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The ester of thioctic (a-lipoic) acid and 2-ethyl-6-methyl-3-hydroxypyridine was synthesized. The toxicity
decreased while the antihypoxic activity simultaneously increased for an equimolar mixture of thioctic acid
and 2-ethyl-6-methyl-3-hydroxypyridine after they were combined into 2-ethyl-6-methylpyridinol-3-yl
thioctate (laboratory name thioxypine). The tolerance to asphyxia increased by 51%; to hypercapnic hypoxia,
by 47% after intraperitoneal (i.p.) administration of thioxypine at a dose of 145 umol/kg. Such a combination
of effects corresponded to the formal criteria for classifying thioxypine as an antihypoxant. A fourfold reduc-
tion in the dosage of thioxypine (to 36.25 umol/kg) reduced the resistance to histotoxic hypoxia by 32%. The
synthesized ether did not affect the resistance to hemic hypoxia.

Keywords: thioctic acid, 2-ethyl-6-methyl-3-hydroxypyridine, 2-ethyl-6-methylpyridinol-3-yl thioctate,

acute toxicity, antihypoxic effect.

Salts of 2-ethyl-6-methyl-3-hydroxypyridine are widely
used as drugs with antihypoxic activity [1, 2]. The antihypo-
xic activity of these drugs is largely determined by their pro-
tective and therapeutic potential under extreme conditions
and with various diseases. This applies mainly to the cerebral
protective effect with disturbances of cerebral blood flow [3]
and diabetic damage of the central nervous system (CNS)
[4,5]. The traditionally declared dependence of the
antihypoxic potential of 2-ethyl-6-methyl-3-hydroxypyridine
salts on their antioxidant activity [1] has not always been
confirmed in experimental and clinical studies [6 — 8]. Fur-
thermore, situations in which the corresponding drugs have
varied effects on the tolerance to hypoxia of various etiolo-
gies are known [7]. This circumstance illustrates the advis-
ability of searching for 2-ethyl-6-methyl-3-hydroxypyridine
derivatives with the optimal antihypoxic activity profile.
Esterification of 2-ethyl-6-methyl-3-hydroxypyrimidine by
thioctic (a-lipoic) acid, which satisfies formal criteria of be-
ing an antioxidant, is a promising approach to solving this
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problem [7]. It is worth adding that the succinate salt of the al-
cohol part (of 2-ethyl-6-methyl-3-hydroxypyridine) of the
proposed ester was considered a standard antihypoxic agent [9].

The present article was dedicated to a consideration of is-
sues with the synthesis of 2-ethyl-6-methylpyridinol-3-yl
thioctate, its toxicological evaluation, and the protective ac-
tivity for acute hypoxia of various etiologies.

EXPERIMENTAL CHEMICAL PART

Target compound 2-ethyl-6-methylpyridinol-3-yl thio-
ctate was synthesized according to the scheme below.

The starting reagents were (R,S)-thioctic (a-lipoic) acid
(NuSci, USA; CAS No. 1077-28-7) and 2-ethyl-6-methyl-3-
hydroxypyridine, the base of which was obtained from the
substance powder methylethylpyridinol hydrochloride
(2-ethyl-6-methyl-3-hydroxypyridine hydrochloride; ZAO
Obninsk Chemical Pharmaceutical Company, Russia). A sat-
urated aqueous solution of 2-ethyl-6-methyl-3-hydroxypy-
ridine hydrochloride was treated with an equivalent amount
of NaOH. The resulting precipitate was filtered off cold,
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rinsed on the filter with cold H,0, and dried in a desiccator
over solid KOH.
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Thioctic (a-lipoic) acid (20.62 g, 0.100 mol), triethyl-
enediamine (12.0 g, 0.107 mol), and 1,2-dichloroethane
(DCE, 75 mL) were placed into a conical glass flask. The
flask was hermetically sealed and tared on a technical bal-
ance. Then, the contents of the flask were stirred until the
solids were completely dissolved. The flask was placed into
an ice bath. The chilled solution in the flask was treated with
trifluoroacetic  anhydride (TFAA, 22.5g, 0.107 mol,
~15mL) that was previously chilled in an ice bath. The
TFAA was added in portions of 2—-3mL (3-4.5g) at
2 — 3 min intervals. The flask was hermetically sealed after
addition of each portion of TFAA and vigorously stirred
without allowing local heating. The amount of added TFAA
was monitored by weighing the flask with the reaction mix-
ture after addition of each portion of anhydride. When the
TFAA addition was complete, the flask with the reaction
mixture was placed into a water bath (40 —43°C) and held
there for 10 — 12 min with periodic stirring. This synthetic
step formed the mixed anhydride of thioctic and trifluoro-
acetic acids.

The flask with the synthesized anhydride was placed into
an ice bath. After the solution was chilled, 2-ethyl-6-me-
thyl-3-hydroxypyridine (13.72 g, 0.100 mol) that was previ-
ously ground into a powder and dried in a vacuum desiccator
was added to it. The flask with the reaction mixture was
placed into a water bath (56 — 60°C) and vigorously stirred
until the 2-ethyl-6-methyl-3-hydroxypyridine was com-
pletely dissolved. The resulting solution was held for another
20 min at the same temperature, cooled to room temperature,
and poured into cold distilled H,O (3 - 5°C, 1.0 L). The mix-
ture was vigorously stirred for 5 min and left to stand until
the phases separated. The upper (aqueous) phase containing
the triethylenediamine salt and trifluoroacetic acid was de-
canted. The lower phase containing a solution of the target
product (2-ethyl-6-methylpyridinol-3-yl thioctate) in DCE
was washed (3x) with distilled H,O (1.0 L) at room tempera-
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ture. The solution of the resulting ester was washed with HCI
solution (0.005 M) (2 x 1 L) and H,O (2x, 1.0 L).

The washed solution of the ester was transferred to a ro-
tary evaporator flask. The solvent was removed at 25 — 35°C.
The solution could be dried in a stream of air in a fume hood
as an alternate approach. In both instances, the yield of target
product was >85% of theoretical. The obtained product
(2-ethyl-6-methylpyridinol-3-yl thioctate) was an oily vis-
cous yellow liquid with a weak specific aroma. The ester
could contain insignificant amounts of 2-ethyl-6-methyl-3-
hydroxypyridine hydrochloride, thioctic acid, and triethyl-
enediamine. The obtained ester was extracted with refluxing
n-hexane to afford a chromatographically homogeneous tar-
get product. The target ester was isolated as a bright-yellow
oil during cooling of the hexane extract. When the extraction
was finished, the cold n-hexane was carefully decanted from
the receiving flask. Traces of n-hexane were removed in a ro-
tary evaporator (40 —45°C). All synthesis and purification
steps of the target compound were conducted in a fume hood.

The chemical purity of the obtained compound was eval-
uated by TLC on Sorbfil plates. Elution by n-heptane(i-PrOH
(5:1) followed by detection by I, vapor gave R = 0.61 for the
target ester. The purification procedure was repeated if nec-
essary because the product was not pure enough.

The structure of the product was analyzed using NMR,
IR, and UV spectroscopy and cryometric determination of
the molecular mass.

The PMR spectrum was recorded in CDCI, solution with
residual solvent protons as an internal standard on a Bruker
Avance IIT 500 MHz spectrometer (Germany). The IR spec-
trum was taken on a Nicolet 380 FT-IR spectrometer (USA).
The UV spectrum was obtained on an SF-2000 spectrophoto-
meter (Russia). The molecular mass of the product was de-
termined by a cryometric method using a Beckmann TL-1
differential thermometer (1/100°C, Russia).

PMR spectrum (500.13 MHz, J, ppm): 1.27 (t, 3H,
C(17)H,, J 7.6 Hz), 1.61 (m, 2H, C(4)H,, J 8.3 Hz), 1.78 (m,
2H, C(5)H,, J 4.0 Hz), 1.87 (m, 2H, C(3)H,, J 7.3 Hz), 1.97
(sext, 1H, C(7)H,(2), J 7.3 Hz), 2.52 (quint, 1H, C(7)H,(1), J
6.2 Hz), 2.57 (s, 3H, C(15)H,), 2.66 (t, 2H, C(2)H,, J 7.5
Hz), 2.74 (quart, 2H, C(16)H,, J 7.6 Hz), 3.17 (sext, 1H,
C(8)H,(1), J 5.0), 3.25 (sext, 1H, C(8)H,(2), J 4.7 Hz), 3.64
(quint, 1H, C(6)H, J 6.8 Hz), 7.06 (d, 1H, C(11)H, J 8.2 Hz),
7.28 (d, 1H, C(12)H, J 8.2 Hz).

IR spectrum (v, em!!, KBr): 1761.4 sec (v C(1)=0),
1228.3 sec, 1153.5 sec, 1123.1 sec br ester band [symm and
asymm v C(1)(O(C(13)].
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UV spectrum (95% EtOH): A 332 nm (S(S(n—>c"
transition.

According to cryometric analysis, the molecular mass of
the target product dissolved in benzene was 324 + 3 g/mol
with a calculated value of 325.34 g/mol.

2-Ethyl-6-methylpyridinol-3-yl thioctate was a viscous
bright-yellow oil liquid that solidified into a glassy transpar-
ent solid at low temperatures. The liquid compound had a re-
fractive index n?>~%7=1.546 +0.001 (RL; refractometer,
Poland), was insoluble in H,O, and gradually hydrolyzed on
contact with neutral, alkaline, and acidic solutions. The tar-
get compound was poorly soluble in aliphatic hydrocarbons,
moderately soluble in benzene, and very soluble in CHCI,,
DCE, DMSO, EtOH, i-PrOH, Me2CO, dioxane, and dilute
solutions of strong acids (precipitated from solutions as an
emulsion at pH > 1.65).

The obtained ester was given the laboratory name
thioxypine, consisting of the prefix thio and the root xypine,
denoting the acyl and alcohol components, respectively, of
the target compound.

EXPERIMENTAL BIOLOGICAL PART

The experimental biological part of the work was orga-
nized and conducted in compliance with the principle of
minimization of unavoidable distress of laboratory animals
based on principles of domestic and international regulations
[10, 11]. This part of the research included an acute toxicity
study of thioxypine and its influence on the tolerance to
acute hypoxia of various etiologies. Animals in all series of
the biological part were administered thioxypine and a refer-
ence drug as emulsions in a medium consisting of aqueous
NaCl solution (9 g/L) and Tween-80, the concentration of
which in the toxicological part of the work (10.9 g/L) was
substantially greater than the corresponding concentration in
experiments evaluating the antihypoxic activity (0.84 g/L).
This difference was due to the need to emulsify significantly
higher concentrations of thioxypine used in the toxicological
part (Table 1) as compared to the concentrations of the ester
for evaluating its antihypoxic potential (Table 2). In all cases,
the pH of the administered emulsions was within the range
7.2 —7.6. The volume of administered thioxypine emulsion
was 25 mL/kg in experiments with rats. The corresponding
value in experiments with mice was 50 mL/kg. The studied
doses of thioxypine were calculated from previously calcu-
lated mean therapeutic dose equivalents (MTDE =
72.5 umol/g) of 2-ethyl-6-methyl-3-hydroxypyridine hydro-
chloride (emoxypine) [5]. Thioxypine was administered at
doses equimolar to 4.77 — 25.5 MTDE of emoxypine for rats
and 4.47 — 13.06 MTDE for mice in the toxicological stud-
ies. Thioxypine was used at doses equimolar to 0.5, 1.0, and
2.0 MTDE of emoxypine for mice in experiments on
antihypoxic activity.

The toxicological part of the research was conducted ac-
cording to recommendations for studying acute toxicity of
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chemical substances [10,12,13]. Acute toxicity of
thioxypine was evaluated after a single i.p. injection fol-
lowed by observation of the animals for four weeks. This
part of the work was conducted on female laboratory rodents
of two species (Wistar rats, 200 + 20 g and white outbred
mice, 30 + 3 g). In both instances, the lethality of animals
was recorded after administration of thioxypine at seven dif-
ferent doses, each of which was tested in 10 animals. Acute
toxicity of a reference compound, i.e., a mixture of 2-ethyl-
6-methyl-3-hydroxypyridine hydrochloride and thioctic acid,
administered at doses equimolar to the thioxypine doses was
evaluated in parallel. The results were processed by probit
analysis according to Finney [14] using an on-line calculator
(http://probitsfinney.s3-website.us-east-2.amazonaws.com/).

The results were expressed as LD, and its standard error (s)
and the additionally calculated 95% confidence interval
(95% CI) [12, 15]. Statistical comparison of the LD, of
thioxypine and the reference compound used the toxicologi-
cal version of the ¢-criterion [12, 15]. A conclusion about the
effect of esterification on the toxicity of the mixture of
thioxypine components was made only if consistent statisti-
cally significant changes of LD, were established in experi-
ments on mice and rats.

The effect of thioxypine on tolerance to acute hypoxia
was studied for hypoxic, hypercapnic, hemic, and histotoxic
models of hypoxia. This part of the research was conducted
on mice of both sexes. Each experimental group numbering
10 mice included five males and five females. The reference
compounds were 2-ethyl-6-methyl-3-hydroxypyridine hy-
drochloride, thioctic acid, and their equimolar mixture.
Thioxypine and the reference compounds at doses equimolar
to thioxypine were administered i.p. 30 min before modeling
acute hypoxia. Mice of the control group received an equal
volume of medium (Tween-80, 0.84 g/L) in aqueous NaCl
solution (9 g/L), which was used to emulsify thioxypine and
the reference compounds. Acute hypoxic hypoxia was mod-
eled using the asphyxia by drowning test [16]. Hypercapnic
hypoxia was reproduced by placing mice into individual her-
metically sealed 200-mL glass jars [10]. Hemic hypoxia was
induced by a single injection of sodium nitrite at a dose of
200 mg/kg (20 mL/kg of 1% NaNO, solution, subcutaneous)
[10]. Histotoxic hypoxia was induced by a single injection of
sodium nitroprusside at a dose of 20 mg/kg (20 mL/kg of a
0.1% solution, i.p.) [17]. In all instances, the criterion for tol-
erance to acute hypoxia was the time from induction to the
death of the animals. Statistical analysis of this part was stud-
ied using the SPSS-17.0 applied software suite. Data were
processed by descriptive statistics and presented as medians
(Me) and the range between the lower (LQ, 25 percentile)
and upper quartiles (UQ, 75 percentile). The significance of
differences was assessed from the Mann(Whitney U-crite-
rion. A conclusion about the antihypoxic action of the stud-
ied compounds was made for a statistically significant in-
crease of the latency of death of mice established in at least
two acute hypoxia models [10]. The significance of inter-
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group differences in lethality was evaluated using the Fisher
exact criterion. All parts of the statistical analysis met criteria
of the intersection-union test excluding the use of corrections
for multiple comparisons [18]. The statistical hypotheses
were checked at critical significance level p = 0.05.
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RESULTS AND DISCUSSION

Deaths of animals were noted only during the first two
days from the time of administration of the test compounds
in all series of the toxicological part of the research. The re-

TABLE 1. Comparative Analysis of Acute Toxicity of Thioxypine (2-Ethyl-6-methylpyridinol-3-yl Thioctate) and Equimolar Mixture of Its

Free Components (Thioctic Acid and 2-Ethyl-6-methyl-3-hydroxypyridine Hydrochloride)

Acute toxicity
Dose, umol/kg (mg/kg) MTDE Lethality Effect (probit)
LD pmol/kg (mg/kg) MTDE
Toxicological study in rats
Thioxypine
345.8 (112.57) 4.77 0/10 3.04 LDy 699.57 (227.72) 9.7
456.8 (148.68) 6.30 0/10 3.04 LDs, 1016.51 (330.87) 14.0
604.7 (196.82) 8.34 0/10 3.04 LDgy 1333.46 (434.04) 18.4
799.0 (260.07) 11.02 2/10 4.16 LDs, = 1016.51 + 63.39 umol/kg
1057.1 (344.09) 14.58 7/10 5.52 95% CI (887 — 1146 pmol/kg)
1397.8 (455.01) 19.28 9/10 6.28 LDSQ"; /fé(;'?z;fgg%mggk/ﬁ;m
1848.8 (601.80) 25.50 10/10 6.96
Equimolar mixture of emoxypine and thioctic acid

345.8 4.77 0/10 3.04 LDy 463.09 6.4

456.8 6.30 0/10 3.04 LDs, 799.66 11.0

604.7 8.34 2/10 4.16 LDg4 1136.23 15.7

799.0 11.02 7/10 5.52 LDso = 799.66 + 67.31 pmol/kg”

1057.1 14.58 10/10 6.96 95% CI (658 — 941 pmol/kg)

1397.8 19.28 10/10 6.96

1848.8 25.50 10/10 6.96

Toxicological study in mice
Thioxypine
353.6 (206.07) 4.47 0/10 3.04 LD 863.41 (281.04) 6.0
467.1 (247.29) 5.35 0/10 3.04 LDs, 1313.08 (427.41) 9.1
618.3 (296.75) 6.43 1/10 3.72 LDgy 1762.76 (573.38) 12.2
817.0 (356.10) 7.71 1/10 3.72 LDso = 1313.08 £ 89.94 umol/kg
1080.9 (427.31) 9.26 2/10 4.16 95% CI (1131 — 1495 pmol/kg)
1429.2(512.78) 11.11 6/10 525 ng((i/o:élzég f iz'fig}ﬁgg
1890.4(615.33) 13.06 10/10 6.96
Equimolar mixture of emoxypine and thioctic acid

353.6 4.47 0/10 3.04 LDy 429.27 3.0

467.1 5.35 0/10 3.04 LDs, 806.83 5.6

618.3 6.43 4/10 4.75 LDg,4 1184.38 8.2

817.0 7.71 5/10 5.00 LDs, = 806.83 +75.51 pumol/kg”

1080.9 9.26 10/10 6.96 95% CI (649 — 964 pmol/kg)

1429.2 11.11 10/10 6.96

1890.4 13.06 10/10 6.96

Note: MTDE is the mean therapeutic dose equivalent; *statistically significant differences from the thioxypine group for LD results in units

of umol/kg (p < 0.05 by the #-criterion).
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sults allowed thioxypine to be classified as a marginally toxic
compound [13]. This was indicated by the acute toxicity (in
units of mg/kg) established in experiments in mice and rats
(Table 1).

The LD, values of thioxypine in both cases fell in the
range 101 — 1000 mg/kg, which was characteristic of low
toxicity of chemical substances upon i.p. injection [13]. It is
noteworthy that an equimolar mixture of thioctic acid and
emoxypine demonstrated higher toxicity than their
esterification product. This manifested as a statistically sig-
nificant decrease of the LD, of the mixture of the free com-
ponents of thioxypine as compared to the LD, of their ester
derivative. This trend was established in experiments on
mice and rats (Table 1). In the first instance, the LD, of
thioxypine (in units of umol/kg) exceeded the corresponding
value of the mixture of its free components by 1.63 times; in
the second, by 1.27 times.

The reduction of the toxicity of the mixture of thioctic
acid and emoxypine after their esterification was associated

TABLE 2. Effect

of Thioxypine (2-Ethyl-6-methylpyridinol-3-yl
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with a relative increase of the antihypoxic activity of the syn-
thesized ester. This was most evident in the acute hypoxic
hypoxia model (asphyxia by drowning), the tolerance to
which increased statistically significantly after administra-
tion of thioxypine at moderate (MTDE) and maximal doses
(2 MTDE) (Table 2). The antihypoxic activity of thioxypine
was observed to increase in a dose-dependent manner and
reached the greatest strength (151% of the median of the
control) upon using the maximum dose. The mixture of
thioctic acid and emoxypine at a dose equimolar to 2 MTDE
of thioxypine also caused a statistically significant antihy-
poxic effect, increasing the latency of death of mice up to
120% of the median control values (Table 2). However,
thioxypine at the maximum dose considerably exceeded the
mixture of its free components at an equimolar dose
(»=0.037) with respect to antihypoxic activity. Thioctic
acid, administration of which at the minimum dose
(1/2 MTDE) statistically significantly prolonged the life of
mice up to 129% of the median control group, was another

Thioctate) and Its Free Components (Thioctic Acid and

2-Ethyl-6-methyl-3-hydroxypyridine Hydrochloride and Their Equimolar Mixture) on Tolerance to Acute Hypoxia

Latency of hypoxic death (s) Me (LQ-UQ)
oroup Hypoxic hypoxia Hypercapnic hypoxia Hemic hypoxia Histotoxic hypoxia
Control
Tween-80 0.84 g/L in 29.5 (28 -395) 1663.5 (1314 —1984) 2610.5 (1933 —2915) 8/10 2014 (1510 —2452)
0.9% NaCl
Thioxypine”
1/2 MTDE 33.5(29-36) 1301 (1163 —2087) 2173 (1853 —2710) 7/10 1379.5* (1003 — 1635)
MTDE 36.5*% (33 -43) 2041 (1622 —2442) 2362 (1899 —2537) 9/10 1466 (1265 — 1730)
2 MTDE 44.5* (35-51) 2379* (2157 —3158) 4115.5 (2309 — 4680) 6/10 1418 (1167 — 1948)
Emoxypine
1/2 MTDE 32.5(29-37) 1565 (1103 — 1752) 2117.5 (1867 —2399) 8/10 1830.5 (992 — 2146)
MTDE 32 (28 -34) 1817 (1647 — 2888) 2243 (1783 —2569) 10/10 1629.5 (1299 — 1677)
2 MTDE 29 (27 -31) 1740 (1303 —2181) 2219.5 (2093 —2614) 10/10 1851.5 (1477 —2151)
Thioctic acid
1/2 MTDE 38* (31 —46) 1716 (1183 —2095) 2293.5 (1943 — 2392) 10/10 1363.5* (1110 — 1700)
MTDE 34.5(32-138) 1845.5 (1547 —2122) 2018 (1897 —2786) 10/10 1731.5 (1042 — 1948)
2 MTDE 31.5 (29 -38) 2104.5 (1507 — 2297) 2624 (2415 —2965) 9/10 1527.5 (954 — 1885)
Equimolar mixture of emoxypine and thioctic acid
1/2 MTDE 30.5 (27-395) 1542.5 (1312 -1718) 2318 (2010 —3221) 9/10 1508.5 (1156 — 1692)
MTDE 30.5 (28 -34) 1955.5 (1559 —2530) 2492.5 (1959 - 3611) 10/10 1710.5 (1516 — 1970)
2 MTDE 35.5% (32-39) 1573.5 (1232 - 2125) 3029 (1980 — 3176) 9/10 1471.0 (1127 — 1784)

Note: Experiments performed on white outbred mice of both sexes; each group consisted of five males and five females; in all series (except for
hemic hypoxia), modeling acute hypoxia led to 100% lethality of mice. The number of animals in the hemic hypoxia series is given as a fraction,
the numerator of which gives the number of dead animals; the denominator, the total number of animals in gﬁhe group; none of the groups of this
series differed from the control for frequency of mouse, deaths (p = 0.47 — 0.56, Fisher exact criterion). Statistically significant differences

from control (p < 0.05 by Mann(Whitney U-criterion);
hypoxia models [10]).

true antihypoxic activity (by antihypoxic activity criterion established in at least two



352

reference compound that exhibited a protective effect with
hypoxic hypoxia (Table 2). This result agreed partially with
previous research results that demonstrated antihypoxic ac-
tivity of thioctic acid in NaCl solution (0.9%) not only at the
minimum but also higher doses (MTDE and 2 MTDE) of the
studied range [7].

Apparently, the substantial change of the dose depend-
ence of the antihypoxic activity of thioctic acid could be a
consequence of its interaction with the medium [Tween-80
(0.84 g/L) in NaCl solution (0.9%)], which was used to
emulsify the tested compounds in the studies. The same ap-
plies to emoxypine, which was soluble in NaCl solution
(0.9%) and protected the animals under asphyxia conditions
[7] but did not exhibit antihypoxic activity when emulsified
in a medium containing Tween-80 (Table?2). The
antihypoxic activity of the synthesized ester was confirmed
in the hypercapnic hypoxia model, the tolerance to which in-
creased up to 143% of the control medium under the influ-
ence of thioxypine at the maximum dose (Table 2). None of
the reference compounds had a significant effect on the life-
span of mice under hypercapnic conditions (p =0.29 —0.88).
The increase in the latency of death of mice that was established
in the two hypoxia models under the influence of thioxypine al-
lowed it to be classified as a true antihypoxant [10].

The effect of thioxypine on the tolerance to histotoxic
hypoxia differed qualitatively from its protector effects with
hypoxic and hypercapnic hypoxia. This was manifested in
the reduction of the latency of death of mice to 68% of the
control median under the influence of thioxypine at a dose of
1/2 MTDE (Table 2). Thioctic acid caused an analogous ef-
fect at an equimolar dose. The results were comparable to
those of previous research that demonstrated a reduction in
the tolerance to histotoxic hypoxia after administration of
thioctic acid dissolved in NaCl solution (0.9%) [7]. The alco-
hol component (emoxypine) diluted in isotonic saline had the
same activity at a dose equimolar to 1/2 MTDE of thioxypine
[7]. It is possible that the acyl and alcohol components of
thioxypine administered at the minimum dose potentiated
reductive stress caused by blockage of the distal part of the re-
spiratory chain with histotoxic hypoxia [19]. This effect may
have been nullified at higher doses because of concentration
inversion of the antioxidant activity of emoxypine and an in-
crease in the pro-oxidant activity of thioctic acid [6].

Reproduction of hemic hypoxia, in contrast to the other
models of acute hypoxia, did not always lead to a fatal out-
come. The lethality of the animals in the formed groups was
recorded within 2 h from the time of NaNO, administration
and varied within 60 — 100% (Table 2). None of the tested
compounds had a significant effect on the frequency of death
of mice (p =0.47 —0.56) or on the lifespan of animals that
died (p =0.19-0.93).

In general, the results indicated that the toxicity de-
creased with a simultaneous increase of antihypoxic activity

I. A. Volchegorskii et al.

of an equimolar mixture of thioctic acid and 2-ethyl-6-
methyl-3-hydroxypyridine after their combination into the
ester 2-ethyl-6-methylpyridinol-3-yl thioctate (thioxypine).
Administration (i.p.) of thioxypine at a dose of 145 umol/kg
increased the tolerance to asphyxia by 51% and to hypercap-
nic hypoxia by 43%. This combination of effects met the for-
mal criteria allowing thioxypine to be classified as a true
antihypoxant [10]. A fourfold decrease of the thioxypine
dose (to 36.25 pumol/kg) decreased the tolerance to histotoxic
hypoxia by 32%. The resulting ester did not affect the toler-
ance to hemic hypoxia.
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