HTC: hematocrit; PLT: platelet.

prothrombin time; APTT: activated partial thromboplastin
time; AT-Ill: antithrombin 1ll; WBC: white blood cell; HGB:
hemoglobin; HTC: hematocrit; PLT: platelet.
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Figure 1. The levels of coagulation factor Il in male
patients (n=9) treated with erdosteine for 7-10 days
(mean age — 34118 years)

Values are represented as mean * standard deviation;
* p=0.026

with NAC 600 mg/day for 2 weeks. Table 2 shows the
hemogram, hemostasis, and coagulation parameters in
the blood of subjects treated with erdosteine 600 mg/day
for 2 weeks. The platelet count increased significantly,

The Effect of N-Acetylcysteine and Erdosteine on Hemostasis

Figure 2. The platelet counts in male patients (n=9)
treated with erdosteine for 7-10 days (mean age —
34%18 years)

Values are represented as mean * standard deviation;
* p=0.007

and factor Il levels lowered insignificantly. The decrease
in factor Il levels was significantly pronounced in male
patients treated with erdosteine (Figure 1), while the
platelet count remained significantly high (Figure 2). The
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other parameters did not show any significant changes
depending on gender.

The main findings of this study are that erdosteine
treatment significantly reduces coagulation factor II,
especially in men, and significantly increases the platelet
count regardless of gender. Unlike erdosteine, NAC
does not change the coagulation factors and the platelet
count. On the other hand, in patiens treated with NAC,
D-dimer partially decreased (138811634 vs 690+544;
p=0.069) and there was a partial increase in factor VII
level (100.00+21.44 vs 119.13+25.66; p=0.062).

Viral infections increase the risk of thromboembolism
in humans regardless of the pathogen type. However,
it has not been proven that this increase is not due
to immomoblization [10]. Influenza virus and other
respiratory viruses are inflammatory and procoagulant
in vitro [13]. Although influenza virus increases the
tendency to thrombosis, there is no such clinical finding
for respiratory syncytial virus and adenoviruses [14]. The
virus-mediated procoagulant state returns to normal after
two weeks [10, 15]. Experimental rhinovirus infection
in humans increased local procoagulant activity in the
airway and bronchoalveolar lavage fluid, while there
was no change in plasma parameters [11]. The studies
show that the procoagulant level is higher than normal
in the early days of respiratory viral infections, and as
the infections recover, the plasma level of procoagulant
proteins returns to the baseline [15]. Accordingly, in our
study, the procoagulant protein level should be high
in the first blood samples taken and low in the second
samples. However, although the second samples
were taken 7-14 days later, there was no significant
decrease in procoagulant parameters. As a result of
the infection resolution over time, coagulation activity
should decrease, not increase. Viruses cause platelet
destruction in the acute phase of the infection. In the
chronic phase of the infection, viruses have a negative
effect on platelet production reducing platelet production.
For this reason, viral infections are often accompanied
by thrombocytopenia [12].The most important finding of
our study is the increase in the platelet count in plasma.
Despite viral infection in patients, erdosteine treatment
has led to an increase in platelet count.

The decrease in the D-dimer level as a result of
NAC treatment is a finding regarding the anticoagulant
effect of NAC in this study. There are few in vivo and
in vitro studies of the effects of NAC on coagulation in
the literature. A group of researchers has found that
coagulation factors and PT decreased significantly in
six healthy male subjects who received 10 mg/kg NAC
intravenously [2]. In their study, Knudsen et al. injected
NAC intravenously at therapeutic doses to 10 healthy
volunteers for 1-120 h [3]. They have found reduced
levels of factors II, VII, IX, and Xl, and therefore PT
prolongation is related to the defect in the extrinsic
pathway of the coagulation cascade. Jang et al. [16]
have demonstrated a significant decrease in the activity
of coagulation factors I, VII, IX, and X in the human
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plasma samples incubated with NAC. NAC has
anticoagulant and platelet-inhibiting properties in the
patients undergoing major surgery, which was associated
with increased bleeding risk, blood loss, and blood
product transfusion [4-5]. In a similar study, the need
for reoperation increased significantly in the NAC group
due to postoperative bleeding [17]. In the in vitro study of
blood obtained from healthy volunteers, Pizon et al. [18]
reported that increasing serum concentrations of NAC
were associated with clinically significant prolongations
in PT. Thorsen et al. [19] have demonstrated that NAC
treatment prolongs PT through a direct effect on vitamin
K-dependent clotting factors. The main reason why NAC
reduces vitamin K-dependent clotting factors is probably
through denitrosylating [20]. On the other hand, NAC
can reversibly reduce disulfide bonds that are essential
for the structure and function of clotting factors [21]. NAC
can prevent thrombus formation in a dose-dependent
manner without significantly affecting the bleeding time
[22]. The study by Smyrniotis et al. [6] has also shown
that NAC reduces platelet aggregation in rats. An
increase in PT and INR and a decrease in platelet count
occurred in the patient who was accidentally exposed
to a high-dose (42 g) NAC infusion [23]. There may
be chronic downregulation of the coagulation system
through inhibition of von Willebrand factor function [24].
The thrombolytic effect appears to be mainly mediated
by the cleavage of VWF, which cross-links platelets [25].
NAC was injected intravenously in the above-mentioned
studies, but in the present study, NAC was given orally.
The results obtained by intravenous administrations
should not be directly adapted to patients receiving NAC
orally because the oral bioavailability of NAC is much
lower (approximately 9%) [26]. In the early hours (up
to 38 h) after NAC administration, coagulation factor
[I+VII+X total activity decreased, and then the activity
gradually returned to the baseline (by 120 h) [3]. In the
present study, the treatment period was much longer
than their studies (10+3 days vs 1-120 h).

Erdosteine affects both hemostasis and coagulation
parameters in a dose-dependent manner [7]. Low-dose
erdosteine (3 mg/kg) prolonged PT and INR in young
rats and in tubes clotting takes place. They showed
that hemostasis was impaired at the doses of 3 and
10 mg/kg/day, while no change occurred at higher
doses (30 mg/kg/day). In another animal study, the
researchers reported that factor Il levels decreased in a
dose-dependent manner in adult male rats treated with
erdosteine [8]. In addition, INR was prolonged and platelet
count increased in all groups, dose-independently. The
findings of this study were similar to their results: factor Il
levels decreased and platelet count increased in male
patients. It is highly likely that the effects of erdosteine
on hemostasis are not related to gender. For example,
in the study conducted on female rats, the researchers
showed that erdosteine decreased the factor VIII level
in a dose-dependent manner, and PT and APTT were
prolonged [9]. As a result, the present data from aminal
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studies and this study suggest that the coagulation factor
levels and platelet counts were impaired by erdosteine.
There are almost no studies on humans in the literature
investigating the effects of erdosteine on coagulation.
Erdosteine is a prodrug that is rapidly absorbed after
oral administration, converted to active metabolites via
first-pass metabolism in the liver, and thus may affect the
synthesis or degradation of clotting factors [27]. Therefore,
its metabolites such as N-thioglycolyl-homocysteine
(Met 1), N-acetyl-homocysteine, and homocysteine
formed as a result of first-pass elimination of erdosteine
are important. Erdosteine is most commonly metabolized
to the ring-opening compound Met | [28]. Erdosteine
exerts both its pharmacological and clinical effects mainly
through Met |, a homocysteine-based metabolite [29]. It
is well known that high plasma homocysteine levels play
an important role in the development of atherosclerotic
and venous thromboembolic disease [30]. For example,
PT is shortened in HIV patients with high homocysteine
plasma levels, indicating an increased risk of thrombosis
[31].  Therefore, homocysteine-based  metabolites
may be responsible for the effects of erdosteine on
hemostasis and coagulation. In the experimental study,
homocysteine increased the platelet count and fibrinogen
level for a short period in rats [32]. Researchers also
found a significant positive correlation of platelet count
with serum homocysteine in hemodialysis patients with
end-stage renal disease in two different studies [33].
Serum homocysteine has been significantly higher in
hemodialysis patients than in controls, and homocysteine
correlated directly with platelet count, PT, and INR, and
inversely with APTT [34]. They suggested that high
homocysteine induces the synthesis of platelets by an
unknown mechanism and contributes to the incidence
of thrombotic events among these patients. Increased
homocysteine may also increase the aggregation of
platelets by inducing adenosine diphosphate [35]. This
means that the reason for hemostatic abnormalities
caused by erdosteine is its metabolites containing
homocysteine.

Conclusion

In contrast to NAC, erdosteine may impair hemostasis,
lead to a reduction in the level of coagulation factors, and
an increase in platelet counts. We suggest that it should
be considered when erdosteine is used together with
anticoagulants, procoagulants, and other drugs affecting
hemostasis. To prevent coagulation abnormalities in
patients undergoing dental and medical operations,
they should be questioned about erdosteine intake as
well as the drugs that affect hemostasis. Secondly,
erdosteine might be beneficial for patients presenting
with thrombocytopenia because it increases the platelet
counts and is well-tolerated.
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