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IAEAE)  HBG IR (AR 2 22 R S 28 2 il X
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YERTE bR, PR BR L BAT Bz ik 52 e A (A5
Feyd

Yaekashiva 5 4 {iff F{#E 70~300 GHz # 2 J1i []
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BEE R 0.3~30 mW/em?, X B AR B 35 (1) i 7 RHE S 12,
P ICHEAT 60 s FUFE ST . 85 KW, SIRES T
S B EAR AL TR, (R IRE Rl A0 A AR R A P
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SRR, KB Z AR A S | /NIRRT
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AW RE ) . R 25 S 2 | S A 2% 240 i 3 4 DA
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T2 FEA JE BT b IR AR IE H A Pion; i) HARAE
FHBLIE, WA R S 22 4 (R B . AR 78 Kbk 2%
I £ R A5 R ARG AR S 40Te , 07 4 T T KRR 2%
SR A VR, R HO PP R G DRI TE
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TR — 2K EA Z ) - RE Y R i AR
AN . AL A AN AR e, T 40 o 25 5 32 51 45 Fh
PR 2= R s

Bock % 1 SR FH R Tt Ik i R bk 2% I /N B
Wi (0] 78 51 T 4 M E AT 4w 5, oo A% 10 THz,
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Jei s /BT 20 89% 114 B 1 T 4 A 3k R e 58 K
SER KA, 1 55— LR 1 R ) 2 ) S
o ] S AR PR B AR AR R, TR
TR 2 8 0T 7N BT 200 5 R 2308 A2 i 2 R Bk
PSR . FE 6 h, 4NAE BT AT LR 3 R 5
TR AL, T B ) S I A WA B2 B 4 . X
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/NERIATFE S A 52 . SR T H O A% 10 THZ 1)
T AT Ik K 2% % RN 2.52 THz R 32 45 A 2% I XoF
AN ANAEARST 2 h A9 h, AR WEEE) B iyl
AL AL, T AN AZ SR S R T B R R R
A L ARk, 171 05 Ah— SRR A 2R A )
A ST, R T RO /N BT A A A
PERN . SR B S i — DRI, RO 2% I R R R
IR SE I S ARSI ] . KRR X ISR, LSS
ST T AR A B B DA G )

Williams 25 ¢ {ifi F 5 = 49323 0.5 THz Te iy 1K 30
AR ZZ e X MG T4 (hES07) #E4T T 4%
). AR 252 8L L) B Nanog 1 Octd Y (053 Hr ik
N, WG T 20 MEAZ 24 S 5500 REZH 20 B AH LYok
BA AL AR R ERERZH (BrdU) Jufd
TEAG AN FE TG 0L, 32 4R 5415 X It i A AR ]
A EERERI A N R 2GR A S XA
WG T AR . B . SRk A 52

Bogomazova 5§ 7 AF5Y T A8 K 2% I AR
i 240 B AR W RAO0E . SR FH 43134 2.3 THz,
FRITERI 1 h, ~FI5RS D)2 R 0.14 W/em’.
TYffLSZ BRI , AT 225 54450
AR, RN ARWEER] yH2AX kS ATE B L
JeZERg gL AR AR, B KL R A 25 i
JR G T 41 LY DNA $5 473 . % Sl e BT 45 R s
VAT AN B 1% FFE P ek AR s LA, AT LA Z
TR 2% 58 S ) 5 PR B 7K P s M)

MAWFFRRNT, BRI 2B R 2L FR N A 25
X 4y A S (L ] ) v A AR % s S 2
2 20 6 ) 3 R ek K-, T e L A4 43
b, I, FERBRZE RN, W 2R R LE
RS Tl i SN (A IV 8 S DR e i
35 E4RE

Duka 55 "5 fff FI{IRT R SE45 Bk v Kbk 22 0, 0F
I8 T KGR ST A A . LA . A
gl 2V 1 I 200 B 45 22 i A %) A R0 . S
6 P AT R A 0.05~1.2 THz, 33K %
FE R 10 pW/em?, & 5FEF A 4 1 min, FF FH 040
JROA AT 440 6 S RN 8 TR . S5 AR s, AR IR
AR, 3252 A A R T A L DL R
S RS I 25 B Be A B A i Y oS e LR 25 R

SHIRIESN 3l Z N EINE = E SN p N T e
o EE AN Y B AR A . Wilmink 8 ' (ST

MR ER ) 55 D) 2R 2% W Jurkat 41 L HEA T4
3, AR 2.52 THz, “FEIDI#EE 4227 mW/em’.
AT MTT 2556 20 M 36 7 E 4700, KOk % 4 5
30 min 5 Jurkat 4 JEA7 15 % K 60%, 1145 5T 40 min
Ja A 20% Jurkat 20 AL 473 . 0 =40 B AR Fig) 28 3%
P R BT R, KR8 S A i st T i
HRFCA R T B A 0, I ELR AP i [
TAH G .38 o HE— 2P SR B 3 RS A AT
Wilmink 55 ©0 HEFR, 2T K225 Jurkat
S 0 0 RS R R R 4T L P A5 s S 8
T EADC FE BB T AR AT R A U 34T X — PR SR, iA
TR 25 2 S e 20 L R ek ) s e AS 5 4 A R A
OV . Grundt 55 BV WS LR, 4R N 2.52 THZ /Y
KAF2Z R 52 2 T 8 Jurkat 28 it A 2 ) 248 it o7 35
J2 N AR J52 oy AH G B 11 3 35 PR () 2R3k /K-

kT 2 B BH R 2% 4 55 | A 1) Jurkat 21 i
LK IR K OV FE 5 1% 58 %22 4k, Echchgadda
S 2 fd ] 2.52 THz, “F-¥UR % H 636 mW/em?
) 125 TR BR 2% e % Furkat AN HEAT 4RSS, IEEAT
IR TR0 . LR R BN, %A
R R 2 4 S 22 5 | RS Turkat 20 0 A4 3R 8 T . (ELRN
PRUC D e A2l (BH) AHLL, PRG0S
F A mRNA Fl miRNA K4 % B &5 AR . H
R LR AN 23 s PR S 2 1 RN 11 K i
MIEE ML, e BV GRew & R L I
SRR | b BRE R 200 BB ZR A 2 SE R ) e ik K
ST 2 B R TR RO 28 T 4 R S ek &
Jurkat 4 jd 8 AR AIE S5-1 am B, R R 2%
SR RB A — bR s i R o 25 DR RN 4 2ot R 1
JE il T A

Al I — LU RIS 25 T I, IR A0 179 4 I
DK 20 F 564k DNA AORRAE AR AL T K25 0 B, B
A RS RE R 1Y) = DR AR 24 R G T 3 e IR R
TRH BE-DNA BRI H S AL A2 . Cheon 55 9 fiff
FH 1.7 THz 1 755 T 238 R 2% e et 22 o 1t Y08 9 200 2
1730 min B4R, FEILHRVEAIT 28 T DNA L
oAb, 2B IEALFEEE A 10%~70%. 168 5 5T
H1, Cheon %5 5 fifi ] 1.7 THz ) = Zh R K 2% Il ot
AR T L AL . 45 R, Kbk2k e
SR e A R 60 2R 20 ML T v g Y AR BE R AR 124
10%~15%, 4 10° bp P2 A= 24 5~8 N TCHlFEN 5, i
ANT 7= A SRR 24 ik i 1) oo T SRR 2T AN AR R
FF51 % i DNA #1455 . %245 SRR W, Kbk22 4R 5T
B S 2 WL 3t A% 100 ) 300 A6 8 RE R 7 Hh BLAT W AE 1Y
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3.6 NG

H RT3 56 T A 24 4 S0 A ) 2780 i
ARSI T 40 M2 T Y . SE0 SR FH A 000 53 [l
i 1 0.1~10 THz, {HZE08E hAE IRk 2% 5 Bt
DRV T LR s A = F, st a)
JE AP BB /NS o, SR B R SR
PISETFH2E i KB 25 068 =, SRR A B
L OGRS AR ).

REBLIG R, ARSI 2 0 AR 24 4 ST

AR ML R F R (1), (HAN[R) 4 X
T2 D PR BEATAE 22 5, P 2R AT X
W5y 52 B 2Z AR ST 52, DPRHCAE R R B b 2%
IO P R TR I 2 R G ] BE A2 B AT AR U
IR e 2 5 2 1) S 0 KA B R R 28 0 0 42
Sk BIE . XA R B 2L I 5, Kbk 2% 10 e
AR AR E QLS A TR N PR R | [R], d2
VE BRI 2% SR A I 1] BB, sk 224 A
JLEE )22 S R it

Table 1 Biological effects of terahertz radiation on cells (no effect and thermal effect)

R KHFEEF XA E MR (TR A0 FEAL )

HIGHT R N ¥/ K255 S 5 AR A BEHLH i;
A1 bk B2 SRR 0.12, 0.13 THz, 0.05. 0.03 mW/em?, F K Blife i / [28]
20 min
NRA MR A ERELIE SR 0.12. 0.13 THz, 0.4. 0.24. 1.440 ARR LIS AL / [29]
2 mW/g, 20 min
NAMNE AR CREOLE S S REE FE,  0.1~6.5 THz, 8~200 uW/em?, 20 min K K HIDNAHI{; / [30]
KA EOLR T TR,
KRR A WO R RO T
Rk
NFE AT e i 2 ARG D K e 0.1~0.3 THz, 1.27 ~0.38 pW/cm2, TG4 2 B 20 B G A / [34]
TR 3. 70, 94h PR, BRI
AT 4 i 7 2
NE TGN IMPATT A% 0.14 THz, 10+ 30. 50. 70. T EA / [35]
100 mW, 20 min
N JEHG4H i [F]25 g 3% 0.5 THz, 0.12mW/cm?, 2~4 h KRR E T / [46]
N EHGT41 i SRR 2.3 THz, 0.14 W/cm?, 1h AN B0 1% 1 Bk R 4R 78 7K / [47]
P A i
N 28 . LR B S: 0.05~1.2 THz, 10 pW/cm?, 1 min To A AR / [48]
JEANM . N B4k
S A A 4N 2
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Abstract With the rapid progress of terahertz generation and detection technology, the application of terahertz
technology has developed quickly and extended to broad fields. Especially in biomedicine, terahertz technology
shows its potential in biological intervention and disease treatment. In this paper, firstly, we gave a brief
introduction about terahertz radiation, its characteristics and the classifications of its generation. Terahertz
radiation has the potential to non-destructively modulate the functions of living organisms because of its low
energy and non-ionizing radiation characteristics, which do not cause damage to organisms. Then, we illustrated
two common biological effects induced by terahertz radiation: thermal effects and non-thermal effects. Thermal
effects are more likely to cause thermal damage to cells through increased temperature, whereas non-thermal
effects do not cause obvious macroscopic temperature changes, but causes changes in genetic level and cellular
morphological functions through other ways. Finally, on both cellular and organismic levels, we gave a detailed
review of the biological effects induced by terahertz radiation on different cell types and its alteration in cell
signaling. Different kinds of cells and organisms have diverse sensitivity to terahertz radiation, and the differences
between the various radiation scenarios should be taken into full consideration when constructing the safety
criteria. Meanwhile, the interaction mechanisms between terahertz waves and biological macromolecules need to
be further investigated, and the specific signaling pathways and gene regulation of the biological effects of
terahertz radiation need to be clarified. Thus, the similarities and differences in the mechanisms of terahertz action
on biological organisms under different radiation conditions can be distinguished. We believe that this review will
be beneficial to researchers engaged in the field of terahertz technology and biological applications.
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