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Abstract. Our study aimed to evaluate the effectiveness of Sulodexide in the treatment of patients with
glomerulonephritis(GN).

Methods. We conducted a prospective longitudinal cohort study involving 105 patients with CKD, who
were hospitalized at the Ivano-Frankivsk Regional Clinical Hospital (Ukraine) from 2021-2022. Only
patients with proteinuria of 0.3 g — 3.5 g/day and chronic kidney disease (CKD) stages 1-3 and the
diagnosis of GN were included in the study. The clinical diagnosis was determined based on standard
examination methods according to the Classification of Kidney Diseases and protocols of management
of CKD patients

All patients were randomly assigned into 2 groups. Group 1 received basic therapy, and Group 2 received
Sulodexide in oral capsules containing 250 lipasemic units (LSU) twice daily in addition to basic therapy.
The duration of treatment was 6 months.

Results. Our study showed that the additional use of sulodexide for 6 months significantly reduced the

level of proteinuria in patients with GN, so in the second group, it was possible to achieve a significantly
lower level of proteinuria 567 (356, 745) mg/day, compared to the first group 956 (765; 1233 ) mg/day

(p 0.09).

As the glomerular filtration rate remained stable or even increased, proteinuria reduction cannot
be explained by alteration of filtration capacity. We also noted a significant decrease in the level of
D-dimers in the group of patients who additionally received Sulodexide for 6 months, which may indicate
the prevention of thromboembolic and cardiovascular events in this population of patients. However, this
hypothesis needs further research.

Conclusions. The additional use of Sulodexide in patients with GN statistically significantly reduced
proteinuria levels preventing CKD progression rate.

Keywords. chronic kidney disease, glomerulonephritis, treatment, glycosaminoglycans, sulodexide.
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EdeKTuBHICTb 3aCTOCYBAHHSA INTIKO3aMIHOIIIKAHY Y XBOPHX Ha
IJIOMepyJIOHe()PUT: NPOCIIEKTUBHE MO3A0BXKHE KOTOPTHE JOCiIKEHHS

TBaHO-MpaHKiBChbKUIT HALLIOHAIBHUI MEANYHNUI YHIBEPCUTET, M. IBaHO-PpaHKiBChK, YKpaiHa
2NY «Iuctutyr Hedpoaorii HAMH Ykpaiun», m.Kuis, Ykpaina

Pestome. Memoro nauwoeo docaioncennsa 6yao oyinumu epekmusHicmos cya00excudy 6 AiKY8aHHi XpOHIUHOI X60-
POOU HUPOK: enomMepyaoHeppumy.

Memoou. Mu npogeau npocnexmuene no30084cHe K02opmHue docaioncerts 3a yuacmio 105 nayienmie i3 XpoHiu-
HOH X60p000H) HUPOK, AKi nepebysaiu Ha cmauioHapHomy rikyeanti 6 leano-Dpankiscokiil 001aACHIN KAIHIMHIT AIKAPHI
(Yxpaina) npomsaeom 2021-2022 pokie. Y nawe docaioxcenHs exaroueri aume nayicumu 3 npomeinypicro 0,3 e — 3,5
2/000y ma xponiurnoro xeopoboro Hupox (XXH) I-11I cmadiii 3 diaecnozom enomepynronegppum (T'H). Kniniunuii diaenos
B8CMAHOBAEHO HA OCHOGI 3A2ANbHONPULHAMUX Memo0ie 0OcmedceH s 8ionosioHo 00 Kaacughikauyii Xxeopob HUPoK ma npo-
mokoaie éedenns xeopux iz XXH.

Yei nayienmu 6yau eunadkosum uunom posnodineni na 2 epynu. Ilepuia epyna ompumyeana 6asuchy mepaniio, a
dpyea epyna dodamkogo do bazucHoi mepanii ompumyeana cysodekcuo 6 kancysax no 250 ainonpomeinainazHux oou-
Huyb 06iui Ha denv. Tpusanicme aikysanHs cmanosuna 6 micauyis.

Pesyaomamu. Hawe docaidxcenns nokasano, wo 000amroge 3acmocy8ants Cya00excudy npomseom 6 micauyie
3HA4HO 3MEHULY8AN0 piseHb npomeinypii y nauyicumie 3 I'H, mak y opyeiil epyni 60an10cb 00CseHymu 00CMOGIPHO HUICHO20
pisHs npomeinypii 567 (356, 745) mg/day, é nopisensanni 3 nepworo epynoio 956 (765; 1233) mg/day (p 0,05).

Ockinbku weudxicms Kayoouko6oi ginbmpayii 3asuuiaracs cmaditbHow0 adbo HA8imb 3pOCMANa, 3HUNCCHHS NPO-
meinypii He MOJICHa nosICHUMU 3MiHONW inbmpayitinoi 30amuocmi. Takoxc mu 6i03HaAUUAU OOCMOBIPHE ZHUINICEHHS PIGHS
Jl-Oumepis y epyni nayienmis, ki 000amKo80 OMpuMy8aiu cyi00eKcud npomsa2om 6 Micauie, wo moxce ceiouumu npo
SHUNCEHHS PUBUKY GUHUKHEHHS MPOMO0eMOO0AIMHUX Ma cepueso-CyOuHHUX nodiil y danoi kameeopii nayicumis. Ilpome

dany einome3y nompibHo nepegipumu 8 NOO0AAbULUX O0CAIONCEHHSIX.

Bucnosxu. /lodamkoge 3acmocysanus cynooekcudy 8 AiKy8aHHi enoMepyioHeppumy cmamucmu4Ho 3HAYyue
SHUMICYE piBeHb NPOMeiHypii, W0 CnpUsE 3HUNCEHHIO weudkocmi npoepecysants XXH.

KmouoBi cioBa. Xpowiuna xeopoba nupok, enomepynoneppum, AiKyeanHs, eniKo3amMiHOAIKAHU, CYA00eKCUO.

Introduction. Chronic kidney disease (CKD) is a
global health care problem [1-3]. During the last de-
cades, the development of safe and effective kidney-
protective interventions to slow or stop the progres-
sion of CKD is an important strategy in reducing the
incidence of end-stage kidney disease [1]. Thus, it is to
be understood why many studies have focused on the
investigation of molecules that could contribute to re-
ducing proteinuria and slowing down the progression of
CKD [2-4].

Significant steps in this direction were made by
introducing angiotensin-converting enzyme inhibi-
tors (ACEIs) in 1993 and angiotensin receptor blockers
(ARBs) in 2001, while other molecules like glycosami-
noglycans (GAGs), despite promising data in experi-
mental studies, are still gathering evidence of clinical
applicability [5].

Iryna Mykhaloiko
iralisn@gmail.com

One of the pathogenic mechanisms leading to
proteinuria in GN involves an alteration in heparin sul-
fate expression in the glomerular basement membrane
(GBM). Heparin sulfate is a member of the family of
GAGs that is generally bound to a core protein to form
a proteoglycan [6]. Alterations in heparin sulfate ex-
pression in the GBM had been reported in many pro-
teinuric renal diseases which include diabetic nephrop-
athy, minimal change nephropathy, and membranous
GN [7]. The decrease of heparin sulfate content causes
a reduction in the permselectivity to negatively charged
macromolecules such as albumin thus allowing protein
to leak into the urinary space [8].

Sulodexide (SDX) belongs to a class of GAGs. Ex-
perimental and clinical studies identified several mech-
anisms of action of Sulodexide which can explain its
potential benefit in renal diseases [9]. Thus, SDX can
replace lost endogenous heparan sulfate and restore the
anionic charges, both at vascular endothelial and glo-
merular cell levels [10].

Restoration of heparan sulfate in mesangial cells
inhibits their proliferation, and in podocytes contrib-
utes to the restoration of GBM permeability to albu-
min [8]. At the extracellular level, SDX precludes the
extracellular matrix expansion and type III and type
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IV collagen deposition, by inhibiting of the expression
and bioactivity of transforming growth factor TGF-p1.
Also, SDX inhibits heparanase-1, preventing epitheli-
al-mesenchymal transition and renal interstitial fibrosis
induced via fibroblast growth factor-2 [11]. Most stud-
ies of the antiproteinuric effect of SDX have been car-
ried out in patients with type 1 or type 2 diabetes mel-
litus. The antiproteinuric effect of sulodexide in GN is
less well studied [12].

The present study aimed to evaluate the effective-
ness of SDX in the treatment of patients with GN.

Materials and Methods. We conducted a pro-
spective longitudinal cohort study involving 105 pa-
tients with GN admitted to the Ivano-Frankivsk Re-
gional Clinical Hospital (Ukraine) in 2021-2022.
The research was performed in accordance with in-
ternational standards for the coordinated participa-
tion of respondents, the ethical component of re-
search and biomaterial collection (WMA Declara-
tion of Helsinki — “Ethical principles for medical
research involving human subjects” and “Universal
Declaration on Bioethics and Human Rights” (UNES-
CO)). The research protocol was approved by the lo-
cal ethics committee of the Ivano-Frankivsk National
Medical University. All patients signed a written in-
formed consent to participate in the study.

Among the patients, there were 92 men (87.6 %;
95% CI 79.8-93.2) and 13 women (12.4 %; 95% CI
6.8-20.2). The average age of the patients was 46 (41;
49) years. The criteria for including patients in the
study were: age over 18 years, presence of proteinuria
0.3-3.5 g/day, glomerular filtration rate (GFR) >30 ml/
min/1.73m?. Exclusion criteria were: patient’s refusal
to participate in the study, age <18 years, proteinuria >
3.5 g/day, systemic connective tissue diseases, systemic
vasculitis, type 1 and type 2 diabetes, thromboembol-
ic and cardiovascular events in history, chronic heart
failure ITI-IV functional class (according to the NYHA
classification), information about acute infectious pro-
cesses of any etiology, oncological diseases, acute and
chronic liver failure, mental disorders.

All patients have been receiving treatment with an
ACEI or an ARB. 32 patients (30.5%; 95% CI 21.9-
40.2) received stable maintenance glucocorticosteroid
therapy (methylprednisolone 4 mg every other day).
The effectiveness of treatment was assessed by the level
of proteinuria, GFR, and D-dimers and the frequency
of thromboembolic and cardiovascular events that oc-
curred during the observation period.

The starting point of patient observation was the
date of signing the informed consent. The primary end-
point of the study was death from any cause, and sur-
rogate endpoints were the occurrence of cardiovascular
and thromboembolic events.

CKD stage 1 was diagnosed in 33 patients (31.4%;
95% CI 22.7-41.2), CKD stage 2 — in 21 patients

(20.0%; 95% CI 12.8-28.9), CKD stage 3a — in 22 pa-
tients (21.0%; 95% CI 13.6-30.0), and CKD stage 3b —
in 29 patients (27.6%; 95% CI 19.3-37.2).

In 65 patients (61.9%; 95% CI 51.9-71.2) the diag-
nosis of GN was confirmed morphologically as follows
24 patients (36.9%; 95% CI 25.3-49.8) were diagnosed
with mesangioproliferative GN, 13 patients (20.0%;
95% CI 11.1-31.8) had membranous nephropathy, 12
patients (18.5%; 95% CI 9.9-30.0) had focalsegmental
glomerulosclerosis, 10 patients (15.4%; 95% CI 7.6-
26.5) had nephropathy with minimal changes, and 6
patients (9.2%; 95% CI 3.5-19.0) was confurmed mem-
brane proliferative (mesangiocapillary) GN.

The clinical diagnosis was determined based on
standard examination methods according to the Clas-
sification of Kidney Diseases and protocols of manage-
ment of CKD patients. During the study, all patients
underwent a standard examination, which included
general clinical, biochemical and instrumental research
methods. Biochemical tests and enzyme-linked immu-
nosorbent assays (ELISAs) were performed in the labo-
ratory of Ivano-Frankivsk Regional Clinical Hospital.

The GFR was determined using a CKD-EPI cal-
culator. Daily protein excretion (DPE) was determined
by the colorimetric method (Dialab, Wiener Neudorf,
Austria).

D-dimer was determined in serum quantitative-
ly by ELISA using a set of reagents (Getein Biotech,
Nanjing, China).

STATISTICA 8 software (StatSoft, Serial
STA862D175437Q) was used for statistical analy-
sis. The frequency of qualitative indicators was pre-
sented in absolute (n) and relative (%) frequencies
with the indication of the 95% confidence interval
(CI) in the form of “n (%; 95% CI)”. When analyz-
ing quantitative data, it was necessary to determine
the nature of the distribution of indicator values
using Shapiro-Wilk’s test. For quantitative data with a
normal distribution, the results were represented as a
mean value and the standard deviation (M*=SD). For
quantitative data with an abnormal distribution, the
median and 25-75 quartiles (Me (Q25-Q75) were used.
Quantitative indicators with the normal distribution
of values in 2 independent groups were compared us-
ing the Student’s criterion. The abnormally distributed
data were compared using the Mann-Whitney test. A
comparison of 2 independent groups for the qualitative
indicator was carried out according to the exact Fisher
criterion.

Results. All patients were randomly assigned into 2
groups. Group 1 received basic therapy, and group 2 in
addition to basic therapy received SDX in oral capsules
of 250 lipasemic units equivalent to 25 mg twice daily.
The duration of treatment was 6 months.

Baseline demographics, and clinical and labora-
tory characteristics were tabulated in Table 1.
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Table 1
Baseline characteristics of the studied groups
I group (n=55) II group (n=50) p-value
/;/ig:’(ézasrfm 5) 42 (36; 48) 48 (42; 51) 0.871
e loraorg 10 (7; 14) 12 (8; 16) 0.644
lzd%ff%‘;g%"grl‘;“fera'ﬁve GN 21.8 (11.8-35.0) 24.0 (13.1-38.2) 0.812
f ;}fﬂg;fné‘ﬁtal ploreeliestoies 10.9 (4.1-22.2) 12.0 (4.5-24.3) 1.000
?;irg's’;:rg“)s GN 12.7 (5.3-24.5) 12.0 (4.5-24.3) 1.000
(C{%I\j ;Vsi;? g‘li)“imal changes 9.1 (3.0-20.0) 10.0 (3.3-21.8) 1.000
?gisggggﬁg?fi”ary(Bbq 5.5 (1.1-15.1) 6.0 (1.3-16.5) 1.000
ﬁg?ggi;‘_"(}“;g;ﬂ/ Lk 128.5(91.4;175.3) | 168.2 (125.2; 212.8) 0.433
&T?Qr;;ng% 11.4(7.8:13.3) 14.8 (11.5: 16.3) 0.642
Ve (oo arey/ T 62 (37;92) 66 (43; 94) 0.761
iiifégiféﬁz) 1832 (1123;2545) | 2242 (1987; 2624) 0.124
Ve (005055 0.98 (0.26; 1.64) | 1.23(0.45;2.15) 0.453
(T;;;agsr‘%na’)f glucocorticosteroids 29.1 (17.6- 42.9) 32.0 (19.5-46.7) 0.832
zgiﬁ;;%ﬂg?;A“:Els 58.2 (44.1-71.3) 58.0 (43.2-71.8) 1.000
Treatment of ARBs (%; 95% CI) 41.8 (28.7-55.9) 42.0 (28.2-56.8) 1.000

Abbreviations: ACEIs — angiotensin-converting enzyme inhibitors; ARBs — angiotensin receptor blockers; CI — confidence
interval; DPE — daily protein excretion; GFR — glomerular filtration rate; Me (Q25-Q75)— median and quartiles.

As shown in Table 1, there were no significant
differences in baseline demographic and clinical values

between the two groups studied.

levels in patients with GN (Table 2).

Baseline and post-treatment laboratory parameters of the studied groups

Following 6 months of treatment with low-dose
SDX, we observed a significant decrease in proteinuria

Table 2

Treatment group

Baseline | 1 month |

6 month

DPE mg/day
Me (Q25-Q75)

I group (n=55)

1832 (1123; 2545)

1343 (986; 1678)

956 (765; 1233)

p=0.125 p=0.032
p,=0.041
II group (n=50) 2242 (1987; 2624) 879 (657; 1158) 567 (356; 745)
p=0.016 p=0.001
p,=0.027
p,=0.024
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Continuation of Table 2

Treatment group Baseline | 1 month 6 month
GFR ml/min./1.73 m?
Me (Q25-Q75)
I group (n=55) 62 (37;92) 64 (39; 97) 59 (32; 89)
p=0.872 p=0.891
p,=0.845
IT group (n=50) 66 (43; 94) 69 (45; 96) 73 (50; 102)
p=0.916 p=0.652
p,=0.774
p,=0.081

D-dimer, mg/1
Me (Q25-Q75)

I group (n=55)

0.98 (0.26; 1.64)

1.12 (0.67; 1.89)

1.24 (0.78; 1.92)

p=0.647 p=0.472
p,=0.721
IT group (n=50) 1.23 (0.55; 2.15) 0.68 (0.35; 1.05) 0.45(0.21; 0.63)
p=0.027 p=0.012
p,=0.041
p,=0.018

Abbreviations: GFR — glomerular filtration rate; DPE — daily protein excretion; Me (Q25-Q75) — median and quartiles.

Note: p - reliability of the difference in indicators before treatment and 1 and 6 months after treatment;
p, - the reliability of the difference in indicators after I month and after 6 months after treatment;
p, - the reliability of the difference in indicators 6 months after treatment in the II group in

comparison with the I group.

Since GFR remained stable or even increased,
proteinuria reduction cannot be explained by altera-
tion of filtration capacity. We also noted a significant
decrease in serum D-dimers level in group 2 patients,
which may indicate the prevention of thromboem-
bolic and cardiovascular events in this population of
patients.

12 (24.0 %; 95 % CI 13.1-38.2) patients reported
at least one adverse event associated with taking SDX.
Nausea occurred in 6 patients (12.0 %; 95 % CI 4.5-
24.3), vomiting - 3 (6.0 %; 95 % CI 1.3-16.5), diarrhea
—in 33 (6.0 %; 95 % CI 1.3-16.5) patients, dizziness
—2(4.0 %; 95 % CI 0.5-13.7), skin rash — 1 (2.0%;
95% CI 0.1-10.6). The observed adverse events were
mild in severity and did not require discontinuation of
the drug.

During the observation period, we did not note
any deaths among the patients included in the study.
We noted 3 (5.5 %; 95 % CI 1.1-15.1) cases of deep
vein thrombosis of the lower extremities in patients of
Group I. In Group II, we did not note any cardiovas-
cular and thromboembolic events, however, the differ-
ence between the groups was not statistically significant
(p=0.153).

Discussion. A large number of studies advocated
the potential role of SDX as an antiproteinuric agent in
type 1 and 2 diabetes patients [6]. In the DiNAS trial,
Gambaro et al. demonstrated that a 4 months course
of oral SDX can significantly improve either micro- or
macroalbuminuria in both type 1 and type 2 diabetes

mellitus, with approximately linear dose-response.
The maximum dose (200 mg/day) produced the great-
est decrease in albuminuria. This effect persisted after
the cessation of the treatment [8]. More recently, the
DAVET study presented evidence for the efficacy of
low-dose 50 mg/day SDX, which was able to induce a
significant reduction in albuminuria when continued
therapy over 12 months [6].

Nowadays, few studies have described the use of
SDX in non-diabetic nephropathies with conflicting
results. On the one hand, Rozita et al. reported a sig-
nificant response after 3 and 6 months of SDX as rescue
therapy in patients with chronic GN unresponsive to
conventional therapies [12]. On the other hand, Bang
et al. did not find a significant difference between pla-
cebo vs SDX 75 mg/day and 150 mg/day administered
in patients with IgA nephropathy, although the highest
dose significantly reduced proteinuria [7].

SDX apparently alters glomerular permeability and
effectively reduces proteinuria by a non-blood pressure,
non-renin angiotensin aldosterone system (RAAS) re-
lated mechanism [13]. As a result, SDX could add to
the therapeutic options for GN patients who fail to
respond to RAAS inhibition. Moreover, it may fur-
ther reduce proteinuria in patients who show a partial
response to RAAS inhibition. Such additive effects are
very important.

In addition, a decrease in the level of D-dimers,
such as a biological marker of hypercoagulation, may
indicate the prevention of thromboembolic and car-
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diovascular events, the risk of which is increased in the
population of patients with CKD [14]. However, this
hypothesis needs further research.

Limitations. The sample size presented in the study
is small, of course, more participants and long-term
clinical trials are needed for more valid conclusions.

Conclusions. The additional use of SDX in
patients with GN statistically significantly reduced pro-
teinuria levels preventing CKD progression rate.

Conflict of interest statement: the authors de-
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