koW ¥ 5Ok W A

Spectroscopy and Spectral Analysis

FIFE- RN [ /NEEHM R EERBEUNERHEA

AR

WWHE . THRAY, THE, &
L. F B R AU R B, TLJ5 W@ 226019
2. MM NR RFAEYESTRR, L5 B 210016
O R TR OG- g /N BE R RS O 0 B AT R e — R . B, BT IER Beer
Lambert 5@ # . #7521 8 1 B0 4R 100 218 1 9 A2 1655 06 TR HR 0 2 /)N B B 48 K i SR 4 19 LS Ol 3 ik
FEAR A 5 R 2 g B FU R M R TR S VR AR BT S A B A 5 A S S OO 2 R AT LG .
W AR 7 R BRI 0T S A AR b v Y LA T 0 R TR O TR 0 8 /0N B B9 O % R SR AR TR T
Jo KRBT [l BN OGS . [RES, AW HEAE SR E RGO AT . S5 K BRG] R AR .
Ica s VRS LT R MR DRI 4T AR VR B R AT R VMR R AR, BRI B B (13~30 Haz) f
10 s TR BE, ISP X BB BAE T AT S5 A8 Mk . SCIR S5 R R BT, SA M 21 A R 40 1M 21 3 vk R
A 28 3 BB 55 (50 00 2 7 R A A 20 S 3 ep ) 5 0 AR IR 25 - I S AR v 250 1420 5%,
s R VR g /0 B RIS % BE AT S G I 21 AR 1 I 4 I 0 AR v R AR A A BT R R R . TE R R
RO TR S B v AT AR (] A0 4R I B R BE A VE S S R 5 min Y S B IS OR, BlE BRR D RRZ
JB0 4 I 21 AR R FEAE T A S A 5 min P D IR A DS o BE S B G O . R 20 AR R B TR TR AN S R B
A o BT (] R F8 HL AT S D R AR T G B WG K 2 20 min B 0EAH . Z S5 ORIFTEVE(E M . S5 UE S RTA W
FEZzE R, AT LB IA GG I £ A R AR 21 B v B Y A Ak 5 R A [0 ) R O B AR DG . el kAT
DL TR R-FRI 28 /15 PE B4R Sk 09 BIUR G 3 3 46 T LA 80 T A 0 5 50 AL 3R OG i A% A 3 R V0 A
G BT ) 1 - AR G LR S S ) /0 3l A6 TR 94 O ok A A O 1 I 100 ) B I T AR R 0 R T

Vol. 40, No. 12, pp3743-3747
December, 2020

— P T U5 5

ES: 4

FESHES: 0433.4 XERFRIZAD : A

i

5l

AR AR R 2 AR BOR 1Y BB 7R T ORI %5 i D BE
G F WA A A (EE R 2 R AR S A B K
IR W LR Z B B sE . X B PR R —FZ EENE
WUARTS , TEPCUR AL J 0 B2 P, 38 — A R 4 A =X
G, DTS B0 22 AR A5 5 10 v A o AT S A R

I 3T — BB i 2h 6 1% 3 3R A 1% (functional magnetic reso-
nance imaging, {MRD BHF 78 E 52, J5 B 5 3 4 i 20 88 1
e B A4 1 BOLD {5 5 B 56 10 g0 4850, 28 (ol it — o fi
FH I AE 3T 21 41 % 3% 1 1% (functional near infrared imaging,
INIRD i NZE 52 R BT, AR08 0 98 25 5 BOA ] i X it
AR A= N7 R AR U5 1 A (1 BN R R e eR 2 | K

I B HI: 2020-01-06, 1&iTHHA: 2020-05-09

BB G s POl s MU 3 0024 280 SEIR-H I 4 /)N B S
DOI: 10.3964/j. issn. 1000-0593(2020)12-3743-05

F A R TR A 8 B e 9 A 0 A

T W TEAS [ TR JEE i 22 A VAL A P Ak L A G 1 o 25
LR A T A ) T — i 77 R ) 285 Dl 2F 0l 315 A A0 D't Y- A
TN B /N0 Y OB £ Al A 4R Sk X R SRR 0l 1 7 i o
Tt o BB OGS AT SE N R AR L ST R Beer-Lambert &
FECMBLL) 3RAF ML IR 3 J1 2 2 8. R I, SR 48 Ok SRRl 1047 (|
4 Jey VR P A T BEAT T A58 B AR L e A BN LR B ) 22 S
B P I A TP 09 7AE A 5 I [l 0 D RE G A O . AT R
i 3o B AR AT g i 0 5 5 ORS8RI A 2
RN T A 1K AT 1

1 sEge ko

L1 sh¥YHEE

E&WH: BXAARPAAEEIH (61405098, 61875085) 1 2017 4F VL5 BURF B 5 2 %7 4 T Il

TEZEE . Il . <o, 1980 4R, Rl R 2 LA TR 2 e 8 B

e-mail: dai. lj@ntu. edu. cn



3744 S 5 6 M

5540 &

B 7 A HEE SD KR, P AR (98.5£1.5) d,
PR E (363 4+ 11.2) g, FTH S & I TESH S L2
B (50 mg « kg ') ff PELO 4546 A STk Ik, LA
0.02 mL « min " #Y [ 52 38 3 55 28 i K TE 5T B H %= 8 6
mg « mL ") DT 7E 8 B R 5 A AR v A 4R BRI . o R R
S 0 I A R S A A L, 3 el S 4 T BB K K
BUACRL PR I5AE 37 °C o Wk R VI IF . B SR ET A I b O
D= BN & N (W 5 N 0 VA N Rt e T
[l F 9 B BERESL 1 AL BR AT X AT 1. 44 mm, LA 0.4
mm, L 2 BFRHETX G 0. 6 mm, LM 0.6 mm, £l 3
TR MR IR AT . SEBETEAL 2 BT 0 A o B DT
1.2 ¥8

IR G A MIE 1 TR OGS R 4 A A R TR
fFEo R B AN . IR AR E I SEA A A B8l R
YR (HL2000HP, Ocean Optics Inc. » Dunedin, FL, USA),
YL 963 { (USB 2000, Ocean Optics, Dunedin, FL, USA) .
X EF AR S F T 42 ) A R A B T B AL . OB A 1Rk
TR EZBOLL, — WA Tk, H—M_ATOERWN. 5
HOGLF BRI 200 pm, PILFSEE B 400 pm, 453k Q350 (1Y
SMEHR L mm, KRGS RERE FEH MR, L
A=y A SR s AT T RO SR AR AT LA R

C S C

rLS

: T .
< TS
¢ AccC

B1 RELEHE
E: fobls C: 18P WM. & MERBER; S: i LS: St
TS: JeeF eI ; ACC. Hi il [l
Fig. 1
E. Electrode; C: Computer; WM. Wireless module; S: Spectrome-

System configuration

ter; LS; Light source; TS: The section of the optical probe; ACC;

Anterior cingulate cortex
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Study on the Application of Scattering Spectrum With Small
Source-Detector Separation in Pain Measurement
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Abstract A new method of pain measurement using scattering spectrum with a small source-detector separation is proposed.
First, the relationship between the change of oxy-hemoglobin and deoxy-hemoglobin concentrations and the change of scattering
spectrum intensity sampled through an optical probe with a small source-detector separation is established based on the modified
Beer-Lambert’s law. The formula calculating results are compared with those measured by tissue oximeter in experiments using
Intralipid mixed with blood. Secondly, the formalin solution was injected to seven rats’ hind paws to create pain stimulation.
The spectrum system with a small source-detector separation was used to measure the scattering spectrum of the anterior
cingulate cortex (ACC) of rats before, and after injection, meanwhile, the local field potential of ACC before and after injection
were acquired by the bioelectrical signal acquisition system. Finally, the change of oxy-hemoglobin, deoxy-hemoglobin and total
hemoglobin concentration were calculated. The power spectrum intensity of § wave (13~30 Hz) was obtained every 10 seconds,
respectively. The changes in these parameters before and after injection were analyzed. The results showed that the values of the
oxy-hemoglobin and deoxy-hemoglobin concentration change calculated by the formula are in good agreement with those meas-
ured by the Oximeter in the liquid model experiment, in which the average relative error with the standard deviation is 14 % =+
5%. Therefore, the analysis of the change of oxy-hemoglobin and deoxy-hemoglobin concentration by the spectrum system with
a small source-detector separation could have high accuracy. In the pain stimulation experiments of rats, the oxy-hemoglobin
concentration of ACC increased rapidly for a short time within 5 minutes after the injection of formalin and then decreased
monotonously. Meanwhile, the deoxy-hemoglobin concentration decreased in a short time within 5 minutes after injection and
then increased monotonously. There was no significant change in total hemoglobin concentration after injection. The local field
potential power of ACC gradually increased after the injection and reached the peak value about 20 minutes after injection, and
then remained near the peak value, which was significantly different from that before injection. It can be confirmed that the oxy-
hemoglobin and deoxy-hemoglobin concentration changes were correlated highly with ACC’s functional activation. It can be seen
that the local scattering spectrum with a small source-detector separation can be effectively used to mark the functional activation
and analyze the neural-vascular coupling mechanism of the nuclei related to pain, which provides an effective new way to improve

the understanding of cerebrovascular function related to pain and pain measurement in small animal models.
Keywords Scattering spectrum; Pain; Hemodynamic parameters; Small source-detector separation
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