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ABSTRACT

BACKGROUND: Metal compounds, particularly transition metal salt with various structural complexities, often demonstrate the
pro-hypoxic effect. This effect can be used for acute exogenous hypoxic preconditioning.

AIM: The work aimed to assess the potential of specific metal complexes as pharmacological agents for acute exogenous
hypoxic preconditioning in an experimental setting.

MATERIALS AND METHODS: The experiments were conducted on 140 male CBF1 mice weighing 20-25 g. Acute exogenous
hypoxia was simulated using two methods: by placing animals in an enclosed space to induce acute hypoxia and hypercapnia,
and by simulating the high-altitude environment to induce acute hypobaric hypoxia. The mice’s tolerance to hypoxia and
hypercapnia was evaluated by measuring survival time, whereas survival time at the lethal altitude was used to assess
the tolerance to hypobaric hypoxia. The metal complexes nQ1983, nQ2116, and nQ2721—which have been shown to have
antihypoxic effects—were administered to mice daily by single intraperitoneal injection at 10, 25, and 40 mg/kg for 7 days
prior to the experiments. At 10:00 a.m. on day 8, the animals were exposed to modelled acute exogenous hypoxia to assess the
preconditioning effect. The effect of the compounds on thermogenic processes was evaluated by measuring rectal temperature.
RESULTS: 0Of the 3 compounds examined, only nQ2721 showed the preconditioning effect in the acute hypoxia and hypercapnia
model. After 7 days of administration at 25 and 40 mg/kg, animal survival time increased by 56.5 % and 82.6 %, respectively.
Each compound demonstrated a beneficial effect on the mice’s tolerance to acute hypoxia in the acute hypobaric hypoxia model.
CONCLUSION: In two models of acute, exogenous hypoxia, all three metal complexes—nQ1983, nQ2116, and nQ2721—that
were investigated in mouse experiments showed the preconditioning effect, which was most significant in acute hypobaric
hypoxia conditions. In contrast to mQ1983 and mQ2116, nQ2721 exhibited the significant dose-dependent preconditioning
effect in models of acute hypoxia and hypercapnia and acute hypobaric hypoxia that considerably enhances the animal
tolerance to oxygen deficiency. The preconditioning effect of metal complexes is most effectively achieved in conjunction with
the induction of hypothermia, which can serve as a valuable marker in the targeted search for novel pharmacological agents
for preconditioning.
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AHHOTALMUA

AxTyanbHocTb. [porunoKcuyeckoe aeiicTBue HepeaKo AEMOHCTPUPYIOT METannocofepallme BELLeCTBAa — COMM Nepexos-
HbIX MEeTaJyIoB Pa3fUYHON CTeneHW CNoXHOCTW. [aHHblii 3hdEKT MOXKeT ObITb MCMONB30BaH ANS NPEKOHAULMOHUPOBAHUSA
K OCTPOM 3K30MEHHO TMMOKCUM.

Llenb — oLeHUTb BO3MOXKHOCTb NPUMEHEHNS! HEKOTOPBIX METASIIOKOMIIEKCHBIX COEMHEHUI B KAYECTBE areHToB apMaKo-
JIOTMYECKOro NPeKOHAULMOHUPOBAHUSA K OCTPOIA 3K30TEHHON MMMOKCUM B 3KCMIEPUMEHTE.

Matepuanbl u Metoabl. OnbiThl BhINONHEHb! Ha 140 Mbiwax-camuax nuHmum CBF1 Maccoi 20-25 r. MogenvpoBaHmue ocTpon
3K30reHHOM TMNOKCUM OCYLLLECTBASANM 2 criocobamMun — NyTeM MOMeELLEHUS XKMBOTHBIX B 3aMKHYTOE NPOCTPAHCTBO (0CTpas rm-
MOKCKSA C TMNepKanHuen) 1 NyTeM UMUTaLMU NoLbeMa Ha BbicoTy (ocTpas runobapuyeckas runokceums). TonepaHTHOCTb MblLLER
K OCTPOW MMMOKCKM C TUNepKanHUein oLEeHUBaNW No NOKa3aTeNto «NPOAOHKUTENBHOCTb MU3HK», @ K OCTPOI rMnobapuyecKoi
TUMNOKCUWM — MO NOKa3aTento «pe3epBHOe BpeMs». [peaBapuTENbHO Ha NPOTAXKEHUN 7 CYT OCYLLECTBASNN eXeAHEBHOE pa3o-
BOE BHYTPUOpIOLLIMHHOE BBEfEHWE MeTainoKoMnneKcHbix Bewect mQ1983, nQ2116 n nQ2721 B posax 10, 25 n 40 Mr/kr,
paHee 3apeKoMeH[0BaBLUMX Cebsl B KaUecTBe aHTUrMMoKcuyeckux cpeacTs. Ha 8-e cytku B 10:00 Mbiwweit noMeLamv B ycno-
BMS OCTPOI 3K30TEHHOW MMMOKCUW B COOTBETCTBUM C MOZENBIO ANS OLEHKW pe3ynbTaTta NpeKoHAMUMOHMPOBaHUS. BrinsHue
BELLECTB Ha MpoLecchl TennoobpasoBaHus U3yyanu NyTeM U3MEPEHUS PEKTasbHOM TeMnepaTypbl.

Pe3ynbTatbl. B ycnoBusx ocTpon runoKcum ¢ runepranHmen U3 3 M3yYeHHbIX BELLECTB MPEKOHANLMOHMPYIOLLMIA 3P dEKT npo-
AeMOHCTpUpoBano nuwsb Belwectso mQ2721. Mocne 7-cyTouHoro ero BBeAeHUS B fo3ax 25 1 40 Mr/Kr 3admKcupoBaH npupocT
MPOAOIKMTENBHOCTM KU3HU KMBOTHBIX Ha 56,5 1 82,6% cooTBeTcTBEHHO. Ha Moaenu ocTpoii rmnobapuyeckon rmnoKeuy no-
NIOXUTENbHOE BAIMSIHME Ha TOIEPAHTHOCTb MBILLEN K OCTPOM MMMNOKCMM NPOLEMOHCTPUPOBAM BCE BELLECTBA.

3aknioyenne. Bo Bcex 3 KomnieKcHbIX coeguHennsax Metamnos: mQ1983, nQ2116, mQ2721, — wm3y4eHHbIX Ha 2 Mopensx
OCTPOW 3K30reHHOM MMMOKCMM B OMbITax Ha MbILAX, BbIABMIEH NPEKOHAWULMOHMPYOLLMIA 3D dEKT, KoTopbid Haubonee oTyeT-
nuBo nposenseT cebs B ycnoeusx OF + 6. B otnmume ot Bewects Q1983 n nQ2116, sewecrso nQ2721 Ha Moaensx ocTpoit
TUMOKCUU C TUMEepKarnHUein U ocTpon runobapuueckon runoKcuu obecreynBaeT oTYETNIMBOE [0303aBUCMMOE MPEKOHAMULMO-
HUpYloLLee eNCTBUE, B 3HAYMTENTbHOM CTEMEHM MOBLILLAA TONEPAHTHOCTb UBOTHBIX K AeduumTy Kucnopoga. lpekoHauumo-
HUpYIOLWMA 3DhEKT MeTanIo0KOMNIEKCHbIX COeAMHEHMI Hanbonee 3hhEKTUBHO OCYLLECTBASETCA NPW PasBUTMM COMYTCTBY-
fOLLIel TMMOTEPMMM, YTO MOXKET BbITb MCMONBb30BaHO B KAaYecTBe MHAMKATOPa B LieNieHanpaBieHHOM MOMCKE HOBbIX areHToB
Ans hapMaKonorMyecKoro NpeKoHANLMOHUPOBaHHS.

KnioueBble cnoBa: 0CTpaA 3K30reHHasa rMnoKCcus; CbapMaKOJ'IOFVI'-IeCKOG NPeKOHAMUNOHUPOBaHNE; KOMMJIEKCHbIE COeANHEHNA
METasJ10B; MbILLN.
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BACKGROUND

Acute hypoxic preconditioning is a method of periodic
exposure of the body, tissues, or organs to hypoxia- or
ischemia-inducing factors, followed by restoration of circu-
lation and oxygenation to develop tolerance to severe pro-
longed hypoxia (ischemia).

The terms “preconditioning” and “tolerance” were first
introduced by Janoff in 1964 [1]. In the late 20th century,
Marry et al. [2] demonstrated on myocardial tissue that mul-
tiple brief episodes of ischemia can protect living tissues
from subsequent prolonged ischemic damage, a phenom-
enon termed “ischemic preconditioning”. Shortly thereafter,
evidence emerged regarding hypoxic/ischemic tolerance in
the brain [1, 2]. Current research has elucidated the mecha-
nisms of cerebral ischemic preconditioning using in vivo
and in vitro models [3, 5-8].

Since some pharmacological agents exert a hypoxia-
like effect as part of their primary or adverse effects (act-
ing as hypoxia mimetics), attempts have been made to
achieve preconditioning through the administration of
various chemical agents. It has been established that
pro-hypoxic effects are often exhibited by metal com-
pounds — transition metal salts with various structural com-
plexities, including zinc, nickel, cobalt, iron, chromium, and
others [9, 10].

This led to the concept of using zinc- and nickel-con-
taining metal compounds as pharmacological preconditioning
agents.

The aim of this study was to assess the potential of spe-
cific metal complexes as pharmacological agents for acute
exogenous hypoxic preconditioning in an experimental
setting.

METHODS

The experiments were conducted on 140 male CBF1 mice
weighing 20-25 g. Acute exogenous hypoxia was simulat-
ed using two methods: by placing animals in an enclosed
space to induce acute hypoxia and hypercapnia (AH+Hc), and
by simulating the high-altitude environment to induce acute
hypobaric hypoxia (AH+Hb). In both cases, the mice were
placed in 0.25 L glass containers (pharmaceutical glass stop-
pered jars [shtanglas]). For AH+Hc modeling, after sealing
the containers, mice’s tolerance to hypoxia and hypercapnia

Table 1. General characteristics of the investigated metal complexes
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was evaluated by measuring survival time [11]. AH+Hb was
modeled using an original method [12] involving gradual
pressure reduction in the container controlled by a pres-
sure sensor, simulating ascent to 10,000 m (“lethal altitude”)
at 50 m/s. Mice’s tolerance to acute hypobaric hypoxia was
evaluated by measuring survival time at the lethal altitude.
Animal death in both models was determined at the onset
of the second agonal gasp.

For 7 days prior to the induction of acute exogenous hy-
poxia, the mice received daily single intraperitoneal injections
of metal complexes mQ1983, mQ2116, and mQ2721, previously
shown to have antihypoxic effects [13, 14]. Their presumed
mechanism of action involves suppression of energy metabo-
lism, indirectly supported by their ability to induce significant
hypothermic effects within 20—-30 minutes post-administra-
tion (Table 1).

According to the selected models of acute exogenous hy-
poxia, the studied compounds, and their dosages, the mice
were divided into 20 groups of 7 animals each. Thus, for each
hypoxia modeling method, 1 control group (CG) and 9 experi-
mental groups (EGs) were formed.

Mice in the EGs received intraperitoneal injections of the
compounds at 10:00 daily at doses of 10, 25, and 40 mg/kg,
previously dissolved in 0.3 mL of sodium chloride solution.
Mice in the CG received sham injections of 0.9% NaCl (physi-
ological saline) in the same volume and according to the
same schedule. At 10:00 on day 8, the animals were exposed
to modelled acute exogenous hypoxia to assess the precon-
ditioning effect.

The effect of the metal complexes on thermogenic
processes in mice was evaluated by measuring rectal
temperature. Measurements were taken twice daily: im-
mediately before compound administration (first mea-
surement) and 60 minutes post-injection (second mea-
surement) using a TM-902C electric thermometer (S-Line,
China).

Statistical analysis was performed using methods
of variational statistics [15] with Microsoft Excel 2024 and
Statistica 10 software packages. Quantitative assessment
of parameter typicalness was determined by median. Vari-
ation was evaluated using lower and upper quartiles, as
well as interquartile range. Due to the small sample size,
normality testing was not feasible. Differences between
compared values were considered statistically significant
at p < 0.05.

Code Metall Ligand L' Ligand L? Base
nQ1983 Zn(lN 3-Hydroxy-2-ethyl-5-methylpyridine No Dibenzyl diselenide
nQ2116 Ni(ll) 4-Hydroxycoumarin No Water
nQ2721 Zn(lN) Diselenodipropionic acid Acetic acid No
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RESULTS

In the CG, rectal temperature fluctuations before and
after sham injections were statistically indistinguishable,
whereas in the EGs, rectal temperature in animals de-
creased to varying degrees after each administration of
metal complexes, particularly at doses of 25 and 40 mg/kg,
but generally returned to baseline on the following day
(Figs. 1 and 2).

Analysis of temperature curves over 8 days revealed
that the hypothermic effect of the zinc-containing compound
nQ1983 was largely dose-independent and significantly di-
minished by the end of the observation period. Comparing
these findings with first measurement results from days 1-4,
this may indicate the development of tolerance to this metal
complex (Fig. 1). Second measurements showed that the
maximum reduction in rectal temperature with mQ1983
was after its administration at doses of 10 mg/kg (day 6)
and 25 mg/kg (day &), decreasing from 37 °C to 34.8 °C,
i. e. by ~2.2 °C.

Tolerance to the preconditioning agent was also observed
following the administration of mQ2116 and nQ2721 at a dose
of 10 mg/kg (Fig. 2). In these experiments, the maximum
hypothermic effect reached only 1.6 °C (p > 0.05) for Q2116
and 2.1 °C (p < 0.05) for nQ2721, comparable to the effect
after the administration of mQ1983 at the same dose. How-
ever, at doses of 25 and 40 mg/kg, these two metal com-
plexes induced significant hypothermia. At 25 mg/kg, Q2116
reduced rectal temperature in mice from 36.8 °C to 34.3 °C
(day 6), whereas at 40 mg/kg, it decreased from 37.0 °C to
30.7 °C (day 4), i. e. by 6.6 °C (p < 0.001). Given the trend line
of the first measurements, no tolerance developed to Q2721
administered at 40 mg/kg, which can be considered a posi-
tive indicator of the potential for preconditioning tolerance to
acute hypoxia in mice.

As shown in Table 2, by day 7 of observation, the hypo-
thermic effect according to the first measurements was most
pronounced after the administration of the zinc-containing
compound mQ2721 at 40 mg/kg (-3.7 °C, p < 0.005), enhanc-
ing its prospects among other compounds and suggesting
this metal complex potential preconditioning effect against
acute hypoxia. Even at 25 mg/kg, this compound demon-
strated a statistically significant rectal temperature reduction
of 1.5 °C (p < 0.05).

Based on the findings, it appeared logical to make an-
other assumption regarding the preconditioning effect of
the nickel-containing compound mQ2116, which reduced the
rectal temperature of the mice by 2.5 °C (p < 0.05) on day 7
of the experiment at a dose of 25 mg/kg. However, at the
maximum of the studied doses (40 mg/kg), this metal com-
plex did not produce a statistically significant change in rectal
temperature.

The second stage of the study examined mice tolerance
to acute exogenous hypoxia after 7-day pharmacological
preconditioning (Figs. 3, 4).
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As shown in Fig. 3, under AH+Hc conditions, of the three
compounds examined, only mQ2721 (excluding the 10 mg/kg
dose) demonstrated a statistically significant preconditioning
effect. After 7 days of administration at 25 and 40 mg/kg,
animal survival time increased by 56.5% and 82.6%, respec-
tively (p < 0.005).

The effects of metal complexes nQ1983, mQ2116, and
mQ2721 on mice tolerance to acute hypobaric hypoxia (AH+Hb)
are shown in Fig. 4. It can be concluded that all compounds
statistically significantly extended the survival time of the
animals at an altitude of 10,000 m (lethal altitude). Even
at 10 mg/kg doses, their protective effect exceeded control
group indicators by at least twofold. The most substan-
tial changes were observed with mQ2721, which increased
mice tolerance to AH+Hb by 3.5- and 4.6-fold at doses of
25 and 40 mg/kg, respectively (p < 0.001), and by 2.4-fold
at 10 mg/kg.

mQ2721 ranked second by the level of antihypoxic activity
in these experiments. Unfortunately, unlike mQ2721, the metal
complexes mQ2116 and mQ1983 exerted their protective ef-
fects in a dose-independent manner, which is unlikely to be
considered their advantages.

DISCUSSION

According to modern scientific concepts, ischemic/hypoxic
tolerance in living tissue induced by ischemic preconditioning
involves two sequential phases: an early phase (development
of tolerance) and a late phase (establishment of tolerance)
[3, 7, 8, 16]. The first phase is characterized by rapid cellular
changes (minutes to hours), including activation of protein
kinases, proteases, conformational changes in ion channel
structures, membrane and cytosolic receptors, redox-sensi-
tive molecules, and possibly changes in gene expression to
a lesser extent. The second phase (after 24 hours) involves
later mechanisms of tolerance formation, manifested through
genome activation followed by vigorous synthesis of proteins
essential for cell survival under conditions of progressing
acute ischemia and hypoxia.

In the described experiments, pharmacological precon-
ditioning agents were chemical compounds capable of rap-
idly (15-30 minutes) reducing body temperature in healthy
animals (mice, rats, cats) via various administration routes.
This effect can only be achieved through active suppres-
sion (inhibition) of energy production in the body, primar-
ily in skeletal muscle cells [17]. It is well-known that the
sole method for rapid reduction of cellular energy charge
involves using mitochondrial bioenergetic function inhibi-
tors, accompanied by decreased ATP production. Essen-
tially, this implements an effect described as pro-hypoxic
[18, 191. The pro-hypoxic effects of chemical compounds
most commonly involve mechanisms that induce hemic or
histotoxic hypoxia, collectively termed “chemical hypoxia”
in the literature [10].
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Table 2. Rectal temperature variations in mice on days 7 and 8 after preconditioning with metal complexes

c Temeperature Temeperature
ode Dose, Temeperature
of the compound mg/k on day 7, on day 7, on day 8, °C
P 9/kg first measurement, °C second measurement, °C Y S
Control group - 36.86 (36.83; 3783) 36.36 (36.5; 375) 370 (36.0; 375)
(n=14) 10 (n = 14) 370 (36.5; 370) 35.0 (34.5; 35.5) 36.5 (36.0; 36.75)
nQ1983 25 (n=14) 36.92 (36.5; 38.0) 35.42 (34.0; 36.5) 36.42 (35.5; 375)
40 (n=14) 36.83 (36.5; 37.0) 36.0 (35.5; 36.5) 36.67 (36.5; 375)
10 (n = 14) 35.5(35.0; 36.0) 36.5(36.0; 370) 36.5(36.25; 37.25)
Q2116 25 (n=14) 372 (34.0; 35.0) 34.7 (34.03; 36.92) 36.7 (35.5; 38.0)
40 (n = 14) 36.67 (36.0; 370) 35.83 (35.0; 36.5) 36.33 (35.5; 38.0)
10 (n = 14) 36.75 (36.5; 370) 35.25 (35.0; 35.5) 35.75 (35.5; 36.0)
nQ2721 25 (n=14) 3733 (36.0; 38.0) 35.83 (35.0; 37.0) 36.83 (35.0; 38.0)
40 (n=14) 36.0 (35.5; 36.5) 31.83 (26.5; 35.0) 35.5 (34.5; 36.5)
50
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E 35
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Fig. 3. Tolerance of mice to acute hypoxia and hypercapnia after 7-day preconditioning with
metal complexes.
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Although there is no direct evidence of pro-hypoxic ef-
fects for the compounds nQ1983, mQ2116, and nQ2721, our
experimental data on metal complexes as antihypoxants,
combined with literature reports indicating that transition
metal ions inhibit mitochondrial function [20], prompted
an investigation into their preconditioning effects in mod-
els of acute exogenous hypoxia. Further justification for
these experiments came from our earlier studies where
the zinc-containing metal complex nQ1104 was shown via
polarography to reversibly inhibit oxidative phosphorylation
in mitochondria of neurons in the somatosensory cortex
of cats [21].

Despite the experimentally confirmed antihypoxic ef-
fects of the tested metal complexes, only nQ2721 demon-
strated a preconditioning effect on the AH+Hc model after
7 days of administration. This effect was observed starting
at a dose of 25 mg/kg. The effect became more pronounced
at a dose of 40 mg/kg.

At the same time, on the AH+Hb model, the precon-
ditioning effect was observed for all studied compounds,
arranged in the order corresponding to the magnitude of
this effect: mQ2721, nQ2116, and nQ1983. Thus, nQ2721
again emerged as the leading compound. Despite the posi-
tive effects detected in mQ1983 and mQ2116, these metal
complexes did not demonstrate dose-dependent effects at
the final experimental stage. As for mQ2721, it provided a
statistically significant increase in the preconditioning with
dose escalation. The absence of dose-dependent action in
Q1983 and nQ2116 diminishes their prospects in terms
of their potential use as pharmacological preconditioning
agents.

Pharmacological preconditioning occurs only when
a chemical compound initiates a distinct hypothermic
effect. The hypobaric model is rightfully considered
the most sensitive for detecting protective effects dur-
ing acute hypoxia in animals, as it represents a “purer”
form of oxygen deprivation compared to the hypercapnia,
where carbon dioxide significantly influences the final
outcome [22].

According to studies by Gavrilina [9] conducted on the
AH+Hb model, cobalt and nickel chlorides provided the
greatest preconditioning effect in mice among the tested
compounds, demonstrating neuroprotective action and in-
ducing pronounced hypothermia. However, these experi-
ments did not investigate the dose-dependence of the ef-
fects of these compounds. The conclusion was drawn that
hypothermia (direct or chemically mediated) is an essential
component for successful initiation of pharmacological
preconditioning.

Thus, based on our own data and literature analysis, we
propose a hypothesis that the mechanisms of pharmacolog-
ical preconditioning induced by the metal complex Q2721
may involve two key factors. First, its ability to limit the rate
of bioenergetic processes in body tissues, primarily in skele-
tal muscles and cerebral neurons. This effect likely enhances

Vol 16 (2) 2025
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hypothermia by reducing the activity of neurons in the hy-
pothalamic chemical thermoregulation center responsible
for heat production. Second, according to chemistry experts,
transition metal ions such as cobalt, nickel, and others can
replace iron ions in heme oxygen sensors and mitochondrial
complex Ill of the electron transport chain [10, 23]. Consid-
ering that the most active compound in our study, nQ2721,
contains divalent zinc as the complexing metal, which does
not change valence during biological reactions, its potential
influence on oxygen sensors can be ruled out. However, it
has been known since the 1960-s that zinc ions in vitro, even
at trace concentrations (107-10° M), effectively inhibit the
mitochondrial respiratory chain by blocking the site between
cytochromes b and c,. Furthermore, the electron transport
inhibition effect in the mitochondrial compartment may be
enhanced through direct competitive interactions between
Zn* and Fe?* [20].

CONCLUSION

Among the three metal complexes—mnQ1983, nQ2116,
and mQ2721—studied in two models of acute exoge-
nous hypoxia in mice, all demonstrated the preconditio-
ning effect, which was most pronounced under AH+Hb
conditions.

Unlike the metal complexes mQ1983 (zinc Il) and mQ2116
(nickel 1), the compound Q2721 (zinc II) exhibited a distinct
dose-dependent preconditioning effect in the AH+Hc and
AH+Hb models, thereby significantly enhancing the animals’
tolerance to oxygen deficiency.

The preconditioning effect of metal complexes is most
pronounced in conjunction with hypothermia, which can serve
as a valuable marker in the targeted search for novel phar-
macological agents for preconditioning.
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OPUMVHATTBHOE MCCIEIOBAHUE

AOMO/JIHUTE/IbHAA UHPOPMALIUA

Bknap astopoB. 0.A. MocuH, A.3. beneHbkui, [1.B. Crenaos, A.B. Ece-
€B — HanucaHue CTaTbk, aHanm3 AaHHblxX; AB. EBceeB — peaakTpoBa-
HWe cTaTbi, pa3paboTka 0bLLel KoHuenumu. Bce aBTopbl BHECIM Cylie-
CTBEHHBIN BK/A[ B pa3paboTKy KOHLENUMM, NpoBeeHNe MUCCenoBaHms
1 MOATOTOBKY CTaTbM, NMPOYAM M 0fobpunn drHaNbHYID BEpCUI0 Nepes,
nybnmKaumen.

KoHdnukT uHTepecoB. ABTOpbI AEKIIapUPYIOT OTCYTCTBYME SIBHBIX 1 MOTEH-
LUManbHbIX KOHDMKTOB MHTEPECOB, CBA3AHHBIX C NybAMKaLMel HacTosALLeN
CTaTby.

WUcTounnk duHaHcMpoBaHUs. ABTOpbI 3asBAAIOT 06 OTCYTCTBUM BHELLHETD
(VHAHCVPOBaHWSA MpY NPOBEAEHUM UCCIENO0BaHWS.
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