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Glucocorticosteroids (GCS) are often the medication of choice for chronic inflammation. Since not all patients
are equally sensitive to GCS, certain efforts are undertaken to increase sensitivity and complement
glucocorticosteroid therapy with other nonsteroidal medications that can enhance the anti-inflammatory effect of GCS.
The tricyclic antidepressant nortriptyline has demonstrated anti-inflammatory properties in several experimental
studies, as well as the ability to complement the action of GCS. The aim of this study was to investigate
the effects of nortriptyline, as well as its combination with mometasone, on blood mononuclear cells (MNCs) under
conditions of stimulated immune responses (IR) of types 1, 2, and 17. In isolated MNCs from six healthy donors,
IR type L, type 2, or type 17 were stimulated in the presence of nortriptyline, mometasone, or their combination by adding
recombinant activator proteins (IL-2, IL-25, IL-33, thymic stromal lymphopoietin (TSLP), IL-12, IL-183, IL-23).
After three days, the concentration of IL-6 and IL-8 was determined in the supernatants by enzyme-linked
immunosorbent assay. In the presence of nortriptyline at a final concentration of 10° M, IR type 2 and type 17
were accompanied by a decrease in IL-6 concentration. Addition of a combination of mometasone and nortriptyline
to the MNC culture medium under conditions of IR type II activation had a potentiating effect. This was evidenced
by a decrease in IL-6 and IL-8 secretion compared to the use of mometasone alone. The study demonstrates
the ability of nortriptyline to suppress the secretion of proinflammatory cytokines by blood cells, which is selective and
dependent on the type of immune response.
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INTRODUCTION The development of the type 2 IR requires
activation of Th2 cells, which are responsible

The immune response (IR) is a complex, for cooperation with B cells, activating
multicomponent process induced by the entry the humoral immune response, and allergic

of a foreign molecule (antigen) into the body and
aimed at its elimination.

inflammation. Th2 cells can also provide immunity
against extracellular bacteria and their toxins
by stimulating the production of IgG4 and IgA

The main function of the type 1 IR is to combat
viruses, bacteria, and oncogenic cells. During
the type 1 IR, Th1 cells (T helper 1 cells) are activated,
releasing proinflammatory cytokines characteristic
of these cells. Subsequently, Thl cells activate
cytotoxic T lymphocytes and natural killer (NK) cells,
proliferation of T and B lymphocytes, and synthesis
of IgM and IgG2 [1].

by plasma cells [1].

The Thl7-type IR is aimed at maintaining
inflammation through the production of IL-17 family
cytokines, which act on a number of effector cells:
T and B lymphocytes, neutrophils, eosinophils,
fibroblasts, endothelial and epithelial cells,
macrophages, etc. [2].
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The development of the inflammatory reaction
is often accompanied by a gradual involvement
of components of these IRs [1]. The IRs of types
1, 2, and 17 function in an interconnected manner
and Th cells of each type are capable of producing
components of different IRs. Moreover, cytokines that
are components of the type 1, 2, and 17 IRs can exhibit
both pro-inflammatory and anti-inflammatory
properties, thus implying the existence of complex
mechanisms of interactions between Th populations [3].

In the treatment of chronic inflammation,
glucocorticosteroids (GCS), which can effectively
reduce the secretion of pro-inflammatory cytokines,
are often the medication of choice [4]. Since not all
patients are equally sensitive to GCS, certain efforts
are undertaken to increase their responsiveness
to glucocorticoid therapy [5].

The tricyclic antidepressant nortriptyline
has been shown to enhance the effectiveness
of glucocorticosteroid therapy by suppressing
the production of IL-4, IL-8, TNF-o, and IFN-y
by natural killer (NK) cells in the blood of patients with
chronic obstructive pulmonary disease (COPD) [6].
We previously conducted a study that demonstrated
the ability of nortriptyline to reduce the secretion
of TNF-a, IFN-y, IL-6, and IL-8 by mononuclear cells
(MNCs) from patients with allergic rhinitis in vitro
under conditions of stimulated IRs types 1,2, and 17 [7].
The aim of this study was to investigate the effect
of nortriptyline, as well as its combination with
mometasone, on blood MNCs under conditions
of stimulated IRs types 1, 2, and 17.

MATERIALS AND METHODS

Six healthy subjects (5 women and 1 man,
18-19 years old) were included in this study.
Cell cultures were obtained using the method
described in our previous report [ 7]. Resuspended cells
were placed in wells of a 96-well plate (at a density
of 2x10° cells per well) and incubated in the presence
of mometasone (final concentration 10 M) [8],
nortriptyline (final concentration 10° M) [9],
or a combination of both for 1 h in a CO, incubator
at 37°C, 5% CO,. After incubation, recombinant
proteins were added to the cell culture to stimulate
IRs types 1, 2, and 17 according to the scheme
described in the previous study [7]. After 3 days
of cell cultivation, the solution collected from the dishes
was centrifuged (5 minutes, 400 g) and stored at -70°C.
IL-6 and IL-8 concentrations were determined using
ELISA reagent kits (Vector Best, Russia).

Statistical data processing was performed
using MedCalc (MedCalc Software Ltd., Belgium).
Results are presented as median (25%—75%, quartile)
values. The Friedman test was used to assess
the statistical significance of differences between
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groups. Differences were considered statistically
significant at p < 0.008; values of 0.008 <p < 0.1 were
considered a statistical trend.

RESULTS

In the experiment with stimulated type 1 IR,
mometasone addition to the cell culture medium
was accompanied by a statistically significant
decrease in the concentration of I1L-6 (0.250 [0.025—
0.300] ng/ml) and IL-8 (9.13 [3.89-14.50] ng/ml)
compared to cell samples without added inhibitor
(1.15 [0.90-1.80] ng/ml IL-6; 61.20 [31.80-
84.80] ng/ml IL-8). In turn, after the addition
of nortriptyline, only a tendency toward a decrease
in the secretion of IL-6 and IL-8 was noted.
A combination of inhibitors did not lead to a significant
decrease in cytokine secretion compared to the effect
exerted by mometasone only (Fig. 1).

Under conditions of type 2 IR stimulation,
mometasone caused a statistically significant
decrease in the IL-6 (0.73 [0.35-1.15] ng/ml) and
IL-8 (12.68 [5.74-44.08] ng/ml) levels as compared
to samples without mometasone (2.03 [1.70-—
3.40] ng/ml IL-6; 54.7 [42.3-72.5] ng/ml IL-8).
Under the same conditions, the addition of nortriptyline
significantly reduced the IL-6 level (1.58 [1.05-
2.00] ng/ml) compared to the control. A combination
of mometasone and nortriptyline led to a significant
decrease in the secretion of both IL-6 (0.40 [0.18-
0.63] ng/ml) and IL-8 (10.19 [4.55-30.78] ng/ml)
compared to samples addition of mometasone only
(see above) (Fig. 2).

Under conditions of type 17 IR stimulation,
the presence of mometasone in the cell culture
medium was accompanied by a significant decrease
in the concentrations of IL-6 (6.4 [5.2-11.4] ng/ml)
and IL-8 (60.9 [44.5-92.5] ng/ml) compared
to samples without added inhibitors (20.0 [14.7-
27.5] ng/ml IL-6; 136.9 [124.9-171.0] ng/ml IL-8).
The introduction of nortriptyline was accompanied
by a statistically significant decrease, but only
in the level of IL-6 (18.60 [13.75-25.70] ng/ml)
compared to samples without inhibitors.
The use of a combination of mometasone and
nortriptyline, as in the case of stimulated type 1 IR,
did not result in a decrease in the secretion
of the studied interleukins compared to cell samples
treated with mometasone alone (Fig. 3).

DISCUSSION

The presence of nortriptyline in the culture
medium of MNCs stimulated with type 2 or type 17 IRs
was accompanied by a statistically significant decrease
(by 22% and 7%, respectively) in the secretion
of the cytokine IL-6 compared to cells cultured
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Figure 1. The effect of mometasone (M) and nortriptyline (N) on IL-6 and IL-8 secretion by peripheral blood MNCs
under conditions of type 1 IR stimulation. IR: blood MNCs were stimulated with a complex (IL-2+, IL-12+),
M: stimulated MNCs were cultured in the presence of mometasone (10'° M), and N: stimulated MNCs were cultured
in the presence of nortriptyline (10 M); * — statistically significant difference versus IR; (**) — statistically significant
difference versus N.

3.5 80 —
60

2.5 ]
£ . £ 50
% 2.0 5 ] J_ ) J_
el my ;
40
© 1.5 od 4 *; (Q )' (ttt)
= * (tk) J_ = 30 A

h I % (8 0% 20

0.5 _I_ | 10 _ J_
0.0 T T T T 0 T T T -I

IR M N N+M IR M N N+M

Figure 2. The effect of mometasone (M) and nortriptyline (N) on IL-6 and IL-8 secretion by peripheral blood MNCs
under conditions of type 2 IR stimulation. IR: blood MNCs were stimulated with a complex (IL-25+, IL-33+, TSLP+),
M: stimulated MNCs were cultured in the presence of mometasone (107 M), and N: stimulated MNCs were cultured
in the presence of nortriptyline (10~ M); * — statistically significant difference versus IR, (**) — statistically significant
difference versus N, (¥**) — statistically significant difference versus M.
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Figure 3. The effect of mometasone (M) and nortriptyline (N) on IL-6 and IL-8 secretion by peripheral blood MNCs
under conditions of type 17 IR stimulation. IR: blood MNCs were stimulated with a complex (IL-1B+, IL-23+),
M: stimulated MNCs were cultured in the presence of mometasone (10'° M), and N: stimulated MNCs were cultured

in the presence of nortriptyline (10~ M); * — statistically significant difference versus IR, (**) — statistically significant
difference versus N.
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without nortriptyline. Under conditions of type 1 IR
stimulation, the effect of nortriptyline was manifested
only as a tendency when compared with the positive
control. A similar effect was noted by other
researchers and was associated, in their opinion,
with the suppression of nuclear factor kB (NF-kB)
activation induced by nortriptyline and similar drugs,
which also decreased secretion of proinflammatory
proteins, including IL-6 and IL-8 [10, 11].
However, in our study, IL-8 levels did not change
significantly in any of the studied IR types as a result
of adding nortriptyline to the cell culture medium,;
in the case of type 1 IR there was a statistical tendency
for a decrease in the cytokine concentration.

Our study revealed an  interesting,
previously unknown phenomenon. Co-administration
of mometasone and nortriptyline to the MNC
incubation medium resulted in a significant reduction
in the secretion of IL-6 (by 45%) and IL-8 (by 20%)
under conditions of stimulated type 2 IR,
compared to cell samples treated with mometasone.
The potentiating effect of the nortriptyline/mometasone
combination in reducing proinflammatory cytokine
concentrations allows to recommend it for further
study for use in the treatment of diseases associated
with type 2 IR activation, such as allergic rhinitis.

CONCLUSIONS

1. The presence of nortriptyline at a final
concentration of 10° M in the MNC culture medium
reduced IL-6 secretion under conditions of activation
of type 2 and type IRs.

2. The combination of mometasone and
nortriptyline had a potentiating effect on the reduction
of IL-6 and IL-8 secretion under conditions
of type 2 IR activation.
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BJIMAHUE HOPTPUIITUJINHA U ETO KOMBUHALIMU C MOMETA30HOM HA CEKPEIIUIO
IL-6 " IL-8 CTUMYJINPOBAHHBIMHA MOHOHYKJIIEAPHBIMH KJIETKAMM KPOBMU IN VITRO
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[Ipu nedeHMM XPOHWYECKOTO BOCMAIHTEIBHOTO IIPOIECCAa HEPEOKO CPEACTBOM BBIOOpA OKa3bIBAIOTCA
nmokokoptukoctepounsl (I'KC). Ilockonbky He Bce mManueHTH ouMHakoBO 4yBcTBUTENbHBI K I'KC, B Hacrtosiee
BpeMsa BeAETCAd IOMCK IyTeil TMOBBIMIEHUS YYyBCTBUTEIBHOCTH M JONOJHEHUS TITIOKOKOPTUKOCTEPOUTHOM
TEepanuyd JpYyTHMMHU JICKApCTBEHHBIMU IIperaparaMd HECTEPOMIHOW MHPHPOABI, CHOCOOHBIMH  YCHIIUTD
nporuBoBocnanurensHoe aerictsue 'KC. TpHIMKIMUECKHH aHTHIETIPECCAaHT HOPTPHIITHIMH ITPOJEMOHCTPHUPOBAI
B psi/ie SKCIIEPUMEHTANIBHBIX HCCIEIOBAaHUN MPOTHBOBOCIIAINTEIBHBIE CBOWCTBA, a TAK)Ke CIOCOOHOCTBH JIOMOIHSATH
neiicteue 'KC. Ilenpro manHOW pa®oThl OBUTO M3y4YCHHE BIMSHUS HOPTPUNTHIINHA, a TAKXKE €ro KOMOMHAITUN
C MOMETa30HOM Ha MoHOHYyKieapHble kieTkd (MHK) kpoBH B ycIOBHSAX CTUMYTHPOBAHHBIX HIMMYHHBIX 0TBETOB (MO)
MIEPBOTO, BTOPOTO U ceMHaiunartoro tuna. B nzonupoBanaeix MHK kpoBu 11ecTu 310pOBBIX JOHOPOB B MIPUCYTCTBUU
HOPTPUNTWINHA, MOMETa30Ha MM MX KoOMOMHAMU cTuMynupoBaity MO mo epBomy, BTOpOMY HITH CEMHAIIIATOMY THITY
nyTéM BHECEHHUsI PEKOMOMHAHTHBIX Oenkos-aktuBatopoB (IL-2, IL-25, IL-33, TuMHuYecKHH CTpOMalbHBIH
mumponortur (TSLP), IL-12, IL-1B, IL-23). Ilo wucredenmm TpEX IOHEH B CyNEpHATAHTaX METOIOM
MMMYHO(EPMEHTHOTO aHajIM3a onpeaessuid KoHnenTpanuio [L-6 u IL-8. B mpucyTcTBUM HOPTPUIITHINHA B KOHEYHOM
koHeHTrparmu 10° M MO Broporo m ceMHaAlaTOro THUIIOB COIPOBOXKIAICA CHIKEHHEM KOHIeHTpauuu [L-6.
Buecenune B cpeny kynsruBupoBanus MHK komOnHanmy MoMeTa3oHa W HOPTPUNTWIIMHA B YCJIOBHSIX aKTHUBALIUH
N O BToporo Tnmna okasbIBajo MOTCHUHUPYIOMUH 3dekt. OO 3TOM CBHIETENBCTBOBAIIO CHIDKeHUE cekperun 1L-6 n IL-8
M0 CPaBHEHHUIO C MCIOJIb30BAaHHEM TOJIBKO MoMeTa3oHa. [IpoBenéHHoe HccinenoBaHue JEMOHCTPUPYET CIIOCOOHOCTD
HOPTPUIITWIIMHA TIOAABISITh CEKPELHUIO INPOBOCMAIUTEIbHBIX LUTOKHHOB KJIETKAMH KPOBH, KOTOpas HOCHT
M30MpaTeIbHBIN XapaKTep U 3aBUCUT OT THUITAa UMMYHHOTO OTBETA.

THonuwiii mexcm cmamuvu Ha PyCcKOM A3bIKe 0ocmynel Ha caume xcypuana (http://pbmc.ibmc.msk.ru).
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