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THE COMBINED EFFECT OF TRIFOLIUM PRATENSE L. (RED CLOVER)
AND VIBRATION ON RAT BRAIN PROTEIN AMIDATION
DURING AGING
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Vibration pathologies are one of the pressing issues in medicine and
biochemistry. It is known that under the influence of vibration, the content of amide
groups of proteins in tissues increases, which is one of the biochemical indicators
of the organism. It has been shown that amidation occurs to a lesser extent in brain
proteins of old rats exposed to vibration than in young rats. When Trifolium
pratense L. flowers are added to the animals’ diet, the level of amidation during
vibration in old rats also decreases to a lesser extent than in young rats. However,
in both cases, the level of amidation occurring is reduced by half under the influence
of the plant. Based on these results, the use of T. pratense plant material is proposed
as a means of reducing the negative impact of vibration on the body.
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Introduction. Numerous studies have shown that exposure to extreme
environmental factors leads to changes in the body’s biochemical parameters, among
which the amide groups of tissue proteins play a significant role. It has been
established that factors that induce excitatory processes lead to deamidation of
proteins in tissues, while, conversely, protein amidation occurs during the
development of inhibitory processes [1, 2].

Among the adverse environmental factors affecting the body, vibration
occupies a special place, being a stressor for humans and animals. In addition to
changes in protein amidation [2, 3], vibration also causes oxidative stress, initiating
lipid peroxidation [4, 5]. It is also worth noting that vibration pathology ranks second
among diseases associated with professional activity.

Even mild vibration exposure is known to be a powerful stressor for the central
nervous system, causing intense bioelectrical changes in the brain and peripheral
damage to the vestibular system. Long-term vibration exposure can cause vibration
syndrome, which affects the nervous, cardiovascular, motor, and other body systems.
However, short-term vibration therapy is used to treat eye diseases, asthma, and other
conditions [6].
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There are various ways to adapt to stress, including the use of herbal
preparations. The antihypoxic effect of the plant T. pratense on the dynamics of
protein amide groups during hypobaric hypoxia has previously been demonstrated
[7]. This plant also exhibits antioxidant activity against lipid peroxidation in rat
tissues exposed to hypoxia [8, 9]. A study of the effects of vibration on brain protein
amidation also revealed an effect of the plant T. pratense on vibration-induced amide
group dynamics [3].

Thus, it was shown that the plant T. pratense has complex antihypoxic,
antioxidant, and stress-protective properties, which are apparently explained by the
various biologically active substances contained in the plant, in particular,
isoflavonoids and phenols [8, 10, 11]. A high content of phenols and flavonoids is
noted in the flowers of the plant, as well as a correlation between the content of these
substances and the antioxidant activity of plants [12].

In this present work, the amidation level of brain proteins in old rats under
vibration conditions has been studied. Taking into account the stress-protective
properties of T. pratense plant, the influence of the plant on amidation processes has
also been studied during the aging of rats.

Materials and Methods.

Animals and Plant Materials. All experiments were carried out on Wistar rats
(young group — 4-6 months, and old group — 24 months) 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 a vivarium (temperature 22 + 2°C in a light/dark cycle of 12 h).

The first group of rats had a standard 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 Morphology and Physiology of the YSU. Vibration frequency was 60 Hz,
deviation amplitude was equal to 1.0 mm. The whole organism of the animal was
exposed to vibration for 2 h daily for 5 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).

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 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.

Data Processing. Statistical analysis of the data was performed using
Student’s t-test, Fisher’s test, and the liability method [15]. A difference of p < 0.05
or less in the mean values was considered as statistically significant.

Results and Discussion. Brain protein amidation was studied in aged rats
under normal conditions and under vibration. According to the data obtained,
the amide group content in brain proteins of young rats (4—6 months) is normally
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29.88 umol/g (Fig. 1). Under the influence of 2-hours vibrations over 5 days, the
amide group content increased almost twofold to 58.50 umol/g, which is completely
consistent with our previous studies [3].

In the brain of old rats (24 months), the amount of protein amide groups
normally decreases to 24.75 umol/g, i.e. their quantity decreases by 5.13 umol/g
compared to young individuals. Protein amidation also occurs under the influence of
vibration, but to a significantly lesser extent than in young rats: the amount of amide
groups in the brain of old rats increases to 31.7 umol/g, i.e., by 6.95 umol/g compared
to the norm (Fig. 1).
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Fig. 1. Amide nitrogen content of young and old rat brain proteins subjected to vibration
(umol/g fresh tissue; n = 4, p < 0.05).

Thus, brain proteins from old rats contain fewer amide groups, and vibration-
induced amidation is also reduced compared to protein amidation in young
individuals.

In this study, the effect of T. pratense on the amidation of brain proteins in old
rats exposed to vibration was also investigated. The flowers of the plant were added
to the animals’ feed for 10 days at a rate of 0.5 g per 100 g of body weight per day,
after which the animals were exposed to 2-hour vibration for 5 days, during which
time the flowers of the plant were continued to be added to the feed. The results are
shown in Fig. 2.

The increase of brain proteins amidation induced by vibration descends
twofold in addition to the plant T. pratense in young rats, as shown in Fig. 2.
When the plant was added to the animals’ diet, the level of amidation of brain
proteins in young rats exposed to vibration (58.50 umollg) significantly decreased
and amounted to 45.12 umollg, which was also previously established by our studies
[3]. The same dynamics of brain protein amidation descend has been observed in old
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rats. The level of brain proteins amidation in old rats (31.7 umollg) decreased to a
lesser extent, to 28.49 umollg.
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Fig. 2. Effect of T. pratense on the dynamics of amide group changes in brain proteins
of vibration-exposed rats (umollg fresh tissue; n =4; p <0.05).

However, it should be noted that the stress-protective properties of T. pratense
plant reduce vibration-induced amidation of brain proteins to the same extent in both
young and old rats.

Conclusion. Based on the analyses of the obtained results and literature data,
we can conclude that the content of amide groups in rat brain proteins decreases
during aging. In old rats brain protein amidation takes place under the influence of
vibration, but to a significantly lesser extent compared to young rats.

Under the influence of the plant T. pratense, in young and old rats exposed
to vibration, the level of amidation of brain proteins decreases by approximately
50% compared to the amidation that occurs without the addition of the plant.

Stress-protective properties of T. pratense plant may be used to reduce the
negative impact of vibration on the organism.
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dtdwtmd L ughwmwyngitph  wihnuyhtt  pdpbph wupnibwyniggnibp
hyntujwodpitipniy, npt opquithqittph Yatuwphdhwud gnighsiiiphg dtya k.
hwinhuwiinid: 8nyyg £ mpgwod, np dtip wnbtimbbtiph nintinh uyhwnwynigbbipnid
Yhppughwny wuydwbwynpyuwd wdhnugdwt wumhwbd wybih guop L,
h hudtidwwn Gphunwuwpn wnbtnbtph: Uktnuwbhibtph ubtnujupghb Trifolium
pratense L. pnijuh dSwinhlitip wytjugttijhu, dtip wnbtinbtiph nintinnid wnihnuwg-
dwh dwljupnuyp tnyiytu tJugnid £ wybih phy swthny, pu Gphunwuawpn
wnbbnbtiph dnn: Uwljuyt, ytwmp £ k), np tpyne ntiypnid £ pnyuh wgnb-
gnipjudp wtinh niitignn wdhnugdwb wumhbwbp fhuny swith jpéumynid k:
Wu wpnynibpbtiph hhdwh Ypu wnwewpynid t Trifolium pratense L. pnijuh
oquwugnponiip’ npytiu yhppughugh puguuwjub wgnbgnipjub ijugbgiwb
dheng:

W. A. BAJJAJISH, A. A. TIOJIAZISTH

KOMIUIEKCHOE BJIMSIHUE PACTEHHMSI TRIFOLIUM PRATENSE L.
(KJIEBEP JIYI'OBOM) 1 BUBPAILIMM HA AMHWJINPOBAHHOCTD
BEJIKOB TI'OJIOBHOI'O MO3T'A TIPM1 CTAPEHUU KPbIC

BubpanuonHbsie TaTONOTUX SBJSIOTCS OMHOH W3 aKTyalbHBIX IIPOOJIEM
MEAMIUHBI 1 OMOXUMHUH. MI3BECTHO, YTO 0] BO3ACHCTBUEM BUOPALIUN POUCXOIUT
TIOBBIIIICHUE COZICPKAHUSA B TKAHAX aMUIHBIX TPYIIT OEJIKOB, KOTOPHIE SBISIOTCS
OIHIM W3 OMOXMMHYECKUM TIOKasareneil opramm3ma. llokazano, 4ro B Oemkax
TOJIOBHOI'O MO3ra CTapblX KpPBIC IMPH BHOpalMK MPOUCXOIUT aMHUIUPOBAHHE B
MEHBIIICH CTEIeHU, HEeXENH Yy MOJOoAbIX Kpbic. [lpm mobaBneHWm B parwioH
JKMBOTHBIX 1BeTKOB pactenusi Trifolium pratense L. ypoBeHb aMHANPOBaHHOCTH
IpH BUOpAIMKM Yy CTapbiX KPBIC CIyCKAeTCS TAK)KE B MEHBIICH CTEICHHU, YeM Yy
MOJIOBIX Kpbic. OAHAKO B 000OMX CiyyasX IOJ BIUSHHEM PacTeHHUS YpPOBEHb
MPOUCXOISILET0 aMUUPOBAaHUs YMEHbIIaeTcsl B 2 pa3a. Ha ocHOBaHUU MOJTy4eH-
HBIX PE3yJIbTaTOB TIPEIJIaraeTcs HCIOJb30BAaHUE PACTUTEIBHOIO MaTepHalia
Trifolium pratense L. xak cpeacTBa CHWKEHHSI OTPUIATEIILHOTO BO3JCHUCTBUS
BUOpAIlNU HA OPTaHU3M.



