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VERIEE W pH 7.4 (Dulbecco’PBS K HASEE  ABK)
RV, 7R VST OREMRRER 7 — ) ZZSHOR
ASFEHEEEE (Diamond 20 AARE T HE) ZAW
THEREFRE VIR 05 ml A L, Zn-Se ff
i P S B THIE UTe, RAAARY b VIEy > 7
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Fig. 1

Absorption spectrum of glucose dissolved in phosphate buffered saline (PBS)

The absorption zone related to glucose molecular movement was mainly observed as 5 peaks.

Spectra corresponding to C-O-C stretching movement at 1,000 to 1,180 cm
Spectra corresponding to C-H deformation movement at 1,435 and 1,480 cm™
Spectra corresponding to C-C stretching movement at 1,584 cm
Spectra corresponding to C-H deformation movement at 1,661 cm~
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250, 500, 1,000 mg/dl & 7¢ % X 9 1= PBS YA ¥ 12 ¥ il
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Fig.2  Absorption spectrum at various concentrations (62.5, 125, 250, 500, 1,000 mg/dl) of glucose dissolved in PBS

At each concentration of glucose, 4 peaks (1,028, 1,074, 1,111, and 1,151 cm™') were observed. At the 1,028 cm™! peak,
absorbance was 0.0017 (Fig. 2d), 0.0031 (Fig. 2c), 0.0061 (Fig. 2b), and 0.0118 (Fig. 2a) at glucose concentrations of 125,
250, 500, and 1,000 mg/dl, respectively. At a glucose concentration of 62.5 mg/dl, the 1,028 cm peak shifted to 1,018
cm™!, and absorbance was 0.0002 (Fig. 2e).

a: PBS solution containing 1,000 mg/dl of glucose, b : PBS solution containing 500 mg/dl of glucose, ¢ : PBS solution
containing 250 mg/dl of glucose, d : PBS solution containing 125 mg/dl of glucose, e : PBS solution containing 62.5 mg/
dl of glucose
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Fig.3 Correlation between absorbance and wave number at each concentration (62.5, 125, 250, 500, 1,000 mg/dl) of glucose in

PBS

Correlation coefficients between each glucose concentration and absorbance were 0.999 at 1,028 cm™, 0.985 at 1,074 cm™,
0987 at 1,117cm™}, and 0.993 at 1,151 cm™!. A good linear relation was obtained. (O: 1,028 cm™?, []: 1,074 cm™1,
O LIstem™, A LT em™)
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Fig. 4
3 g/dl of albumin

Absorption spectrum at various concentrations (62.5, 125, 250, 500, 1,000 mg/dl) of glucose dissolved in PBS containing

At a glucose concentration of 1,000 mg/dl, 4 peaks (1032, 1113, 1157, and 1171 cm™') were observed as wave numbers

depending on the C-O-C stretching movement.
Absorbance was 0.0085.

At a glucose concentration of 500 mg/dl, the peak was at 1,028 cm™".
At 125 mg/dl, absorbance was 0.0032.
At peaks of 1,078 and 1,113 cm™!, there were changes in the wave number only

tion of 250 mg/dl, absorbance was 0.0035.
dependent on glucose concentration.

within the range of 2 cm™" at each concentration of glucose.
At a lower concentration of glucose, the peak shifted to 1,171 ecm™.

concentration of 500 mg/dl.

At a glucose concentration of 1,000 mg/dl, the peak was at 1032 cm™.

Absorbance was 0.0049. At a glucose concentra-
In other words, absorbance was

The peak of 1,157 cm~ increased to 1,167 cm™" at a glucose

a: PBS solution containing 1,000 mg/dl of glucose and 3 g/dl of albumin

o o o o

: PBS solution containing 500 mg/dl of glucose and 3 g/dl of albumin
: PBS solution containing 250 mg/dl of glucose and 3 g/dl of albumin

. PBS solution containing 125 mg/dl of glucose and 3 g/dl of albumin
- PBS solution containing 62.5 mg/dl of glucose and 3 g/dl of albumin
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Fig.5 Correlation between absorbance and wave number at various concentrations (62.5, 125, 250, 500, 1,000 mg/dl) of glucose

dissolved in PBS containing 3 g/dl albumin

At 1,032 cm™!, absorbance was 0.0085, 0.0048, 0.0031, and 0.0022 at glucose concentrations of 1,000, 500, 250, and 125 mg/

dl, respectively (O : 1,032 cm™).

At 1,032 em™, the correlation coefficient between the glucose concentration and absorbance was 0.991, showing a positive

correlation.
were 0.997 and 0.968, showing positive correlations.

At 1,078 cm™" and 1,113 cm™!, correlation coefficients between the glucose concentration and absorbance
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Fig.6  Absorption spectrum of acetone dissolved in PBS

4 peaks related to acetone molecular movement were observed. 1,236 and 1,365 cm™': Spectra of the CH, deformation
movement 1,419 cm™': Spectra of the C-O-C stretching movement 1,695 cm~": Spectra of the C=0 stretching movement
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Fig.7 Absorption spectrum at various concentrations (4.25, 8.5, 17 mM) of acetone dissolved in PBS containing 5 mM of glucose

When 4.25 mM of acetone was added (Fig. 7a), the peak of the CH, deformation movement specific for acetone was not
observed at 1,236 cm™. However, the peak that should have appeared at 1,365 cm™' was observed at 1,363 cm™'. At
acetone concentrations of 4.25 (Fig. 7a), 8.5 (Fig. 7b), and 17 mM (Fig. 7c), absorbance was 0.003, 0.564, and 0.926,
respectively. At the peak of 1,234 cm™" deformation movement showed an increase in absorbance. At 1,363 cm™,
absorbance was 0.206, 0.423, and 0.972, respectively. The peak of the glucose C-O-C stretching movement was noted
at 1,080 cm~! when 4.25 mM of acetone was added. Even when the acetone concentration was increased, there were no

marked changes in absorbance.

The peaks of 1834, 1510, and 1,425 cm™!, which were observed when 4.25 mM of acetone

was added, were not present in the spectra of glucose alone or acetone alone.
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Measurement of glucose concentrations by infrared spectroscopy method

Chisaki INADAY, Masao KANAZAWADY, Katsuo AIZAWA?
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Abstract

We investigated a non-invasive infrared spectroscopy method to measure glucose concentration. A correlation between
glucose concentrations and absorbance was found based on the property that infrared radiation is absorbed corresponding to
a specific molecular vibration. Absorbance of glucose at a wavelength of 1,028 cm™, which is considered to be derived from
the expansion vibration of C-O-C, increased in accordance with the glucose concentration within a range from 125 to 1,000
mg/dl, showed a good correlation (r=0.999). The absorbance of glucose solution supplemented with 3 g/dl albumin also
increased with increasing glucose concentration. When acetone was added to the glucose solution, absorbance due to the
expansion vibration of C=0 of acetone shifted from 1,695 cm™ to 1,691 cm™ and new absorbance was observed at 1,649 cm™
and 1,624 cm™!, but absorbance of glucose was not affected. This method can be applied to measure glucose concentrations
and may be useful for blood glucose measurement.

{Key words)> Infrared spectroscopy method, Measure glucose concentration,
Molecular vibration, Acetone sugar




