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Abstract The progress of non-invasive blood glucose determination based on mid-infrared spectroscopy is introduced
firstly. After this. the effect of stratum corneum (SC) on blood glucose determination is studied by experiment while
interstitial fluid (ISF) is collected on the skin surface. Using the spectra of simulated ISF, partial least square
regression (PLSR) calibration model of glucose determination is estabished, and the value of root mean squares error
of cross validation (RMSECV) is 9.6 mg/dL. While including the interference of stratum corneum from three
volenteers individually, three RMSECV are obtained, and they are 17.4, 16.3 and 17.1 mg/dL. respectively. The
results show that the effects of SC from different volenteers are the same nearly; including the interference of SC,
the accuracy of the non-invasive blood glucose determination based on attenuated total reflection mid-infrared
spectroscopy can reach 18 mg/dL.
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Urea 0.0614 0.0153

B SURAE OGS LA SO T 5 Y — A
A T 58 B L B 25 4 RO AR AR ER AR RE L O
Je I P B0 K TP RS T VR A A S TR TR RS R
5 min L I I RS L2 SOR T B 100 V0 28 g
P A AR R AN R X IR O R MRS AR
£200 p AU P W) A] DL BT 3003 15 ot i . 3R 47
TN R I SRR R S D) T PR R
ATR Fh{A B8 5 RRIEDRS 2 & 52 56 FBT sk 47 % 100 %4
LR RS HEATITAN RIS HE . B JLARAR 30 AMFE S
ik, il 3 iR .
2.2.3 FaRABAENRE

FHE M ATR-FTIR Y6 R %A 3 M EHEM
BEAELTPRIER EREEEEE S h DL 1L L
B AE S B0 A v, O E A S . R A Fe R
(8975 40 B B TR 4 W 0+ P TS R G 1 D -4 5 W5 88
R TREE T2 MK LR E—EY, IET
& 5 AR 22 (8] 1 4 fl T ) N AR o SRR A [1) I 1 2
i 30 min, O T ik AR B A IE NI R A% 1R S BR ET
5 minfirill i, X T8 —E&EEH 5 25 min i 5

0.70
0.65
0.60
0.55
0.50

Absorbance /AU

0.45
0.40

O. 35 1 1 1 1 1 1
1200 1100 1000 900
Wavenumber /cm!

3 B 2L 0 sl e
Fig. 3 Raw ATR-FTIR spectra of simulated
interstitial fluids
— I3 30 i, Hh —EEH K TN
Kl AR .
0.20

0.18
0.16

0.14

Absorbance /AU

0.12}

0.10
1200 1100 1000 900
Wavenumber /cm™!

B4 4500 5 8GO
Fig. 4 Raw ATR-FTIR spectra of finger

2.3 #RE5iTR
2.3.1 BMURRYGTARER

HE 3T LIEH 7 1000~1100 ecm ™' % B, 45
FLLH SUBOE T 14 728 4 MR 2 A X A K, X — 3% X B
ST R R A R = 2R I R TR fE S

B XA 400 2H 2L FE b FE 980 ~ 1180 em ' i
B, JH PLSR J7 2l S 0 B 0 4 4 110 5 B 2
ZiRWE 5 fron. EFMHX R R, = 0. 994,
RMSECV % 9. 6 mg/dL,
2.3.2 FIHRAELSEMMLE L MG N TR

%R

F BB ED & T OIS B, T8 5 K
(R E2 i A B 24 o i MR BE Y 1/6, T A T AR L 4
SURRGTE I B B S R AR . O T BR
TR A S R 25 5 1 S L AL WBOGTE h 4
KT HWOEERAEER L 6. FRarBIF A 3 &4 & E
HAL RS T OG0 S B SO IS AT — — 4
s AR 3 21 ARSI . o — RS Y
JEIG AN 6 s . 143 AT AR SR WO SE B 4

0900105-4



W

il

B P e T Q) i BB 5T ot S 5 18 R 5

3501
6 factors used

300+ RMSECV: 9.6 mg/dL o °
R 0.994 °
250

2001 2

150+ °

Predicted value /(mg/dL)

100+

50 ' ' ' : : !
50 100 150 200 250 300 350
Assigned value /(mg/dL)
&5 REALLZH UG B R A 2 2R
Fig. 5 Calibration results using spectra of
simulated interstitial fluids
B S  , 75 980 ~1180 em ' i B, F] ] PLSR %} ix
A0 R A O R 5 A0 2H 2R v R R Y A2
EFEAT A 25 3R 7 R .
0.26 1

024+
0.22 Ng

0.20

Absorbance /AU

0.18 1

1200 1100 1000 900
Wavenumber /cm™!
&6 T8 S B O A S R O6E
Fig. 6 ATR-FTIR spectra of simulated interstitial
fluids with finger
350 -

5 factors used °
3 300 RMSECV: 174 mg/dl. o ¢
3 R:0.981 79
& 260 -
s
g 200 , o %00
E o
5 150+
:-E o
0,
& 100r o %
50 N " : : " ;
50 100 150 200 250 300 350

Assigned value /(mg/dL)
7 T SR ORI A B 10 AR AR
Fig. 7 Calibration results using spectra of simulated
interstitial fluids with finger
N T HBIN A [ 35 3% T 48 MR 5 A 4
RS2 W) o T TR 19 5 86 60 3 Ah 2 2R A 1 o6 3%
FrEbR. R 3FIM T 3 24 EREH B E R4S

3 RIS

Table 3 Parameters of different models
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2.3.3 itk

MR 5 K& 3,68 B A A it 2 i i L e B
PERME R SR AT LU I D S5 BUZ 6
FSHTAR LG A A B2 06155 B S 15 B 8 AR i
RIZE B Ak s 2) 3% 3 g S iy 3 A5 A ir 3
(1 -4 He R OGTERCHE 43 Bk B T 3 AN AE IR T A
FERREE R RMSECV 122 AR K5 3) F H #1519 %
T HE AT E bR, WA 6 R B R, AN KT 0. 98,
RMSECV AR F 18 mg/dL(1 mmol/L).

34w

I ATR-FTIR 5639847 To 6 i 4% Il & i —
75 0 TG I E B R ) 25 L R AR A 5 E B0k
EA MR AR B L 2 5 g — 7 T R T A B2 R B
i« ZHSURARXE IS 32 2 e R 3R T . PRI , A B Bk 1
ATR-FTIR JG 3% 5 1 0 /K 7 Z 8] (9 A 56 PR 22
N T P m AR B R ATR-FTIR S63& 5 1fi B 7K F 2
() B R S A S A 06 00 R B 5 A0 R AT R fdi 21
ZUR5 8 B) IR T S PR AT G 1 I

AR SCHR G PLSR ZE i J5U B, 42 1 A1) I 480 41
2V 5 T4 0 R E 9 ATR-FTIR Y63 A1 hn )5 15 2
IO TE S R SRAE H 205 & B B IR 3R T i i ATR-
FTIR G, Jf i 25 0 7 A B & T46 A4
JOT )2 B W ST e X b 2 SR R e BF S A R SR
W, 20 U005 15 ) Bz Ik 32 100 o AN () 8 S A 10 ) I
J2 WSR3 b 2 1) 5 o) A DR R [) 5 31 A ff I
JZ TR 7T LAy ATR-FTIR S6i% Jo 41
I 7 vk B AR DNORS BE AT B 3K B 1 mmol/ L.,

5 * X

1 N. S. Oliver, C. Toumazou, A. E. G. Cass e al.. Glucose
sensors: a review of current and emerging technology [ ] ].
Diabetic Medicine, 2009, 26(3): 197~210

2 Ding Haiquan, Lu Qipeng, Peng Zhongqi et al.. Progress in
noninvasive  biochemical = examination by near infrared
spectroscopy [ J 1. Spectrosc. & Spectral Anal., 2010,
30(8): 2107~2110
TR, SRS, AR F EAAMDESEHR BT A AR R
WrIE R PEELT]. ik 4 5 k%o 41, 2010, 30(8): 2107~2110

3R, J.

biological fluids: an overview [J]. J. Biomed. Opt., 2000,

McNichols, G. L. Coté. Optical glucose sensing in

0900105-5



Jt

g

g3

M

5(1): 5~16

4 T. O. Jonathon, L. Z. Liu, V. Z. Valerie et al.. In vivo near-
infrared spectroscopy of rat skin tissue with varying blood glucose
levels [J]. Anal. Chem. , 2006, 78(1);: 215~223

M. Harveya, B. McNeil. At-line

monitoring of ammonium, glucose, methyloleate and biomass in a

5 P. Roychoudhurya, L.

complex antibiotic fermentation process using attenuated total
reflectance-mid-infrared (ATR-MIR) spectroscopy[]]. Analytica
Chimica Acta. , 2006, 561(1-2) . 218~224
6 N. Kaiser. Laser absorption spectroscopy with an ATR prism
[J]. IEEE Trans Biomed Engng. . 1979, 26(10): 597~600
7 R. Vonach, J. Buschmann, R. Falkowski et al.. Application of
mid-infrared  transmission  spectrometry to the direct
determination of glucose in whole blood[J]. Appl. Spectrosc. .
1998, 52(6) . 820~822
8 G. Budinova, J. Salva, K. Volka. Application of molecular
spectroscopy in the mid-infrared region to the determination of
glucose and cholesterol in whole blood and in blood serum []].
Appl. Spectrosc. , 1997, 51(5): 631~635
9 K. J. Ward, D. M. Haaland, M. R. Robinson e al.. Post-
prandial blood glucose determination by quantitative mid-infrared
spectroscopy[J]. Appl. Spectrosc. , 1992, 46(6): 959~965
10 W. B. Martin, S. Mirov, R. Venugopalan. Using two discrete
frequencies within the middle infrared to quantitatively determine
glucose in serum [J]. J. Biomed. Opt., 2002, 7(4); 613~617
11 Y. J. Kim, S. Hahn, G. Yoon. Determination of glucose in
whole blood samples by mid-infrared spectroscopy [J]. Appl.
Opt. . 42(4) ;. 745~749
12 Y. C. Shen, A. G. Davies, E. H. Linfleld ez al.. The use of
Fourier-transform infrared spectroscopy for the quantitative
determination of glucose concentration in whole blood [ J].
Physics in Medicine and Biology, 2003, 48(13). 2023~2032
13 T. Heise, L. Nosek, J. Gable e al.. ICU glucose monitoring
measured in plasma using mid-infrared spectroscopy [J 1. Crit.
Care. , 2010, 14(1) . 580
14 K. Kajiwara, T. Uemura, H. Kishikawa et a/.. Noninvasive
measurement of blood glucose concentrations by analyzing Fourier
transform intra-red absorbance spectra through oral mucosal J].
Med. & Biol. Engng. Comput., 1993, 31(7): 17~22
15 T. Uemura, K. Nishida, M. Sakakida et a/.. Non-invasive blood
glucose measurement by Fourier transform infrared spectroscopic
analysis through the mucous membrane of the lip: application of a
chalcogenide optical fiber system [ ] 1. Front. Med. Biol.
Engng. . 1999, 9(2) . 53~137
H. von Lilienfeld-Toal, M. Weidenmiille, A. Xhelaj et al.. A

novel approach to non-invasive glucose measurement by mid-

1

o

infrared spectroscopy: the combination of quantum cascade lasers
( QCL ) and photoacoustic detection [ J J.
Spectroscopy . 2005, 38(1-2) . 209~215

17 K.  Tanura, K. Fuyjita, W. Kaneko e «l.. Noninvasive

Vibrational

measurement of blood glucose based on optical sensing [ CJ.
Instrumentation and Measurement Technology Conference, 2004,
1970~1974

18 H. Ishizawa, A. Muro, T. Takano et al.. Non-invasive blood
glucose measurement based on ATR infrared spectroscopy [J].
SICE Annual Conference, 2008, 321~324

19 Shen Tao, Peng Qing, Weng Shipu et al.. Study on noninvasive
measurement of blood glucose with FTIR mid-infrared fiber optics
technique [J]. Spectrosc. & Spectral Anal. , 1995, 16(3): 39~
42
/A - N - I ) o R AN\ 4 - 27 R i R e | 7
Dotk oM o FFE ()], e 5 kg oA, 1995, 16(3):
39~42

20 Wang Manman, Bai Qian, Pan Qinghua et al.. New progress in
noninvasive method of blood glucose measurement using FT-Mid-
IR spectroscopy [J]. Spectrosc. & Spectral Anal., 2010, 30
(6): 1474~1477
T, B AT WA AL AR LA i ik TG A 5 A it B 1 B
PERRLI]. ka5 5 k% 5 41, 2010, 30(6): 1474~1477

21 Zhang Lan, Zhang Qingyue, Nan Qun et al.. Application of mid-
infrared spectrum in non-invasive blood glucose measurement
[J1. Optics & Optroelectronic Technology » 2008, 4(2); 81~84
dko 22, BkyvEDL, MM S LSRR Ik AE OB AR I 4 AR
O] ¥ L EEH K, 2008, 4(2): 81~84

22 B. Lorenzo, P. B. Michael, S. Takeshier al.. Attenuated total
reflection-Fourier transform infrared spectroscopy as a possible
method to investigate biophysical parameters of stratum corneum
invivo [J]. J. Investigative Dermatology. 2001, 116 (11):
380~386

23 B. Lorenzo, P. B. Michael, S. Takeshi e al.. Spectral
differences between stratum corneum and sebaceous molecular
components in the mid-IR [ J]. Appl. Spectrosc., 2000,
54(11).: 1175~1182

24 D. C. Klonoff, M. D. FRCP. Non-invasive blood glucose
monitoring [J]. Diabetes Care, 1997, 20(3); 433~437

25 S. Gebhart, M. Faupel, R. Fowler et al.. Glucose sensing in
transdermal body fluid collected under continuous vacuum
pressure via micropores in the stratum corneum[ ] ]. Diabetes
Technology & Therapeutics, 2003, 5(2); 159~166

26 K. Rebrin, G. M. Steil. Can interstitial glucose assessment
replace blood glucose measurements? [ J 1. Diabetes Technol.
Ther. , 2000, 2(3): 461~472

27 M. A. Pellett, J. Hadgraft, M. S. Roberts. The back diffusion
of glucose across human skin in vitro [J]. International Journal
of Pharmaceutics, 1999, 193(12) . 27~35

28 H. M. Heise, U. Damm, M.

monitoring of subcutaneous interstitial glucose in healthy

Bodenlenz et al.. Bedside

individuals using micro dialysis and infrared spectrometry [J]. J.
Biomed. Opt., 2007, 12(2): 1~12

0900105-6



