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Abstract

Background: The development of alcohol dependence syndrome is accompanied by disturbances of neuroplasticity in neural circuits,
the imbalance of neurotransmitter metabolism and immune and hormonal statuses in the central nervous system, which are reflected
in changes in peripheral markers. Therefore, determining neuropeptide levels in body fluids is a potentially promising strategy for lab-
oratory monitoring of substance use.

Objective: To determine characteristics of changes in oral fluid and serum levels of protein markers and hormones in patients with
alcohol dependence syndrome during rehabilitation.

Materials and methods: We formed 2 groups of male participants: a control group of apparently healthy volunteers (n=30) and
a group of patients with alcohol dependence syndrome, which was similar in size, age, and gender (20-40 years) to the controls. At the
time of admission to the rehabilitation program and 3 months later, serum and oral fluid samples were collected. We used an enzyme-
linked immunosorbent assay to determine levels of brain-derived neurotrophic factor (BDNF), glial cell line—derived neurotrophic
factor, neuropeptide Y, orexin, pituitary adenylate cyclase-activating peptide, corticotropin, and cortisol in the body fluids.

Results: Laboratory findings revealed that it is possible to determine neuropeptides and hormones in the oral fluid. The wide vari-
ability of findings in the oral fluid and no statistically significant correlation with corresponding serum levels were characteristic of the
most protein markers. Only the BDNF levels were statistically significantly reduced (3.2-fold decrease) in both the serum and oral
fluid. Analysis of the serum and oral fluid BDNF and cortisol levels revealed a moderate correlation (#=0.51, P=.0189).
Conclusions: For laboratory monitoring of alcohol dependence syndrome, it is possible to determine oral fluid BDNF, which, like
cortisol, has demonstrated a statistically significant moderate correlation between the serum and oral fluid levels.
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Peztome

AKTyaJbHOCTh: Pa3BuTne CHHIpOMA 3aBUCHMOCTH CONTPOBOXKIACTCS HAPYIICHUSMHU HEHPOIIIACTUYHOCTH B HEHPOHHBIX LETISIX, AUC-
0alaHCOM HEHPOMEIMaTOPHOTO 0OMEHA, MMMYHHOTO U TOPMOHAJILHOTO CTaTyCOB B LIEHTPAJIbHOW HEPBHOW CHUCTEME, KOTOPBIE OTpa-
JKAIOTCSl B U3MEHEHUH Tepr(epruuecKux MapkepoB. B CBsi3u ¢ ATUM ompelielieHie HeWPONeNnTHIO0B B OHOIOTHYECKIX HKHUIKOCTSIX —
MMOTEHIIMATBHO MTEPCIIEKTHBHAS CTPaTEeTHsl JIAOOPAaTOPHOTO MOHHTOPHHTA HAPKOIIATOJIOTHH.
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Heanb: Onpenenenue XxapakTepHbIX 0COOCHHOCTEH N3MEHEHHUH OEIKOBBIX MapKEPOB U TOPMOHOB B POTOBOI! KMKOCTH M CBIBOPOTKE
KPOBH OOJIBHBIX C CHHAPOMOM aJIKOTOJIEHOI 3aBUCHMOCTH Ha 3Tare peabuInTalyu.

MarepuaJbl 1 MeToAbI: boutn chopMupoBaHbI 2 TPYIITBI UCIIBITYEMBIX JIMI] MY>KCKOTO T10J1a: KOHTPOJIbHAS IPYIIa — NPAKTHYECKU
310poBEIe J0OpoBObIE! (n=30) — M aHAJOTWYHAS MO pa3Mepy W moioBo3pacTHEIM (20—40 1eT) xapakTepucTHKaM BTOpas TpyIia
OOJIBLHBIX C CHHAPOMOM 3aBHCUMOCTH OT ajikoroiisi. Ha aTane nocTymiieHust Ha peabMIMTaluIo, a TAKXKE CITyCTs 3 MEC. OCYILIECCTRIIS-
JIM B3SITUE CBIBOPOTKH KPOBHU M POTOBOM xuAKOCTH. B Onoxkuakoctsx merogom UDA omnpenensiiu conepxkanue mozrosoro (BDNF)
n mmansHoro (GDNF) ueiiporpodunoB, Heiiponentiaa Y, OpeKCHHA, MENTHIA, aKTUBHPYIOLIETO aJeHUJIATIMKIA3Y runodusa
(PACAP), AKTI" u xopTH3omna.

Pe3yibrarhl: AHAN3 pe3yNIbTaTOB J1a00PATOPHBIX UCCIIETOBAHUN MOKa3aJl IPHHIUITHATBHYEO BO3MOKHOCTb ONPEACIICHHS B POTOBO
JKUJKOCTH HEUPONENTHI0B 1 TOPMOHOB. OCOOCHHOCTHIO OOJIBIIMHCTBA BBIICTIEPEUUCICHHBIX OCIKOBBIX MapKepoOB OblIa IIUPOKas
BapualesIbHOCTh PE3YyJIbTaTOB B POTOBOW MHIAKOCTH M OTCYTCTBHE CTAaTHCTMYECKU 3HAYMMOMN KOPPEJALUH C CBIBOPOTOYHBIM COZIEP-
JKaHUEM COOTBETCTBYIOIHMX OesikoB. Tosbko kKoHueHTpalust BDNF Obuta craTuCTHYeCKH 3HAYUMO CHIDKEHa B 3,2 pa3a M B CHIBOPOTKE
KPOBH, U B CMEIIaHHOM citoHe. [Ipn 3TOM aHamM3 ChIBOPOTOYHOTO M canuBapHoro cozpepxkanus BDNF, Takxke, Kak U kopTu30Ia, 10-
Ka3aj Hajau4uue koppessun cpeaaeit cunsl (1=0,51, p=0,0189).

3akJiouenue: /1151 1a00paTOPHOrO MOHUTOPHHIA CHHIIPOMA AJIKOTOJIBHON 3aBUCMMOCTH BO3MOXKHO OIPEJIENICHHE B POTOBOIT HKUAKO-
cru BDNF, koTopblii, Kak ¥ KOPTH30:1, NOKa3aJl HATMYME CTAaTUCTUYECKU 3HAYMMOM KOPPEISIIUU CPEHEI CHUIIBI MEXTY ChIBOPOTOU-
HBIM U CAJIMBAPHBIM COZIEPKAHUEM.

Knrwouesvle cnosa: ciHIpOM 3aBUCHMOCTH, aJIKOTOJIb, HEHPOIIENTH B!, CBIBOPOTKA KPOBH, POTOBAs! KUIKOCTh, HEHPOTPO(DHUHBI
Iumupoeamys: Epmaxosa I A., beikoB .M., IToroB K.A. u gp. Conep:kanne 0ENKOBBIX MApKEPOB U TOPMOHOB B CBIBOPOTKE KPOBU
U POTOBOM JKUIKOCTH Y OOJBHBIX C CHHAPOMOM aJKOTOJBHOM 3aBUCHUMOCTH. Mnnosayuonnas meouyuna Kyoanu. 2024;9(4):38—43.
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Introduction

Psychoactive substance use is a serious, multifaceted,
and recurring public health issue worldwide, which has
significant social and economic consequences.'? One of
the fundamental problems in psychiatry and narcology
is the fallibility of the diagnostic process due to a large
share of subjective methods. Practicing narcologists come
across such problem less frequently because the very fact
of psychoactive substance use is revealed by chemical and
toxicological analysis of body fluids and in some cases
hair or nails. However, direct or indirect markers of psy-
choactive substance use do not allow to assess patients’
psychophysical state, normalization of which is stated as
the only criterion for successful rehabilitation in modern
clinical guidelines.? It is known that the development of
alcohol dependence syndrome is accompanied by distur-
bances of neuroplasticity in neural circuits, the imbalance
of neurotransmitter metabolism and immune and hormon-
al statuses in the central nervous system.* In addition to
data, indicating brain tissue changes in the expression and
concentration of such biomarkers as brain-derived neuro-
trophic factor (BDNF), glial cell line—derived neurotroph-
ic factor (GDNF), neuropeptide Y (NPY), orexin, and
pituitary adenylate cyclase-activating peptide (PACAP),
there are some data on the possibility and prospects of
determining their serum levels for laboratory monitoring
of chemical addictions. Thus, measuring serum BDNF
levels is a valuable diagnostic strategy for predicting re-
lapse, determining withdrawal severity at different stages,
and assessing treatment adherence and rehabilitation in
people with substance use disorders.>”’

An even more complex and less studied issue is a di-
agnostic value of determining changes in oral fluid lev-
els of the above-mentioned peptide markers. Neverthe-
less, oral fluid garners significant interest, owing to both
the noninvasive nature of its collection and analysis and

available positive data regarding the correlation of some
laboratory analytes between blood and saliva, including
cortisol levels. The disadvantages of oral fluid include the
low concentration of the metabolites in question and wide
variability of findings due to the influence of both exter-
nal factors and oral cavity tissues.®” Unifying biomaterial
sampling and using highly sensitive analytical methods
can partially overcome these obstacles.

This study analyzed changes in serum and oral fluid
levels of protein markers (BDNF, GDNF, NPY, orexin,
and PACAP) and hormones (cortisol and corticotro-
pin [ACTH]) in patients with alcohol dependence syn-
drome during rehabilitation. We specifically selected cor-
tisol, blood and salivary levels of which correlate well,
and BDNF, serum level of which correlates well with the
use of psychoactive substances, including ethanol.!® Thus,
we selected a set of markers, which included standard
well-known markers with well-predictable changes and
new promising markers that may be potentially useful for
developing informative algorithms for laboratory moni-
toring of substance use.

The study aimed to determine characteristics of chang-
es in oral fluid and serum levels of protein markers and
hormones in patients with alcohol dependence syndrome
during rehabilitation.

Methods

The study participants were divided into 2 groups.
The control group (group 1, n=20) included apparently
healthy men aged 20-40 years. The absence of somat-
ic and mental disorders was confirmed during health
screening and medical examinations at the Narcological
Dispensary of the Ministry of Health of the Krasnodar
Region (Krasnodar, Russian Federation). Group 2 com-
prised male patients aged 20-40 years (n=30) with
F10.252 diagnosis “Dependence syndrome due to use of

39


https://doi.org/10.35401/2541-9897-2024-9-4-38-43

VIHHOBaLOHHas MegunumHa KybaHu. 2024;9(4):38-43 / Innovative Medicine of Kuban. 2024;9(4):38-43

alcohol, stage 2, regular consumption” who underwent
outpatient treatment and rehabilitation at the Narcologi-
cal Dispensary.

This observational study was approved by the indepen-
dent ethics committee of Kuban State Medical University
(Krasnodar, Russian Federation) (protocol No. 96 dated
January 29, 2021) and conducted in accordance with the
World Medical Association Declaration of Helsinki (2013)
and the Federal Law of the Russian Federation No. 323-®3
dated November 21, 2011 “On the Fundamentals of Health
Protection of Citizens in the Russian Federation.”

At the time of admission to the rehabilitation program
and 3 months later, venous blood samples (7-8 mL) were
collected from the cubital vein into test tubes with clot
activator to obtain serum. At the same time, oral fluid
samples were collected by the spitting method (unstimu-
lated saliva). Saliva was collected in clean dry containers
in the morning after preliminary preparation of the pa-
tients (brushing teeth and thoroughly rinsing the mouth
with boiled water one hour before the procedure). The pa-
tients were instructed to refrain from eating, drinking, and
smoking during that time. Sampled oral fluid was centri-
fuged at 1000g for 20 minutes, and the supernatant was
collected for further studies. The body fluid samples were
frozen immediately after collection and stored at —800 °C
for no more than 2 months before laboratory studies.

We determined the following markers (Cloud-Clone
Corp, China; product numbers of corresponding enzyme-
linked immunosorbent assay [ELISA] kits are provided
in parentheses) in serum and oral fluid by enzyme immu-
noassay: BDNF (SEAO011Hu), GDNF (SEA043Hu), NPY
(CEA879Hu), orexin (CEA346Hu), PACAP (CEB347Hu),

cortisol (CEA462Ge), and ACTH (CEA836Hu). The opti-
cal density analysis of wells in the microplate format was
performed using the FLUOstar Omega multimode micro-
plate reader (BMG Labtech, Germany).

Statistical data were processed using StatPlus, ver-
sion 7 (AnalystSoft Inc, USA). The distribution of the
data was assessed using the Shapiro-Wilk test. The non-
parametric Mann-Whitney test was used to check the
equality of the medians between the 2 study groups. The
Spearman correlation coefficient was used to assess the
relationship between the serum and oral fluid levels. Dif-
ferences between the groups were considered significant
at P<.05. The data in the tables are presented as medians
and interquartile ranges.

Results and Discussion

Determination of the baseline levels at the rehabilita-
tion start reasonably coincided with the discharge from
the hospital where the patients underwent detoxification
and stabilization. This resulted in relatively mild labora-
tory changes compared with the levels of the correspond-
ing analytes in the controls. The patients with alcohol
dependence syndrome were observed to have low serum
BDNF and ACTH levels but increased GDNF concentra-
tions (Table 1). Thus, compared with those in the controls,
serum BDNF and ACTH levels in group 2 were 3.2- and
4.1-fold lower, respectively. Under the same conditions,
at the initial stage of the rehabilitation, serum GDNF
levels in the patients with alcohol dependence syndrome
were increased by 36% compared with the controls. The
rest of the analytes in the serum did not significantly differ
from the values of the similar markers in group 1.

Table 1

Serum and oral fluid levels of some markers in patients with alcohol dependence syndrome

at the rehabilitation start (Median [IQR])
Taonuuya 1

Coaep:xaHue HEKOTOPBIX MAPKEPOB B CHIBOPOTKE KPOBU M POTOBOIi sKUIKOCTH 00IBHBIX
€ CHHAPOMOM aJKOT0JIbHOH 3aBHCHMOCTH B HayaJie peaduauranuu (Q1-Q3)

Study groups / body fluids

Analytes Group 1 (control) Group 2 (alcohol dependence syndrome)
Serum Serum Oral fluid
BDNF, pg/mL 3600.9 (2420.4-5050.4) 1108.5"(712.5-2133.9) 68.4 (58.2-81.6)
GDNF, ng/mL 0.84 (0.71-0.94) 1.14% (1.07-1.26) 0.16 (0.16-0.22)
NPY, pg/mL 88.8 (76.4-92.5) 72.8 (61.0-88.6) 39.6 (2.1-111.5)

Orexin, pg/mL 297.5 (219.4-727.5)

296.3 (181.0-495.2) 482.3 (121.4-1157.6)

PACAP, pg/mL 91.4 (77.5-124.3)

102.5 (81.4-119.5) 132.6 (103.1-186.6)

Cortisol, ng/mL 117.4 (106.4-126.5)

119.1 (110.5-128.7) 12.0 (9.7-15.4)

ACTH, pg/mL 37.0 (16.9-45.3)

9.0° (5.5-13.3) 720.8 (446.6-818.8)

Note: *, statistically significant differences when compared with a similar marker in the control group

HpuM * — CTATUCTHYECKU 3HAYNMBIE pa3anius nNpru CpaBHCHUN CO 3HAUYCHUCM aHAJIOTMYHOI0 MapKepa KOHTpOHLHOﬁ TpynIibl
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Table 2

Serum and oral fluid levels of some markers in patients with alcohol dependence syndrome

3 months after the rehabilitation start (Median [IQR])
Tabnuua 2

Conep:kaHue HEKOTOPHIX MAPKEPOB B CHIBOPOTKE KPOBH U POTOBO# KMIKOCTH 0OJIBLHBIX
¢ CHHJPOMOM AJIKOTOJIbHOM 3aBUCMMOCTH 4Yepe3 3 Mec. mocJie Hayaaa peaduauranun (Q1-Q3)

Study groups
Analytes Group 1 (control) Group 2 (alcohol dependence syndrome)
Serum Serum Oral fluid
BDNF, pg/mL 3600.9 (2420.4-5050.4) 1656.0" (1026.0-3606.0) 60.0 (58.3-92.7)
GDNF, ng/mL 0.84 (0.71-0.94) 1.17* (1.07-1.28) 0.17 (0.16-0.19)
NPY, pg/mL 88.8 (76.4-92.5) 74.3 (63.9-84.8) 18.6 (2.53-66.3)

Orexin, pg/mL 297.5 (219.4-727.5)

79.4" (64.5-181.0) 937.2" (717.8-1013.0)

PACAP, pg/mL 91.4 (77.5-124.3)

277.8" (187.9-310.5) 28.5"(19.8-38.3)

Cortisol, ng/mL 117.4 (106.4-126.5)

115.6 (108.3-122.3) 10.7 (8.6-13.8)

ACTH, pg/mL 37.0 (16.9-45.3)

12.0" (8.2-13.3) 639.8 (610.5-669.1)

Notes ", statistically significant differences when compared with a similar marker in the control group; ", statistically significant
differences when compared with data obtained at the rehabilitation start

Ilpum.: " — CTATUCTUYECKH 3HAYUMBIC Pa3IUMs TIPH CPABHEHHH CO 3HAYCHHEM aHATOTUYHOTO MapKepa KOHTPOIBHOW TPYIIIIbI,
" — CTATHCTUYECKH 3HAYUMBIC Pa3IHYKs IPU CPABHEHHUH C TAHHBIMH, TIOJYUICHHBIMH Ha JTare Havasia peabuiInTainu

The oral fluid levels of the analytes in the control
group were not determined by laboratory methods, so
they cannot be correlated with any reference or normal
values. Nevertheless, we conducted a correlation analysis
between the serum and oral fluid analytes and were able
to compare some markers with literature data. Salivary
cortisol is widely used in clinical laboratory practice. Its
concentration is usually no more than 10% of the serum
level and is 15-18 nmol/L (5.4-6.5 ng/mL) in the morn-
ing."!' According to our findings, the oral fluid cortisol
level in the patients with alcohol dependence syndrome
averaged 10% of the serum level (Table 1) and was 2- or
3-fold higher than the well-known reference level of this
analyte.!? Such findings may indicate a greater prospect of
using the salivary cortisol for laboratory monitoring dur-
ing treatment and rehabilitation in patients with depen-
dence syndrome.

Literature also has data on the oral fluid BDNF lev-
el in different groups of participants, which was 255.97
(standard deviation [SD]+83.90) pg/mL in people with-
out chronic diseases.'*'> We compared our findings in
patients with alcohol dependence syndrome with the lit-
erature data and can assume that salivary BDNF levels
significantly decrease similar to the changes in its serum
levels. Salivary levels of other proteins analyzed in this
study were not determined by other researchers; there-
fore, we can draw a conclusion regarding the diagnostic
value of their salivary levels based on the statistical analy-
sis of correlations between the serum and salivary lev-
els. What we thought was an interesting discovery were
high oral fluid levels of NPY, orexin, and ACTH, which

might be linked to cross-reactions of salivary peptides
with antibodies in the ELISA kits, as well as to the fact
that in some cases high levels of some peptides are ob-
served: substance P levels in oral fluid were shown to be
much higher than those in plasma.'®'” Nevertheless, due
to the recorded wide range of fluctuations the diagnostic
potential of oral fluid peptide levels will most likely not
be realized.

The second stage of the study was conducted 3 months
after the rehabilitation start and characterized by a num-
ber of specific changes in the analytes (Table 2).

We observed a slight increase in the serum BDNF lev-
els (49% increase from baseline). The orexin levels were
3.7-fold lower than those at the rehabilitation start. This
being said, the baseline value was within the reference
range, so such change after 3 months of abstinence from
alcohol can reflect specific events associated with meta-
bolic changes in the nervous tissue during recovery. On
the contrary, the serum PACAP level has a 2.7-fold in-
crease from baseline (before the beginning of the study).
The oral fluid orexin increased from baseline (1.9-fold
increase in the median value), while the PACAP level
had a 4.6-fold decrease. These findings contradicted the
data regarding serum. Serum or plasma are regarded as
the most reliable body fluids for laboratory diagnostics, as
they are the most informative in terms of internal charac-
teristics of the body, whereas other body fluids are highly
dependent on various external and internal factors. Al-
though even air contact can have an effect on saliva, the
state of the oral tissues has the strongest impact on the
composition and properties of this body fluid. Therefore,
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the correlation analysis between serum and salivary pep-
tide levels plays a decisive role in assessing prospects of
saliva diagnostics. At the same time, a reliable correlation
of cortisol levels, the only steroid in our study, has been
known for a long time, and salivary cortisol is used in
clinical laboratory practice.'® In our study, the Spearman
correlation coefficient determined when comparing the
serum and oral fluid cortisol levels was 0.71 (P=.0108),
which can be characterized as a high strength of the rela-
tionship between the laboratory analytes. We found a sta-
tistically significant correlation when analyzing the serum
and salivary BDNF levels (r=0.51, P=.0189). The oral
fluid levels of the rest analytes did not correlate with the
corresponding serum levels of the biomarkers.

Conclusions

Analysis of laboratory findings revealed the fundamen-
tal possibility of determining oral fluid levels of such neu-
ropeptides and hormones as BDNF, GDNF, NPY, orexin,
PACAP, cortisol, and ACTH using the ELISA method.
While salivary cortisol has been used in clinical laboratory
practice for a long time, and literature has some informa-
tion on determining the BDNF level in certain groups of
people, other biomarkers were determined in saliva for the
first time. One of the characteristics of the above-mentioned
protein markers was a wide variability of findings in oral
fluid and the absence of statistically significant correlation
with the serum levels of the corresponding proteins. Apart
from cortisol, only BDNF level in body fluids of patients
with alcohol dependence syndrome proved its high diag-
nostic significance. We found the decreased BDNF level
at the local and systemic levels and a moderate correlation
between the serum and salivary BDNF levels.
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