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EFFECT OF THE PLANT TRIFOLIUM PRATENSE L. ON AMIDATION
OF BRAIN PROTEINS IN RATS EXPOSED TO VIBRATION

I. A. BADALYAN *, N. K. HAYRAPETYAN ™, A. A. POLADYAN ™"
Chair of Biochemistry, Microbiology and Biotechnology, YSU, Armenia

It has been shown that under vibration conditions there is significant amidation
of rat brain proteins, which is characteristic of inhibition processes. When studying
the effect of Trifolium pratense L. (Red Clover) plants on the amidation of proteins
under vibration conditions, it was shown that adding dry flowers of the plant to the
animals' diet leads to noticeable decrease in the amidation of brain proteins. The
study showed that the T. pratense plant has a stress-protector effect under vibration
conditions. Based on the conducted research, it is proposed to use the plant T.
pratense in the development of broad-spectrum anti-stress drugs.
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Introduction. One of the main properties of a living system is the ability to
respond to external influences by the excitation process. One of the fragments of the
chemistry of this process is the formation and elimination of ammonia in the tissues
of the organism. Contrary to the opinion that ammonia is a “metabolic waste”,
ammonium ions participate in complex biochemical processes of the organims.
Ammonia can be produced by the following compounds: the glutamine — glutamic
acid system, the adenylic system (ATP-AMP), as well as amide groups of proteins.
It has been shown that changes in the amidation of tissue proteins depend on the
effects of extreme environmental factors and the functional state of the organism
caused by them. It has been also established that with the predominance of excitation
processes in the brain of animals, deamidation of proteins occurs. Thus, according
to some data in literature, with electrical stimulation, hypoxia, with the introduction
of insulin and camphor into the organism, amide groups of brain proteins are broken
down. During the development of inhibitory processes during natural sleep,
hibernation, cold acclimatization, and drug-induced sleep, on the contrary, amidation
of brain proteins occurs [1]. An increase in amidation of brain proteins has also been
shown in the organism exposed to vibration [2].

Vibration, which is a significant stress factor for humans and animals, is one
of the pressing problems of medical biology. It is known that an increase in the
frequency of vibrations and their duration leads to the development of vibration
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disease [3, 4], but short-term vibration therapy is used in the treatment of asthma,
cardiovascular, eye and other diseases [5].

Vibration causes the formation and accumulation of active forms of oxygen,
which causes tissue hypoxia in the organism [6]. Hypoxia, in turn, can cause
metabolic disorders that lead to structural damage to cells [7].

Under hypoxic conditions, biological oxidation processes are suppressed,
resulting in a decrease in the amount of ATP and creatine phosphate, which causes
an energy deficiency [8]. It is known that amide groups of tissue proteins can serve
as an alternative to energy resources. According to Dobry and Sturtevant, the amide
bond contains approximately 5840 kcal, which is a semi-macroergic bond and can
be used in conditions of ATP deficiency. Thus, according to Veksler, the energy
released during the rupture of amide groups can ensure the synthesis of ATP and
creatine phosphate when the organism's main energy resources are depleted [9].
It should be noted that the concentration of amide bonds in nervous tissue is
significantly higher than the concentration of macroergic phosphorus, and thus the
potential reserves of this energy exceed the energy of macroergs [9]. Thus, by
studying the dynamics of amide groups of tissue proteins under various stressful
influences, one can also judge the expenditure or accumulation of energy in amide
bonds.

It is known that plants containing various biologically active substances are
used for the prevention and treatment of stress-related disorders. In particular,
T. pratense contains isoflavonoids, genistein, daidzein and other phenols with
antioxidant activity. It has been shown antihypoxic and antioxidant effects of
T. pratense on the organism under hypoxic conditions [10-12].

The purpose of the work was to study the effect of vibration on the amidation
of rat brain proteins, as well as the effect of the plant Trifolium pratense L.
(Red Clover) on the dynamics of amide groups during vibration.

Materials and Methods.

Animals and Plant Materials. All experiments were carried out on Wistar rats
(weight 100-150 g) in accordance with the current ethical norms stated by
“International Recommendation on Carrying out of Biomedical Researches with Use
of Animals” and the study plan has been approved by the National Center of
Bioethics (Armenia). The animals were kept under standard conditions of vivarium
(temperature 22 + 2°C in a light/dark cycle of 12 h).

The first group of rats had usual vivarium diet, the second group had a diet
with the addition of T. pratense dry flowers of 0.5 g of crushed plant material
per 100 g of animal weight for 10 days. Plants were collected near Hankavan
(Kotayk Province, Armenia).

Vibration was realized on the ST-300 vibrostent at the chair of Human and
Animal Physiology of the YSU. Vibration frequency was 60 Hz, deviation amplitude
was equal to 1.0 mm. The animal whole organism was exposed to vibration 2 h daily
during 5, 10 and 15 days.

Biochemical parameters have been determined in the brain homogenates.
The brain tissue has been homogenized in a Potter-Elvehjem glass homogenizer at
+4°C by 0.05 M potassium phosphate buffer (pH 7.4).
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Amide Group Assays. Amide groups of brain proteins were determined by the
method of harsh acid hydrolysis in pre-cleaned sediments of brain homogenates [13]
by the amount of released ammonia in the hydrolysate using the Silakova’s method
[14]. Proteins were hydrolyzed in 1 N H,SO4 for 180 min in order to determine the
total content of amide groups, and for 30 min for easily hydrolyzable amide groups.
Hardly hydrolysable amide groups were determined by the difference between the
total and easily hydrolyzable amide groups.

Data Processing. Statistic treatment of data was realized using Student Fisher
differences and liability method [15]. A difference of p<0.05 or less in the mean
values was considered as statistically significant.

Results and Discussion. The amidation of proteins in the rat brain was studied
under normal conditions and under the influence of vibration. According to the
obtained results, in baseline the total content of amide groups of proteins is

29.88 umollg, where 17.37 umollg are easily hydrolyzable amide groups of proteins,
and 12.51 umollg — hardly hydrolyzable amide groups, respectively. Obtained results
are shown in Fig. 1.
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Fig. 1. Amide nitrogen content of rat brain proteins subjected to vibration
(umollg fresh tissue; n = 4; p < 0.05).

Under the influence of 5-day vibration, a significant increase in amide groups
of brain proteins is observed. Thus, the total content of amide groups increased
almost twofold and amounted to 58.50 umollg. The amount of easily hydrolysable
amide groups also increased twofold (38.70 umollg). There was some increase in the
hardly hydrolysable amide groups (19.80 umoll/g). As can be seen from the presented
data, the amidation of proteins under the influence of vibration occurs due to the
easily hydrolyzable fraction of proteins.
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It is obvious that with prolonged exposure to the same stimulus (5-day
vibration), transition of stimulation to extreme inhibition takes place, which explains
the significant amidation of proteins characteristic of inhibitory processes.
According to literature data, the ongoing amidation of proteins is coupled with the
accumulation of semi-macroergic bonds [9].

Longer exposure to vibration (10 and 15 days) does not result in further
significant changes in protein amidation. In rats exposed to vibration for 10 days, the
total amide groups are 59.72 umollg, i.e. there is insignificant amidation of proteins
by 1.22 umollg. With a vibration duration of 15 days, amidation also increases
slightly (by 1.74 umollg), compared to the effect of 10-day vibration. It is obvious
that the organism develops an adaptation to the stress caused by five-day vibration,
and further longer exposure (10-15 days) no longer causes a noticeable change in
the content of amide groups of brain proteins. Further studies were conducted on rats
subjected to 5-day vibration.

In order to reduce the negative impact of stress factors on the organism, the
herbal preparations are widely used. Our early studies showed the antihypoxic and
antioxidant effects of the T. pratense plant [10-12].

In this work, the effect of T. pratense on the amidation of rat brain proteins
under vibration conditions was investigated. For this purpose, T. pratense flowers
were added to the animals’ feed at a rate of 0.5 g per 100 p of animal weight per day
during 10 days, after which the rats were subjected to two-hour vibration for 5 days,
while continuing to add the plant to the feed. The obtained results are presented in
Fig. 2.

B Baseline
E=3 vibration (5 days)
60 [ piet with T.pratense + vibration

50 4

40

30

20 A

Amide group proteins, umollg

10 A

Total easily hardly
hydrolzable hydrolzable

Amide groups

Fig. 2. Effect of T. pratense plant on the dynamics of amide groups of brain proteins
in rats exposed to vibration (umollg fresh tissue; n = 4; p <0.05).
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According to the obtained results, under the influence of the plant T. pratense,
there is a decrease in the amidation of brain proteins caused by vibration.

Thus, the content of total amide groups of proteins when the plant is added to
the diet of rats decreases from 58.50 wmollg to 45.12 umol/g, that is, by
13.38 umollg. A decrease in amidation is also observed in the easily hydrolyzable
fraction of proteins from 38.70 umollg to 27.83 umollg (by 10.87 umollg), and an
insignificant decrease in the hardly hydrolyzable fraction — from 19.80 umollg to
17.29 umollg (by 2,51 umollg). It is obvious that the amidation of proteins that
occurs during vibration, as well as the decrease in the level of amide groups under
the influence of the plant, occurs due to the easily hydrolyzable fraction of proteins.

Based on the obtained results, it can be assumed that the T. pratense plant has
not only antihypoxic and antioxidant properties [10-12], but also has a protective
effect on the organism under the stressful effects of vibration.

Thus, the plant T. pratense can be recommended as an effective “universal
stress-protector” in conditions of complex impact of unfavorable factors on the
organism.

Conclusion. Based on the analysis of obtained results and the literature data,
we can conclude that significant increase of amidation of brain proteins in rats
exposed to vibration is reduced under the influence of the T. pratense plant.
Significant changes in protein amidation both under vibration conditions and under
the influence of the T. pratense plant occur mainly in the easily hydrolyzable fraction
of amide groups.

It can be stated that the T. pratense plant has not only antihypoxant and

antioxidant properties, but also has a stress-protective effect under vibrations.

This work can serve as a starting point for further studies of the influence of
the plant T. pratense on various stress-related processes occurring in the organism
of animals.

Based on the conducted study, it is proposed to use the plant T. pratense in the
development of broad-spectrum anti-stress drugs.
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h. 0. AUHMIL3UY, L. L. <U3LUMES3UL, U. U. oNLU8UL

TRIFOLIUM PRATENSE L. ANF3UR U2Y68NFE-83NFLL JhRPUSPUSD
GUUNUIUD UNALESLE D GLIuNF1LEAh UNhSUUNFSLE D
UUhHI8UUL 4.

8nyg L mpwo, np yhppughwyh Ghpuwpyud wntitinbtph dnn wtinh £
nLbinid  qjlunintinh  uywhwwynigtiph qquih wdhnugnid, hivp pbnpny E
wngjudub gnpoptpwugtinhtt: Wihnugiwd gnpoptipwugitiph ypw 7rifolium
pratense L. (tiptiptinl] dwpqugbtnbuwyht)) pnyuh wqntignipnibd niunidbw-
uhptijhu, wwpqytg, np pnyuh snpugqwd dwnhltipp Yhbnpwbhttph Yephb
wybpugbthu Guunynid £ uyhmwlnigbtiph wdhnugdwt wunhéwbh pnyw-
thth juagnid: Gu wppuwmwnwibipp gnyg L wwihu, np 7. pratense pnyup
gnigwpbipnid L hwmjuupptiuuughtt wgntignipynit Yatnwbhutiphtt Jhppughwyh
Lbpuplthu: bpujubugyuo htmwugnnni pjud hhddwd ypuw wnwgwinynid k
T. pratense pnyuh Ghpwunniip hwjuueptivuughtt yptiyguwipunbbiph Wuljdwb
gnpopbpwugniy:
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U. A. BAJJAJISIH, H. K. AWPAIIETSIH, A. A. IIOJIAJISIH

BJISAHUA PACTEHUSA TRIFOLIUM PRATENSE L. HA
AMUJIMPOBAHHOCTD BEJIKOB I'OJIOBHOI'O MO3I'A KPBIC
TP BUBPALINU

ITokazaHo, 9TO B yCIOBHSX BHOpanuy MPOWCXOJHUT 3HAYUTEIHHOE aMUIU-
poBaHKE OETKOB TOJIOBHOTO MO3Ta KpPbIC, CBOHCTBEHHOE MpOIleccaM TOPMOKEHHUSI.
Ipu uccnenoBanuu BiusHus pactenus Trifolium pratense L. (kneBep ayroBoit) Ha
aAMHUIMPOBAHHOCTh OENKOB B YCIOBHSAX BHOpalMM BBIICHWIOCH, YTO MPH
J00aBJICHUH B PAIIMOH )KUBOTHBIX CYXUX I[BETKOB PACTCHUS IPOMCXOIUT 3aMETHOE
YMEHBIICHHE aMHIUPOBAHHOCTH OEIIKOB TOJIOBHOTO Mo3ra. MccienoBanue mokasaro,
uto 7. pratense oxa3biBaeT 3(PQEKT CTpecc-mpoTeKTopa B yCcIoBusix BuOpanuu. Ha
OCHOBaHMH IIPOBEJCHHOTO HCCIIEIOBAHHS NPEIUIaraeTcsi HCIOIB30BATh KIIEBED
JYTOBOM B pa3pabOTKE aHTUCTPECCOBBIX MPENapaToB LIMPOKOTO JEHCTBUSL.



