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It is established that succinic acid is capable of potentiating (synergism) the antihypoxic activity of

3-hydroxypyridine derivatives such as the succinate (Ia) and hydrochloride (Ib) of 3-(N,N-dimethylcarbamo-

yloxy)-2-ethyl-6-methylpyridine. This effect makes it expedient to create new drugs containing a mixture of

Ia or Ib and succinic acid derivatives that would possess antihypoxic, antiamnestic, and anticonvulsant activ-

ity. The antihypoxic activity of 3-hydroxypyridine drugs increases in the order emoxypin < me-

xidol < proxypin < Ia + succinic acid < Ib + succinic acid.

Key words: succinate and hydrochloride of 3-(N,N-dimethylcarbamoyloxy)-2-ethyl-6-methylpyridine, com-

binations with succinic acid, synergism, antihypoxic, antiamnestic, and anticonvulsant activity.

Despite recent successes in creating drugs for treating

neurological diseases associated with brain ischemia and ac-

companied by mnestic disruptions, most existing drugs (ac-

cording to multi-center clinical trials) do not reduce mortal-

ity from such diseases although they do improve the neuro-

logical outcome [1].

Drugs of the 3-hydroxypyridine series such as emoxypin

and mexidol, which exhibit antioxidant and antihypoxic ac-

tivity, play an important role in complex therapy of ischemic

brain disease [2].

A new structural analog of mexidol is 2-ethyl-3-

(N,N-dimethylcarbamoyloxy)-6-methylpyridine succinate

[3], which has higher antihypoxic activity than emoxypin

and mexidol. This compound under the name proxypin (Ia)

was entered into clinical trials as a neuroprotectant for

ischemic brain disease.

HX=HCl, Emoxypin

HX=0.5 HOOC(CH
2
)
2
COOH,

Mexidol, mexiprim

HX=0.5 HOOC(CH
2
)
2
COOH,

Proxypin (Ia),

HX=HCl (Ib)

Proxypin (Ia) is produced from the available sylvan (II)

according to the scheme below [3, 4].

We found during an in-depth study of the pharmacology

of proxypin and its analog as the hydrochloride (Ib) that

succinic acid enhances the antihypoxic activity of these com-

pounds. It should be emphasized that this effect is synergistic

in nature (potentiation) but not additive (Table 1). Thus, a ba-

131

0091-150X/11/4503-0131 © 2011 Springer Science+Business Media, Inc.

Pharmaceutical Chemistry Journal, Vol. 45, No. 3, June, 2011 (Russian Original Vol. 45, No. 3, March, 2011)

NCH
3 C

2
H

5

OH

· HX

NCH
3

C
2
H

5

O

O

N(CH
3
)
2

· HX

N
O O

O

N

CH
3 C

2
H

5

OH

CH
3

CH
3

C
2
H

5

(CH
3
CH

2
CO)

2
O

H
3
PO

4

NH
3

(CH
3
)
2
NCOCl

N(C
2
H

5
)
3 CH

3 C
2
H

5

O

O

N(CH
3
)
2 HOOC(CH

2
)
2
COOH

Ia

II

Scheme

1
MirFarm Company, Obninsk, Kaluga Oblast, Russia.



sis arose for creating combined antihypoxic drugs consisting

of 2-ethyl-3-(N,N-dimethylcarbamoyloxy)-6-methylpyridine

hydrochloride (Ib) or the corresponding succinate (Ia) and

succinic acid.

The role of succinic acid in the manifestation of the syn-

ergism upon its combination with 3-hydroxypyridine deriva-

tives is apparently related to the involvement of succinic acid

in reductive processes occurring in organs and tissues, in-

cluding with various pathologies [5]. Succinic acid itself is

practically not used as a drug. Only the diagnostic limontar,

which is a composition of citric and succinic acids that is

used to study the stomach secretory function, is registered in

Russia. Furthermore, its use for the prevention and treatment

of alcohol intoxication has been reported [6]. In general,

succinic acid is rather widely used in pharmaceutics as a

salt-forming component of several drugs such as mexidol,

metoprolol, etc. that ensures the active ingredients of these

preparations are water-soluble.

EXPERIMENTAL CHEMICAL PART

2-Ethyl-3-(N,N-dimethylcarbamoyloxy)-6-methylpyridine

succinate (Ia, proxypin). A suspension of 2-ethyl-3-

hydroxy-6-methylpyridine (109.74 g, 0.8 mol) in 1,2-di-

chloroethane (240 mL) was stirred at 22 ± 2°C, treated grad-

ually with Et
3
N (105.24 g, 1.04 mol) and

N,N-dimethylcarbamoylchloride (111.85 g, 1.04 mol). The

suspension was heated to boiling, refluxed for 4 h, cooled to

22 � 2°C, treated with H
2
O (120 mL), and stirred for 10 min.

The aqueous layer was separated. The organic layer was

washed with H
2
O (2 � 60 mL) and dried over anhydrous

Na
2
SO

4
. The desiccant was filtered off. The filtrate was

evaporated in vacuo. The solid was treated with a hot solu-

tion of succinic acid (47.24 g, 0.4 mol) in isopropanol

(300 mL). The resulting solution was heated to boiling,

refluxed with activated carbon for 10 min, filtered, and left at

5 – 10°C for 10 – 15 h. The resulting precipitate was filtered

off and dried at 50 – 60°C to afford 2-ethyl-3-(N,N-dimethyl-

carbamoyloxy)-6-methylpyridine succinate (Ia) (151.8 g) as

a white crystalline powder that was very soluble in water, al-

cohols, and acetone. Removal of solvent from the mother li-

quor and recrystallization of the solid from isopropanol af-

forded additional product (23.7 g). The overall yield of Ia

was 175.5 g (82%), mp 84 – 86°C (isopropanol),

C
26

H
38

N
4
O

8
. PMR spectrum (ppm): 1.20 (3H, t, J = 7.5 Hz,

CH
3
-ethyl), 2.50 (3H, s, 6-CH

3
), 2.56 (2H, s, CH

2
-succinic

acid), 2.72 (2H, q, J = 7.5 Hz, CH
2
-ethyl), 3.00 (3H, s,
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TABLE 1. Antihypoxic Activity of 2-Ethyl-3-(N,N-dimethylcarbamoyloxy)-6-methylpyridine (as the Succinate Ia and Hydrochloride Ib) and

Succinic Acid Separately and in Combination upon a Single Peroral and i.p. Administration for a Mouse Hypobaric Hypoxia Model

Preparation Dose, mg/kg Life span, min Effect, %

Control, peroral (n = 72) – 43.2 � 2.1 –

Compound Ia peroral (n = 16) 25 80.3 � 11.5 + 86*

Compound Ib peroral (n = 16) 25 63.1 � 6.4 + 46*

Succinic acid peroral (n = 8) 7 70.0 � 13.8 + 62*

Succinic acid peroral (n = 29) 14 65.0 � 5.6 + 51*

Succinic acid peroral (n = 8) 28 63.1 � 10.5 + 46*

Compound Ia + succinic acid peroral (n = 16) 25

7

85.0 � 10.2 + 97*

Compound Ia + succinic acid peroral (n = 56) 25

14

123.8 � 13.5 + 187*

Compound Ia + succinic acid peroral (n = 24) 25

28

133.9 � 30.1 + 210*

Compound Ia + succinic acid peroral (n = 16) 25

56

100.3 � 18.2 + 132*

Mexidol peroral (n = 16) 100 72.5 � 7.8 + 41*

Control (n = 16) 51.3 � 2.1

Control i.p. (n = 24) – 45.6 � 1.7 –

Compound Ia i.p. (n = 8) 25 72.5 � 5.7 + 59*

Compound Ib i.p. (n = 8) 25 161.9 � 36.4 + 255*

Succinic acid i.p. (n = 8) 14 58.8 � 8.4 + 28*

Compound Ia + succinic acid i.p. (n = 24) 25

14

305.4 � 39.2 + 570*

Compound Ib + succinic acid i.p. (n = 24) 25

14

354.0 � 47.0 + 676

*
p < 0.05 compared with the control.



CH
3
-N), 3.15 (3H, s, CH

3
-N), 7.14 (1H, g, J = 8.3 Hz, H-5),

7.41 (1H, g, J = 8.3 Hz, H-4).

2-Ethyl-3-(N,N-dimethylcarbamoyloxy)-6-methylpyri

dine hydrochloride (Ib). The solid remaining after distilla-

tion of the dichloroethane that was obtained from

2-ethyl-6-methyl-3-hydroxypyridine (109.74 g, 0.8 mol) and

was described in the preceding example, was treated with

EtOAc (850 mL). The resulting solution was treated with ac-

tivated carbon at 22 � 2°C and filtered. The filtrate was

treated with alcoholic HCl until the pH was 3 to afford

3-(N,N-dimethylcarbamoyloxy)-2-ethyl-6-methylpyridine hyd-

rochloride (Ib) as a white crystalline powder that was very

soluble in H
2
O and alcohols. Additional product (33.1 g) was

obtained after evaporation of the mother liquor and treatment

of the residue with EtOAc (180 mL). The overall yield of Ib

was 168.4 g (86%), mp 181 – 183°C (isopropanol),
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TABLE 2. Antihypoxic Activity of 2-Ethyl-3-(N,N-dimethylcarbamoyloxy)-6-methylpyridine (as the Succinate Ia and Hydrochloride Ib) and

Succinic Acid Separately and in Combination upon a Single Peroral and i.p. Administration for a Mouse Hypoxic Hypoxia Model (Sealed

Chamber)

Preparation Dose, mg/kg Life span, min Effect, %

Control (n = 23) – 23.6 � 0.83 –

Compound Ia peroral (n = 5) 25 23.4 � 0.85 0

Compound Ia peroral (n = 7) 150 30.8 � 1.6 + 36 *

Succinic acid peroral (n = 7) 168 22.4 � 2.4 0

Compound Ia + succinic acid peroral (n = 6) 25

14

22.3 � 1.28 0

Compound Ia + succinic acid peroral (n = 14) 150

168

36.6 � 1.2 + 55 *

Mexidol peroral (n = 9) 500 31.0 � 2.3 + 31 *

Compound Ia i.p. (n = 9) 25 30.6 � 1.3 + 37 *

Compound Ia i.p. (n = 5) 40 32.8 � 2.1 + 39 *

Compound Ib i.p. (n = 9) 25 29.8 � 1.7 + 26 *

Compound Ib i.p. (n = 6) 40 31.8 � 1.28 + 35 *

Succinic acid i.p. (n = 5) 28 27.3 � 2.2 + 15

Compound Ia + succinic acid i.p. (n = 6) 25

28

33.0 � 1.0 + 40 *

Compound Ia + succinic acid i.p. (n = 5) 40

28

33.0 � 1.2 + 40 *

Compound Ib + succinic acid i.p. (n = 5) 25

28

30.0 � 1.5 + 27 *

Compound Ib + succinic acid i.p. (n = 6) 40

28

33.5 � 1.23 + 42 *

*
p < 0.05 compared with the control.

TABLE 3. Antiamnestic Activity of 2-Ethyl-3-(N,N-dimethylcarbamoyloxy)-6-methylpyridine (as the succinate Ia and hydrochloride Ib) and

Succinic Acid Separately and in Combination for a Scopolamine-Induced Amnesia Model of Rat Active Avoidance (Jump Chamber) Condi-

tioned Response Test

Conditioning day Control
Scopolamine,

2 mg/kg i.p.

Compound Ia,

25 mg/kg peroral

Compound Ib,

25 mg/kg peroral

Succinic acid,

28 mg/kg peroral

Compound Ia,

25 mg/kg + succini

c acid, 28 mg/kg

peroral

Compound Ib,

25 mg/kg + succini

c acid, 28 mg/kg

peroral

1 1.2 � 0.4 0.1 � 0.1 * 0 0.8 � 0.4 0 0 0.7 � 0.4

2 4.7 � 0.7 0.5 � 0.3 * 0 2.0 � 1.0 0.4 � 0.3 0.2 � 0.2 2.3 � 1.2

3 7.2 � 0.5 1.6 � 0.9 * 0.8 � 0.5 3.3 � 1.3 2.0 � 0.8 1.3 � 0.9 3.3 � 1.3

4 7.8 � 0.7 2.2 � 0.9 * 1.0 � 1.0 4.5 � 1.6 1.5 � 0.5 1.8 � 1.4 4.5 � 1.6

5 8.3 � 0.6 2.3 � 0.9 * 1.7 � 1.1 4.3 � 1.6 2.8 � 1.0 2.5 � 1.4 6.3 � 1.2 **

*
p < 0.05 compared with the control;

**
p < 0.05 compared with scopolamine.



C
11

H
17

ClN
2
O

2
. PMR spectrum (CD

3
OD, ppm): 1.35 (t, CH

3
,

CH
2
), 3.02 [q, (CH

3
CH

2
)], 2.79 (br.s, 6-CH

3
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5
H, JC

5
H C

6
H = 8.7 Hz), 8.30 (d,

C
4
H).

EXPERIMENTAL PHARMACOLOGICAL PART

Considering the biological characteristics of succinic

acid, including its antihypoxic properties [7], and the spec-

trum of pharmacological activity of 2-ethyl-3-(N,N-dime-

thylcarbamoyloxy)-6-methylpyridine, it seemed interesting

to study the antihypoxic, antiamnestic, and anticonvulsant

activity of proxypin (Ia) and its analog Ib as compared with

the aforementioned types of pharmacological activity of

combined preparations consisting of proxypin (Ia) and

succinic acid and the hydrochloride (Ib) with succinic acid.

1. Study of antihypoxic activity

1.1. Study for a mouse hypobaric hypoxia model

Hypobaric hypoxia was modeled in a 3-L flow—exhaust

barochamber that was fabricated using a vacuum pump to

rarefy the air. Mice (20 – 22 g) (one from the control group

and two from the test group) were “elevated” simultaneously

to a height of 11,000 m (corresponding to atmospheric pres-

sure 185 – 190 mm Hg) at a “rise” rate of 40 m/s (“rise” time

was 4 min 30 sec) [8]. The test compounds were adminis-

tered i.p. or perorally into the stomach using a probe) sepa-

rately or together. Control (that received 0.2 – 0.3 mL of

0.9% NaCl solution) and test animals were placed into the

barochamber 1 h after receiving the test drugs. Antihypoxic

activity of the drugs was estimated from the increase of life

span of mice (beginning from the moment of reaching the

“lethal area” until the appearance of the last agonal exhala-

tion) compared with the control.

1.2. Study for a mouse normobaric (with hypercapnia)

hypoxia model

Mice (20 – 22 g) (one) were placed into hermetically

sealed 2-L jars 1 h after a single i.p. or peroral administration

of the drugs separately or together [8]. Animals of the control
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TABLE 4. Antiamnestic Activity of 2-Ethyl-3-(N,N-dimethylcarbamoyloxy)-6-methylpyridine (as the succinate Ia and hydrochloride Ib) and

Succinic Acid Separately and in Combination upon a Single Peroral and i.p. Administration for an Electric-Shock-Induced Amnesia Model of

Mouse Passive Avoidance Conditioned Response Test

Preparation Dose, mg/kg

Latent period of mouse stay in light chamber (s) 24 h after

conditioning
and subsequent electrical shock

(amnesia)

Control (n = 12) - 103 � 10

Compound Ia peroral (n = 12) 100 81 � 13

Compound Ib peroral (n = 12) 100 79 � 13

Succinic acid peroral (n = 12) 25 90 � 13

Compound Ia + succinic acid peroral (n = 11) 100

25

95 � 11

Compound Ib + succinic acid peroral (n = 12) 100

25

117 � 19

Control (n = 12) - 25 � 5

Compound Ia peroral (n = 12) 100 29 � 5

Compound Ia + succinic acid peroral (n = 12) 100

25

42 � 5

Control (n = 12) - 25 � 5

Compound Ia i.p. (n = 2) 2.5 30 � 7

Compound Ia i.p. (n = 11) 5 50 � 9

Compound Ia i.p. (n = 11) 10 59 � 10

Compound Ia 25 75 � 11

Succinic acid i.p. (n = 12) 25 50 � 8

Compound Ia + succinic acid i.p. (n = 12) 2.5

25

48 � 6

Compound Ia + succinic acid i.p. (n = 12) 5

25

60 � 7

Compound Ia + succinic acid i.p. (n = 15) 10

25

69 � 8

Compound Ia + succinic acid i.p. (n = 14) 25

25

70 � 9



group received peroral NaCl solution (0.9%, 0.2 – 0.3 mL).

Antihypoxic activity of the test compounds was determined

from the increase of life span of animals compared with the

control.

2. Study of antiamnestic activity

2.1. Effect on mnestic functions in a mouse passive

avoidance conditioned response test

The mouse passive avoidance conditioned response

based on the genetic preference of rodents for dark places

was used [9]. Mice were placed in the lighted section of a

two-compartment chamber. The animals could for 3 min

freely travel through both chamber sections. Then, they re-

ceived in the dark section an unavoidable painful stimulus

(0.6 mA alternating current electrical stimulus through the

cage floor). Immediately after conditioning, the animals were

administered i.p. or perorally compounds Ia, Ib, and succinic

acid separately or together; the control animals, NaCl solu-

tion (0.9%, 0.2 – 0.3 mL). Amnesia was induced by the max-

imum electrical shock convulsion. The electrical shock con-

vulsion was applied through electrodes placed on the eye

cornea (50 mA, 60 Hz, 0.2 sec) using an ECT UNIT constant

pulse generator (Ugo Basile, Italy). Mice were tested 24 h af-

ter conditioning and administering drugs by placing them

into the lighted section and recording the latent period of

staying in it. The antiamnestic effect of the drugs was deter-

mined from the increase of the latent period for mice to move

from the lighted section into the dark one.

2.2. Effect on amnestic activity of scopolamine in a rat

active avoidance conditioned response test

Rats developed an active avoidance conditioned re-

sponse in a darkened chamber with an electrode floor

(25 � 30 � 30 cm) and with a shelf at a height of 23 cm from

the floor (safe place). Rats were placed on the shelf that was

turned over every 30 sec and fell to the floor where after

5 sec they received a current pulse. In order to avoid it, rats

had to jump again onto the shelf within 5 sec. The condition-

ing session continued for 5 min, during which each rat could

complete 10 avoidances. The number of avoidances per

learning session was recorded [9]. Scopolamine administered

at a dose of 2 mg/kg s.c. 1 h before conditioning once per

day for 5 d separately and in combination with the test com-

pounds that were administered separately or in combination

was used as the amnestic stimulus in these tests.

3. Study of anticonvulsant activity

Anticonvulsant activity of the drugs was studied using a

clonic-tonic convulsion model induced by corazole

(135 mg/kg s.c.) [10, 11]. The number of animals in which

clonic-tonic convulsions and death were noted was recorded.

Statistical data obtained in the experiment were pro-

cessed using the Biostat computer program.

RESULTS AND DISCUSSION

Succinic acid at doses of 7, 14, and 28 mg/kg perorally,

just like Ia and Ib at a dose of 25 mg/kg, exhibited moderate

antihypoxic activity (Table 1). Statistically significant differ-

ences in the effects of Ia and Ib were not found. Enhance-

ment (potentiation) of the antihypoxic activity of joint ad-

ministration of Ia at a dose of 25 mg/kg and succinic acid at

doses of 14, 28, and 56 mg/kg was noted when compared

with the effect observed for their separate administration,

just like when compared with the effect of mexidol at a dose

of 100 mg/kg. Analogous but more apparent results were ob-

tained for i.p. administration of Ia and Ib together with

succinic acid. It should be noted that the effect of a combina-

tion of Ia and succinic acid was less evident (570%) than that

of a combination of Ib and succinic acid (676%).

The study of the effects of Ia and Ib and their combina-

tions with succinic acid on the life span of animals for the

hypoxic hypoxia model with hypercapnia (sealed chamber)

found that Ia only at a high dose (150 mg/kg) exhibited mod-

erate antihypoxic activity (Table 2). Succinic acid itself at a
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TABLE 5. Anticonvulsant Activity of 2-Ethyl-3-(N,N-dimethylcarbamoyloxy)-6-methylpyridine (as the Succinate Ia and Hydrochloride Ib)

and Succinic Acid Separately and in Combination upon a Single i.p. Administration for a Mouse Corazole Convulsion Model

Preparation Dose, mg/kg

Latent periods (s), corazole induced:

clonic tetanus death

Control (n = 15) – 180 � 22 380 � 40 420 � 5

Compound Ia (n = 12) 25 179 � 21 385 � 60 415 � 60

Compound Ib (n = 12) 25 172 � 19 570 � 36 * 609 � 40 *

Succinic acid (n = 10) 25 305 � 70 439 � 50 490 � 60

Compound Ia + succinic acid (n = 13) 25

25

180 � 19 590 � 35* 710 � 50*
,
**

Compound Ib + succinic acid (n = 13) 25

25

166 � 7 645 � 50 * 989 � 80*
,
**

*
p < 0.05 compared with the control;

**
p < 0.05 compared with scopolamine.



dose of 168 mg/kg was ineffective. However, it in combina-

tion with Ia enhanced (potentiated) the antihypoxic activity

of the latter. It should also be noted that the combination of Ia

and succinic acid was also more effective than mexidol.

It was shown that administration of scopolamine (60 min

before conditioning) for 5 d disrupted substantially the pro-

cess of remembering information (Table 3). Compounds Ia

and Ib at doses of 25 mg/kg, just like succinic acid at a dose

of 28 mg/kg, did not influence memory destruction induced

by scopolamine upon separate peroral administration

whereas combined administration of Ib and succinic acid, but

not on the first but the fifth day of the study, potentiated its

protective action. It should be noted that mexidol at a dose of

25 mg/kg was ineffective in this model.

It was found that compounds Ia and Ib at doses of

100 mg/kg and succinic acid at a dose of 25 mg/kg perorally

upon separate or combined administration to untreated ani-

mals did not have a substantial effect on their conditioning

(left column of Table 4). Mice that received after condition-

ing an electrical shock (without administration of the test

drugs) showed significant degradation of conditioned re-

sponse activity. This was seen as a four-fold decrease of the

latent period for passage into the dark section of the chamber

(right column of Table 4). Administration of Ia at a dose of

100 mg/kg peroral and at doses of 2.5, 5, 10, and 25 mg/kg

i.p., just like succinic acid at a dose of 25 mg/kg i.p., caused

a slight (statistically insignificant) weakening of the

amnestic effect of the electrical shock, which for their com-

bined administration had a tendency toward more pro-

nounced weakening of the amnesia (right column of Ta-

ble 4).

Compound Ia at a dose of 25 mg/kg had practically no

effect on the convulsive effect of corazole whereas Ib at the

same dose increased the latent periods of tetanus and death

(Table 5). Under analogous conditions succinic acid itself did

not substantially change the effect of corazole whereas its ad-

ministration in combination with Ia and Ib increased the la-

tent periods for the onset of tonic extension and death (to a

greater extent in combination with Ib).

Thus, we observed and studied the ability of succinic

acid to potentiate the antihypoxic activity of succinate Ia and

2-ethyl-3-(N,N-dimethylcarbamoyloxy)-6-methylpyridine

hydrochloride (Ib). This provided the impetus to develop po-

tential combined drugs consisting of Ia or Ib and succinic

acid that had both high antihypoxic activity and antiamnestic

and anticonvulsive activity. These drugs could find applica-

tion in neurology, cardiology, and geriatrics for treating vari-

ous ischemic pathologies such as injury, infarct, Alzheimer’s

disease, Parkinson disease, etc.

A comparison of the pharmacology of 3-hydroxypyridine

drugs found that their antihypoxic activity increases in the order

emoxypin < mexidol < proxypin < Ia + succinic acid < Ib +

succinic acid.
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