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undar conditions of hypergiycemic (10.2 +/- 0.6 mM) hyperinsulinemia (approximately
1,200 pM) and hyparglycemic (20.8 +/- 1.5 mM) hypoinsulinemia (< 12 pM) by use of 13C
nuclear magnetic resonance {NMR) spectroscopy during & prime-constant infusion of
{1-13C]glucose and [1-13CImannitol with efther insulin {10 mU.kg~1.min-1) or
somatostatin (1.0 microgram.kg-t.min-1). Intracellular glucose was calculated as the
differance between the concentrations of total tissue glucose (calculated from the in
vivo 13C NMR spectrum with mannitol as an interna’l concentration standard) and
extracelliular glucose, corrected by the ratio of intra- and extracellular water
spacae. Extracellular concentration was corrected for an interstitfal fluid-to-plasma
glucose concentration gradient of 0.83.+/- 0.07, determined by open-flow
microperfusicon. The mean ratio of intra- to extracellular glucoss space, detarmined
from the relative NMR signal intensities and concentrations of mannitol and total
creatine, was 9.2 +/- 1.1 (hyperglycemic hyperinsulinemia, n = 10), and 9.0 +/- 1.7
(hypergliycemic hypoinsulinemia, n = 7). Mean muscle {ntracellular gliucose
concentration was < 0.07 mM under hyperglyceaic-hyperinsulinemic conditions (n = 10)

“ and 0.32 +/- 0.06 mM under hyperglycemic-hypoinsulinamic conditions {(n = 7). This
mathod 1s noninvasive and should prove useful for resoliving the question of whether
glucese transport or phosphorylation is responsible for the reduced rate of muscle
glycogen synthesi{s observed 1n diabltic subjccta
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In vivo spsctra from human subjecta can be simulated with a phantom composed of
differant jayers Of water, fat and muscle tissue. All three compocnents are nacessary
to simulate in vivo spectra collected over the combination spectral region (5000-4000
cm-1). Muscle tissue {5 not required, however, to accuratsly simulate overtone
spectra {(6600-5400 cm-1). The near-IR spectral! characteristics of fat and muscle
tissus from several animal! sources are essentially identical to those found for human
tissue, hence, the animal sourca for these phantom components {8 not critical.
Thicknaess of sach tissue layer can be deternined by a regression analysis vhere the
tn vivo spectrum of interest is regressed sgainat standard absorbance spectra of the
necessary model componants (water, fat and muscle). In geraral, in vivo overtons
spactra collected across human webbing tissue with a thickness of 6.7 am can ba
simulated with water layer thicknesses ranging from 5.0 to 6. 4 mn conbined with fat
taysr thicknesses from 1.4 to 4.2 mm.
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remained as still as possible. The intensity is plotted versus detector distance for selec&d wavelengths for one subject in Figure 5, with
the corresponding diffusion theory fits. The optical property spectra are shown in Figure 6 with the absorption spectrum of 70 % pure
water included for comparison of spectral features. :

The stability of p, and p, are of interest for physiological monitoring applications. A series of measurements were performed on pormal
volunteers to mvestigate the stability of these coefficients at selected wavelengths, In these measurements, volunteers lay supine with
the probe fixed to the abdomen. Reflectance was sampled at 960 nm, 1060 nm, and 1250 nm for I hous or more at zpproximately 30
§ intervals. The volunteer lay as still as possible during the measurement, and no food or beverages were consumed. The temporal
behavior of the estimated optical properties varied between measurements, but common features found in most scans can be noted.
First, the scattering coefficient was usually observed to increase during the first 3045 minutes of the scan by about 2 - 5 %, after which
it remzined fairly stable. The magnitude of the initial relative increase for a given volunteer was about the same at $60 nm and 1060
nm, and lower at 1250 nm. Second, the absorption coefficicnt was often observed to increase significantly throughout the measurement,
by as much as 30%. As was observed with the scattering cocfficient, the magnitude of these absorption increases was usually
comparable at 260 nm and 1060 nm, and lower at [250 om. A sample of the temporal behavior of the optical properties for one
volunteer is shown in Figure 7. .

The sensitivity of the optical properties of skin to changes in temperature is also a concem for monitoring applicadoss. Experiments
were performed on human volunteers to investigate the temperamre dependence of optical properties. The measurement protocol was
similar to the baseline stability measurements described above. In order to produce controlied changes in tempersture, a smal}
aluminurn collar was placed on the skin and fit loosely around the probe. Water from a heating and refrigerating water bath was
circulated through the collar. The collar temperature was heid constant for 45-60 minutes at 37° C, then 20° C, then 45° C, and finally
37° C. The reflectance was sampled at 960 nm, 1060 nm, and 1250 nm. The estimated optical properties based on reflectance
measured during a typical temperature series are shown in Figure 8. The behavior observed in a total of 10 messrements showed
several qualitative trends. Both p,’ and y, increase and decrease with increases and decreases in ternperature, but wich cifferent relative
magnitudes and temporal response. The changes in .’ are somewhat comparable at the three waveiengths studiea. waile the changes
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Figure 5 Qptical property spectra measured in vivo on buman

volunteers. {a) .’ for 5 volunteers measured on the abdomen or Figure 6 Moeasured relative reflectance verms distance for
the lower back. (b}, for 5 volunteers measured on the abdomen human abdomen, in vive, at selected wave.engths. Markers
or the lower back. The absorption spectrum for 70% water represent measured dam. and lines reprsent theoretical
(thicker line) is shown for comparisen's; teflectance based on nonlinear fits to a diffusizn model.




