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The effect of thioctic acid (TA), 2-ethyl-6-methyl-3-hydroxypyridine hydrochloride (emoxypine), and their

ester derivative (2-ethyl-6-methylpyridinol-3-yl-thiooctanoate, thioxypine) on the behavior of rats in an ele-

vated plus maze (EPM) was studied. Intraperitoneal administration (three times) of TA, emoxypine, and their

equimolar mixture in single doses of 36.25, 72.5, and 145 �mol/kg enhanced individual manifestations of

anxious behavior in the EPM but did not cause full-blown anxiogenic effects. Similar pro-anxiogenic effects

were observed when TA was administered in a dose of 36.25 �mol/kg and emoxypine in doses of 72.5 and

145 �mol/kg. The equimolar mixture of the non-esterified components of thioxypine had a pro-anxiogenic ef-

fect in doses of 36.25 and 72.5 �mol/kg. Combination of TA and 2-ethyl-6-methyl-3-hydroxypyridine into the

ester potentiated their pro-anxiogenic activity, which manifested as an extensive anxiogenic effect of

thioxypine when administered three times in a dose of 145 �mol/kg.

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

(thioxypine), elevated plus maze, anxiogenic effect.

Thioctic (�-lipoic) acid possesses potent redox-modulat-

ing activity that is closely related to its antihypoxic and

psychotropic potential [1 – 4]. 2-Ethyl-6-methyl-3-hydroxy-

pyridine hydrochloride (emoxypine) displays an analogous

spectrum that causes a nootropic effect and substantially af-

fects the experimental and clinical affective status, and in-

cludes antioxidant and antihypoxic activity [2, 4 – 6].

Thioctic acid (TA) and emoxypine administered to mice at

doses equivalent to the human therapeutic doses cause com-

parable thymoanaleptic effects and exhibit equivalent antihy-

poxic activity with experimental asphyxia [2, 4]. Combina-

tion of TA and the cationic part of emoxypine (2-ethyl-6-me-

thyl-3-hydroxypyridine) into the ester thioxypine (2-ethyl-

6-methylpyridinol-3-yl-thiooctanoate) potentiates the anti-

hypoxic activity of its free components with complete loss of

their antidepressant activity [1, 7]. Administration of thio-

xypine at a subantihypoxic dose causes an effect like seda-

tion due to the acyl (thiooctanoyl) component of the ester [7].

This raises the question of potential anxiolytic activity of

thioxypine. Also, the above effect may also indicate not se-

dation but a freezing response due to the probable anxiogenic

activity of thioxypine. The present article focused on a check

of this hypothesis according to criteria for the effects of

thioxypine and its free components on the behavior of rats in

an elevated plus maze (EPM), the use of which is a basic ap-

proach to screening potential tranquilizers [8].

EXPERIMENTALCHEMICAL PART

Thioxypine (2-ethyl-6-methylpyridinol-3-yl- thiooctano-

ate) was synthesized at the Central Research Laboratory of

South Ural State Medical University, Ministry of Health of

Russia, according to the previously published [1] and RF pat-

ent-protected technology (No. 2,797,949; Appl. No.

2023106552; Jun. 13, 2023). The starting reagents were

(R,S)-thioctic acid (NuSci, USA; CAS No. 1077-28-7) and

2-ethyl-6-methyl-3-hydroxypyridine, the base that was pro-

duced from powdered methylethylpyridinol hydrochloride
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drug substance (ZAO Obninsk Chemical and Pharmaceutical

Co.) by treating it with NaOH by the previously described

method [1].

EXPERIMENTALBIOLOGICAL PART

The test plan complied with ethical standards given in

domestic and international regulatory documents [8, 9]. The

study used 130 Wistar rats (180 – 250 g). Each experimental

group of animals included an equal number of males and fe-

males. Thioxypine, its free components (TA and emoxypine),

and their equimolar mixture (reference substance) were ad-

ministered as emulsions prepared in a medium consisting of

aqueous NaCl solution (9 g/L) and Tween-80 (0.84 g/L). The

pH of the administered emulsions in all instances was in the

range 7.2 – 7.6.

The tested compounds were administered three times

intraperitoneally in a volume of 25 mL/kg 24 and 4 h and

30 min before evaluating their anxiotropic activity.

Thioxypine and the reference substance were administered at

the same doses (36.25, 72.5, and 145 �mol/kg), which were

previously used to study the thymoanaleptic potential of the

corresponding drugs [7]. Control animals received equal vol-

umes (25 mL/kg) of the injection medium [Tween-80

(0.84 g/L) in aqueous NaCl solution (9 g/L)] that was used

for emulsification of the tested compounds.

The effects of the tested compounds on anxiety reactions

of the rats were evaluated from their behavior in an EPM.

The work used a standard EPM for rats (NPK Otkrytaya

Nauka, Russia) with four arms (50 	 14 cm) and a central

area (14 	 14 cm). Two opposite arms of the EPM had side

walls of height 30 cm and were considered closed arms. The

other two arms did not have barriers, were considered open

arms, and were situated at a right angle relative to the closed

arms. The EPM was placed on a stand so that the device was

raised over the floor by 50 cm. Rats were placed into the cen-

tral area at the start of the test so that their noses were facing

one of the open arms. The number of entries of a test animal

into open and closed arms and the number of entries into the

central area were recorded for 5 min. Simultaneously, the to-

tal residence time of the rats in these EPM sections was re-

corded. The resulting parameters were evaluated as both ab-

solute values and percents of the total number of entries into

the EPM sections and the times spent in them (of the total

test time). Entry into EPM sections were measured from the

time all four paws were located on the floor of any arms or

the central area. The manifestation of anxiety was judged

from the number of entries into the EPM closed arms and the

residence time in them according to generally accepted rec-

ommendations [8]. The number of entries into open arms and

the EPM central area and the total time spent in them were

considered criteria of anxiolytic activity of the tested com-

pounds. Substantial shifts in visits to EPM sections and resi-

dence times in them were judged only for unidirectional

changes of the absolute and relative values of the corre-

sponding parameters. The overall locomotor activity of the

animals, which was judged from the total number of entries

into the various EPM sections, was recorded separately. The

anxiety index (AI) was the integral characteristic of the ani-

mal behavior in the EPM and was calculated using the for-

mula [10]:
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The nonconventional (ethological) parameters of risk as-

sessment behavior (RAB) [11] were calculated in addition to

the above commonly accepted (conventional) behavior pa-

rameters. The RAB was judged from the number of

head-dippings from the open arms (when the animal dropped

its head below the EPM floor) and from the number of

end-arm explorations (within 10 cm from the edge). Vegeta-

tive manifestations of anxiety were assessed from the num-

ber of fecal boluses. Locomotor activity (the number of

crossed squares on the EPM arms) and orientational reac-

tions (number of vertical rearings) of the rats were recorded

besides the conventional and nonconventional parameters.

Statistical analysis used the SPSS-17.0 applied computer

program suite. The results were processed by descriptive sta-

tistics and given as mean (Me) and the range between the

lower (LQ, 25 percentile) and upper (UQ, 75 percentile)

quartiles. The significance of intergroup differences was

judged using a two-tailed version of the Mann(Whitney

U-criterion. Statistical hypotheses were checked using sig-

nificance level P = 0.05. The statistical significance of found

effects was evaluated according to the intersection-union

principle excluding corrections for multiple comparisons

[12]. The existence of an effect of each tested compound on

the manifestation of anxiety in the EPM was judged from the

same statistically significant changes of at least three param-

eters, including the AI and a minimum of one conventional

and nonconventional parameter. Pro-anxiolytic or pro-anxio-

genic effects were considered if these criteria were not com-

pletely met.

RESULTS AND DISCUSSION

The research established that the ester derivative of

2-ethyl-6-methyl-3-hydroxypyridine and TA, i.e., thioxy-

pine, affected the behavior of rats in the EPM much more

than each of its free components (Tables 1 and 2). This ap-

peared most clearly after three-fold administration of the
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tested compounds at the maximum one-time dose

(145 �mol/kg). This administration regime of thioxypine

more than halved the absolute number of entries of the ani-

mals into EPM closed arms and completely prevented visits

of its open arms. This led to a decrease in the total number of

transitions between EPM sections by 2.6 times as compared

to the control animals. The results indicated that the locomo-

tor activity of the rats was suppressed by thioxypine. This

conclusion was confirmed by the practically halving of the

number of crossed squares after administration of a course of

thioxypine at the maximum dose (Table 2).

The decreased locomotor activity of rats that received

thioxypine at the maximum dose was nonuniform in nature

and was mainly associated with fewer visits of the EPM open

arms. This parameter, in contrast to visitation of the closed

arms, was reduced not only in the absolute but also the rela-

tive values (Table 1). This result was interpreted in terms of

concepts about an anxiogenic effect that manifested in avoid-

ance of the EPM open arms [8]. Avoidance of the open arms

under the influence of the maximum dose of thioxypine was

also confirmed by the pronounced drop in the absolute and

relative parameters of time spent by the rats in these EPM

sections (Table 1). Integral analysis of conventional manifes-

tations of anxiety using AI data also confirmed an anxi-

ogenic effect for thioxypine. Thioxypine used at the maxi-

mum dose was observed to increase the AI by 24% as com-

pared with the control (Table 1). It is noteworthy that

thioxypine intensified the nonconventional signatures of

556 I. A. Volchegorskii et al.

TABLE 1. Effect of Thioxypine and Its Non-Esterified Components on Conventional Parameters of Anxious Behavior of Rats in EPM, [Me:

(LQ; UQ)]

Group, drug dose

Entries into EPM arms Time spent in EPM arms

AI“closed” “open” “closed” “open”

number % number % s % s %

Tween 80 control

(0.84 g/L) NaCl

(9.0 g/L)

4.5

[3.0; 6.0]

42.9

[34.8; 50.0]

2.0

[1.0; 3.0]

17.0

[15.8; 33.3]

222.5

[200.0; 245.0]

74.2

[66.7; 81.7]

52.5

[28.0; 70.0]

17.5

[9.3; 23.3]

0.8

[0.7; 0.9]

Thioxypine,

�mol/kg

145 2.0*

[1.0; 5.0]

50.0

[40.0; 71.4]

0.0*

[0.0; 1.0]

0.0*

[0.0; 20.0]

263.5

[210.0; 288.0]

87.8

[70.0; 96.0]

0.0*

[0.0; 24.0]

0.0*

[0.0; 8.0]

1.0*

[0.9; 1.0]

72.5 1.5*

[1.0; 3.0]

47.2

[25.0; 100.0]

1.0

[0.0; 3.0]

17.4

[0.0; 33.3]

243.5

[191.0; 296.0]

81.2

[63.7; 98.7]

24.0

[0.0; 58.0]

8.0

[0.0; 19.3]

0.9

[0.8; 1.0]

36.25 2.0*

[1.0; 3.0]

46.4

[40.0; 66.7]

1.0*

[1.0; 1.0]

17.1

[11.1; 25.0]

240

[209.0; 280.0]

80.0

[69.7; 93.3]

21.0

[5.0; 43.0]

7.0

[1.7; 14.3]

0.9

[0.8; 0.9]

Emoxypine,

�mol/kg

145 3.5

[2.0; 4.0]

47.2

[33.3; 60.0]

1.5

[1.0; 3.0]

20.0

[11.1; 25.0]

263.5*

[254.0; 275.0]

87.8*

[84.7; 91.7]

18.0

[10.0; 35.0]

6.0

[3.3; 11.7]

0.9

[0.8; 0.9]

72.5 2.5

[1.0; 4.0]

42.5

[33.3; 60.0]

1.0*

[1.0; 1.0]

15.5

[10.0; 21.4]

243.5

[200.0; 281.0]

81.2

[66.7; 93.7]

26.5

[3.0; 55.0]

8.8

[1.0; 18.3]

0.9

[0.8; 0.9]

36.25 2.5

[1.0; 4.0]

50.0

[27.3; 100.0]

1.0

[0.0; 3.0]

16.7

[0.0; 30.0]

240

[212.0; 300.0]

80.0

[70.7; 100.0]

16.5

[0.0; 70.0]

5.5

[0.0; 23.3]

0.9

[0.7; 1.0]

Thioctic

acid (TA),

�mol/kg

145 5.0

[4.0; 5.0]

48.1

[38.5; 55.6]

2.0

[1.0; 2.0]

15.4

[11.1; 28.6]

256.5

[214.0; 277.0]

85.5

[71.3; 92.3]

27.5

[4.0; 49.0]

9.2

[1.3; 16.3]

0.8

[0.7; 0.9]

72.5 3.5

[1.0; 6.0]

48.3

[33.3; 66.7]

1.5

[0.0; 3.0]

14.3

[0.0; 25.0]

251.0

[225.0; 269.0]

83.7

[75.0; 89.7]

30.5

[0.0; 56.0]

10.2

[0.0; 18.7]

0.9

[0.8; 1]

36.25 2.0*

[1.0; 3.0]

47.7

[40.0; 60.0]

1.0

[1.0; 2.0]

22.5

[9.1; 50.0]

230.0

[200.0; 276.0]

76.7

[66.7; 92.0]

39.0

[14.0; 85.0]

13.0

[4.7; 28.3]

0.8

[0.7; 0.9]

Mixture of

emoxypine

and TA,

�mol/kg

145 4.5

[2.0; 6.0]

43.3

[33.3; 50.0]

1.5

[1.0; 3.0]

18.3

[6.7; 27.3]

210.0

[164.0; 221.0]

70.0

[54.7; 73.7]

42.0

[6.0; 75.0]

14.0

[2.0; 25.0]

0.8

[0.7; 1.0]

72.5 2.0*

[1.0; 3.0]

50.0

[33.3; 66.7]

1.0*

[0.0; 1.0]

16.7

[0.0; 27.3]

242.5

[187.0; 291.0]

80.8

[62.3; 97.0]

31.0

[0.0; 77.0]

10.3

[0.0; 25.7]

0.9

[0.6; 1.0]

36.25 3.0

[1.0; 4.0]

63.3

[46.7; 100.0]

0.0*

[0.0; 1.0]

0.0*

[0.0; 16.7]

277.5*

[233.0; 300.0]

92.5*

[77.7; 100.0]

0.0*

[0.0; 25.0]

0.0*

[0.0; 8.3]

1.0*

[0.9; 1.0]

Note: parameters statistically significantly different from the control (p < 0.05) are marked (
*
) and shown in bold font. Data showing time in the

EPM central area and residence time in it are not given in the table because the studied compounds did not have any effect on the corresponding

parameters. Each group included 10 rats (5 males and 5 females).



anxiety in addition to the conventional manifestations. This

produced statistically significant decreases of RAB parame-

ters such as the number of head-dippings from EPM open

arms and the number of end-arm explorations (Table 2).

The effect of thioxypine on the AI and both nonconven-

tional anxiety manifestations disappeared if the one-time

dose was reduced by two and three times (Table 1). This re-

sult showed that thioxypine lacked significant anxiogenic ac-

tivity with three administrations at doses of 36.25 and

72.5 �mol/kg. It is noteworthy that thioxypine, even in this

range of relatively low doses, caused separate proanxiogenic

effects, the integral sum of which nevertheless did not lead to

a conclusion about a substantial increase in anxiety. Only the

absolute parameters of the number of entries into closed and

open arms and the associated number of transitions between

EPM sections decreased if thioxypine was used at the mini-

mum dose (36.25 �mol/kg) (Tables 1 and 2). A reduction of

locomotor activity of the animals according to the criterion

of the number of crossed squares was simultaneously ob-

served (Table 2). Three administrations of thioxypine at the

medium dose (72.5 �mol/kg) led to a decrease only in the ab-

solute number of entries into the EPM closed arms (Table 1)

and a decrease in the number of vertical rearings (Table 2).

The isolated components of the thioxypine ester were

significantly inferior to it with respect to the influence on be-

havior of the rats in the EPM. This concerned primarily the

acyl (thiooctanoyl) component, which exhibited a distinct

psychotropic effect only after administration at the minimum

dose. Three-fold administration of TA at a dose of
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TABLE 2. Effect of Thioxypine and Its Non-Esterified Components on Nonconventional (Ethological) Parameters of Anxious Behavior of

Rats in EPM, Their Locomotor Activity, and Orientational Reaction, [Me (LQ; UQ)]

Group, drug dose

Hanging

from open

arms

Exits into

end parts

of open arms

Defecations

Locomotor activity Orientational

reaction

(number

of vertical

rearings)

transitions

between

EPM sections

number

of crossed

squares

Control, Tween 80 (0.84 g/L)

NaCl (9.0 g/L)

2.0

[1.0; 5.0]

1.0

[1.0; 3.0]

1.0

[1.0; 2.0]

9.0

[7.0; 12.0]

33.0

[26.0; 38.0]

5.5

[5.0; 8.0]

Thioxypine,

�mol/kg

145 0.0*

[0.0; 1.0]

0.0*

[0.0; 0.0]

0.5

[0.0; 2.0]

3.5*

[1.0; 7.0]

17.5*

[8.0; 27.0]

7.0

[2.0; 9.0]

72.5 2.0

[0.0; 4.0]

0.5

[0.0; 2.0]

1.0

[0.0; 1.0]

5.5

[1.0; 8.0]

23.0

[13.0; 31.0]

3.0*

[2.0; 4.0]

36.25 1.0

[0.0; 2.0]

0.0

[0.0; 1.0]

0.0

[0.0; 2.0]

5.0*

[3.0; 7.0]

18.0*

[15.0; 19.0]

4.0

[3.0; 7.0]

Emoxypine,

�mol/kg

145 1.5

[0.0; 3.0]

0.0

[0.0; 1.0]

0.0

[0.0; 2.0]

8.0

[5.0; 15.0]

26.5

[22.0; 41.0]

4.0

[2.0; 8.0]

72.5 0.5

[0.0; 2.0]

0.0*

[0.0; 1.0]

2.0

[0.0; 2.0]

5.5

[1.0; 10.0]

27.0

[7.0; 36.0]

4.0

[3.0; 5.0]

36.25 1.0

[0.0; 5.0]

0.0

[0.0; 1.0]

0.5

[0.0; 1.0]

9.0

[1.0; 9.0]

30.0

[11.0; 37.0]

3.0

[2.0; 7.0]

Thioctic acid

(TA), �mol/kg

145 1.5

[0.0; 2.0]

0.0

[0.0; 1.0]

0.0

[0.0; 2.0]

9.0

[8.0; 13.0]

36.0

[31.0; 46.0]

8.5

[5.0; 12.0]

72.5 2.5

[0.0; 5.0]

0.5

[0.0; 1.0]

0.5

[0.0; 3.0]

6.0

[4.0; 15.0]

34.0

[21.0; 42.0]

5.5

[4.0; 7.0]

36.25 2.5

[0.0; 3.0]

1.0

[0.0; 1.0]

0.0*

[0.0; 1.0]

5.0*

[1.0; 7.0]

24.5

[12.0; 30.0]

4.0

[1.0; 6.0]

Mixture of

emoxypine and

TA, �mol/kg

145 1.0

[1.0; 4.0]

0.0

[0.0; 1.0]

0.0*

[0.0; 1.0]

10.5

[3.0; 15.0]

35.5

[15.0; 41.0]

6.0

[3.0; 7.0]

72.5 2.0

[0.0; 2.0]

1.0

[0.0; 1.0]

0.5

[0.0; 2.0]

4.0*

[2.0; 6.0]

23.5

[13.0; 27.0]

6.0

[4.0; 11.0]

36.25 0.0

[0.0; 2.0]

0.0

[0.0; 1.0]

0.0*

[0.0; 1.0]

5.5

[1.0; 7.0]

25.5

[9.0; 2.07]

5.5

[3.0; 6.0]

Note: parameters statistically significantly different from the control (p < 0.05) are marked (
*
) and shown in bold font. Each group included 10

rats (5 male and 5 female).



36.25 �mol/kg reduced the absolute number of entries into

closed arms, decreased the number of transitions between

EPM sections (Tables 1 and 2), and practically completely

prevented anxiogenic defecation (Table 2). Nevertheless, the

obvious anxiolytic tendency of these effects did not lead to a

conclusion about genuine tranquilizing activity. This was re-

lated to the lack of its significant influence on the relative pa-

rameters of visitation of EPM closed arms, the studied RAB

parameters, and the AI value. The hydrochloride salt of the

thioxypine alcohol component (2-ethyl-6-methyl-3-hydroxy-

pyridine hydrochloride, emoxypine), in contrast to TA, ex-

erted its activity at relatively high doses. Administration of

emoxypine at the maximum dose increased the absolute and

relative parameters of time spent in closed arms but did not

affect other parameters of behavior in the EPM. Use of

emoxypine at the medium dose had a significant effect only

on the absolute number of entries into open arms and the

number of end-arm explorations. In both instances, these pa-

rameters decreased significantly. Administration of emoxy-

pine at the minimum dose had no effect on the behavior of

the animals in the EPM. The results did not suggest that

emoxypine had a significant influence on the manifestation

of anxiety because it did not change the AI parameter at any

studied dose.

The change in the behavior of rats in the EPM under the

influence of an equimolar mixture of the non-esterified com-

ponents of thioxypine deserves separate attention. Adminis-

tration of this mixture three times at the minimum one-time

dose (36.25 �mol/kg for each component) produced effects

like those of thioxypine. An equimolar mixture of

emoxypine and TA used at the minimum dose practically

completely prevented visitation of the EPM open arms (Ta-

ble 1). Simultaneously, the absolute and relative values of the

time spent in the EPM closed arms were observed to in-

crease. The proanxiogenic tendency of these effects was con-

firmed by a substantial increase in the AI. Also, the mini-

mum dose of the mixture of the non-esterified components of

thioxypine did not affect any of the studied RAB parameters

and completely suppressed anxiogenic defecation (Table 2).

This did not lead to a conclusion about a genuine anxiogenic

effect of the equimolar mixture of emoxypine and TA. It is

noteworthy that the strength of the influence of the mixture

of thioxypine free components on the behavior in the EPM

progressively decreased as the dose was increased. Only the

absolute parameters of entry of rats into closed and open

arms with an associated decrease in the number of transitions

between EPM sections decreased if the equimolar combina-

tion of emoxypine and TA was used at a one-time dose of

72.5 �mol/kg (Tables 1 and 2). Use of this mixture at the

maximum one-time dose (145 �mol/kg) led only to suppres-

sion of anxiogenic defecation (Table 2).

A similar dose-dependent effect was observed in previ-

ous research demonstrating that TA, its equimolar mixture

with emoxypine, and their ester derivative (thioxypine) sup-

pressed exploratory activity of mice in an open field only af-

ter administration at the minimum dose [7]. TA-containing

drugs lost their influence on exploratory activity of animals

if the dose was increased. This similarity in the dose-depen-

dences of TA-containing drugs on the behavior of rats in the

EPM (Table 1) and the exploratory activity of mice in an

open field [7] suggested that these effects had a single basis.

This basis could be the proanxiogenic activity of TA at the

minimum dose (Table 1), which provoked neophobia and

suppressed exploratory activity of mice in an open field.

A similar mechanism could underly the suppressive in-

fluence of thioxypine on locomotor and orienting activity of

rats in the EPM (Table 2). Apparently, combination of 2-et-

hyl-6-methyl-3-hydroxypyridine and TA into the ester

thioxypine potentiated their proanxiogenic effects, the

strength of which increased to the level of genuine anxioge-

nic activity. The observed reduction in the number of loco-

motor movements and vertical rearings should be considered

the result of a freezing response [13] and not sedation as pre-

viously proposed [7]. This effect of thioxypine could also be

related to potentiation of the proanxiogenic activity of its

non-esterified components due to forming the ester deriva-

tive. This possibility was illustrated by the lack of any influ-

ence of emoxypine and TA on the number of crossed squares

and the number of vertical rearings in the EPM (Table 2).

It is entirely possible that the reduction in the locomotor

activity and orientational reaction of rats under the influence

of thioxypine could be directly related to its antihypoxic ac-

tivity. The fact that the resistance of stressed rats to hypoxia

is known to increase as their spontaneous locomotor activity

decreases is indicative of this [14].
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