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Abstract—Previously, we synthesized a dimeric dipeptide mimetic of the brain-derived neurotrophic factor
(BDNF) loop 4, GSB-106, which, similarly to BDNF, activated TrkB, PI3K/AKT, and MAPK/ERK. When
administered systemically, it exhibited neuroprotective, antidepressant, and antidiabetic activities and stim-
ulated neurogenesis and synaptogenesis. In this study, we established that GSB-106 also exhibits the analge-
sic activity, typical for BDNF, which was revealed in rats in hot plate and tail f lick tests 0.5–48 h after intra-
peritoneal injection at doses of 0.1 and 1 mg/kg.
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Brain-derived neurotrophic factor (BDNF) of the
neurotrophin family regulates the development and
maintenance of physiological functions of the central
and peripheral nervous systems [1]. Its binding to the
transmembrane tyrosine kinase receptor TrkB and
activation of postreceptor signaling pathways
PI3K/AKT and MAPK/ERK is associated with the
manifestation of many biological effects including
neuroprotective, antidepressant, antidiabetic, and
analgesic ones [2]. For this reason, BDNF is consid-
ered as a pharmacologically promising compound for
treating various neurological, psychiatric, endocrine,
and other diseases. Attempts to use the full-length
BDNF in replacement therapy were unsuccessful [3]
due to its short half-life period and poor pharmacoki-
netic properties. In view of this, the creation of biolog-
ically stable low-molecular-weight BDNF mimetics is
a relevant problem.

The mature BDNF is a 27-kDa protein composed
of two identical polypeptide chains, each of which
comprises seven beta-sheets connected via four hair-
pin loops, three of which (loops 1, 2, and 4) are
exposed on the surface and may play an important role
in the interaction with the receptor [4]. At the Zakusov
Institute of Pharmacology, dimeric dipeptide mimet-
ics of BDNF were designed and synthesized on the
basis of beta-turns of its first (-D30-M31-S32-G33), sec-
ond (-V44-S45-K46-G47), and fourth (-D93-S94-K95-
K96) loops—bis-(N-monosuccinyl-L-methionyl-L-
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serine) heptamethylenediamide (working name GSB-
214), bis-(N-hexanoyl-L-seryl-L-lysine) hexamethy-
lenediamide (GTS-201), and bis-(N-monosuccinyl-
L-seryl-L-lysine) hexamethylenediamide (GSB-
106), respectively [5, 6]. In these compounds, the cen-
tral dipeptide fragment of beta-turn, as a beta-turn
that is most accessible to the receptor. The upstream
residue is replaced with its bioisostere. The dimeric
BDNF structure is reproduced in mimetics using
hexamethylenediamine or heptamethylenediamine
spacers (Fig. 1). All obtained mimetics activated the
TrkB receptor; however, only GSB-106, mimetic of
the fourth loop, which is most significantly exposed
on the surface, activated the major signaling pathways
of BDNF—AKT and ERK [6, 7]. This fact served as a
basis for testing the hypothesis about the possibility of
reproduction of the biological effects of BDNF by
GSB-106. Indeed, in vitro and in vivo experiments
showed that GSB-106 exhibited neuroprotective [7],
antidepressant [8, 9], and antidiabetic [12] activity and
stimulated neurogenesis and synaptogenesis [10, 11].

The aim of this work was to establish whether
GSB-106 exhibits analgesic activity, which is charac-
teristic of the full-length BDNF [13, 14].

The analgesic activity of GSB-106 was studied in
the tail f lick and hot plate tests in outbred male rats
(200–220 g, Stolbovaya animal breeding facility)
using analgesy meters (Ugo Basile, Italy) for analyzing
acute somatic pain during thermal stimulation. The
hot plate test was designed specifically for assessing
the pain response by the behavioral components (paw
licking and jumping), which are considered supraspi-
nally integrated responses. The latent period of
response in the tail f lick test is determined by the
spino-bulbo-spinal reflex, which is generated by
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Fig. 1. Structure of BDNF and its dimeric dipeptide mimetics. 
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Fig. 2. Effect of GSB-106 on the pain threshold in the tail
f lick test in outbred rats. Here and in Fig. 3, data are rep-
resented as a percentage of control. GSB-106 doses
(mg/kg) are indicated in the inset. * p < 0.05; *** p < 0.001
compared to the control.
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motor neurons during stimulation of somatic and vis-
ceral afferent pathways [15]. We measured the latent
period of the thermal exposure toleration by the ani-
mals at a temperature of 54 ± 0.1°C in the tail f lick test
and at 36 conventional units of an infrared heater in
the hot plate test. Solutions of the tested compound
were prepared in sterile distilled water ex tempore. The
analgesic activity of GSB-106 was evaluated after its
single intraperitoneal injection at doses of 0.1 and
1.0 mg/kg, which were selected on the basis of effec-
tive doses for antidepressant activity. The pharmaco-
logical effect of GSB-106 was recorded 0.5, 1, 24, 48,
and 72 h after the peptide injection. The results are
represented as a percentage of control. Each group
included at least ten animals. Statistical analysis was
performed using the descriptive statistics for the mean
values   with calculation of the standard error and the
nonparametric Wilcoxon–Mann–Whitney U-test.

In the tail f lick test, GSB-106 at a dose of
0.1 mg/kg significantly increased the pain threshold
0.5, 1, and 24 h after injection. This effect was not
detected 48 h after injection. The maximum effect was
observed 24 h after injection and constituted 149% of
the effect in the control group. At a dose of 1.0 mg/kg,
GSB-106 increased the pain threshold only 0.5 h after
injection (Fig. 2).

In the hot plate test, an increase in the latent period
of the response under the influence of GSB-106 was
observed only at the maximum dose of 1.0 mg/kg. In a
DOKLADY
broader time range (0.5–48 h), activity reaching 145%
(p < 0.001) of the activity in the control group of ani-
mals was detected 1 h after injection. The analgesic
 BIOCHEMISTRY AND BIOPHYSICS  Vol. 485  2019
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Fig. 3. Effect of GSB-106 on the pain threshold in the hot
plate test in outbred rats. * p < 0.05; ** p < 0.01 compared
to the control. 

Pain threshold, % of control
160

140

120

100

80

60

40

20

0

Time elapsed after GSB-106 injection, h
0.5 1 24 48 72

0.1
1

effect of GSB-106 was not observed 72 h after injec-
tion (Fig. 3).

According to the published data [14], under condi-
tions of midbrain perfusion at a dose of 12 μg/day,
BDNF exhibited analgesic activity in the tail f lick test
in rats starting from 4 h after injection. This effect was
retained for 11 days with, being maximum 24 h after
injection (134% of control), which is consistent with
our results.

The quick response observed 0.5 and 1 h after
GSB-106 injection may be due to the release of anal-
gesic neuropeptides from stores under the influence of
BDNF, whereas in the period of 24 h and later the
mechanisms of synthesis and processing of neuropep-
tides are triggered. It was shown [14] that intracerebral
injection of BDNF changes the level of pain modula-
tors such as beta-endorphin, met-enkephalin, sub-
stance P, and neuropeptide Y.

Thus, GSB-106, a low-molecular-weight mimetic
of the fourth loop of BDNF, which activates the AKT
and ERK signaling pathways, similarly to the full-
length protein, exerted a sustained analgetic effect.
This allows considering the dipeptide GSB-106 as the
basic structure for designing a new group of analgesic
drugs.
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