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FEATURES OF L-ARGININE-CITRULLINE
CYCLE FUNCTIONING IN PATIENTS WITH
MULTIPLE MYELOMA WITH CONCOMITANT
CORONARY HEART DISEASE

Background. Disorders of the L-arginine-citrulline cycle affect the functioning of the cardiovascular system. Cancer-
induced augmentation of arginase activity stimulates the biotransformation of L-arginine to form polyamines, which
causes NO deficiency and increases the risk of endothelial dysfunction in the category of high-risk patients for develo-
ping cytostatic-induced cardiotoxicity. The aim was to investigate features of L-arginine-citrulline cycle functioning in
patients with multiple myeloma (MM) and concomitant coronary artery disease (CAD) during chemotherapy (CT).
Materials and Methods. 42 patients with MM progression were examined and divided into 2 groups: group I (n = 20) —
patients without CAD and group II (n = 22) — patients with CAD. The concentrations of L-arginine and citrulline and
the activity of arginase in the blood serum of the patients were measured before and after the 1st and 5th courses of
chemotherapy. Results. Before chemotherapy, in patients of both groups, the blood serum level of L-arginine decreased,
while the activity of arginase and the level of citrulline increased compared to healthy individuals. In patients of group
I1, the level of citrulline was higher than in patients of group I. After the 5th course of chemotherapy, L-arginine content
in patients of both groups increased and citrulline levels decreased compared to the initial examination. Conclusions.
The progression of MM was accompanied by a decrease in the blood serum content of L-arginine along with an increase
in the arginase activity in the blood serum compared to practically healthy individuals. An increase in the cumulative
dose of cytostatics during CT in the MM patients with concomitant CAD led to a decrease in the content of L-arginine
in the blood serum with a simultaneous increase in the content of citrulline compared to corresponding levels in MM
patients without concomitant CAD.

Keywords: nitric oxide, NO synthase, L-arginine, lipid peroxidation, multiple myeloma, coronary artery disease,
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Disorders of the L-arginine-citrulline cycle affect | tially essential amino acid in adults, which is in-
the functioning of the cardiovascular system | volved in the synthesis of nitric oxide (NO), poly-
(CVS) and play an important role in the pathogen- | amines, creatine, and amino acids and the ammo-
esis of coronary heart disease (CHD) [1]. Arginine | nia neutralization in the urea cycle. The main
is an essential amino acid in children, and a par- | sources of arginine in the human body are food,
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protein metabolism, and the endogenous synthesis
in the small intestine and kidneys. Arginine is syn-
thesized from ornithine, which in turn is produced
by glutamate [2—4]

It should be noted that it is the oxidation of L-
arginine that produces NO and citrulline, the lat-
ter of which can again act as a substrate for the
resynthesis of L-arginine. This sequence of reac-
tions forms the arginine-citrulline cycle. NO syn-
thesis is regulated by NO synthases, which cata-
lyze the formation of NO from L-arginine. The
place of NO formation depends on the type and
location of the NO synthase. Three main isoforms
of this enzyme have been described in the litera-
ture: neuronal NO synthase (nNOS) expressed in
neurons, skeletal muscle, and pancreas, endothe-
lial NO synthase (eNOS) expressed in endothelial
cells, and inducible NO synthase (iNOS), ex-
pressed in macrophages [5]. Therefore, the activa-
tion of macrophages leads to the hyperproduction
of iNOS with the potentiation of the aggressive
free radical generation. This mechanism may be
protective, but it is considered the leading one in
the damage of organs and systems in the setting
of oncohematological diseases and under the in-
fluence of cytostatic drugs [5—8].

Simultaneously, NO is the key endothelial va-
sodilation agent. Therefore, L-arginine as a sub-
strate for NO synthesis plays an important role in
endothelial protection [3, 9]. In cancer, activation
of iNOS and lipid peroxidation processes is ob-
served, which is accompanied by depletion of
L-arginine stores [10].

L-arginine preparations are widely used in clini-
cal practice to reduce the severity of endothelial
dysfunction, mainly in the setting of cardiovascular
disease (CVD). Thus, according to Zharinova et
al. [11], the addition of L-arginine to standard ther-
apy in patients with coronary artery disease (CAD)
leads to an improvement in NO synthesis in the
endothelium and a significant decrease in the titer
of autoantibodies to eNOS, which contributed to
a significant improvement in the functional state of
the endothelium and a decrease in platelet aggrega-
tion and an increase in the volumetric blood flow
rate in tissues. At the same time, the use of L-argi-
nine in patients with acute leukemia during the ad-
ministration of chemotherapy (CT) reduces the
risk of cytostatic-induced cardiotoxic effects and
improves the quality of life of patients [12].
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Another important pathway for the metabolic
transformation of L-arginine is the arginase path-
way. Arginase catalyzes the biotransformation of
L-arginine to form polyamines including putres-
cine, spermidine, and spermine. From a clinical
point of view, it is important that arginase deter-
mines the availability of L-arginine for the synthe-
sis of NO, amino acids, and polyamines. Animal
experiments have shown that NO synthase com-
petes with arginase for L-arginine. In other words,
NOS directs the catabolism of L-arginine toward
the formation of NO, the main vasodilator, while
arginase stimulates the biotransformation of L-ar-
ginine to form polyamines. Polyamines, in turn,
act as regulators of cell growth and proliferation.
In tumor cells, arginase activity increases tenfold,
causing acceleration of L-arginine catabolism with
the formation of stimulating polyamines, which
causes NO deficiency and endothelial dysfunc-
tion [2, 3, 9].

According to Matsuzaki et al. [13], patients with
multiple myeloma (MM) have abnormalities in the
amino acid balance of blood plasma with a signifi-
cant decrease in the levels of histidine and L-argi-
nine. Thus, patients with MM progression have an
increased risk of endothelial dysfunction. The like-
lihood of severe endothelial dysfunction increases
significantly in patients with concomitant CVS dis-
eases, primarily CAD. According to current data,
low levels of L-arginine may also reduce the effec-
tiveness of bortezomib-containing CT regimens by
protecting tumor cells from the cytotoxic effects of
proteasome inhibitors [14].

Thus, the study of L-arginine-citrulline cycle pa-
rameters in patients with MM is of particular im-
portance for the prediction of cytostatic-induced
cardiotoxicity, especially in the presence of con-
comitant CAD.

The aim of our study was to investigate the fea-
tures of the L-arginine-citrulline cycle in patients
with multiple myeloma and concomitant coronary
artery disease during chemotherapy.

Materials and Methods

The study examined 42 patients with MM progres-
sion who were treated in the Hematology depart-
ment of the Poltava Regional Clinical Hospital
named after M.V. Sklifosovsky from 2021 to 2023.
The ratio of men to women was 50%/50%, and the
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average age was 62.05 = 9.75 years. All patients
were diagnosed with MM by the standards for the
management of oncohematological patients with
MM in accordance with Order of the Ministry of
Health of Ukraine dated 02.11.2015 No. 710 [15]
and the clinical guidelines of the European Society
for Medical Oncology [16]. The study included pa-
tients whose general condition according to ECOG
corresponded to I—1II, according to the Karnowski
index of 60%—80%.

In 22 (52.4%) patients, the concomitant CHD
was detected as stable angina pectoris of FC I—II.
The diagnosis of CHD was confirmed in accor-
dance with the order of the Ministry of Health of
Ukraine dated December 23, 2021 No. 2857 [17].

All patients were divided into group I (n =20) —
MM patients without concomitant diseases of CVS
and group II (n = 22) — MM patients with con-
comitant CAD.

The control group consisted of 20 practically
healthy individuals with an average age of 25 +
* 1.6 years.

According to the Durie and Salmon (1975) clas-
sification, in group I, stage IIA was detected in 3
(15%) patients, stage IIl in 11 (55%), and stage IITA
in 6 (30%) patients. In group II, stage IIIA was in
19 (86.4%) and stage IIIA in 3 (13.6%) patients.

All patients with MM progression were pre-
scribed bortezomib-containing chemotherapy reg-
imens: VRD (bortezomib, lenalidomide, dexa-
methasone), VD (bortezomib, dexamethasone),
VCD (bortezomib, cyclophosphamide, dexametha-
sone), VTD (bortezomib, thalidomide, dexametha-
sone), and VMP (bortezomib, melphalan, predni-
sone). In group I, 17 (85%) patients received the

VRD regimen, 1 (5%) VCD, 1 (5%) VTD, and 1
(5%) VD. In group 1II, 14 (63.7%) patients received
the VRD regimen, 3 (13.6%) received VD, 3
(13.6%) received VMP, and 2 (9.1%) received VCD.

Patients of both groups were examined 4 times:
before and after the 1st and 5th courses of chemo-
therapy. The concentration of L-arginine in the
blood serum was determined by the Sakaguchi reac-
tion [18], and the activity of arginase in the blood
serum by the method of Khramov, which is a modi-
fied method of Chinard [19]. The concentration of
citrulline in the blood serum was studied using the
method of Boyde and Rahmatullah [20]. The deter-
mination of the concentrations of L-arginine and ci-
trulline and the activity of arginase in the blood se-
rum was done using a PV1251 spectrophotometer.

The statistical processing of the results was per-
formed using the statistical program GraphPad
Prism version 8.0.1 (GraphPad Software, Inc.,
USA), which allows for parametric and nonpara-
metric statistical analysis. In the case of normal dis-
tribution of data, the results were presented as
M + SD. The reliability of differences was calcu-
lated using Student’s ¢-test. In the case of a distribu-
tion that differed from the normal one, results were
presented as median (X) and interquartile range
(IQR), and the paired nonparametric methods of
Wilcoxon and Mann —Whitney rank tests were
used. Differences at p < 0.05 were considered sta-
tistically significant [21].

Results

Before the start of chemotherapy, the level of L-
arginine in blood serum in patients of groups I

Main indicators of the L-arginine-citrulline cycle components during the initial examination (X; IQR)

Indicator

Group I (n = 20)

Group II (n = 22)

Practically healthy individuals (n = 20)

L-arginine, pmol/L
p

Arginase, mmol/L/min

P
Citrulline, pmol/L

P

48.24; 36.54—58.87
1< 0.0001
8.75; 8.22—9.2
P3<0.0001
167.9;151.3—183.5
ps<0.0001

40.58; 37.54—49.9
py=031
9.19;8.32—10.4
py=0.12
277.15229.3—334.6
P < 0.0001

95.07; 82.15—104.9

3.3;0.99—4.18

54.11; 49.08—64.49

Notes: p;, — L-arginine levels in patients of groups I and II compared to healthy individuals; p, — comparison
between L-arginine levels in patients of groups I and II, p; — arginase activity levels in patients of groups I and
IT compared to healthy individuals, p, — comparison between arginase activity levels in patients of groups I and
II, ps — citrulline levels in patients of groups I and II compared to healthy individuals, p; — comparison between

citrulline levels in patients of groups I and II.
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Changes in the L-arginine-cirtulline cycle components in the blood serum of patients with MM during CT

and II decreased by 2 (p, < 0.0001) and 2.1 (p, <
<0.0001) times compared to the practically healthy
individuals (Table) with no difference between the
groups (p, = 0.31). The activity of arginase in pa-
tients of groups I and II increased by 2.9 (p; <
<0.0001) and 3.25 (p5 < 0.0001) times, respective-
ly, compared to the practically healthy individuals
(Table) with no difference between the groups (p, =
=0.12). Thus, it can be assumed that the increase
in the arginase activity with a predominance of
L-arginine biotransformation with the formation
of polyamines is primarily influenced by the pro-
gression of MM. At the same time, the level of se-
rum citrulline in patients of groups I and II was
2.9 times (p5< 0.0001) and 3.8 times (p5 < 0.0001)
higher than normal, respectively (Table). In pa-
tients of group II (MM + CAD), the level of ci-
trulline was 1.7 times higher (ps < 0.0001) than in
patients of group I indicating the presence of en-
dothelial dysfunction in patients with the con-
comitant CAD.

In patients of groups I and II, the level of L-ar-
ginine after the first course of CT decreased by 1.1
(p =0.01) and 1.07 (p = 0.02) times, respectively,
without a significant difference between the
groups, indicating its increased consumption dur-
ing the administration of cytostatics. It should be
noted that before the 5th course of CT in patients
of groups I and II, the level of L-arginine increased
by 1.7 (p < 0.0001) and 1.4 (p < 0.0001) times, re-
spectively, compared to the initial examination
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(Figure). At the same time, in patients with con-
comitant CAD, the level of serum L-arginine de-
creased by 1.3 (p < 0.0001) times compared to pa-
tients without concomitant CVD (Figure). Similar
dynamics of changes in the L-arginine content in
patients of groups I and II was observed after the
5th course of CT: the level of L-arginine increased
by 1.7 times (p < 0.0001) and 1.4 times (p <
< 0.0001), respectively, compared to the initial ex-
amination values. The level of L-arginine in pa-
tients with concomitant CAD was 1.3 (p < 0.0001)
times lower than in patients with MM without
concomitant CVD (Figure).

At the same time, in patients of groups I and II,
arginase activity progressively decreased along
with the administration of cytostatic drugs. Thus,
arginase activity decreased by 1.2 and 1.2 times
after the first CT course, by 1.3 and 1.4 times be-
fore the 5™ course, and by 1.6 and 1.6 times after
the 5™ course as compared to the initial examina-
tion (Figure) without significant difference be-
tween the groups.

In patients of groups I and II, the level of citrul-
line after the first course of CT insignificantly in-
creased by 1.05 times and 1.13 times, respectively,
compared to the initial examination, indicating
an increase in lipid peroxidation (LPO) activity
with the participation of iNOS. At the same time,
in patients of group II, the level of citrulline was
1.8 times higher (p < 0.0001) compared to pat-
ients of group I. In patients of groups I and II, the
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level of citrulline before the 5% course of CT de-
creased by 1.3 times (p < 0.0001) and 1.4 times
(p =0.0002), respectively, compared to the initial
examination and was 1.5 times higher in patients
of group II (p < 0.0001) compared to patients of
group L. After the 5% course of CT, citrulline lev-
els decreased by 1.2 times (p < 0.0001) and (p =
=0.004) in patients of groups I and II, respectively,
compared to the initial examination values. At the
same time, in patients of group II, citrulline levels
were 1.6 times (p < 0.0001) higher than in patients
of group I, which indirectly indicates the predomi-
nance of intensification of LPO in patients with
MM + CAD in the dynamics of CT (Figure).

Discussion

The study found that MM progression is accom-
panied by changes in the L-arginine-citrulline cy-
cle, which were represented by a decrease in the
content of L-arginine in the blood serum along
with a simultaneous increase in the arginase ac-
tivity. These changes represent a cancer-related
pathway of L-arginine metabolism, which leads to
an increase in the synthesis of polyamines [2, 5]
Our data are in accordance with the data of other
authors [22, 23]. By the obtained data, a decrease
in the concentration of L-arginine in the serum of
MM patients with high cardiovascular risk may
be the cause of eNOS deficiency and the forma-
tion of cytostatic-induced cardiotoxicity during
the accumulation of a cumulative dose of cyto-
static drugs. In addition, according to experimen-
tal studies [14], low levels of L-arginine can affect
the progression of MM and play a protective role
for tumor cells, thereby reducing the effectiveness
of CT, in particular proteasome inhibitors [14].
At the same time, the progression of oncohema-
tological diseases, including MM, is accompanied
by an increase in macrophage activity, which
causes the hyperproduction of iNOS [5—7]. Du-
ring the initial examination before the appoint-
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B. Ocmposcvkuii, 1. Ckpunnuxk, I. Macnosa, O. Illanownux
[NonTaBchKuil fepKaBHMUIT MeIMYHMIT YHiBepcuTeT, IlonTaBa, Ykpaina

OCOBIMBOCTI ®YHKIIOHYBAHHA L-APTTHIH-IMTPYJIIHOBOTO
OUKITY ¥V XBOPMX HA MHOXVMHHY MIEJIOMY 13 CYITYTHBOIO
IIMEMIYHOIO XBOPOBOIO CEPLIA

CraH nutanHs. [lopymenHa L-apriHiH-nuTpy/IiHOBOTO UK/ITy BIUIMBA€E Ha GYHKIIOHYBaHHS CepLeBO-CYUHHOL CIi-
cremu. 361/IbIIeHHsT aKTUBHOCTI apriHasy, 110 BUHUKAE Ha (POHI OHKOMATO/IOTI, 3yMOBJIIOE IIPUCKOPEHHS KaTabosrismy
L-apriHiHy 3 yTBOpeHHAM CTUMY/IOIOYMX MO/IiaMiHiB, 1o BukmuKae fiedinnt NO Ta 36i1blirye pU3UK PO3BUTKY €HJI0-
TenmianpHOI AUCHYHKII Y IaI[ieHTiB BICOKOTO PU3NUKY I[OJO POSBUTKY KapAiOTOKCUYHOCTI, IHAYKOBAHOI IIUTOCTATHKA-
M. Meta. Jocmigutu oco6mmBocTi QyHKIiOHYBaHHA L-apriHiH-UTPYIiHOrO NVUKITY Y XBOPKX HAa MHOXXIHHY Mi€TOMY
i3 cynyTHDBOIO illeMiuHOI0 XBOPOOOI0 ceplis B fuHaMili XimioTeparii. MaTepianu ta MmeTogu. O6cTexxeHo 42 marjieHTa
i3 mporpecieto MEHOXVHHOI Mieomu. Y 22 (52,4%) malieHTiB BUAB/ICHO CYIIYTHIO illleMiuHy XBOpOOY cepLis. Y 3ajex-
HOCTI BiJj HAABHOCTI CYIIyTHBOI illleMi4HOI XBOpOOM ceplid marjienTu 6ynmu posnogineHi Ha rpymu: I rpyma (n = 20) —
XBOpi Ha MHOXKVMHHY Mi€sloMy 6e3 CyIyTHIX 3aXBOPIOBaHb ceplieBO-CyinHHOI cuctemu ta Il rpyma (n = 22) — xBopi
Ha MHOXKIHHY MI€OMY i3 CYIyTHBOI iIIeMi4HOI0 XBOPO60I0 cepiist. XBOpKX 000X IPYI 0OCTEXeHO 4 pasu: meper
IIOYaTKOM Ta IIiC/IA 3aBepIIeHH:A 1-T0 Ta 5-ro KypciB XiMioTepamii. JJocmimpKyBanyu KOHLeHTpalio L-aprininy, qurpy-
JHY Ta aKTUBHICTD apriHasy B cupoBartii Kposi. Pesynpraru. Ilepen moyaTkom ximioTeparmii B marjieHTiB 060X rpyn
BMicT L-aprininy B cupoBaTii KpoBi 6yB JOCTOBIPHO HIDKYMM, a BMICT IMUTPOJIIHY i aKTUBHICTD apriHasy BULIVIMI,
HiX y 370poBux mofieit. Y narnientis I rpynu BmicT nutpyniny 6yB Bummm, HiX y nanienris I rpymm. ITicna 5-ro kypcy
ximioTepamii y manieHTiB 060X rpym BMIcT L-aprininy B cupoBarii KpoBi HiBUIIYBaBCsA, @ BMICT UUTPY/IiHY — 3HHU-
JKYBaBCs B IIOPIiBHAHHI 3 IepBUHHUM 00CTe>XXeHHAM. BucHoBkm. IIporpecis MHOXXMHHOI Mi€oMu CynpoBOIKyBaa-
CSl 3HVDKEHHAM BMIiCTy L-aprininy i mifiBUIeHHAM aKTMBHOCTI apriHasy B CMPOBATLi KPOBi NOPiBHAHO 3 MPAKTUYHO
3gopoBuMn ocobamu. [ligBuieHHs KYMYIATUBHOL ;O3 IUTOCTATUKIB BIPOJOBX 5 KYPCiB Y XBOPUX Ha MHOXUHHY
Mi€/IOMY i3 CYyIyTHBOIO ilIeMiYHOI0 XBOPOOOIO Ceplist MPUBOAUTH 0 3HIDKEHHsI BMICTY L-aprininy B cupoBarii Kposi
3 OJHOYACHVIM 3POCTAHHSM BMICTY UUTPY/IiHY Y IIOPiBHIHHI 3 XBOPUMM MHOXKVMHHY Mi€/1oMy 6€3 CyImy THBOI ilteMigHol
XBOpPOOU ceprs.

Kmouosi cnosa: oxcup asory, NO cuHTa3a, L-aprinin, MHOKMHHA Mi€noMa, illeMigHa XBopo6a ceplid, aprinasa.
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