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Estimation of five common substances in nerve cells by terahertz spectroscopy

LUO Jie, KOU Tianyi, SHI Chengjun, WU Xu’
(Shanghai Key Laboratory of Modern Optical System, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: The spectra of five substances commonly in nerve cells including, L-glutamic acid, Gamma
Amino Butyric Acid(GABA), creatine, dopamine hydrochloride and myo-inositol are investigated by
Terahertz Time-Domain Spectroscopy(THz-TDS). The experimental results show that the five substances
have obvious and unique absorption spectira in terahertz region. For the same material, absorbance
coefficient of different concentrations agrees with Lambert—Beer Law. In addition, the spectra of five
substances are simulated by using CASTEP software package. The results show that the absorption peaks
of terahertz spectrum are mainly due to the vibration of molecular groups. Furthermore, the spectra of
1:1:1:1 mixture of GABA, creatine, L-glutamic acid, myo-inositol are tested. By using the Least Square
Method(LLSM), the proportion and percentage of each substance are deduced exactly. The results show that
the accuracy of substance content prediction is more than 94% when the four substances are mixed, which
is of great significance for the early detection of cancer tissue.

Keywords: Terahertz Time-Domain Spectroscopy(THz-TDS); mixture component analysis; absorption

coefficient; spectroscopic inspection

KM 2% (THZ) P28 AAAE 0.1~10 THz {8 B B RE I, A TRk 5408z, 2 i mg il bl 24 mpl 12
TE U A RRIR X B AR T M B B, KR RE U B R A E P | IR B AR A T AR H R A2 v Tl R R R R
BRI 25 A BRI, A 2% I BN BT R B R B T “AS BT, BERRCA K BR2X BT BR(THZ gap)!. B % #E PR BO
% &, THz HARMUIMEE R, B 2 A T4 . 88 DAY TR Sk, A% Kbk 2% 4%
R E ERYN T, Rl R aE 2H GV 8, SR B 2 A 268K . fEA A Ui, 25 Fh i B iy b ml DL
W 2H LA B RS o BE TG, VR 20 /N 2H ARG I R 2% HOR S BIR S W R 8 dE A B, AR BEAE L2 Wy B
MR Hm T A AR Y TR K B L, 53O RO 2% I B RRAE W B 0, RRAE B R CIR AR, W
HOPHTERE R, JoREERG AW RGNS R A2 R PRZ IR, AR SCEE G Ay RTS8 B B K b 2% R E
W AT e 1 A RO SR ] e/ 3R R (LSMOHE ST IR & W i L3 L 491
Wi EE: 2018-05-30; fEEIEHH: 2018-07-15
EEUWE: EE ARSI H (61805140)
EEEE: email:wuxumaomao@hotmail.com




36 AMEBMESEFEEFR 517 %

1 Kk %% B8 38 3 (THZ-TDS) B AR
1.1 THz-TDS ¥ R B /it

THz-TDS $ A J& Kk 2% 6% 5 AR A s R, 20 142 90 4%l Bell 325 % Al IBM AR T J Watson A 5%
R & R O ) — I T TRORD R PR O B AR B 38 2T Ah I BE A A TR AR BB 4% A R4S THz ik b G B 8 A0 AR
Pife B o BEE AR B K& &, THz-TDS B4R Wi —Ff i 5 s i DT BEDT . BB B e % FH A0 3% 28 42 k358 Bt =X 0
45X THz-TDS &4,

1.2 THz-TDS M2 & %

AR S T THZ-TDS 4 22 40 R M I 07 3 , LOGEF 2 KR EOE RS M R mOEIE, 724 K 780 nm,
Jik 56 R 100 fs, Bk A 150 mW 1 CEMEOE Ik b o RO Ik b 2824 9k R 5 543 3488 43 O 5 T 6 SRR I 56
OB R 50:50) . F 6 A2 6 2R B 2 VR S A S B0 80 ILBR (GaAs) b= A KBk 2g Dk, KBk 2% Dl it 3 4 o
BERE B AWK, 77— R RNE & 2 RS 5 800 FE G5 B R 22 5 R e 2k 28 R R A, e AR 2
WA G B KBNS o RRARK 0 KB 2515 5 00 T30, BE S A P9 M X B 45 i e 3.5% L U
1.3 HREEEEELE

AR S 55 v it FH 48t Y9 A SE [ Sigma-Aldrich 23w W&, fd R B OR PR B 4E (2B K T 99%). gl 2 kR,
HCR FHOB A RO TE A 3 PE A B T A0 THZ BEWRSCAR SR L 5 B0 PR TH2z e Wi 35 F 2 0 P 0K
S P B 25 % I M (PEVE R A W RE S Bk 4 S PE DL 1:19 B AR A, 70 B RS A Ak b BF S A /N
K, 3T RN TFERBEL | mm, EHZK 13 mm @A, FUERTEFREET . 6P Bra e R B il e
100 mg, FiEPURESITE 1%L, DLORIEE B R —3. ik Matlab 727 THz-TDS 7 4t K 4 15 21 1 B 35 ik
PAE S AT PO AR B, BRSO R« N

:l Iref(a))
K d WEHTERE ;1 (0) = B (@) x By, (@) WHES S S I0DIRIE B, (@) WHE S (557008 E i 8 X0
Lot (@) = B (@) xE o (0) W B HFSMINRIE, E (o) WS HE DM LY, 2%55 K 100 mg 2
PE R M KB 2%M5 5 o Kbk2215 5 5 52 8 BB SRR B 3l LA S 23 ASrh /R 3 0 0, 00 i 15 28] %) R A it 4 75 AT il /) e
P, DRI S 56 ) LI 58 /0N X W A 2 a0 A A MR Ak ol o A e B O

2 ETRNFENREYBAEETE

TETTRRA AX =brr, IREWIIRIEN A, A=@)pn. bR mAECHIEE, X & ndEfEE, Ym>n,
B 5 #R 4 rp 7 BN BOR T B A BB, %y ol e T M. it r=b-AX , ﬁ||r||§§%/1\m’4 X WA
AX =b /D /. X' AX =b B/ R AN X2 ATAX = ATb 1y,
MR B FE /R E A, YRR S S — B, AR B W B S Huk B IE AR ST RBEX 5 AR B A I R By
BN f,gh0, ), RTFE—ASRAEST S, DAEBER TR, WA
fl gl hl il jl *XVI Ai
f2 92 I:]Z i2 j2 o /‘:/2 — A:Z (2)
fn gn hn in jn Xn Aﬂ
W R Q), A M X =A, RiZzEXGH R/ R, BMESYTPHYREE.

3 ER5iTR

3.1 HEZR 5 TR T BT K 2% TR U 2k

ARSI THz-TDS R GEXF i 2 4 i b UL 5 M I AE 0.9~4.5 THz WIS R BEA TR I . 1 2 5
P ) THz Wi P, 18] v N AR bR S 2 BB D B A2 SR BE 48 2R 0 3 1 0 5 R Y THz-TDS Y6 il ik



%1 F EE: HMAERYARTAEME LY R KHZKIERNEE 37

WeWefy . SEYSSRWoR, 5 R ITE 0.9~4.5 THz N 24947 15 0 LA e A9 OICRE , L% 2k BE AR A i 38 R ThT 22148 B4

?2 : dopamine hydrochloride Va .
Lot rd -
gg;aJﬂr,,?“ﬂﬁ/' . . . 1 HFYB THz-TDS YGiS R4 22(THz)
1'5 I L-glutamic acid M Tablel Characteristic peaks of THz-TDS spectrum of five substances/THz
_ 10} e 2 e GABA myo-inositol creatine L-glutamic acid dopamine hydrochloride
£ 05} - AU o
YY) T — T 1.09 0.97 1.86 121 132
2 15k creatine g
g f 1.52 1.44 2.29 2.04 1.72
5 LOF s s P
S 05t o T Nt 2.03 1.58 2.67 2.46 1.96
§ 0 BT M 1 L 1 L
‘% 15 myo-inositol S 2.95 1.84 3.49 271 2.89
2 1.0 F 7 W
< 05l F e 3.42 2.05 — 2.83 3.83
1 50 ‘lGlA ;A' PR S 3.8 235 — 3.26 —
1.0 F N — 2.85 - 3.60
05t 2 —
—~ A e — 3.10 — 4.03
Okl =, = I 1 1 1 L
1.0 1.5 2.0 2.5 3.0 35 4.0 4.5
— 3.89 — —
f/THz

Fig.1 THz-TDS spectra of five common substances in nerve cells
1 FORbR 240 i WL BRI THz-TDS Sl

32 Mg s MERYRAHZFERKENEESWTSHE

FI ] CASTEP #4032 B Ml 5292 B GGA-PWOL Xt 5 Ry i k47 Kbk 2% 38 B IS5 B, (5 EL45 1 5 50
g5 R A Ry o A HR o 06 o AT A B A — A RRAE 0 B R FE A, LI 2~ 6. Hob, HEE H T, K
afRECHT, aafRFORT, MaRENIET, IWE 2 TLLE R IBRMIEIH: 1.83 THz F/E M £ 2 F
TR TR, 2 DAVLER o 356 B H At 38 2 (0 B2 Al B sl 7= 2 5 2,11 THz &b (9 R AF 0 ) 32 22 iy LR b Y 352 5
=5 3.03 THz FRAE 06 i 20 F v B9 45350 20 W AS TR 1l i s 7= 24

M 3 AT LLE R 2 e i 4k sh B X 2 1.33 THz Wl 5 2 [ e 43+ S 3R R 70+ I B (A PR 8l A5G 5 1.78 THz
SRR T2RER 2,3 SR T . BB o FhaE FUR S KA MENRE 2 SmIEFMELNIRHEN;
2.77 THz W0 =28 th 58 R A& R BE | 2 SR T EER T IIRSI5I# ; 3.63 THz W ficid 1 598 T 26 38
B OBRBE A I R L DL SRR Ay TR B s 415 THz Kb Wl 28 5k ek - SR 1 MR/ FiRsh A 6. MK 4
AT LLE LB PR K . 1.61 THz b B RRAE 5 i WUEE 20 5 R B 2R A B sh 45 21, LA (0 R A0F IR A 06 3 22 ol o
TE7S TR R (1 52 35 19 9212 5 3l i s o G ) SURE 09 5 2 S sh T

M S W LLEH L-AERIEEAR . 0.89 THz JEah%, FE BRI P AR ILIEs= 4, 1.94 THz Wk g
2 Pl R I K A AR S T B HE B 4R 2.49 THz Wk G 5 L-S R0 4y T3R5 34 %5 2.76 THz #1 2.88 THz
(RFAE I 7= A R R LA B 2%, B2 5 L- &R P 45 S A R) (4R oh B I AR 2G5 3.45 THz W Sc e U] 3= 22 |y S 36 3% 3
FEA s 3.88 THz W SO D) phy 48 3 K AR 415 i J5L 7 v Ak 22 S L Bh FE B 4.16 THz A W g e D) 3= 2 S YR T #2  vp Bk
F LKA RR R SR T R B

M 6 f3 iy -E I T R IR s . 1.32 THz WUty il 5% 1 1 &0 T4k 85 DL R FE v C=0 3L A1 1) 1 4 4k
S5l 1.89 THz W04 i ik % vh il s L i i IR 7 B 2 &R TR sh B s 2.10 THz Wl =22 i B 3L b 1)
PR 5L S st b SR T R SIE 5 2.22 THz W 0d I iy A s b &0 7 SR 5L i C=0 JE Rk ghifii 51 ; 2.97 THz
W WA 0 T Py 8 5 1) B AR 2 DA Bk BE 1 SR T IR Bh T A 3.45 THz W g I el e - 1) &0 7 DL S R 3
Sl ; 3.87 THz M Mo W ¢h e i 1 i) &R 4R 8h 51 .

33 ETFABZRUENHEMBERYEREW L GI#EE

I 5 b4l ) 5T b B R R A T BUIR B TR R R ] THz-TDS SRAEW WS . AR5, il it e/ — 3 ik
XF 2 BR AR RS IR B W) B Al i i) MR 2% 1 R AT A, SR S b AW B E S . &7 S 4 R B LR
L-BEMR . v-ZHRTRMIE)L:L:LRE YRR 5UE4R . 3R 2 WM MIREG Y e s R, Rt
PR & (Real concentration)Je id it il 4 F R J5 A b (19 02 4[] 52 30 22 PR 42k T A 009 25080, 73 ok 5 L 401 0 25 40 O
i R AR R L SR S IS E R0 R 22 S LR Rk BB R AR A G, SRR R, 4 R IR G
5 i A O VA R 94% L L



38 AMEBMESEFEEFR VR

1.83 THz 2.11 THz 3.03 THz
Fig.2 Schematic diagram of each absorption peak of creatine
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Fig.3 Schematic diagram of each absorption peak of dopamine hydrochloride
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Fig.4 Schematic diagram of each absorption peak of myo-inositol
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Fig.5 Schematic diagram of each absorption peak of L-glutamic acid
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Fig.6 Schematic diagram of each absorption peak of GABA
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Fig.7 Experimental results and calculation result of 1:1:1:1 mixture made by GABA, creatine, myo-inositol, L-glutamic acid
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Table2 Results of GABA, creatine, myo-inositol, L-glutamic acid in 1:1:1:1 mixture

sample theory concentration/%  real concentration/% real ratio reproducibility/% calculated ratio Root Mean Square(RMS)/%
L-glutamic acid 4.50 8.16
myo-inositol L 4.90 . ) 0
T GABA 5 4.9 1:1:1:1 480 0.92:1:0.94:0.98 504
creatine 4.60 6.12
average RMS — — — — — 5.44
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