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Effect of terahertz radiation on brain neurogenesis and
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LIU Rong", LI Bing", ZHANG Huaiyan®, LIU Jianxin™, XU Dehui ™
(a.School of Life Science and Technology , Xi'an Jiaotong University , Xi'an Shaanxi 710049, China; b.Institute of Brain Science ,
Medical School of Xi'an Jiaotong University , Xi'an Shaanxi 710061, China; c.Center for Plasma Biomedicine , State Key

Laboratory of Electrical Insulation and Power Equipment, Xi'an Jiaotong University, Xi'an Shaanxi 710049, China)

Abstract: To explore the effect of Terahertz(THz) on neurogenesis in the Subgranular Zone(SGZ) of
the hippocampal dentate gyrus of adult mouse and the cognitive ability of elderly mouse, the heads of
mice in THz group are irradiated with THz radiation for 10 min/time, 2 times/d, for 21 days. The mice in
the control group are anesthetized for the same time. 5-Bromodeoxyuridine(BrdU) staining is utilized to
evaluate the survival of newborn cells. BrdU/Neuron nucleus(NeuN) staining is adopted to evaluate cell
differentiation. The Morris Water Maze(MWM) experiment is employed to analyze the changes in
cognitive ability. Results indicate that 0.14 THz radiation for 10 min/time, twice/d, for 21 days can
effectively promote SGZ neurogenesis in adult mouse without affecting the differentiation of newborn
cells into neurons compared with the control group, and the survival of SGZ newborn cells in adult mouse
is significantly improved(P<0.05), while the differentiation of newborn cells into neurons is not
significantly changed. There are no significant changes in the escape latency and the locus of movement
in the elderly mouse. It is concluded that THz irradiation does not affect the spatial cognitive ability of
old mouse.
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i TR R MR Sl RURE R A5, DR THz 58 5k A2 W) HoAT RO 022 4Pk, TR I THz 586 56 n] A 2500 5 22 ) 2h
RERY. WF5ERW], P RGUX) THz 58 S5 BONBURY . THz S8 X 20 IAE T, 5 THz B S 8, nah= B,
T e I W) A5 5 DD AH OC o THz 48 S X0 1t 22 200 i % ok 22 338 i AR 5 f A= 4 BLAT WY S 80 7Y, EL 28 b 5l L) THz 30 95 1
ZRGAL S . THz 58 MR /N BUIR #2824 2 Ky >T ICAC 8 1 B S2 MR i oR DL B, AR SCHIFSE 1 THz J&y BB 4 %) €57
/INBRUEE B 14 IR 0] SGZ M 22 R A 2 R, LR AR I AE . AL AAE TS o [ IH RS T THz 88 2 75 i) LA B C57
E R BN DI RE

1 MRE5RFZ*
1.1 REshmS5SHaA

C57 M /N B SE 340 33 T 06 2 25 KFsh s ot , 18 AR EAER 10 2, 24 AR ZAER 20 L (FEHLS R
W, F41 10 H). 3 2H /N BUBEHLAS A A bk 24 B 5 2H (THz 28 ) F1 6 BE 4H (Con 2 ) (n=5) . A BIF 5% rh 19 52 56 Y AR 1 31 )
AR T I 2 P2 B S flb v
1.2 K#kzZ iR

i FAR 2 3 4= 72 (1) IMPATT diode 140 GHz K #52% & 4 #% (Tera, 200385), KF2ZIHM TAESECN . HIE24 V;
HLE0.3 Ay KT 90 mW; R Kbk 24 950% 0.14 THz.
13 Hft F =l H 5M0E

7K ¥ Y) A #L (Slee Technik, Mainz, Germany); Rabbit anti-NeuN(Millipore, USA); Biotinylated anti-rabbit I1gG
(Vector,USA); DAB(Boster,China); Mouse anti-BrdU(Vector,USA); Cy3-conjugated donkey anti-mouse [gG(ZSGB-Bio,
China); FITC-conjugated goat anti-rabbit IgG(ZSGB-Bio,China); %% ) & 7 5% (TCS,Sp2,Leica,Germany); Rabbit anti-
Ki-67(Abcam,UK); FITC-conjugated goat anti-rabbit IgG(ZSGB-Bio,China); MWM A 43 b1 2 G AR 4 o

1.4 LWHIE

i FH 6 59313 0 0.14 THz B R 22 U5 I8 55 AR /N BRI AR /N B, FH 4% ol 2 €8 07 06 D1 A /D BB 1 28 6 A 1
B, X AR /N BT KR 0 36 Al A R T RE Y A O o A S Y SE SR 7 TR AT 1 IR

changes in the cellular architecture of the neocortex and
hippocampus: NeuN/Nissl staining

— survival of SGZ newborn cells: brdu staining

the adult preparation of frozen |

sections of hippocampus n = -
= i ks differentiation of newborn cells into neurons:

Brdu/NeuN staining

1Hz liferation of hi 1 glial cells: ini
ittadiation: [ ] — proliferation of hippocampal glial cells: GFAP staining
survival of SGZ newborn cells: GFP staining
L| the elderly r

mouse L

Fig.1 Technology roadmap for research

BT BTSRRI

changes in spatial cognition: Morris Water Maze

14,1 Kibhz% S /INR

ZIN BRI A PR T 7] S S Tk JRR B, 0 R BRI 0 9 o /N RSk BB A B, K THz & S 28 SO T8, ool 05 T Ah il
W =M. THz 4/ B IESS 10 min, 27/d, #2221 d. Con 4/ BUH BEAT AR ] B 18] 9 R 5
1.4.2 il #& /N B S vk g U0 v

18 Hi/NEL, THz AR KBS E , TREEREEAT A /B, MUK 20 ml A= 38R /K F1 100 ml 4% 2 2% B 1
WU, 30% sucrose &3 % o VKR VI R HLYTEL 40 pm JBEE AR A7 D) 7, BB 98 R A IX1 S 1.22~3.40 mm. E Y] F
Rroik 14l ilicE F ey aiid, fAYeaArhaE A MR 200 pm ) 255 D A
1.4.3 Nissl 4L 4,

M TBS-TX ¥t A5 0.5% toluidine blue solution 2% 4 10 min., ¥ KK E T H X1, —HIE I 4 15 min,
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SRG B FETE RS 7K+ 100%1,100%11,95%,90%,80%,70%,50% 45 5 min; &M K vh P 3 ¥k, HEK S min; BT 60 °Cilk
% 0.5% toluidine blue solution 44 {5, 10 min; ZEIH/KPEE YR, 70 B1E T 70%, 80% F195% L K& 100% £, Fs it
K, BIGEFHIRD, PR R

1.4.4 P28 50240 MO B (NeuN) Y2 £,

M TBS-TX 3§ ¥l A5 ] TBS-TX # B —$i Rabbit anti-NeuN(1:1 000,Catalog No. MABN140) & TAE W &, HH
7% ; TBS-TX &1k, H Biotinylated anti-rabbit IgG(1:200 for Ki-67, Catalog No. PK-4001)5% & 2~4 h; Avidin-biotin
complex ABCE G¥)W#H 2 h; TBWELE, 0.05% DAB(Catalog No. AR1022) i {7, 3 min .

1.4.5 5- R B %0 PR W5 BE 4% 1 (BrdU) bR ic S 44 €4

SEYGIT IR Z H, /N B R 1 ) BrdU(50 mg/kg). M TBS-TX % YEMiki ;5 2N HCL 7% 30 min; Jij TBS-TX Fi
B — ¥ Mouse anti-BrdU(1:300,Catalog No. VP-B209) & T./E#k %, W &F 37k ; TBS-TX 51k, H Cy3-conjugated
donkey anti-mouse IgG(1:200,Catalog No. 0311)§% & 2 min; J FITC-conjugated goat anti-rabbit 1gG(1:200,Catalog No.
0313) ¥ H 2~4 h.

1.4.6 40114

Y VT EC7E 2O AU T R T . R R BB — A e B i A, BRI 1T SO SGZ- R 4 i
2 (Granule Cell Layer, GCL)4#B BrdU Hl NeuN FHYEZ0 i . Ki-67 Yt {5,315k SGZ FH % 41 it .

1.4.7 W4T 4k PR 1 25 H (Glial fibrillary acidic protein, GFAP)%{f,

GFAP e (0,5 B 40 4% . M TBS-TX W Ve fidi A3 F TBS-TX #i B — $T Rabbit anti-Ki-67(1:500,Catalog No. ab15580)
ETAEWNE, WH L% ; F FITC-conjugated goat anti-rabbit IgG(1:200,Catalog No. 0313)¥#% & 2~4 h.

1.4.8 %%{0,5¢ 63 1 (Green fluorescent protein, GFP)%:f{f,

24 /N, THz 41K K OK % B33 5 F RV-GFP FRiC SGZ #H 2 T4l . SC0 P R 46 . /NI A 1% 591
Bk JPR I, FH B 400 2h ) B T S AR e A, 8 67 I FE B L o RV-GFP 3 5 Ak A (0 445 8K [0 3 5 A0 050) - il
K521 mm, P52 13 mm, FFEKEEHEE 23 mm; §IXJG 2.1 mm, L5525 mm, B KEEEE
3.0 mm J T R ANTE SR B SRS 1.5 pI(3x10° CFU/mI); dES Tk SO ES AR, 0.3 ul/min, 55 8
Bk B 1 min, GFP 20 WM WSS, 115 SGZ 1) GFP FH 4 241 fu 45 5 .

1.4.9 Morris 7K 2 ‘B (MWM) 32 46

24 Iy /N, THz 4R W KR % IS 5 E 17 MWM 3255 0 R AT WMT-100 2 MWM #3550 7 R 48 . R4t 3
— /AR 120 em ., 5 60 em 1 T U R 00 0 T FORHIY BT KR o KR P T K R 40 em KA DL HRL S5 R
4N, HAE10 em, &35 em M@ FE Wk E G S FHMNERKE T . RERHEORGAERE, SRR
ENRZ S EE, TG T LR S e 4 R IR A L 4RI EEE . 4B ARE. AN
W BRI A/ NI S B . A/ N R A RE . W AR L Rk REVE AR L OF DX/ AR IX R EORT 45 7
B B ah Bk S S8 KRl B R B S 5o KRG ERE . RIE R R iEANR AN, BEANREIE
% 2R B AE RN ST o S5 T [R] G5 (8] P9 W S AT BE AR A, SO0 EE R R 80% W B, KR PN BB Ak R KR
25 °C,,

MWM 554k 6 K, 55 1~5 KA E M8, 2k/d, [FE30 mine BRI, /DR AN 44 AR SR
T 5 A7 BT o) L BE K, e Bk sl £ I ] ST O AR s ansh W TE 60 s INORRE K Bk kT 5, R S A o] 2k
W EIF ARV 10 s, WRBIE A 60 s BUGBHKG AT EMET, 78 T8 REDIARE 30 min, & 1K
WUSE 80 5 3 KA TRAR IR R MR A 2200 . 856 K SRR Mdidkbt-F&, shihaim4 iR
) G2 B A s o o A K, RER IR B W 7E 60 s N 1132 3l FHRBILIE .

1.5 FitEH*E
K SPSS 9.0 G il 24 AR A4 AT 400, IE A0 A BT YR LS 24 (H 55 1 25 (Mean=SD)Y /s , ¢ K56 H T b4
W4 R &5, P<0.05S N2ZERAFIT¥E L,
2 #R
2.1 FRRMBEEHATL

NeuN(a,b)/Nissl(c,d) 4 & (K 2) £ 8L, THz HaiW#Hi iz i 2 A-VUR)MFEW, SCon LB 2%, £2T
HH f 40 i B R 4 T B A . THz B8 5 B0 UH 8 52 08 K2 B Al A 57 . 1 (a)~(d) AY EE 4911 R 100 pm o
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NeuN(a,b)/Nissl(c~j) 4 a.(& 3) & #, THz 41341
o, CA X2 4f /2 (Stratum Oriens, SO). ME{EJZ (Stratum
Pyramidale, SP). %% 4 /)2 (Stratum Radiatum, SR). M
B 4> F JZ (Stratum Lacunosum-Moleculare, SLM)F 4 ik
[m] [X. 43 JZ (Stratum Dentate gyrus-Molecular, SM)., i
#iJZ (Stratum Granulosum, GC)LA M 77X (Hilus, Hi)#
FUH MW, 5 ConH LW 22 5%, 4 )= JC W] b 4 i 5l pf
2ot &R . THz BEUR A W] W 5% i g 5 240 Jf A 550 .
P ()~() 4 EE 491 R 100 um

2.3 SGZ #EMTEE

BrdU % {6, (€ 4) & 1, THz 4 (1€ (b))SGZ-GCL (¥
BrdU BH 7 41 it %%+ %5 Con 4H (8] (a)) B B 4 £ (& (¢)),
THz W51 B 5 0% 1 /N B SGZ 3 AR M 735 . &l (a)
~(b) LA A 100 pmo

2.4 SGZ 34 0 e [ 18 &2 ST ) 431K

BrdU/NeuN 4 (& 5) & B, THz 2H (/% (b),B1~B3)
SGZ-GCL ##J BrdU/NeuN [H 1 4 ifd %% & 5 BrdU FH 1 41
M B B, 5 Con 41 (K (a),A1~A3) L H] i 22 &
(F(c))o THz M85 B A7 B 8 w0 28 /N B SGZ 8 A= 4 Jifd 1)
M ITTI A . B (a)~(b) LB R A 100 um; A1~A3 Fil
B1~B3 LB 50 pm.,

2.5 BERRAEMIEHE

GFAP YL {5, (& 6) & P, THz 2 (&l (b)) & GFAP FH
VR0 BB RIS S Con 4 A i 22 5% . THz M8 5 %
H A AR N U S I RN A B G A . 1 (a)~(b) L 17
JHA 100 um,

2.6 EEINRSGZ HETFERE

GFP %t 5, (F 7) & #L, THz 4 (K (a)) % 4F /)N Bl RV-
GFP Fric i GFP FH M 4 g 50 & 5 Con 41 (&1 (b)) #H L ¥
A E AR (E (c)), THz HESFEA B 8 24F SGZ i 4k
2B ) AE T o

27 ZENRZEAMBENTW

THz M A 3 2028 3l 90 ] a6 A S 56 19 34k kit
AR (K 8), THz MRS A i35 i i 2 47 /N ROl o
A 1) 2 T AT T RE

THz J& 5 A B b 028 3l ) 23 1Al & S 50 19 i Uk
B (&1 9) .

TE2s A E R SC s, THz 41 F1 Con 4 8 ¥ 75 H r
5 B2 () s B8 B 1) G B J 22 5 (81 10(a)), THz HE ST A
SZ /N BRAE AR 52 B A s B B B) s THz 2R Con 21 8l W 7€ H A X3 9 35 7 1) 8] G B 5 22 55+ (181 10(b)) , THz M5 %

S /N BRUTE AR DX i B I 1R] 5 THz 28 R0 Con 2H 2l ) 28 8 H A 52 BR A U B00C W W 22 57 (181 10(c)) . THz BRI
A/ BREE R H AR S BRI THz 41 M0 BEZH 2 ) 28 B E A5 XA v 80T W e 25 5 (181 10(d)), THz JRGFA
/N BUEE R bR XS U B . THz 2H A1 Con 21 /)N BRUAE SI2 565 v 118 T 9k 3 13 T B Ik 22 57 (I 10(e)) o

Fig.2 NeuN/Nissl staining images of neocortical cells

(%] 2 8 52 S 41 i NeuN/Nissl 4 (6 5]
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%] 3 7 Eh 41 fifd NeuN/Niss] 4 (7, 5]



95 6 1 X

[e—%

BE: A ESINRINRE & £ RN BE N IR

(c) 800

Con

600 | *

number of BrdU+ cells
5
g
T

THz 200 |- ]
[ Con
0 [ e
Fig.4 BrdU staining images of SGZ newborn cells(*: P<0.05)
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Fig.5 BrdU/NeuN staining images of SGZ newborn cells differentiating into neurons
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Fig.6 GFAP staining images of hippocampal glial cells
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Fig.7 GFP staining images of SGZ newborn cells
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Fig.8 Escape latency of Con group and THz group mice in the oriented cruise experiment
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Fig.9 Swimming trajectories of mice in the Con group (a) and THz group (b) in the space exploration experiment
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Fig.10 In the space exploration experiment, the retention time of the mice in the target quadrant (a) and the target area (b) in the Con group and the THz
group, the number of times the mice crossed the target quadrant (c) and the target area (d),and swimming speeds of mice in the experiment of
two groups (e)
10 23 [ RZR 5286, Con 411 THz 2H/INBUAE EUARG R (a) AR DXCHR (b ) f iy B2 ], /1N B 2858 H R G BR (o) R E BR XA () iR, DA S
PILL/ NI DK ()
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g B 7 IR 1] SGZ ) et 22 1 4 M W 7™ A 4 R RE A 22 T O 5 B i Sh i 22 [l g rp ), Mg DM e R AR Bl 5 o
A ACMZREIMISE . FET HAT THz 6 S 764 2 RGEA BT TE , THz 58 56 850N o Xt ot 228 240 i 1) 5C i 2 i R A I 42 4
L A SEB R ST T THz X /N U 5 2 4R 0] SGZ # 28 K A i 52 o 4% T 58 48 AR e THz 5 54 68 HE 52 i fn 5 1
IR

F1 ST AR

Tablel Research indicators and results

mouse classification indicator influence
cellular architecture of neocortex and hippocampus no change
survival of SGZ newborn cells improved significantly
the adult mouse . . .
differentiation of newborn cells into neurons no change
proliferation of hippocampal glial cells no change
survival of SGZ newborn cells no change
the elderly mouse . .
spatial cognition no change

Nissl 73 i Tt 2270 ML A S 28 I, FEOLBE T O BORLAR (Vi 250 sl BEBRAR (32 sh 2 00) . Y Mo 32 5
BiOimS, Nissl H LA A, [5 I Nissl AT A S 4 28 50 D BER S AR 21" . NeuN 75 1E il 28 2 A A (A 28 70 A B0k
PEMp e Toh Rk, RENE L AUAR /D B AP RIS A i 22 R G B 2 H0R 2 A0 R 2 R R AR I 2 Y Nissl/NeuN it (8 ] WL 4¢
THz 855508 357 K J5t 40 440 350 0 765 5 40 A SR 52 e o ASBIF 5 h THz 2H Nissl/NeuN 25 58 5 % B2 TE 2% 22 5+, THz
WS AN b /N BT B2 S AT S AR MR 3T . BrdU J2& — Rl 7 284, 75 DNA £ s 300 m] 2 £ i v W A e 4 1 45
DNA %54, WA DNA 5 BRI iC A0 22 2 . ST 484708, J2 W B 40 M 3 S b ic ). A58 b BrdU 4
PEDS G Y ] T LGN 53 BB A Al ML A7 15 . BrdU/NeuN #5926 4% €4 F T WA F 23 B 8T A 40 i 40 4k . THz 2 /)N B
BrdU BH 4 40 g BRE 38 0, BrdU/NeuN BH 4 40 i B0 B % A48 B35 78 4k . R W] THz 48 36 W12 2038 1 SGZ i A 41 i
FIAEIE L IRl B AN BOAE SGZ B A= 4 M 1] 1 28 T8 14 434k . GFAP & B2 P Jise ot 4 B 6 Ak i b a5 9, B2 T I ot 4 L ot 90 7
R 22 50 L Sl W B DR A0 R O T A R A R b 5 s R AR T, R BT 40 i K R e R S i A 22
JLHEAFN . GFAP 2 5 0 e (8 n] T WL & i o 20 i 3 98 . THz 2 GFAP 45 R S X IR L % 25 57, KW
THz ¥ A7 22 ¥ B I o 200 g fr) 48 5

HIAR A WEFE B, /N Bk B THz BRI 3 J8 ol LASGE 6 5 SGZ B AR ML A7 15 . & 8 Wh 1A 28 sh Wy N2 Tt o SGZ
M HE R S TR, BOA RS AR R A S IN I RE 1 R B OB I R Y . G, TR R W ST THz IR G 2 75 7T
PARA 3 2 4E /N BN RE . 24 F % C57 /N BURTAE h 22 4F BB

GFP 1oy — M r TR 4T, fERENARIC . SN . ER e L EA B MSE I mA ] Z
U, ARBEE H RV-GFP 3 (4 1 T LG0T AL A0 M A 15 . AWEFE 45 R LW, THz 41 GFP 45 R 50 ML T 8 % % 5+,
THz M5 B A 0 & 47/ BT B IR (8] SGZ 37 A= 40 IS A 47176 . MWM S 56 32 52 A 00 3 52 46 5l 0 0 25 1) {0 8 s
)58 AL 2 > 5ACACRE Sy, THZ T Tl S 0TSE, R ) SiCICu s i i A RN AP AR R, THz
A TR AR5 X0 IR T B 3% 25 5%, UL I THz I8N AT 52 W) sl 805 28 A1 /0N BRUTAE B 40O Fr) = [R] A T D BE

4 #ig

45 ik, THz 48 5 AT 02 98 sAE /N B 5 R 1] SGZ #h 28 kA=, [) IE AN 52 W) 165 15 VR IR 171 SGZ 3 A= 4 i 1) ol
ZIu A, IF HBA RAFH AW 2 Ak o {H THz 58 35 B4 52 00 800E 8 AR /DN BT ) 4081 Y 2 [RA RN D RE . Wt
FEEWIRER T THz 5 5500/ B D R 101 SGZ #h 28 & AE R9AVE T, LA KO & 4 /N BN R BE 1 B 5200
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