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Compensation of Variation from Long-Term Spectral Measurement for Non-invasive
Blood Glucose in Mouse by Near-Infrared Spectroscopy

Ju-Hyun Baek, Naroo Kang, Young-Ah Woo and Hyo-Jin Kim®*
College of Pharmacy, Dongduk Women's University, Seoul 136-714, Korea

Abstract — Non-invasive blood glucose measurement from mouse tail was performed by near-infrared (NIR) spectroscopy.
Three groups; normal, type I diabetes (insulin dependent diabetes mellitus, IDDM), type II diabetes (non-insulin dependent
diabetes mellitus, NIDDM) group, were studied over a 10 weeks period with the collection of near-infrared (NIR) spectra.
Spectral variations from long-term measurement (10 weeks) from dramatic and nonlinear changes in the optical properties
of the live tissue sample were compensated by chemometrics techniques such as principle component analysis (PCA) and
partial least squares (PLS) regression. The effect from mouse body temperature changes on NIR spectral data was also con-
sidered. This study showed that the compensation of variations from long-term measurement and temperature changes
improved calibration accuracy of non-invasive blood glucose measurement.
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Fig. 1 -NIR diffuse reflectance spectra from mouse tail skin by
experimental group; Normal group (solid line), IDDM
(dotted line), NIDDM (dash line).
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Fig. 2 - Change of weight by experimental group; Normal group
(-@-), IDDM group (~M-), NIDDM group (— A-), for 10
weeks.
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Table 1 - PLSR modeling results from long-term study

Calibration

i Validation
Period Pretreatment  Factor
(week) SEC R SEP R

1 Raw 9 20  0.862 28 0.697

2 Raw 7 29  0.795 28 0574

3 Raw 9 17 0.903 40 0.670

4 Raw 3 99 0504 129 0445

5 Raw 6 36 0810 47  0.757

7 Raw 7 11 0.964 31 0.625

8 Raw 9 03 1.000 23 0.893

10 Raw 7 25 0.745 37 0.597

all MSC 2 50 0.108 43  0.167
All-outliers MSC 4 32 0.546 35 0.480

Spectra measurement
(during 10 weeks)

l

A ¢ all spectral data

S, : Spectral data from nth week
n=1

-

l

i Validation {

NO

the removal of outlier ‘

Coliection of the spectral data
without outliers
i

PLS

Fig. 3 —PCA for the removal of outliers.
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Fig. 4 — Normal probability curve of mouse body temperature for
grouping such as low (A), midium (B), high temperature
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Table II - PLSR modeling results of experimental group; Normal group, IDDM group, NIDDM group
G R (ng/d) Pretreatment Fact Calibration Validation
TOU ange (m retreatmen actor
P # SEC R SEP R
Normal 63~172 Raw 11 17 0.684 16 0.710
IDDM 57~495 Raw 9 74 0.669 69 0.629
NIDDM 59~241 Raw 11 27 0.821 28 0.775
Low Temp. (33.6~35.9°C) 57~437 Raw 11 59 0.724 55 0.561
Midium Temp. (36.0~36.7°C) 63~495 Raw 8 54 0.607 58 0.604
High Temp. (36.8~38.2°C) 59~314 Raw 5 8 0.975 37 0.420
All spectra 57~495 MSC 2 50 0.106 43 0.167
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