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Abstract—The possibility of the immersion clearing of human blood in the visible and near-IR spectral regions
is considered and theoretically substantiated. On the basis of the model presented, the spectral behavior of the
scattering and absorption characteristics of blood upon its immersion clearing by glucose is analyzed. © 2005
Pleiades Publishing, Inc.

INTRODUCTION

AN OPTICAL MODEL OF BLOOD

One of the avenues of research in biomedical optics
is the advancement of techniques for probing of biological tissues with visible and near-IR radiation, which
allows imaging of their structure [1–3]. This interest
stems from the possibility of developing a harmless and
versatile tool for the diagnostics of biological tissues.
At present, the majority of the existing methods use the
so-called transparency window for the optical probing
of biological tissues, which occupies the wavelength
range from 650 to 1200 nm [2]. The use of visible light
for diagnostics of biological tissues is complicated by
its absorption by various chromophores of tissues, the
most important of which in this spectral range is blood,
having clearly pronounced absorption and scattering
properties [4–8]. Therefore, the possibility of controlling in vivo the optical parameters of blood will enable
a considerable increase in the sensitivity of such methods of optical diagnostics as fluorescent and confocal
spectroscopy [9–11], optical coherence tomography
[12–14], spatially resolved reflectance spectroscopy
[15–18], and so on. An efficient method of considerably
decreasing light scattering is optical immersion, i.e.,
matching of the refractive indices of the scattering centers and the base substance by means of introduction of
corresponding preparations into a biological tissue.
Studies have shown that the use of aqueous solutions of
glucose, propylene glycol, trazograph, glycerin, etc., as
immersion liquids makes it possible to considerably
decrease (by several times) the scattering power of biological tissues [1, 3, 9–30]. Similar results have been
obtained for whole blood [14, 31–36]. At the same
time, at present, the influence of immersion liquids on
the optical, in particular, scattering, characteristics of
blood remains insufficiently studied.

Optically, whole blood is a highly concentrated turbid medium consisting of plasma (55 vol %) and blood
corpuscles (45 vol %) [4–6], 99% of which are erythrocytes and the remaining 1% of which are leukocytes
and thrombocytes [5, 6]. Because of this, the optics of
whole blood is determined mainly by the optical properties of erythrocytes and plasma, whereas the contribution to scattering from the remaining blood corpuscles can be neglected. The analysis of the propagation
and scattering of radiation in such a medium is reduced
to considering the scattering and absorption characteristics of an individual particle and taking into account
the concentration effects and polydispersity of the suspension.

The objective of this study is to analyze the possibility of considerably decreasing the scattering power of
blood upon its immersion clearing by glucose in the
spectral range 400–1000 nm.

The relationships that determine the propagation of
light in biological tissues and fluids (in this case, in
blood) can be described on the basis of the notion of
radiation transfer in randomly inhomogeneous media.
At present, the most widespread approach to the
description of this phenomenon is the theory of radiation transfer [1]. To describe the radiation transfer process in biological tissues, this theory uses such quantities as the absorption coefficient µa, the scattering coefficient µs, and the anisotropy factor g (the average
cosine of the scattering angle) of an elementary volume
of the medium under study. In turn, these characteristics are determined by the size of erythrocytes, as well
as the real (n) and the imaginary (χ) parts of the complex refractive index (n + i χ) of the scattering particles
(erythrocytes) and their environment (blood plasma).
Under normal physiological conditions, human
erythrocytes are anucleate cells in the form of biconcave disks with a diameter ranging between 5.7 and
9.3 µm (the average value is about 7.5 µm) [6] and a
maximal thickness varying between 1.7 and 2.4 µm
[37]. The average volume of an erythrocyte amounts to
about 90 µm3 [4, 5, 7, 8] and, according to different
data, varies between 70 and 100 [37], 50 and 200 [7], or
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30 and 150 µm3 [8]. In the presence of different pathologies, as well as upon changes in the osmolarity or pH
of the blood plasma, normal erythrocytes (discocytes)
can change in shape without changing in volume [6,
37]. An erythrocyte consists of a membrane (with a
thickness of from 7 [8] to 25 nm [37]) and cytoplasm,
which is mainly an aqueous solution of hemoglobin [8,
38]. The concentration of hemoglobin in completely
hemolyzed blood varies from 134 to 173 g/l [4], while
the concentration of hemoglobin in erythrocytes varies
from 300 to 360 g/l, with the average concentration
being equal to 340 g/l [8]. The content of salts in the
erythrocyte cytoplasm is about 7 g/l; the concentration
of other organic components (lipids, sugars, enzymes,
and proteins) is approximately equal to 2 g/l [8].
The phase function and scattering cross section of
an individual erythrocyte depend on its orientation [6].
However, the light scattering from a large number of
randomly distributed nonspherical particles is the same
as the scattering from a system of randomly distributed
spherical particles of equivalent volume [39, 40].
Therefore, in our model, erythrocytes are represented
as absorbing and scattering homogeneous spherical
particles, with the volume of each such particle being
equal to the volume of a real erythrocyte. In calculations, the contribution to the scattering from the erythrocyte membranes was neglected due to their small
thickness [8].
The polydispersity of the erythrocytes was taken
into account based on the data obtained in [7] (Fig. 1).
The total volume concentration of erythrocytes in the
blood (the hematocrit value) is equal to 45%, which
corresponds to the hematocrit of the venous blood of a
man [4, 41]. The fact that the distribution function
exhibits the presence of particles whose volume considerably exceeds the volume of a normal erythrocyte is
associated with the aggregation of erythrocytes into
large-size clusters, which, along with individual erythrocytes, contribute to the scattering spectrum of whole
blood [42].
It was shown that the concentration of hemoglobin
in erythrocytes directly correlates with their volume
[8]. According to the data obtained in that study, the
concentration of hemoglobin can be related to the
erythrocyte volume as
(1)

C Hb = 0.72313 – 0.00451V ,

where CHb is the concentration of hemoglobin (g/ml)
and V is the erythrocyte volume (µm3).
The spectral dependences of the real (n) and imaginary (χ) parts of the complex refractive index of the
erythrocytes are shown in Fig. 2 [6]. The degree of oxygenation is equal to 100%, and the concentration of
hemoglobin amounts to 2.036 mM [6].
Both the real and the imaginary parts of the refractive index of erythrocytes are directly proportional to
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Fig. 1. Size distribution of spherical particles modeling the
erythrocytes [7]. The total volume fraction of the erythrocytes in the blood (hematocrit) is 45%.
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Fig. 2. Spectral dependences of the (1) real n and (2) imaginary χ parts of the complex refractive index of erythrocytes [6].

the hemoglobin concentration in erythrocytes [4, 6];
i.e.,
n e = n 0 + αC Hb ,

(2)

χ e = βC Hb ,

(3)

where n0 = 1.34 is the refractive index of the erythrocyte cytoplasm [8] and α and β are spectrally dependent
coefficients. For the wavelength of 589 nm, α =
0.1942 ml/g [4], while, for the wavelength 640 nm, α =
0.284 ml/g and β = 0.0001477 ml/g [6]. Since the content of salts, sugars, and other organic components in
the erythrocyte cytoplasm is insignificant, we assumed
in our calculations that the spectral dependence of the
erythrocyte cytoplasm correlates with the spectral
dependence of the refractive index of water, i.e.,
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n0(λ) = nw(λ) + 0.007. The spectral dependence of the
refractive index of water is determined by the expression nw(λ) = 1.31848 + 6.662/(λ – 129.2) (λ is
expressed in nanometers) [43]. The spectral dependences of the coefficients α and β were calculated on
the basis of the data of Fig. 2 in [6] and using a value of
the hemoglobin concentration in erythrocytes equal to
322 g/l, which was obtained from Eq. (2) with the coefficient α = 0.1942 ml/g.
The blood plasma contains up to 91% water, 6.5–8%
(about 70 g/l) proteins (hemoglobin, albumin, and globulin), and about 2% low-molecular-weight compounds
[34].
The spectral dependence of the real part of the
refractive index of the blood plasma (np) in the spectral
range 488–1341 nm is determined by the expression
np = 1.3194 + 1.4578 × 10–2/ λ2 – 1.7383 × 10–3/ λ4,
where λ is the wavelength (µm) [44]. To perform the
calculations, this dependence was extrapolated to the
range from 400 to 1000 nm,
3

n p = 1.3254 + 8.4052 × 10 /λ
8
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Here, H is the hematocrit value; M is the number of volume fractions of erythrocytes (in this study, M = 150);
Ni = Ci /Vei is the number of particles per unit volume of
the medium; Ci is the volume fraction occupied by par-
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ticles of the ith diameter (Fig. 1); and Vei = 4π a i /3 is
the erythrocyte volume. In Eq. (8), the necessity of
introduction of the factor (1 – H) [5, 7, 47], which is
called the packing factor of scatterers, is determined by
interference effects of radiation scattered from neighboring particles.
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the first kind of the nth order and H n (ρ) is the Bessel
function of the third kind of the nth order.
According to [46], the scattering and absorption
coefficients and the anisotropy factor of whole blood
considered as a system of closely packed polydisperse
particles are given by

i=1

where λ is the wavelength (nm). Since the blood plasma
does not have pronounced absorption bands in this
spectral range, we neglected the imaginary part of the
refractive index of the plasma in our calculations.
In terms of the Mie theory, the scattering and
absorption cross sections (σs and σa, respectively) and
the anisotropy factor of a homogeneous sphere are
expressed as [45]
2

Here, m = (ne + iχe)/np and x = 2πnpa/λ are the relative
refractive index and the diffraction size of the erythrocyte, respectively, a is the erythrocyte radius, and
(1)
ψn(ρ) = ρJn(ρ) and ξn(ρ) = ρ H n (ρ) are the Riccati–
Bessel functions, where Jn(ρ) is the Bessel function of

M

2

13
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,
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where an and bn are the Mie coefficients and a *n , and
b *n are their complex conjugates. The expressions for
an and bn are given by
mψ n ( mx )ψ 'n ( x ) – ψ n ( x )ψ 'n ( mx )
a n = -----------------------------------------------------------------------------,
mψ n ( mx )ξ 'n ( x ) – ξ n ( x )ψ 'n ( mx )

MODELING OF THE OPTICAL CLEARING
OF BLOOD UPON INTRODUCTION
OF GLUCOSE INTO THE BLOOD PLASMA
The use of aqueous solutions of glucose as immersion agents for the optical clearing of biological tissues
showed their high efficiency [9, 15–17, 19, 23, 25–27].
In view of the data obtained in [31, 32, 34, 36], one
should expect a considerable decrease in the scattering
power of blood in the visible and near-IR spectral
ranges upon partial replacement of the blood plasma by
glucose solutions of different concentrations. Upon
introduction of glucose into blood, the refractive index
of the blood plasma increases and becomes comparable
with that of erythrocytes. As a consequence, the scattering coefficient decreases, while the blood anisotropy
factor increases. Within the framework of this study, we
do not consider particular techniques for the clinical
OPTICS AND SPECTROSCOPY

Vol. 98

No. 4

2005

IMMERSION CLEARING OF HUMAN BLOOD

application of the optical immersion of blood corpuscles. At the same time, we suggest that intravenous
injection of glucose aqueous solutions could be the
most suitable method since this technique is already
used in clinical practice [48].
The spectral dependence of the refractive index of
an aqueous glucose solution is defined by the expression ngl = nw + 0.1515Cgl [31], where Cgl is the glucose
concentration (g/ml). By analogy with this expression,
we will define the refractive index of a glucose solution
in the blood plasma as
im

n p ( λ ) = n p ( λ ) + 0.1515C gl ,

(11)

where np(λ) is the refractive index of the blood plasma
determined by Eq. (4).
Since glucose does not have absorption bands in the
spectral range under consideration, we assume that,
after being introduced into blood, glucose has no effect
on the blood absorption. In addition, as a first approximation, it is assumed that glucose molecules do not
bind with proteins of the blood plasma.
A change in the osmolarity of the plasma leads to
changes in the size and the complex refractive index of
the blood corpuscles due to their osmotic dehydration
[4, 49] and, consequently, to changes in their scattering
and absorption powers. Normally, the osmolarity of
blood amounts to 280–300 mosm/l [4, 50]. The introduction of glucose into the blood plasma leads to a linear increase in the osmolarity, which reaches the value
6000 mosm/l at a glucose concentration in the blood
plasma of about 1 g/ml.
On the basis of the data of [4], the change in the volume of erythrocytes was described by the following
empirical expression:
V ( osm ) = V 0 ( 0.463 + 1.19 exp ( – osm/376.2 ) ), (12)
where osm is the blood osmolarity (mosm/l), V is the
erythrocyte volume (µm3) for the given value of the
blood osmolarity, and V0 is the erythrocyte volume at a
blood osmolarity equal to 300 mosm/l. Upon introduction of glucose into the blood plasma, the hematocrit of
the blood decreases. The value of this parameter is successively equal to 45% at osm = 300 mosm/l (Cgl =
0 g/l), 32% at osm = 580 mosm/l (Cgl = 0.05 g/ml), 26%
at osm = 850 mosm/l (Cgl = 0.1 g/ml), and 22% at
osm = 1400 mosm/l (Cgl = 0.2 g/ml). On a further
increase in the glucose concentration in the plasma
(Cgl = 0.3–1 g/ml), the hematocrit becomes equal to
about 21% and, despite an increase in the blood osmolarity (osm = 2000–6000 mosm/l), this value of the
hematocrit does not change. In modeling, we assumed
that the shape of the size distribution function of erythrocytes does not change.
The osmotic dehydration leads to an increase in the
concentration of hemoglobin in blood and, as a consequence, to an increase in both the real and the imagiOPTICS AND SPECTROSCOPY
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nary parts of the refractive index of erythrocytes. The
change in the erythrocyte volume was calculated by
Eq. (12). The changes in the real and imaginary parts of
the refractive index were estimated by Eqs. (2) and (3)
taking into account the change in the hemoglobin concentration determined by Eq. (1).
The coefficients of scattering and absorption and the
anisotropy factor of whole blood both under normal
conditions (the hematocrit is equal to 45%) and upon
immersion clearing by glucose were calculated from
expressions (8)–(10). In these calculations, the cross
sections of scattering and absorption and the anisotropy
factor of an individual erythrocyte were determined
using expressions (5)–(7). The spectral dependences of
the real and imaginary parts of the refractive index of
erythrocytes under normal conditions were calculated
according to formulas (2) and (3) taking into account
the size distribution function of erythrocytes (Fig. 1 in
[7]) and Eq. (1). The spectral dependence of the refractive index of the blood plasma in relation to the glucose
concentration was calculated by formula (11), in which
the spectral dependence of the refractive index of the
blood plasma prior to the introduction of glucose was
found from extrapolation formula (4).
It should be noted that these estimates may somewhat differ from those observed in vivo since, in our
calculations, we disregarded the effect of the blood
flow, which, according to [4], leads to a decrease in
both the scattering and the absorption power of blood.
In addition, it seems that the changes in the erythrocyte
volume and the blood hematocrit will differ from those
used in our modeling since the blood flow will reduce
the glucose concentration, as a result of which the
changes in the erythrocyte volume and the blood hematocrit will be much less pronounced.
RESULTS AND DISCUSSION
To test our model, we calculated the absorption and
scattering spectra of blood in the range from 400 to
1000 nm for a hematocrit value equal to 5% and compared these calculations with the experimental data
obtained in [4]. It is seen from this figure that the calculated and experimentally measured absorption spectra
are practically identical to each other. The agreement
between the theoretical and observed scattering spectra
is somewhat worse. According to the data of [4], the
scattering spectrum of blood exhibits a peak in the
range 440–600 nm, located at 500 nm, which we failed
to reproduce in terms of our model. This can be
explained by the simplicity of our model, in particular,
by the fact that the polydispersity of the system is likely
to be considered inadequately. The second reason could
be possible errors in the quantization of the experimental data. Apart from this, a lack of information about the
distribution function of erythrocytes and about the
hemoglobin concentration in the experimental samples
is also a reason why we were unable to reproduce completely the experimental scattering spectrum. At the
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Fig. 3. Spectra of (1) absorption and (2) scattering of blood
calculated in the context of the proposed model for a hematocrit value of 5%. The squares and triangles show, respectively, the absorption and scattering spectra experimentally
measured in [4].

Fig. 4. Absorption spectra of blood upon its immersion
clearing by glucose calculated in the context of the model
presented. The glucose concentration is Cgl = (1) 0, (2) 0.5,
and (3) 1 g/ml.
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Fig. 5. Calculated scattering spectra of blood upon its
immersion clearing by glucose in the case where the refractive index of the blood plasma is less than that of the erythrocytes. The glucose concentration in the blood plasma is
Cgl = (1) 0, (2) 0.1, (3) 0.25, (4) 0.3, (5) 0.4, and
(6) 0.5 g/ml.

Fig. 6. Calculated scattering spectra of blood upon its
immersion clearing by glucose in the case where the refractive index of the blood plasma is greater than that of the
erythrocytes. The glucose concentration in the blood
plasma is Cgl = (1) 0.6, (2) 0.7, (3) 0.8, (4) 0.9, and
(5) 1.0 g/ml.

same time, in the ranges 400–440 and 600–1000 nm,
the calculated and experimental scattering spectra
almost completely coincide with each other. Therefore,
the comparison between the calculated and experimental data shows that the optical model of blood presented
can fairly reliably describe the optical characteristics of
blood in the spectral range under consideration, including the changes in these characteristics upon immersion
clearing of blood.

sion clearing by glucose. It is seen that the changes in
the absorption spectrum of blood are insignificant and
localized mainly in the absorption bands of hemoglobin
at 415 (the Soret band), 542, and 575 nm (the α and
β bands, respectively). It is also seen that the influence
of the immersion agent manifests itself in a uniform
decrease in the absorption coefficient with increasing
glucose concentration in the blood plasma.

Figure 4 shows the spectral dependence of the
absorption coefficient of whole blood upon its immer-

The influence of glucose as an immersion agent on
the scattering characteristics of blood is much more
considerable (Figs. 5–10). Figures 5 and 6 show the
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Fig. 8. Calculated spectral dependence of the scattering
anisotropy factor of blood upon its immersion clearing by
glucose. Cgl = (1) 0, (2) 0.2, (3) 0.4, (4) 0.6, and
(5) 1.0 g/ml.

Fig. 7. Dependence of the scattering coefficient of blood on
the glucose concentration. λ = (1) 415, (2) 542, (3) 575,
(4) 633, (5) 700, (6) 805, and (7) 900 nm.
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Fig. 9. Dependence of the scattering anisotropy factor of
blood on the glucose concentration. λ = (1) 415, (2) 542,
(3) 575, (4) 633, (5) 700, (6) 805, and (7) 900 nm.

Fig. 10. Calculated spectra of the transport scattering coefficient of blood upon its immersion clearing by glucose.
Cgl = (1) 0, (2) 0.1, (3) 0.3, (4) 0.4, (5) 0.5, and (6) 0.65 g/ml.

scattering spectra of blood at different content of glucose in the blood plasma. The shape of the scattering
spectra is determined by the influence of the absorption
bands of hemoglobin, which manifests itself as valleys
in the scattering spectrum in the ranges of these absorption bands. It is seen from the spectra presented that the
valleys located at 415, 542, and 575 nm shallow with
increasing glucose concentration. The spectral dependence of the scattering coefficient becomes more
monotonic. On the whole, as the glucose concentration

in the blood plasma increases, the scattering coefficient
considerably decreases in the entire spectral interval
(by approximately 15 times). In the spectral range of
the Soret band, the scattering coefficient attains its minimum value at a glucose concentration of 0.5 g/ml
(Fig. 7), while, in the remaining part of the spectrum,
this minimum is reached at a glucose concentration
within 0.6–0.65 g/ml. On further increase in the glucose concentration the scattering coefficient increases
in the entire spectral range. The increase in the scatter-
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ing coefficient observed at small glucose concentrations (Fig. 7) is related to an increase in the refractive
index of the erythrocytes, which is caused by an
increase in the hemoglobin concentration due to the
osmotic dehydration of erythrocytes. The dependence
of the scattering coefficient on the glucose concentration presented in Fig. 7 shows that the optical clearing
of blood occurs nonuniformly in different spectral
ranges. Thus, the maximal reduction in the scattering in
the range of the Soret band (415 nm) is observed at a
glucose concentration of 0.5 g/ml, whereas, on passage
to a longer wavelength range of the spectrum, the
immersion clearing of blood occurs at higher glucose
concentrations. In particular, for the wavelength
900 nm, the maximal decrease in the scattering occurs
at a glucose concentration equal to 0.7 g/ml. For the
wavelengths 542 and 575 nm, the maximal clearing is
observed at glucose concentrations of 0.55 and 0.6 g/ml,
respectively. For the wavelength 633 nm, which is the
most frequently used in laser irradiation of blood [3],
the minimum in the light scattering is also observed at
a glucose concentration of 0.6 g/ml, whereas, for the
wavelength 805 nm (the isosbestic point of hemoglobin
[3]), the minimal light scattering occurs at the concentration 0.65 g/ml. The wavelengths 700 and 900 nm
were chosen because the effect of the imaginary part of
the refractive index of hemoglobin at these wavelengths
is minimal. The optimal concentration of glucose for
the wavelength 700 nm is equal to 0.65 g/ml.
According to the Mie theory [45], the main parameter that determines the value of the scattering coefficient is the relative refractive index, defined as the ratio
of the complex refractive index of the erythrocytes to
the refractive index of the blood plasma. In accordance
with this, an increase in the refractive index of the
plasma leads to a decrease in both the real and the imaginary parts of the relative refractive index of the erythrocytes. This circumstance causes the coefficients of
absorption and scattering of blood to decrease (Figs. 4,
5). Apart from this, the decrease in the scattering and
absorption coefficients is related with a decrease in the
hematocrit of blood caused by the osmotic dehydration
of erythrocytes. However, beginning from a glucose
concentration of 0.3 g/ml, the hematocrit virtually does
not change and the decrease in the scattering and
absorption is connected only with the immersion effect.
When the glucose concentration exceeds 0.7 g/ml, the
refractive index of the plasma becomes greater than that
of the erythrocytes and, as a consequence, the scattering coefficient increases.
It is interesting to note the influence of immersion
on the behavior of the scattering characteristics of
blood in the range of the strong absorption bands. As
the glucose concentration, i.e., the refractive index of
the blood plasma, increases, the depth of the valley in
the scattering spectrum in the range of the Soret band
decreases and then, when the refractive index of the
plasma becomes comparable with the real part of the
complex refractive index of the erythrocytes, a peak

arises in this spectral range, whose shape and magnitude are determined by the imaginary part of the complex refractive index of the erythrocytes.
Figures 8 and 9 show the blood anisotropy factor in
relation to the wavelength and the glucose concentration in the blood plasma. It is seen that, as the wavelength increases, the anisotropy factor insignificantly
decreases (from 0.997 at 400 nm to 0.99 at 1000 nm).
At small glucose concentrations in the blood plasma
(up to 0.1 g/ml), the anisotropy factor decreases in the
entire spectral range under consideration, which is
caused by the osmotic compression of erythrocytes
(Fig. 9). As the glucose concentration in the blood
plasma increases (from 0.1 to 0.6–0.7 g/ml), the anisotropy factor increases in the entire spectral range, which
is caused by the immersion effect. This manifestation
of the immersion action of glucose is very important for
optical tomography and therapy since an increase in the
anisotropy factor implies an increase in the depth of
penetration of light into a biological tissue upon its
optical probing. As in the previous case, a glucose concentration within 0.6–0.7 g/ml is optimal. On a further
increase in the glucose concentration in the blood
plasma, the anisotropy factor decreases. It is also necessary note the appearance of a valley in the spectrum
of the anisotropy factor in the range of the Soret absorption band at 415 nm. The occurrence of this valley is
associated with the influence of the imaginary part of
the complex refractive index on the formation of the
scattering spectrum under conditions of immersion
clearing of erythrocytes.
The transport scattering coefficient µ 's = µs(1 – g) is
the quantity directly determined upon solution of many
inverse problems of biomedical optics. Therefore, we
studied the influence of glucose on the transport scattering coefficient of blood. Figure 10 shows that, upon
introduction of glucose into the blood plasma, the
behavior of the spectra of the transport scattering coefficient in the entire spectral range under consideration
is, on the whole, similar to the behavior of the spectra
of the scattering coefficient (Figs. 5–7). The only difference in the behavior of these spectra is that the valley in
the spectra of the transport scattering coefficient is
shifted to the range around 410 nm as compared to its
position in the scattering spectrum (at 415 nm). This
difference is explained by distinctions in the spectral
dependences of the scattering coefficient and the
anisotropy factor of blood. The maximal optical clearing is observed at a glucose concentration of 0.65 g/ml.
CONCLUSIONS
The aim of our model calculations was to study the
possibility of using glucose for immersion clearing of
blood.
We showed that the action of glucose on human
whole blood made it possible to efficiently control the
absorption and the scattering characteristics of blood in
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a wide wavelength range. The efficiency of such control
is determined by the possibility of matching of the
refractive indices of the blood corpuscles (erythrocytes)
and the base substance (plasma) of blood. From the
viewpoint of matching refractive indices and changing
the scattering properties of substances, the results presented are general for many scattering objects of biological origin.
The optical model of blood presented agrees fairly
well with known experimental data and makes it possible to simulate changes in the absorption and scattering
characteristics of blood, including the changes occurring upon its immersion clearing.
On the basis of our model, we analyzed the spectral
behavior of the scattering and absorption characteristics of blood upon its immersion clearing by glucose.
We showed that the optimal glucose concentration in
the blood plasma for the optical clearing of blood is
about 0.65 g/ml.
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