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Measurement of natural frequency in rat brain
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Abstract: Objective To identify the natural frequencies of rat brain tissue before and after common central nerve injury and
peripheral nerve injury with an aim of providing the basis for the frequency selection of non-invasive brain stimulation techniques
such as transcranial magnetic stimulation and transcranial acoustic wave stimulation as well as for the development of relevant
animal experiments. Methods 24 SD rats were randomly divided into normal group, sciatic nerve injury (SNI) model group
and cerebral ischemia reperfusion (MCAO) model group, with 8 rats in each group. SNI model group underwent sciatic nerve
clamp injury; MCAO model group underwent cerebral ischemia-reperfusion injury; 7 days after the two model groups were
modeled, the skulls and dura maters of three groups' rats were gradually opened, and the rats' brain units were carefully exposed.
Frequency source output frequency, laser sensing real-time spectrum observation and time-frequency analysis method were used
to obtain characteristic curve and identify the natural frequency that appears when the rat brain tissue amplitude B is maximum.
Results The peaks of the natural frequency at the maximum amplitude of the brain tissue of each group of rats were relatively
close. The normal group was (27.04+2.12) Hz, the SNI model group was (27.57+2.19) Hz, and the MCAO model group was
(26.44+2.27) Hz. The natural frequency difference between the SNI model group and the normal group is not statistically
significant (P>0.05), the difference between the MCAO model group and the normal group is not statistically significant (2>0.05),
and the MCAO model group and the SNI model group also have no statistically significant difference. (P>0.05). Conclusion
The natural frequency of brain tissue is relatively stable. There will be no big difference in the natural frequency of brain tissue
even when stimulation of peripheral injury SNI and central damage MCAO was happened.
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Fig.1 Schematic diagram of natural frequency measurement system
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Fig.2 The actual picture of rat test
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Fig.3 Typical characteristic curve of 3 groups of rats

X 4520 8 R U M L e e e (A T i 315
13 AR BUEA SR BE S b2, ER AR 8 X
T BRI A 5%k (27.04+2.12) Hz, SNIZH A BUIR4140
B K (27.57+2.19) Hz, MCAO 4 K B 2H 2 [ A
IR (26.4442.27) Hz, WL ] FLEGIESTE , SNIAS AL
R BRI A3 5 1 2 K BRI %) T AR TG f
225 (P=0.412>0.05) , MCAO AR ZH K FU A % 5 1F
LR ORI ) 148 A% E i 22 5 (P=0.342>0.05 )
MCAO HERY 2 A BRI A 4526 5 SN K R g [ 4 44
R E Y27 (P=0.079>0.05) .

Z S A Re RSN ARSI LR R ) [
BIR RERE M R G RT , TRES A RE AR A3
P, A Sl R TR R RS R
T A IR = A R AV 2 SR & B R
PERY o WA J) 25 10 356 1 [ AT SR A i o, ] LA
T sl 5 3 IREEA HA R E s R ARk s
SRI] RELE AN FE AL IR [ 40 4~6 Hz [, AT
S R MR 5 R IR AR, AR ITE 1A



- 1564 -

N e

6 37%:

YRR Sl A H IR, A0 0 e R Rt
BN IEA 2500 e, B AR TS | A A A N
RSN, A A S — R RTER Bl , T AR AL PA s A
PVRBERIRAS ™ 3T LA A AR AIE s R LR
) B Ay 2 AR A4 AR L PRI SO , T LA L P 4
s T e R aE shfE . A8 T A
SRR , AT LA S5 o ORI LR R 35 i Bl g
3. VR AR AR SR Rk A AR R B 5 T LA
A N AR i FEL P e A AT A B3 174 ) 25 B4 R e A B 1Y)
ZFEEHG R, BRI R R BRI
HIETA R0 A F IR AR i AT
PRI 9000 A SRR A ) 1A 0 3R, Sy 28 P ol 4
JEAR APE R B Sh P A T HR G T SR, AR A OE L
PRANVE IR XS Bl 52 ) 1 S 5 m] AT I

ARSI HE T B R H AT TR BRI [ A 45 R
N E TAE . SCUR 4% AR, 3 41k U ik i 2 1)
AR, I TE BT [ A AR AR R R A T RE
BV IR AR B -p 2L - v 210 18 0L i 20 3 R A1, 3 2 K B[]
EMR LG 225 . SLI0 h—Se gy Rgh iy 2
HAF TSI . 58—, SO I 2 2000 [ 4 4
BN, PR ZEIF AR, 02 T IE A K B R Y
T OL R BEAT B, BRI, AR 5 42 3R 78 BRI R 2R AT, R
B PR P T W2 o iU A 2 06 UL DAY 1 [ R
WEFR A UESE R IR AN T RS TT X KRB BRI
[ A A8 S0 S S AN K 58 L, MCAO & 3 LAY
M 24514517, SN S UL (R 1 JE o 22 R e i i
7 S IIE S, SR B A i 758 L 2 5] A A A ) S ]
1), TC1e S MCAO X Ff A il 22 45140, DA S SNT ik Ff
SMNE 2R, X I AL 2L B A A A SR AN K
55 = KR B R 4L 2L 9 A0 % 24 S 27 Hz, A He At A
RSB S K SR IE L ZURS, DA AR LRI 52
IR =S ULAETT B JUL PR A0 23 2 AR R 1, 3 1T g
H PR A —J& P RE 5 i 4 235 R AR O ; —
JE A2 AL, R ) S v R e 22 2 SR B B R AR 1
FERGLHGL, Horp 4L Z 4 B R AR R R K, TR B
PTG BRI R A R m T R S H R
Vi T 25 of 22 8 K A BTG B A O . T R AR S it
AMEsim ) 1158, 15 1 A & K i 89 [ A 50 5%k
30~400 Hz , & T ARHA & 1Y 10~200 Hz, i AT 58
S NARZH 2 [ A 0% e A B o A b, R R
R B4 At T S de v )

25 T IR A IS N T K BRI ZH 2 [
A AR SR B Y S ER ( JT E R AL T AL . JE T
AR S A LU R v T R LA 2 s o S AR R
A A i SR AR T R ) iR SR T, 33X Xk

TR S T A S A 2 7 R AN ROV, R i
R LR RA —E B o AUFFEAE I, K A
WYY N 27 Hzo BRI, 20 Hz LA L, 5 512 [ 4%
WA S0 P e AR, B AT S B8ORS ¥ L B AR, 3
PRAVBERAIR, FEONBE LM 2 57 i . X5
EIFF 52238 3 DA hy>10 Hz 19 155 45 26 Fi i 54T LA
PRI H AL, L2 b3 A RS
fR, AL 20 Hz LA 589 28 fi 1 0] ok £ i HE R 2 4K
o AHJE, AR SERFITIESE , BE A A AR X
SRR 20 T B PR ZER IR AE S TR sh Py it
O 4 T RLI 26 27 Hz BRIT 1 e A3

(&% k)

(1] ZAH, EEE EH 5. A0 EFAR P AR B
Bro[T]. BRAd B 1424 &, 2007, 30(2): 86-90.

WU L L, HUI G H, PAN M, et al. Theoretical and applied research on
stochastic resonance in biomedical field[J]. International Journal of
Biomedical Engineering, 2007, 30(2): 86-90

[2] ¥R, F3, 20, F . AR AR5 a5 B
B P ey AT REE[T]. P Al 4 &, 2018, 34(8): 759-763.
QU X L, DONGY, JIN H, et al. The application of noninvasive brain
stimulation technology in the rehabilitation of traumatic brain injury
[J]. Chinese Journal of Trauma, 2018, 34 (8): 759-763.

[3] TAIB S, ARBUS C, SAUVAGET A, et al. How does repetitive
transcranial magnetic stimulation influence the brain in depressive
disorders: a review of neuroimaging magnetic resonance imaging
studies[J]. J ECT, 2018, 34(2): 79-86.

[4] ZHIVOLUPOV S A, ODINAK M M, RASHIDOV N A, et al. Impulse
magnetic stimulation facilitates synaptic regeneration in rats following
sciatic nerve injury[ J]. Neural Regen Res, 2012, 7(17): 1299-1303.

[5] #stest, A aker, b r, . KRS R AMESIRIRF AT AT [T ],
MR B3 TA2 2 &, 2011, 34(5): 275-278.

YANG G Y, ZHOU J H, ZHANG X Z, et al. Comparative study of
visceral resonance frequencies in rats and rabbits[J]. International
Journal of Biomedical Engineering, 2011, 34(5): 275-278.

(6] X#HEB, M, R, 5. LFAHZEBGE RRE XM, R =

Sk LR AT IR Al 4G AR S [T ], BB 3 A &, 2019, 36
(6): 721-725.
SHI Z J, YAN J T, YANG B T, et al. Experimental study on the
measurement of natural frequency of gluteus maximus and triceps crus
in rats after sciatic nerve injury [J]. Chinese Journal of Medical
Physics, 2019, 36(6): 721-725.

[7] W&, 335, Fob, F . 24 ERAMCAO R Sy & 58 2
R[] BEFLE, 2018, 24(17): 76-80.

LIN J, LI Y F, LI C, et al. Key points and experience summary of
making MCAO model of rats by thread bolt method [J]. Medical
Review, 2018, 24(17): 76-80.

[8] XIW,BINT Y, HU Y. Optimal design and experimental study of a
multi-dynamic vibration absorber for multi-frequency excitation[ J].
J Vib Acoust, 2017, 139(3): 031011.

(9] #=EZ, Bk, Wik, 5. A LEIRS) SRR =R R[],
Wk B 5 R, 2018, 38(3): 198-202.

XIE BY, YANG B T, YANG Y K, et al. Research on low frequency
vibration control of a new electromagnetic vibration table[J]. Noise
and Vibration Control, 2018, 38(3): 198-202.



12

s

- 1565 -

[10] GUO D, PERC M, ZHANG Y, et al. Frequency-difference-dependent
stochastic resonance in neural systems[J]. Phys Rev E, 2017, 96(2-1):
022415.

(1) Filk, FEA, BB . 6 7 FRAW AL THRMFEA L
HFRASAHTT]. AR 2 B2 B 5 2 &, 2009, 23(3): 265-268.
XINHT, LIY L, GUO W G. Finite element analysis of posterior
periodontal attachment and tooth vibration frequency and mobility[J].
Journal of Modern Stomatology, 2009, 23(3): 265-268.

[12] RJE, %Gk BRBE T F EIRMT IR AES 5 47(1]. 5
JAE 252 &, 2015, 32(8): 7-9.

ZHAO L, HUANG C L. Investigation and analysis of myogenic low
back pain in armored infantry caused by resonance[J]. Journal of
Practical Medicine, 2015, 32(8): 7-9.

(3] H 5. Ry & R 523 R Y RRT FRESTFAHI] P
LR TARBE R 5 06 R B H, 2007, 11(52): 10632-10635.

CHEN Y. Warm music and motion synchronous resonance therapy is
most suitable for overworked people[J 1. Chinese Journal of Tissue
Engineering Research, 2007, 11(52): 10632-10635.

[14] e, B4, BN, 5§ RFFAFATEE SR HH

PAER AT IRAF S ()], P E S5 R &, 2009, 31(4): 253-
255.
XU G X, GU S Q, MENG D H, et al. Analysis of walking efficiency
of healthy young people: a precursor study of muscle resonance law
[J]. Chinese Journal of Physical Medicine and Rehabilitation, 2009,
31(4): 253-255.

[15] #im, BB 4k, BRR, 5 . A D3 RHE X5 4T 205§ v 0 7T 3K
By [T]. P E RS E S &, 2008, 23(12): 1092-1094.
XU G X, GU S Q, MENG D H, et al. A pre-research on the influence
of biological resonance law on walking efficiency[ J]. Chinese Journal
of Rehabilitation Medicine, 2008, 23(12): 1092-1094.

[16] £ R, Moy, ARsiR, 5 . A TARARIS R P gk ) X i 4R 2t w2 [J].
RiEKXKF IR, 2011, 44(9): 823-828.
WANG X M, CHEN F, YU H Q, et al. Brain resonance effect based
on extremely low frequency magnetic stimulation [J]. Journal of
Tianjin University, 2011, 44(9): 823-828.

[17] FLURI F, SCHUHMANN M K, KLEINSCHNITZ C. Animal models
of ischemic stroke and their application in clinical research[J]. Drug
Des Devel Ther, 2015, 9: 3445-3454.

[18] CHALLA S R. Surgical animal models of neuropathic pain: pros and
cons[J]. Int J Neurosci, 2015, 125(3): 170-174.

[19] 77 &, P3E4F . LT AMESim #9 Ak B A 91 53 5[0, i ar e K
53R, 2014, 28(1): 103-106.
WAN X, RUI'Y N. Calculation of natural frequency of human body
based on AMESim [J]. Journal of Nantong Vocational University,
2014, 28(1): 103-106.

[20] DAYAN E, CENSOR N, BUCH E R, et al. Noninvasive brain
stimulation: from physiology to network dynamics and back[J]. Nat
Neurosci, 2013, 16(7): 838-844.

CENI TS



