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Dynamic light-scattering measurement for a salt-induced cataract in the eye lens of a chicken
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We study the dynamical behavior in the eye lens of a chicken inflicted with a cataract induced by

a salt solution. The mean diffusion coefficient D in the cataracted lens estimated in this work is ap-
proximately expressed by a power law as a function of the salt concentration of

~
C —C*~. Our ex-

perimental 6ndings suggest that the salt concentration should be a relevant parameter for describing

the dynamical behavior in a cataracted lens. The magnitude of D obtained for the cataracted lens is

approximately Ave times smaller than that for the normal one, which is almost compatible with the
earlier work of Tanaka and Benedek [Invest. Ophthalmol. 14, 449 (1975)]. The diffusive decay in

the salt-induced cataract, which should be regarded as an osmotic type of cataract, has been dis-

cussed in terms of the phase separation associated with the lens opacification following the concept
of Tanaka, Ishimoto, and Chylack [Science 197, 1010 (1977)].

I. INTRODUCTION

Great attention has been directed to understanding the
mechanisms of the cataract in the eye lens, for example,
of humans and cattle, ' rabbits, ' and rats. ' A cataract
is clinically defined as an opacity of the lens that impairs
vision. The origins and processes of the opacity in the
lens have been extensively investigated from the biochem-
ical and morphological standpoints. For example,
biochemical investigators have suggested the accumula-
tion of polyols in the lens plays an important role in the
formation of diabetic and galactosemic cataracts. The in-
crease in polyols in the lens may result in osmotic swel-
ling. This type of cataract has been recognized as an
osmotic cataract.

The main components of the lens are about 65 wt. %
water, 35 wt. %%uoprotein s, an d asmal I amoun t of salts .
The proteins in the transparent eye lens consist of about
90%%uo of the soluble structural proteins called crystallins
and a small percentage of insoluble proteins called the al-
buminoid fraction whose physical properties are sti11 un-
known. ' The o.'-crystallin has a high molecular weight
of about 10 daltons and the y-crystallin has a small one
of about 2X 10 daltons. The P-crystallins have a roughly
intermediate one between the a- and y-crystallins, some
of which elongate into lens fiber cells and play an impor-
tant role in an interaction of these structural proteins
with the cytoskeleton and plasma membranes. These
proteins comprise at least 50% of the soluble proteins in
the mature lens of most vertebrates. The 5-crystallins are
highly lens-specific substances in birds and reptiles,
which are the principal protein of the embryonic chicken
lens and consistitute a major soluble protein of the ma-
ture chicken lens. These crystallins also consist of
several subunits; for example, the 5-crystallins consist of
four subunits with about 5 X 10 daltons. ' The crystal-
lins are quite various and comprise a complex system
with different types of these structural proteins and the

aqueous humor in the lens. The transparency and refrac-
tive properties of the lens have been attributed to a gentle
concentration gradient associated with the crystallins,
along the radius from the periphery to the center of the
lens.

An attractive approach has been made for the cataract
induced experimentally by lowering the temperature of
the excised lens, the so-called cold cataract, in terms of
vapor-liquid phase transition and phase separation in a
binary mixture, by Tanaka and co-workers. " They have
found a remarkable resemblance between the develop-
ment of opacity in the cold cataract and the appearance
of turbidity in protein —salt-water mixtures. Their experi-
mental result suggests that the opacification point of the
lens may depend on the radial position in the lens, which
could be a function of the concentration of proteins in
water. This leads us to infer a possible phase boundary of
mixing, whose order parameter could be regarded as the
concentration difference between two different radial po-
sitions with the origin of the opacity at the same temper-
ature. Such a situation may be interpreted as the relaxa-
tion behavior at the fixed radial position of the lens de-
pending on the temperature along the isochore in analogy
with the phase separation of a Quid mixture. They have
suggested that the temperature-induced cataract is essen-
tially due to a phase separation of a quasibinary mixture
of proteins and water in the lens. It is quite interesting to
investigate the cataract in the lens in terms of critical dy-
namics, not only to reveal the cooperative properties in
the cataracted lens, but also to obtain information associ-
ated with the nature of phase separation in a complex
system such as that of biological structural substances.
In addition, it is of interest to study the cataracted lens in
the chicken, from the viewpoint of a comparison with
those in the mammalian lenses. In this work we try to in-
vestigate the relaxation behavior of the fluctuations in the
salt-induced cataracted lens of a chicken by use of the
dynamical hght-scattering measurement.

It is thought that the eye lens consists of a great num-
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ber of individual Aber cells with an approximately homo-
geneous mixture of lens proteins and water. Therefore,
the mixture in a single cell should be regarded as a quasi-
binary mixture, which consists mainly of lens proteins
and water. The decay rate I associated with the diffusive
decay of the concentration fluctuations can be deter-
mined by measuring the time-dependent correlation func-
tion of the scattered light from the lens. In general, the
dynamic phenomenon of a critically binary mixture is
that the concentration fluctuations decay very slow in
time, the so-called critical slowing down. ' The asymp-
totic behavior of D=limk 0(I /k ) with k being the
magnitude of the momentum-transfer wave vector, which
is related to the correlation length g and the viscosity g,
can be represented by the Einstein-Stokes-Kawasaki law
as

Rk~ TD=
6n.vg

where the universal amplitude R has a value of a few per-
cent larger than unity. In the region far from the critical
point of mixing, the diffusion coefticient estimated from
the k dependence of I may be approximately equivalent
to that in the hydrodynamic limit.

II. EXPERIMENT

The lens employed in this work was removed carefully
from the eye of a mature chicken. The excised lens was
quite transparent and a strong enhancement of turbidity
was observed when the concentration of NaC1 in water
was increased. Dynamic light-scattering measurements
were performed to obtain the autocorrelation function of
the scattered light from the lens by use of a cylindrical
cell with an optical-path length of 0.6 cm. The auto-
correlation function was measured for the normal lens
immersed in silicon oil and the cataracted one immersed
in a NaC1 aqueous solution over the concentration range
from 0.1 to 0.7 mol/liter in NaC1 with water at the fixed
angle of 90', which corresponds to a wave number of
k =2.59X10 cm ' with an argon-ion laser as the light
source (A,o=488 nm). We used the value of n =1.42 as
the refractive index for the lens-protein mixture. The in-
cident light beam was passed through each lens surface at
the center of the lens. We carefully adjusted the position
of the sample cell to observe the center of the lens. We
measured the autocorrelation function for the cataracted
lens over a fixed range of total delay time from approxi-
mately 3 to 30 ps waiting 3 h after the preparation of the
sample. The autocorrelation function was also measured
for the contents of the lens, i.e., the lens-protein mixture
with the aqueous humor, having removed the crystalline
capsule from the intact normal lens at four different an-
gles of 0=30', 45', 60, and 90. In order to compare the
experimental results we performed light-scattering mea-
surements for the intact normal lens and the interior
lens-protein mixture without the crystalline capsule at
two different angles of 0=60' and 90 using a He-Ne laser
(A,o=638 nm). Water and silicon oil baths were used for
light-scattering photometers, with Ar-ion and He-Ne
lasers, respectively, as a light source. The temperature of

each bath for the sample cell was controlled to 20'C.
The phototube signal was analyzed by a 48-channel,

single-clipped correlator. The observed autocorrelation
function for the lens showed systematic deviation from a
single exponential decay law. Therefore, we estimate the
mean decay rate I from an analysis of the correlation
function F(k, r) with a cumulant expansion truncated
after the second term by'

F(k, r )=X[1+A ~g(r)~ ]

lng(~) = —I r+ —,'@2'
(2)

III. RESULTS AND DISCUSSION

In order to investigate the k dependence in the decay
rate, the mean decay rate I for the lens-protein mixture

where B is the base line and A the coherence factor that
depends on the instrument geometry and the experimen-
tal condition. The normalized second cumulant
k2 =@2/I is used to characterize the magnitude of the
deviations from the exponential decay. If g(r) has ex-
ponential decay, then p2=0, i.e., k2=0. The optical
alignment and the test of the correlator were achieved us-

ing a centrifuged colloidal silica solution and polystyrene
latex with a diameter of 0.091 pm (Dow Chemical Com-
pany, Lot No. 1A82). In light-scattering experiments,
the light scattered from dust in the sample and from the
reflected beam at the glass surface may apparently cause
additional effects in the value of k2. It is considered that
the interior of the eye lens should be essentially dust free.
We have tried to estimate the k2 value for the poly-
styrene latex following Eq. (2) by measuring over the an-
gular range of 45' ~ 0 ~ 125 in a step of 10; for example,
k2=0.01+0.01 at 0=45', k2=0.012+0.011 at 0=90',
and k2 =0.013+0.010 at 0= 125 for the light-scattering
photometer with the He-Ne laser. The quoted error
represents a standard deviation. The kz value averaged
over the experimental angular range was estimated to be
k2=0.017+0.009, which was in reasonable agreement
with that expected for our sample of the latex. We have
detected no contributions due to the reflected light in the
magnitude of the effect in the case of the analysis for the
polystyrene latex. The coherence factor A calculated
from the magnitude of the correlation function was about
0.4 at L9=90' for the system using the He-Ne laser. On
the other hand, the k2 in the polystyrene latex yielded a
slightly larger value; for example, k2=0.05+0.01 at an
angle of 0=90 using the photometer with the Ar-ion
laser with the water bath. The diameter of the latex was
estimated to be 0.092+0.003 pm with the relation
D=I /k and the viscosity of pure water. A slightly
larger value in k2 would be attributed mainly to the
reflected light at the glass surface in the water bath. We
will treat this magnitude of deviation as an error included
in the analysis of our experimental data for the eye lens.
In this case, the factor A was about 0.76, which corre-
sponds to roughly one coherence area. The light-
scattering photometer, the digital autocorrelator, the op-
tical alignment, the thermometer, and experimental de-
tails have been fully described elsewhere. '
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without the crystalline capsule is plotted against k in
Fig. 1, in which the open circle denotes the value of I es-
timated following Eq. (2). A typical error in I was evalu-
ated to be about 2%. The mean decay rate is acceptable
when the kz value is fairly small, but care must be taken
to account for the distribution in the decay rate in the
case of a large value of kz. ' In the present analysis the
kz values measured for the lens-protein mixture without
the capsule were significantly large, for example,
kz =0.62+0.08 at 0=90' and k =0.7+0.2 averaged
over the experimental angular range, that it would be ad-
vantageous to try an additional analysis in terms of the
decay-rate distribution. '

The lens of the eye is one of the few structures whose
cells are preserved without turnover of their contents.
Growth of the lens depends on the proliferation of these
cells at the front, some of which are pushed from this re-
gion around the rim, toward the back. As cells move to
the rear, they stop dividing, synthesize crystallins, and
di6'erentiate into lens fibers. Therefore, the types of crys-
tallins filling the earlier generations of the lens fibers are
diff'erent from those of the later generations. Thus it is
natural to infer that the scattered light could be collected
from the scattering region, including a number of indivi-
dual fiber cells with approximately homogeneous constit-
uent lens proteins, suggesting a superposition of exponen-
tially relaxing processes that leads to a distribution of the
decay rate, i.e., the relaxation times. If the relaxing
quantity is considered as arising from the additive contri-
butions of exponentials, the time-dependent correlation
function g(r) would be written in the form

g(r) = JG(I )exp( —I r)d I (3)

where G(l ) is the decay-rate distribution function with
the normalization condition fG( I )d I = 1. We have

tried to analyze tentatively our experimental data with
the help of a multiexponential expression of the measured
autocorrelation function for simplicity, as shown in Fig.
2, in which the effective distribution function G(I ) con-

structed from the measured correlation function g(r) is
represented by the height of a segmented 5 function
varied from the lower to the upper boundaries in the I
space. ' Our result shows that the distribution in the de-
cay rate is significantly widespread in the I space. To in-
vestigate the validity in I and kz following Eq. (2), we
calculated the average decay rate I = f I G(I )dI and

@2=f (I —I ) G(l )dI in terms of G(I ). The values

calculated for I and kz were I =1.66X10 s ' with
kz-—0.7 at 0=30, I =4.21X10 s ' with kz-—0.8 at
0=45', I =9.46X10 s ' with kz—-0.6 at 0=60', and
I =1.79X 10 s ' with kz—-0.6 at 0=90', in excellent
agreement with those obtained by Eq. (2). In the present
case the experimental data could be described by a quad-
ratic in r following Eq. (2), as evidenced by the fact that
the values of I and kz were virtually consistent with
those averaged in terms of the distribution function of
G(I ). This suggests that the mean decay rate I approxi-
mately obeys the k dependence, as shown by the dotted
line in Fig. 1. We estimated the value of
D =(2.6~+0. 10)X 10 cm /s for the mean diffusion
coefficient in the lens-protein mixture without the capsule
by the relation D=I /k . On the other hand, the most
probable decay rate I is also plotted against k, desig-
nated by the closed circle in Fig. 1. The ratio of I to I"
varied from about 1.7 to 1.4 over the entire experimental
range of angles. I was also able to fit the straight line
with the slope corresponding to the most probable
diffusion coefficient of D =I /k =3.7X10 cm /s,
as shown by the solid line in Fig. 1. In Fig. 3 we have
shown the profiles of the distribution in terms of G(D)
with the D space, in comparison with those analyzed for
the intact normal lens. The circles and squares represent
the results measured at 0=60' and 90 for the intact nor-
mal lens using a He-Ne laser as a light source. The hexa-
gons and triangles represent the results measured at
0=60 and 90, respectively, for the lens-protein mixture
without the crystalline capsule using the Ar-ion laser.
For comparison of the present results with those of a

4.0 0.2

I

Io3, 0

CD

E
~2.0
C-
D

1.0

I 0. 1

0
Q

o
0 E~

OO 81-'I ~~ + 0

o 9=30
a 45'

60
O 90

0
0 0.2

I

0.4 0.6 a.s
k2 (10' cm 2

)

1.0 0
10

I I I I I I III
103

I I I I I IIII
104

I I I I I III
1a'

FIG. 1. The plots of the mean decay rate (o ) and the most
probable decay rate (~ ) against k for the lens-protein mixture
without the crystalline capsule at 20'C.

FIG. 2. The effective distribution function G( I ) in I space
for the lens-protein mixture without the capsule at the scatter-
ing angles of 0=30' ( o ), 4S' ( ), 60' (A ), and 90 (Q ).
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FIG. 3. The e6'ective distribution function G(D) in D space
for the intact normal lens at the angles of 0=60 (0 ) and 90
(0) using the He-Ne laser and for the lens-protein mixture
without the capsule at the angles of 8=60' (Q) and 90' (6 ) us-
ing the argon-ion laser, respectively. The function G(D) is nor-
malized as J G(D)dD=1. The open and closed diamonds

denote the narrow distribution function for the polystyrene la-
tex as a reference substance.

reference substance we have shown the results for the
polystyrene latex analyzed in a similar way, represented
in the figure by open and closed diamonds. The ratios
D /D, i.e., I /I, appearing in Fig. 3 have almost the
same value of about 1.4, irrespective of the condition
measured here. In this estimation the mean diffusion
coefficient D evaluated for the intact lens was about 10%
larger than that for the lens-protein mixture without the
capsule. For the intact lens there may exist an ambiguity
in the observed angle of scattering due to a specific form
such as a convex lens in silicon oil. We roughly estimat-
ed this uncertainly in the wave number k to be about 3%
with a refractive index of n = 1.39 for silicon oil and radii
of curvature of 10 and 6 mm in each lens surface, which
yielded an error of about 6% in the D. The displacement
from the center of the lens along the incident beam in the
observed region was also estimated to be about 0.1 mm,
which was about 5% of the thickness of the lens and
which is ignored in the present analysis. Thus we are
able to estimate D = (3.34+0.54) X 10 cm /s with

k2 =0.6+0.2 for the intact normal lens, including a 6%
error in the D value, and D=(2.64+0.70)X10 cm /s
with k&=0.7+0.4 for the lens-protein mixture without
the crystalline capsule by averaging over the values in
each of the three samples of the chicken lenses. Both nu-
rnerical values in the diffusion coefficient for the normal
lens-protein mixture are in rough agreement within esti-
mate errors.

In the present analysis, the effect of possible nonergodi-
city, ' ' which could result from the restricted concen-
tration Auctuations within the Aber cells, is not con-
sidered. Regarding this point, the works of Pusey and
van Megen' are worth noting, and the very large value
of the obtained kz may be due partly to this nonergodic
behavior. In such a treatment, the correction to D for
this effect following Pusey and van Megen was evaluated

4.0

~3.0

V
I
C3—2.0

1.0

'~

'~

'~
'~

l

Ih

i).

I

)i)
IC

0
0

I

0.2 0.6
C (mo1/1)

I

0.8 1.0

FIG. 4. The mean difFusion coefBcient D as a function of the
concentration of NaCl in water for the cataracted lens induced
by the NaCl aqueous solution. The open and closed circles
represent the values at concentrations lower and higher than the
salt concentration of C =0.44 mol/liter, respectively.

to be about 20% and 4% for the results with the He-Ne
and the Ar-ion lasers, respectively. These magnitudes of
the correction were within the estimated errors of the
present analysis, and this nonergodic effect could be in-
cluded.

When the excised lens was immersed into the NaC1
aqueous solutions the appearance of turbidity in the lens
was observed. We call this opacification in the lens a
salt-induced cataract, which should be regarded as an
osmotic type of cataract. In fact, we observed a swollen
and cataracted opacity in the lens when the normal one
was immersed into the NaC1 solution. A noticeable
shrunken and fully developed cataract was also observed
at a higher concentration of about 0.7 mol/liter. The
mean diffusion coefficients evaluated from I following
Eq. (2) in such a cataracted lens are examined as a func-
tion of the concentration of NaC1 with water in Fig. 4, in
which the data points plotted are averaged over the
values measured for two or three cataracted lenses. The
mean diffusion coefficient in the cataracted lens decreases
monotonously from D =(3.10+0.09) X 10 cm /s at
C =0. 1 mol/liter to D =(6.9+0.7) X 10 s cm /s at
C =0.43 mol/liter and, then, increases from
D =(8.5+0.7) X 10 cm /s at C=0.45 mol/liter to
D=(2.3+0.2)X10 cm /s at C=0.6 mol/liter. These
behaviors are shown as open and closed circles in Fig. 4,
respectively. The value of D =7 X 10 cm /s at
C =0.43 mol/liter, which was also observed for the fully
developed cataracted lens at C =0.7 mol/liter, is approx-
imately five times smaller than that for the intact normal
lens. We have tried the plot of the D as a function of the
concentration diff'erence

~
C —C

~
with C*=0.44

mol/liter in double logarithms in Fig. 5, including the
value for the intact normal lens in silicon oil. The corre-
sponding values of k2 are plotted in the figure as trian-
gles. This figure shows that the diffusion coefficient D in
the salt-induced cataract may be approximately
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FIG. 5. The mean diff'usion coe%cient D and the normalized
second cumulant kz as a function of the salt-concentration
difFerence ~C —C*~ with C*=0.44 mol/liter. The circle and
the triangle represent the values for D and k& deduced from Eq.
(2), respective1y. The solid line denotes the simple power-law
behavior of D =DORIC C*~' —with Do =(4.7&+0.44) X 10
cm'/s and v* =0.40+0.05.

represented by a simple power law as a function of
~C —C*~. The solid line in Fig. 5 denotes the power-law
behavior of D =Do

~
C —C*~' with Do = (4.7 1+0.44)

X 10 cm /s and v =0.40+0.05, which is also
represented in Fig. 4 by the dotted curve. Such results
indicate that the concentration of NaCl in water should
be a relevant parameter to describe the diffusive decay in
our cataracted lens.

It is worthwhile comparing our results with the work
of Tanaka and Benedek. " They have found that the
mean diffusion coefficient in the human lens inAicted with
a cold cataract is about 5.5 times smaller than that in the
intact normal one, which is in close agreement with our
factor of 5. Their results may be interpreted as indicating
that the relaxation behavior along the radius of the lens
at the fixed temperature would correspond to that along
the isotherm by varying the composition in an ordinary
Quid mixture with a critical point of mixing. If we ob-
serve a fixed radial position of the lens, the composition
of the lens protein in water may depend on an influx of
water. Therefore, it could be considered that our situa-
tion is partially analogous to that of approaching a possi-
ble phase boundary of mixing along the isotherms in
terms of critical phenomena. '

Many investigators have suggested important roles of
the inorganic ions such as Na, K, and Ca in a stage of the
cataract in the lens, which could be deeply related to the
enzyme Na, K- and Ca-ATPase (adenosine triphospha-
tase) activities. Kinoshita and Merola have reported
that the increase in Na and the decrease in K in the ca-
taracted lens is not due to deterioration of the Na, K-
ATPase activity, but to the permeability of the lens. It
has been suggested that the membrane permeability of
human cataracted lenses depends on the internal Na con-
tent of the lens; that is, cataracted lenses with high Na
concentration have very low membrane potentials, con-
trary to relatively high membrane potentials in lenses
with 1ow Na contents. In such a cataract a large influx

of water may be caused by an increase in lenticular NaC1.
This allows us to infer that an influx of water is closely
related to the concentration of Na, contrary to the de-
crease in K. This should cause the changes of not only
the composition in the 1ens proteins with water but also
the ionic strengths in the cataracted lens. The existence
of a critical point of mixing has been established even for
such structural proteins (i.e., lysozyme) with electrical
charge in the NaC1 solution. Nicoli and Benedek have
suggested that the denaturation temperature in the
structural proteins is nearly independent of ionic strength
from the examination of the extent of physical swelling
and the conformationa1 changes as a function of tempera-
ture and ionic strength for the proteins such as lysozyme,
ribonuclease, and chymotrypsinogen. Though it is
questionable to apply this suggestion straightforwardly in
our case with the lack of information on the lenticular
pH, it is noted that the opacification indicating the
thermal denaturation of the lens proteins was not ob-
served for the intact normal lens immersed in silicon oil
at our experimental temperature of 20 C. It seems likely
that the change in the ionic strengths, which may affect
molecular interactions in the lens, mainly cause the shift
of phase-separation temperature.

The effect of salt species and concentration on phase
separation has been examined recently for macromolegu-
lar solutions and aqueous C8-lecithin solutions, which
create aggregates of surfactant molecules called mi-
celles. A dramatic change of the phase-separation tem-
perature as the salt concentration is increased has been
observed. An experimental investigation, which is partly
related to this effect, has been reported also for the
dependence of aspirin and vitamin E on the lens
opacification in terms of phase-separation temperature.
It is important to evaluate such effects on the lens pro-
teins in connection with the phase separation in the lens;
however, here we are concerned with a more general in-
vestigation of the cataract behavior.

On the other hand, Barber has observed the reversible
pressure-induced opacification in the lens, which was at-
tributed to the migrations of water between the lens mem-
branes. Another possible explanation for this effect was
presented suggesting that this opacification could be at-
tributed to the distortions of protein ordering with the
long wavelength by reason of the instant responsive-
ness. ' A quick response on the applied pressure has
been also observed in a critical mixture, which actually
has been applied to investigate the dynamics of phase sep-
aration. The pressure dependence of the phase-
separation temperature evaluated, for example, in a ma-
cromolecular solution is at most of a magnitude on the
order of a hundredth kelvin/atom near a critical point of
mixing, which could be relatively insensitive to our ca-
taracted lens. Thus the present work should be regarded
as an experimental investigation of dynamical behavior in
the cataracted lens along a certain path associated with a
possible phase boundary of mixing, involving the compo-
sition changes in the lens proteins with water.

In general, the asymptotic power-law behavior be-
comes valid in a fluid mixture near the critical point of
mixing. Some mixtures forming the aggregate structure



43 DYNAMIC LIGHT-SCATTERING MEASUREMENT FOR A SALT-. . . 1059

as shown, e.g., by micelles or microemulsion have a rela-
tively wide range, satisfying the power-law behavior asso-
ciated with the phase boundary of mixing. It is noted
that there exists an apparent parallelism between the
present result and the critical behaviors, as shown by a
micellar solution in the range far from a critical point of
mixing, except for the difference in corresponding vari-
ables used. If we assume that the diffusion coefficient in
a single ceil or an effective domain with crystallins and
water obeys Eq. (1), then it would be possible to evaluate
an effective size of the fluctuations in the cataracted lens
with a knowledge of the viscosity associated with the eye
lens. As far as we observed, the lens-protein mixture
without the crystalline capsule was a highly viscous fluid,
which allows us to infer a possible gel-like structure with
a "network" due to lens fibers. It would be desirable to
study the behavior of the viscosity in the lens-protein
mixture from the experiment, in consideration of a possi-
ble large dependence on shear gradients. ' Since the
lens-protein mixture must be fairly packed with fiber
membranes, the viscosity expected in the present work
could be higher than that for pure water. Therefore, the
effective size of the fluctuations associated with the ca-
taracted lens studied here is presumably much smaller
than 60 nm, evaluated tentatively with the viscosity of
pure water. This could be interpreted as indicating that
the effective size of the fluctuations is a certain average
over the effective domain with different relaxing process-
es, the maximum relaxation time of which diverges at a
possible critical point of mixing (if it exists on the lens in
a chicken). We feel that a new theoretical approach
would be necessary to describe the relaxation behavior in
such biological structural substances, in consideration of
a superposition of the exponential relaxing processes with
a critical slowing down. A similar approach has been
made in a glassy transition in terms of the breakdown of
ergodicity, ' which could be applicable to the relaxing

processes in a large ~. Detailed work would be desirable
to investigate diffusive properties in the lens-inflicted ca-
taract in terms of a nonergodic correlation function.

In this work we have examined the behavior of the
diffusive decay in a salt-induced cataract of a mature
chicken lens following the concept of Tanaka and co-
workers, in terms of phase separation associated with a
possible phase boundary of mixing. Our analysis suggests
that the decay rate has a distribution that is quite
widespread, even for a normal lens. The mean diffusion
coefficient for the cataracted lens estimated in this work
is approximately represented by the power law as a func-
tion of the concentration difference in the NaC1 aqueous
solution.

Our experimental findings suggest that a salt concen-
tration should be a relevant parameter for describing the
dynamical behavior in a cataract induced by a NaC1 solu-
tion. Our value in the diffusion coefficient estimated
within the cumulant expansion for the cataracted lens is
approximately five times smaller than that for the normal
one, which is almost compatible with the work of Tanaka
and Benedek. It may be concluded that the diffusive be-
havior in the salt-induced cataract, which should be re-
garded as an osmotic type of cataract, could be principal-
ly interpreted within the same scheme of phase separa-
tion, in conjunction with the cold cataract.
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