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Abstract:

TP-7 is a synthetic analogue of tuftsin. It has a structure of tuftsin, to which three natural L-amino-acids Pro-Gly-Pro are attached.

This heptapeptide improves learning and memorization and causes antidepressant and anxiolytic effect. It is possible to use TP-7 in

the future to optimize cognitive functions and as a potential new anxioselective, fast-acting and easy-dosed drug. Therefore, it was

purposeful to study such properties of the heptapeptide as its influence on anxiety-fear and body weight under a long-term treatment

regimen. The experiment was performed on 24 preselected Wistar rats with the use of Rodina’s method. There were three

experimental groups of animals with high initial emotional reactivity: passive control group (P), active control group (A, receiving

distilled water) and group treated with TP-7 at the dose of 0.3 mg/kg (T). The rats of A and T groups received intraperitoneal

injections every day. The experiments were conducted 15 min after the administration of the drug, one and two days after initial

testing day, then 1, 2, 3 and 4 weeks after that. The heptapeptide reduced the anxiety-phobic states significantly starting from the

second day of drug application. The observed effects persisted throughout four weeks of the experiment, which confirmed effective

long-term anxiolytic properties of the heptapeptide. TP-7 did not cause any changes in the body mass by itself.
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sive control, T – rats receiving TP-7, TP-7 – tuftsin analogue

Introduction

An increasing number of different psychic disorders

and illnesses, underlain by anxiety, is a serious prob-

lem to contemporary pharmacology and endeavors to

find safe and efficient anxiolytics are continuously

under way. For this purpose, a great number of chemi-

cals have been invented (barbiturates, benzodiazepines,

azapirones), which beyond their useful therapeutic prop-

erties have many side effects, for example can change

body weight [13]. At plasma levels exceeding the anxio-

lytic range, they may cause impairments of cognitive,

memory and motor functions. They are also subject to

dose escalation and abuse by some individuals, and

withdrawal from their long-term use can precipitate

anxiety, insomnia, restlessness and agitation. Conse-

quently, the interest to conduct studies into the sub-

stances which possess anxiolytic properties and are

naturally produced by the organism itself is growing.
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Among such substances of natural archetype,

which have a visible influence on the central nervous

system is tuftsin, a fragment of immunoglobulin G [6,

7]. The end of 20th century brought the synthesis of

many analogues of tuftsin, of which the most promis-

ing is heptapeptide TP-7. It has a structure of tuftsin,

to which three L-amino-acids Pro-Gly-Pro are at-

tached. In comparison to its precursor, the heptapep-

tide influences the immunological system more

weakly [3] but possesses much stronger [11, 17] and

longer central activity [10, 18], which could be ex-

plained by its biochemical features. The analogue is

metabolized in blood in vitro more slowly than tuftsin

while its half-life time and mean resistance time are

longer [1]. In contrast to tuftsin, it activates the me-

tabolism of serotonin in the hypothalamus and caudal

brainstem without changing the noradrenaline turnover

[17]. The heptapeptide better than its precursor in-

creases stability of memory traces in emotionally

negative situation [17] and has stronger anxiolytic and

psychostimulant influence on animals with chronic

deprivation of serotoninergic activity [20]. Unlike

other well-known anxiolytic drugs (for example ben-

zodiazepines), TP-7 has no semispherical interde-

pendence between dose and effect and causes no in-

hibitory side effects even at high doses [19]. The ana-

logue does not influence the behavior of normal

animals in spontaneous conditions [4, 14] or in condi-

tions of emotionally positive influence, such as sharp

increase in the amount of alimentary reinforcement

[17] as well as of animals with low level of anxiety

and active type of emotional stress reaction [10, 19].

It possesses antidepressant [10] and anxiolytic activ-

ity [4, 10, 17, 19, 20] especially in animals with ge-

netically high level of anxiety and “passive” type be-

havior [10, 19]. Under conditions of acute stress, the

heptapepide causes shortening of the latent period of

the escape [4, 10], decreases or eliminates totally the

manifestations of fear such as tension [4, 5] or freez-

ing reaction [10, 19] and increases motor activity [10,

17]. In conflict situations, TP-7 does not influence the

orientation-searching activity of normal animals [4]

but causes the prolongation of observation in fearful

animals [10, 19]. The analogue facilitates the ability

to memorize [14, 17] and improves learning processes

in normal animals [8, 18] as well as in those with ini-

tially decreased learning ability [11]. It accelerates

learning of conditioned reflex in early (consolidation)

stage [11, 14, 17]. The heptapeptide prevents the loss

of the earlier learned reflex [8, 11, 14, 18] in spite of

the absence of reinforcement [10, 14, 18] or the pres-

ence of external inhibition [8] and also restores the

lost skill [14] for example after disturbance provoked

by unexpected changes in previously established

cause-effect relations in experimental environment

[8].

It is possible to use the tuftsin analogue TP-7 in the

future in order to optimize cognitive functions under

conditions of increased emotional tension [11] and as

a potential new anxioselective drug without inhibitory

behavioral side effects [10], fast-acting and easily

dosed – its effects are observed just after 10–20 min,

when applied intranasally [4, 14].

Up to date, most of previous studies with the hepta-

peptide were conducted with a single application of

the drug [4, 5, 10, 11, 14, 17–20] or the treatment was

repeated only a few times [3, 8, 11, 18], therefore, it

seems purposeful to study properties of this analogue,

for example its influence on anxiety-fear and body

weight under a long-term treatment regimen.

Basic way to conduct studies into neurobiological

and pathogenetic mechanism of anxiety states is to

model them in animals, with the use of different ex-

perimental procedures among which is also the multi-

parameter method of Rodina et al. for complex

evaluation of the anxiety-phobic states in rats [16].

The method is based on score estimation of parameters

characterizing the species-specific responses of an ani-

mal to the series of ethologically adequate test-stimuli.

Materials and Methods

Animals

The experiment was performed on preselected ani-

mals according to the type of emotional reactivity

with the use of Rodina’s method [9, 12, 16]. We fur-

ther tested only 24 male Wistar rats with high level of

anxiety-fear, which received in a series of tests the

sum of scores higher than 7 (on average 8.08 ± 0.83).

Three experimental groups containing 8 subjects of

initial age of 46 days and mean body weight 205 ± 24 g

were formed: the first the passive control group (P),

including intact animals, the second the active control

group (A), receiving distilled water and the third

treated with TP-7 (T). Animals were kept under stan-

dard conditions at a temperature of 20°C with proper
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air circulation and natural light-dark cycle. The rats

were given free access to commercial food (MSK,

MOTYCZ, Poland) and water. In order to avoid possi-

ble influences of circadian rhythms on animals’ be-

havior, depending mainly on the phase of light-dark

cycle, all experiments were conducted between 9.00

a.m. and 1.00 p.m. in accordance with the ethical

standards for the humane treatment of animals and

Polish legislation concerning animal experimentation.

Drugs and treatments

The tuftsin analogue TP-7 (Thr-Lys-Pro-Arg-Pro-

Gly-Pro) was synthesized in the Institute of Molecular

Genetics of the Russian Academy of Medical Sci-

ences in Moscow. The synthesis, standardization and

analyses of monoacid content were conducted with

the use of HPLC and TLC (plates with Silica Gel Si-

lufol, Cavalier of Czechoslovakia) in the Laboratory

of Regulatory Peptides of the Institute of Molecular

Genetics of the Russian Academy of Medical Sciences

(V.N. Nezabivat’ko) and with HPLC in the Medical

University of Lublin (Poland, S. Kawka).

Although the heptapeptide prevented manifesta-

tions of anxiety when administered intraperitoneally

in a wide range of active doses from 0.2 to 3.0 mg/kg

[19] the tested rats received TP-7 at the dose of

0.3 mg/kg, which is optimal for the psychotropic ac-

tion of this widely-studied analogue [10] and up to

date was studied the most often [3, 8, 10, 11, 17, 18, 20].

TP-7 (diluted in 0.3 ml of distilled water) and the

same volume of the solvent were administered

intraperitoneally every day in the morning hours and

on the days when the rats were investigated 15 min

before the tests.

Procedure

The multiparameter method (including 9 tests) de-

scribed previously in details by Rodina et al. [16] was

used for the complex evaluation of anxiety-phobic

states in rats. A series of tests, in which the animal had

contact with unknown environment, situations or ob-

jects, allows for the investigation of anxiety not only

induced by contact with surrounding space which is

connected with activation of the hippocampus but

also caused by real stimuli and involving the activa-

tion of the amygdala into its mechanism [13]. The

succession of tests was always the same – from 1 to 9.

In tests 1–4 the latent time of motor reaction (LT) was

estimated in different situations (step-down test, hole

crossing, exit from “house”, leaving the central part of

the open field) on the 0–3 point scale. The prolonga-

tion of the LT was rated with higher number of points.

In tests 5–9, the reaction of rats to many stimuli, such

as change of illumination, approach of experimenter’s

hand was also estimated individually for each animal

on 0–3 point scale proportionally to the extent of ex-

pression of fear-anxiety.

The tests were conducted on 46th day of life (test-

ing of rats), then on 47th day (first administration of

TP-7 and solvent), 48th (second day of treatment with

the heptapeptide), then one, two, three and four weeks

after initial testing day.

Animals were additionally weighed with the use of

the electronic balance (WPT 3 C, Zak³ad Mechaniki

Precyzyjnej RADWAG, Radom, Poland) every day

before injections and experiments. All the equipment

was carefully cleaned between the recordings.

Statistics

In each test, the reactions of each rat were estimated

on a 0–3-point scale. In each group, the total number

of scores from the successive days was compared

separately with the total number of scores on initial

testing day, which was assumed to be 100%. Body

weights were statistically analyzed only after every

week of experiment and compared with the initial

value from the testing day, because of small differ-

ences in the body mass between successive days. The

statistical significance of differences between groups
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was calculated by the Student’s t-test. The probability

levels p < 0.05 were always considered statistically

significant.

Results

The analysis of behavior of rats with the use of Rodi-

na’s multiparameter method for complex evaluation

of anxiety-phobic states did not show the statistical

differences between groups in the total scores on the

initial testing day (Fig. 1). In animals of T group

treated with the heptapeptide at the dose of 0.3 mg/kg

diluted in 0.3 ml of distilled water, the significant de-

crease in intensity of anxiety-phobic states was ob-

served on the second day of application. The locomo-

tion and exploration in test areas were enhanced and

species-specific fear reactions were decreased by

31.19% (p < 0.05) in comparison with the value from

initial testing day. After one week of TP-7 treatment

these values were reduced by 29.91% (p < 0.05), after

two weeks by 27.12% (p < 0.01), after three weeks by

44.29% (p < 0.001) and after four weeks by 22.68%

(p < 0.05). The observed changes of reactivity to

stress factors remained at the similar level during four

weeks.

Distilled water did not significantly influence rats’

behavior in initial weeks of the experiment but after

four weeks the locomotion and exploration throughout

test areas were enhanced and species-specific fear reac-

tions were suppressed essentially by 21.17% (p < 0.05).

Similarly fear in rats from passive control group

decreased significantly after three (by 28.33%, p < 0.01)

and four weeks (by 21.34%, p < 0.05) of the experi-

ment.

The mean body weight after tuftsin analogue rose

in all observed groups during 4 weeks of investigation

(Tab. 1) reaching 147.9% of initial value in group

treated with TP-7 at the end of experiment, 153.3% in

group receiving distilled water and 173.2% in passive

control. However, rats injected with the heptapeptide

were significantly lighter in comparison to passive

control group, and the similar changes were also ob-

served in active control group treated with solvent.

Therefore, the decrease in body mass in T group in re-

lation to P group was probably caused by injection

procedure.

Discussion

Although the lifetime of short peptides in the body is

short, their administration may cause long-term bio-

chemical changes, which are responsible for changes

in long-term animals’ behavior or coming into exis-

tence after long time [11, 14, 17, 18]. The same is true

with the tuftsin analogue TP-7 which was detected af-

ter its single intravenous administration in blood and

in well-vascularized organs in a time period shorter

than 10 min [1] but after intraperitonel treatment, it

induced changes in contents of NA, DA and their me-

tabolites in the brain lasting from 30 min to 2 h [17].

Behavioral effects of the heptapeptide were also ob-

served sometimes after many hours [14] or days [11,

14, 18]. For example, the experiments performed 5

days after the last dose of the analogue showed a sig-

nificant level of retention of the conditioned reflex re-

sponses in rats, that were higher than number of short

latency responses in control group and lower number

of intersignal and incomplete responses [11]. A simi-
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Day of experiment Mean body weight Significance between groups

T A P T vs. P T vs. A A vs. P

initial 205.38 ± 21.84 203 ± 31.34 207.26 ± 16 0.85 0.9 0.32

1 wk 227.38 ± 21.13 230.66 ± 36.81 252.47 ± 20.02 * 0.82 0.09

2 wks 250.25 ± 22.58 256.56 ± 40.20 298.9 ± 25.44 ** 0.69 *

3 wks 288 ± 21.27 298.56 ± 43.74 340.16 ± 15.55 *** 0.53 *

4 wks 303.75 ± 21.41 318 ± 49.56 358.97 ± 24.95 *** 0.66 *



lar situation was with animals, in which TP-7 pre-

vented the loss of the earlier learned conditioned re-

flex in spite of the long absence (some days or

months) of the reinforcement [11, 14, 18].

In the present study, the tuftsin analogue did not

show the anxiolytic effect in rats on the first day of its

administration, although many investigators noticed

an opposite effect. In simple acute experiments in

stress situations, a single administration of the hepta-

peptide caused the decrease in anxiety and fear just on

the same day [4, 5, 10, 11, 18–20]. In Porsolt test, it

completely blocked errors in behavior and affective

responses in active rats and decreased their number in

inactive animals with the passive type of reaction [10,

19]. In the open field test, it increased the total loco-

motor activity of normal [18] and fearful animals [10,

19] as well in those chronically deprivated of sero-

toninergic activity [18]. Under conditions of electrical

stimulation of the ventromedial hypothalamus, TP-7

caused shortening of the negative tension phase [4, 5].

Tuftsin analogue significantly activated the learning

processes in rats with initially poor learning ability

and those effects were apparent after the first dose on

the first training day [11]. On the other hand, some

authors did not notice the beginning of action of the

heptapeptide on the first day. Inozemtsev et al. [8] re-

ported its influence on the memorization of instru-

mental reflexes only on the second day of its admini-

stration. Kozlovskii et al. [11] observed the optimiz-

ing activity of the analogue on learning in normal rats

on the third day of repeated administration and train-

ing, i.e. after formation of the initial consolidation

phase, while the number of avoidance responses and

the number of short latency responses increased.

In this paper, anxiety-phobic states in the rats

treated with TP-7 decreased only on the successive

second day (after the second drug administration) and

remained at the same level until the end of the experi-

ment, which confirmed the effective long-term anxio-

lytic properties of the heptapeptide. Some authors no-

ticed the escalation of effects of the analogue after its

repeated administration, for example the progressive

augmentation of its influence on learning of normal

rats the total number of solutions increased and the

number of errors decreased [11]. Petukhova et al. [14]

observed more effective optimization of learning of

instrumental reflex in dogs by repeated treatment with

the heptapeptide after the first day. Inozemtsev et al.

[8] also noticed the increase in correct reactions and

the strongest effect of analogue on the successive 3rd

and 4th day of the learning of avoidance response.

The activating effect of analogue increased in rats of

relatively low learning ability after repeated doses as

well – the total number of responses performed and

number of avoidances to conditioned signals rose

while the latent period of performing avoidance and

number of errors decreased slightly [11]. The increas-

ing influence of the heptapeptide on learning pro-

cesses was explained by Kozlovski et al. [11] not only

as a result of its direct improvement of the memoriza-

tion, but also as its ability to decrease the levels of

anxiety and fear.

The significant anxiolytic effect of the tuftsin ana-

logue TP-7 on rats tested with the use of the Rodina’s

method remained at the same level during several

weeks, without any tendency to change towards aug-

mentation or diminishing, which indicated that the

tolerance to the administered dose of the tuftsin ana-

logue (0.3 mg/kg) did not develop.

The visible reduction of fear in both control groups

was observed at the end of the experiment as well

(when the rats were tested 6th or 7th time by the use

of the same series of tests). These results varied from

those observed in the group of intact rats by the author

of the method [16], who reported that intensity of

anxiety-phobic states remained at similar level during

7 weeks (while the experiments were conducted every

week). The obtained results and differences could be

explained in two ways. Firstly, the rats were maturing

while the experiment was performed, starting at the

age of 6 weeks and ending at the age of 10 weeks. The

maturation of the central nervous system could cause

a higher resistance to stress and subsequently the re-

duction of fear. Secondly, the repeated combination of

tests performed a few times could cause the acquisi-

tion of rats to the experimental situation, causing re-

duction in the level of fear. Therefore, it could be pos-

tulated that the tested rats from both control groups

became accustomed to the repeated stressful situation

by the end of the experiment, which could be the indi-

cation for the use of animals in the experimentally

stressful situation for only a fixed number of times.

Rats treated with the heptapeptide put on weight

more slowly than those from passive control group

but the same effect was observed in the active control

group which received distilled water intraperitoneally,

therefore, the noticed differences in the body mass

could be explained by procedure of injections and not

by the influence of drug. Cygan et al. [4] also reported

no changes in water and food intake after application
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of the analogue both in stress and in spontaneous con-

ditions in rabbits.

Taking all the above into account, it can be stated

that the heptapeptide TP-7 the new promising ana-

logue of tuftsin reduces the anxiety-phobic states in

rats during its long-term treatment beginning from the

second day of its administration without changing its

therapeutic power and without any influence on body

weight.
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