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Fig. 1. Absorption spectra of three DNA/RNA nucleobases [¥: (a) Adenine; (b) Guanine; (c) Cytosine.
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Fig. 2. Growth curves of the tumors after the irradiation at (a) 0.203 THz and (b) 0.107 THz compared with that of the control tu-

mors, respectively [
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HF

IS o
-

B3 /IS BT 20 M 52 Al 2% 4 IR U 2R T 25 A il S Rl T

(a) XFBEZH; (b) T KB 22 4R IR 2 by (o) T A 2% D 48 1

9 by (d) FRAE SEPRBEZE AR IR 2 by [ (o) T RYET Sk R A A A R R IR A e

Fig. 3. Light microscopy image: (a) Control cultures; mouse stem cells after (b) 2 h and (c¢) 9 hours of pulsed broad-band irradi-

ation; (d) mouse stem cells after 2 h of irradiation from the CW laser source. The arrows in panel (c) indicate cells with an elev-

ated number of lipid droplets inclusions 43,

4.3.2  KAMRaE k%ot tm e BE 69 i@

Ramundo-Orlando % 5 #F5% 1 H HH 7
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45 S 3R W 28 b 2% R S AEAIREE AR (5, 7 3
10 Hz) Jkop B AT ARG 5 5 BH B B o iR i i s k.
TINS5 1 S 36 34 3% B o A B 3 3 1 ol A
5 2% W (L P 3750 J3E 384 KT 384 52 (49, Fedorov 4% 147)
WEGE T A 25 58 S X N ST 240 it b 2L 40 L 1) 52
i, S5 H KR %% 1 58 B8 20 mW /em?, 4 A
[E] 30—90 min, %55 7~ A L1 40 i RNtk B 46 g
) 20 BB S VAR B T B 0R.

2019 4F- | Perera 55 M F| F [A] 25 8 1R 0.3—
19.5 THz M KBR2Z 4R ST, BFE T 2R TR 4o
I ) B 5 AT LR A B PC12 X KBk 24 R B I . %
BAE (25.2 4 0.4) C ¥ MM 10 min, HTHL
T 2 R AR A YRR IS, e SR A A A
ST PRI B T U AR IR S A L A K 3K
(B2 d = (23.5 4+ 0.2) nm) XHFHE (d = 63 nm)
LR PC12 40HE . & 4 Frs AR AR i
T B 52 KR 2% 58 1R PC12 4 it R 52 58 B8 1% 40 fit
XL, TR WL E A A REAORBREE A4
JHL BT v, T X R ZE DU AT AT A K 3R A A A
B P, 32 K 2% i FR R 1Y) PC12 2 if 55 0 R

P, BARRING s K255, (HAA 280
1) 37 % BE 21 il PC12 X #f 284 K 7 NGF £ i
. XL BN, R AE G S RE AR 22 4
YNGR URL I AN S RS A0 R T L SR sk Ak B A,
] E A B HE T A0 BRI A 1 24 A% 156 FN L
BITHEA M,

Dil FITC Merge

CLSM

Control

Kl 4 PC12 20352 Rk 2% I 5 IR 10 min J7 AR ERIGEEA
0. IR AR OG5 MR 7 32 OB 2% 0 4 R Y A
JL A B T AR IR, T A 52 A IR 0 IR 2 40 i A B
i 44 2K 3k 04

Fig. 4. Nanosphere internalization of PC12 cells following a
10 min exposure of THz radiation. Confocal laser scanning
microscopy (CLSM) images illustrate the uptake of silica
nanospheres by the THz treated cells whereas the un-
treated control does not exhibit any nanosphere uptakel4.
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4.3.3 KMk %o m e B Bl A= E

JE A TR B 118 A 2 0 s TR 2 5 ) 4T Y g
Ak 4B JE . Olshevskaya 48 U8 BF 5% 1 Kk
25 W S X P 20 R G RZ W, SEE SR 0.7,
2.49 F1 3.69 THz iX 3 Fh K243, 58N 0.3—
30 mW /cm?, & BRI 1 min. 4553 @R Z0
(IS RE ST . A0 BRI BE T . A RS L LN
S RGBT DA B A 2 TC AN M ) e S L 38 52 3 T
ANRIFREE R0, Hintzsche /N 9 F5E T Kbk 2%
FEEEX A B2 A AN M 25 R A 52 M. SIC 50 ol FH AR
R A 0.106 THz, 3 £ 4 0.043—7.3 mW /cm? )
SR 25 I IR R A28 40 0.5 by, ZILK
W2 o T AT 2253 4 s TR E AR, 235 | R 4 i
G3 S8 5 A R e e AR 35 AL

X TR, — 7 RSk 8 A 2% D i PR A ]
AE 7= A 1E T B RN . Wed 45 BOLffi A% R 0.1—
3 THz., Y1°R 60 uW /em? R A MR 25 I 58 8K 1, &
PRAR BR A S 5 min B AE 25 48 50k T 0935 1
FIME NI (A&l 5 B ), {HH: DNA (583
A ARk

32000

==— Experimental group
Control group

30000

28000

26000

24000 =+

22000

Fluorescence intensity/arb. units

0123456 78 910111213141516

Time/min

P 5 RO 2% I IR 2800 5 4 i 1A 5 R BE F¢) 52 i 01
Fig. 5. Effect of terahertz irradiation on the intracellular

calcium concentration in sperm!/™.

4.3.4  K#FZEFERMIE AR

FE A TR 1) R 22 A IR T R B R T &
HHARSE. Wimink 45 PUWFGY T R BR 108 AR 2% 40
SSPET A HRLAE T 1 (R 20 R S P P S DR R G 0
KE2ZE AN 2.52 THz, 38N 227 mW /em?,
TR A] ) 5—40 min. 455 BoR, Jurkat 4
Jitd 7E 48 B 20 min J5 R T B B A IE T XIRAE,
I I 240 1 90 7 23R S AU T R i 5 5 R I [i) 1 4iE K
EREIGK (K 6). POLRMMBARE RED,
568 A % T PR i T N B TR T 4 4 i 4 e

P Z PR, LB DR 2% 4 S U5t R A rh O o7 B
3T, A R A R R SRS AT B BB
29 87 98 S R (R ORI, D BRI R P
I 8. Borovkova ¢ WBIHFFE T AR H 0.12—
0.18 THz. # &N 3.2 mW /cm? (4 1% 22 K i 24 I
XK RS ST A R A2, R I AR 2 10 PR R BsUfee
FiAaf 1 min J5, ZEAEIA T AHRPEGERS N T 1.5 4%,
WS 5 min SN T 2.4 £%, Bl RES A TR] A9 S 4
R TR ™

100
¥
] Live cells
g S0F Early apoptotic cells
© ---- Late apoptotic/necrotic cells
°©
O [ e O
_________ P
S
Qb = e
0 1 2 3 4 5

Exposure/min

6 R A RS AN L A T A0 L R T A M R
24 5 R[] ) 56 2R 109

Fig. 6. Number of live cells and cells at early and late
stages of apoptosis in the sample in relation of the THz ra-

diation exposure timel'3.

A [F) 248 LA ) — i RS T T g R BAH S 1Y
;. Federov & 71 {8 FH AR [) & BE A5 440 (%R
3.68 THz, 3~ 20 mW /cm?, 5 BEHFA] ly 30—
90 min, J&ER 25°C) B KR 2% % 4R IR N2 4 Y
FIMR L ANIE, & B4 38% MMk EL AN s T3 5l %
S I AR T T4 L D) R 00 1 R P 4 PR A e
WARSIE oSt )

4.4 KBREEEXTEMK S FREEHEY RN

R 25 W IR AR ) L A, 5 200 M P ) 25
IR R AN, 2N X 2803 TS5 R E
PEFIZIRE, ELEBEYIR T, B R Y
Kik.

4.4.1 KBS £ RopF oA M
Fa ) it 09 % R

20 22 90 4= 1% Govorun %5 5t & ¥ Kbk 2%
R G AT DA B R AR N o SR P2
Cherkasova & W2 58 T K bk 24 5 5 %5 11 2 1A
(BSA) SRR DI REARHPE A2, S8 R R
2L 3.6 THz, P RE R 10 mW /cm?, BRET
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RERFE. BR T e D3804 2L bR 4% U RN 25 3K
B A8 87, Lundholm 25 B3 % 38k i oK bk 2%
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Fig. 7. Intense THz-pulse-induced gene expression in hu-
man skin. Venn diagrams summarizing differentially-ex-
pressed genes in EpiDermFT tissues exposed to either 1.0 pJ
or 0.1 pJ THz pulsesb.
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Jed AN 163 APPAR R 2% I 25 H AR AE Al K 1
B2, FF I UE KRR 2% 0% 4T DNA 4475, 4558
7N, 40 pW YR 2% i 8 R 30 min J5, AR
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Fig. 8. THz demethylation dependence on exposure time in

M-293T DNA3],
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Fig. 9. Logical structure diagram including the main bio-effects of THz waves summarized in this paper.
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Abstract

There are numerous applications of terahertz (THz) waves in biomedicine due to their properties that can
be absorbed strongly by water in biological systems and resonant with biological macromolecules and weak
interactions among them in the biological systems. Though there is no direct ionization damage to the biological
tissues due to their low photon energy, the THz waves can give rise to a series of biological effects on the
biological cells and tissues with the increase of the intensity of the THz beam. Different irradiation conditions
such as the different parameters of the THz waves and the different biological systems will result in different
biological effects, including mainly the thermal effects and non-thermal effects. In this paper, we discuss first the
physical mechanisms of these two kinds of effects, then introduce the existing main THz sources suitable for
studying the biological effects, and summarize the typical biological effects in detail and the research progress in

this field. Finally we prospect the potential applications and challenges of the THz wave biological effects.
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