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Purrosk. This study investigated the retinal nerve fiber layer (RNFL) reflectance speckle and
tested the hypothesis that temporal change of RNFL speckle reveals axonal dynamic activity.

MerHODS. RNFL reflectance speckle of isolated rat retinas was studied with monochromatic
illumination. A series of reflectance images was collected every 5 seconds for approximately
15 minutes. Correlation coefficients (CC) of selected areas between a reference and
subsequent images were calculated and plotted as a function of the time intervals between
images. An exponential function fit to the time course was used to evaluate temporal change
of speckle pattern. To relate temporal change of speckle to axonal activity, in vitro living
retina perfused at a normal (34°C) and a lower (24°C) temperature, paraformaldehyde-fixed
retina, and retina treated with microtubule depolymerization were used.

Resurts. RNFL reflectance was not uniform; rather nerve fiber bundles had a speckled texture
that changed with time. In normally perfused retina, the time constant of the CC change was
0.56 * 0.26 minutes. In retinas treated with lower temperature and microtubule
depolymerization, the time constants increased by two to four times, indicating that the
speckle pattern changed more slowly. The speckled texture in fixed retina was stationary.

Concrusions. Fixation stops axonal activity; treatments with either lower temperature or
microtubule depolymerization are known to decrease axonal transport. The results obtained
in this study suggest that temporal change of RNFL speckle reveals structural change due to
axonal activity. Assessment of RNFL reflectance speckle may offer a new means of evaluating

axonal function.
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laucoma and other optic nerve diseases cause visual loss by
damaging the retinal nerve fiber layer (RNFL), which
consists of axons of retinal ganglion cells. Because recognizable
loss of the RNFL may precede measurable loss of vision, various
optical methods, such as optical coherence tomography (OCT),
scanning laser polarimetry (SLP), and confocal scanning laser
ophthalmoscopy (cSLO), have been developed to aid the
diagnosis and management of the disease.!”®> Often these
methods assess the RNFL structure by measuring its optical
properties. For example, SLP measures the retardance of the
RNFL; decrease of RNFL retardance suggests loss of microtu-
bules.*7 The high reflectance of normal RNFL allows OCT and
cSLO to measure RNFL thickness. Recent reports also suggest
that RNFL reflectance decreases in glaucomatous retinas,
perhaps from damage to the axonal cytoskeleton.®-'! Until
now, measurements of the optical properties have been
implemented with static imaging of the RNFL. In this report,
we introduce a new concept for optical assessment of the
RNFL, that is, assessment of axonal dynamic activity by
observing the temporal change of RNFL reflectance speckle.
Speckle arises from interference of coherent light scattering
from different parts of an object.'>'4 Speckle contrast is
appreciable when the difference of the optical paths of
scattered light is less than the coherence length of the incident
beam. Speckle produced from biological materials is called bio-
speckle. In biological tissue imaging, speckle is often consid-
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ered as a source of noise due to its apparent degradation of
image quality.!> On the other hand, movement of scattering
particles within tissues causes fluctuations in interference and
thus changes the interference pattern, producing temporal and
spatial variations in the speckle pattern.'?-'% The temporal
change of bio-speckle can provide information about the
physiological activity of living tissues; for instance, flowmetry
based on temporal change of speckle has been developed to
measure blood flow.!215-18

In an earlier study with coherent illumination and high
resolution imaging, RNFL reflectance speckle was observed and
the speckle pattern was noted to change with time.'® In that
study, however, the speckle phenomena were considered as a
source contributing to measurement variability of existing
optical methods. In fact, axons are dynamic structures; they bi-
directionally transport molecules, vesicles, and organelles to
achieve communication between the ganglion cell bodies and
their terminal targets.?%-23 To the extent that the movement of
these cellular components affects the reflecting structures, this
dynamic activity should induce change in the RNFL reflectance
speckle. It is plausible, therefore, that the previously observed
temporal change in RNFL reflectance speckle reveals dynamic
activity in axons. In this study, we explored the temporal
change of RNFL reflectance speckle and tested the hypothesis
that temporal change of RNFL reflectance speckle is associated
with axonal dynamic activity.

2616



Investigative Ophthalmology & Visual Science

RNFL Speckle and Axonal Activity

MATERIALS AND METHODS

Experimental Preparation

Rat retinas were used in this study due to the anatomic
similarities of their axons with human retinas; especially, as in
humans, the axons in the rat RNFL are unmyelinated and hence
similarities of their optical properties are expected. Isolated
retinas were used to eliminate complications of other ocular
tissues, such as the cornea and lens, in studying the optical
properties of RNFL. Tissue preparation followed previously
developed procedures.!® Briefly, the eye of an anesthetized rat
was removed and the animal was euthanized. An eye cup of 5
mm diameter that included the optic nerve was excised with a
razor blade and placed in a dish of a warm (33-35°C)
oxygenated physiologic solution. Excess vitreous was drained.
The retina was dissected free of the RPE and choroid and then
draped across a slit in a black membrane with the photore-
ceptor side against the membrane. A second, thinner
membrane with a slit matched to the black membrane was
put on the RNFL surface to gently stretch the retina and
eliminate wrinkles. The mounted retina was placed in a
chamber perfused with a warm physiologic solution to
maintain the tissue alive. Reflectance images were then
collected to study speckle phenomena of RNFL reflectance.
Detailed ingredients of the physiologic solution can be found in
an earlier publication.!®

In addition to normally prepared retinas, retinas under
other physiologic conditions were also used in the experi-
ments, including fixed retinas, retinas perfused at lower
temperatures, and retinas treated with colchicine, a microtu-
bule (MT) depolymerizing agent. The rationale for using these
retinas is presented in the Results and Discussion sections. For
fixed retina, a mounted retina was fixed with 3% paraformal-
dehyde for 30 minutes at 34°C and thoroughly rinsed with
warm physiologic solution. The mounted retina was then
placed in the chamber and studied with procedures identical
to that for a normally prepared retina. To examine a retina at
lower temperature, the temperature of the perfusion solution
in the chamber was set to 24°C. For a retina treated with
colchicine, an experiment consisted of a baseline period
during which the chamber was perfused with a 34°C solution
containing no colchicine, followed by a treatment period
during which the solution was switched to a similar solution
containing 10 mM colchicine.?* The baseline and treatment
periods lasted approximately 30 minutes and 60 minutes,
respectively. A total of five normal retinas, six fixed retinas,
three retinas treated with low temperature, and four retinas
treated with colchicine were included in this study. The
protocol for the use of animals was approved by the Animal
Care and Use Committee of the University of Miami and
procedures adhered to the Association for Research in Vision
and Ophthalmology (ARVO) Statement for the Use of Animals
in Ophthalmic and Vision Research.

Imaging Microreflectometry and Formation of
RNFL Reflectance Speckle

The imaging microreflectometer (IMR) has been described
previously.'*?> Briefly, the retina mounted in a chamber was
illuminated by a monochromatic light source that used a
tungsten-halogen lamp and interference filters. Filters were
available for wavelengths ranging from 400 nm to 830 nm,
with 10 nm bandwith at half-height. The retina was imaged by
a camera consisting of an objective lens (fnumber = 3.6) and a
cooled charge-coupled device (CCD, U474+ Digital Imaging
System; Apogee Instruments, Inc., Logan, UT). The optical axes
of the camera and light source coincided with radii of a

IOVS | April 2013 | Vol. 54 | No. 4 | 2617

spherical coordinate system centered on the retina. The
camera could be moved in azimuth with the elevation fixed
at 13° below the equator, and the light source could be
adjusted both in azimuth and elevation.

The CCD chip had 1024 X 1024 pixels with each pixel size
of 13 X 13 pm. The camera provided a magnification of X6 in
air and had a full field of view of 2.3 X 2.3 mm with a digital
resolution of 2.2 um/pixel. Speckle size at the sensor, which
solely depends on an imaging system, was calculated as'#

§=244)(1+M)F (1)

where / is the illumination wavelength, M is the camera’s
magnification in air, and F is the fnumber of the objective lens.
For / at 660 nm, the IMR provided a speckle size of 41 pm at
the sensor and 7 pum at the image plane in air. Thus, one
speckle was approximately 3 pixels wide in an image.

Although the incandescent light source of our IMR was not
inherently coherent, the addition of a monochromatic filter
introduced coherence, mainly temporal coherence with
negligible spatial coherence.?® At any given point, there was
a coherence volume from within which scattered rays could
interfere. The volume of coherence was approximated as a
cylinder with the height determined by the coherence length
(L) of the light source calculated as

L_zm(z)ﬁ
am A

(2)

where n = 1.35 for the refractive index of the retina and 4/ =
10 nm, the bandwidth of the filters used in the IMR. The
diameter of the coherence disc was calculated as

d ~0.16)/a, (3)

with the divergence angle of the illumination beam o = 2.86°
in the IMR.?7

Measurement of RNFL Reflectance

To study RNFL reflectance speckle, reflectance images of
isolated retinas were collected. In experiments, nerve fiber
bundles were oriented approximately vertically, and the
camera and light source were adjusted to positions that gave
maximum (on-peak) reflectance of the nerve fiber bundles,
with a dark and uniform background.?® A series of reflectance
images at 660 nm were collected every 5 seconds for
approximately 15 minutes. Exposure duration was 2 seconds,
which ensured no saturation occurred in any images. Black
images taken with the same exposure duration, but with the
light source off, were subtracted from each image, to
compensate for the dark current and bias level of the CCD.
The resulting pixel values were then directly proportional to
the reflected intensity.

Analysis of RNFL Reflectance Speckle

Speckles are a random pattern of interference fringes; in RNFL
reflectance images, speckles appear as clusters of bright and
dark pixels with sizes given by Equation 1. To analyze dynamic
change of RNFL speckle, rectangular areas of approximately
two speckles in size were defined on nerve fiber bundles. The
defined area was then treated as a subimage and a series of
such subimages were derived from the original full images. To
compensate for possible tissue shift during the measurement,
the entire set of images was registered by horizontal and
vertical translation.

A correlation function was used to analyze the dynamic
change of speckle patterns on bundles.!? In this method, any
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subimage in an image series was chosen as a reference image.
CCs between the reference subimage and each consecutive
subimage in the image series were calculated as

Z Z(Amn - Z)(Imn - 7)

CcCr = (4)
[z Sl —Af] S rﬂ

where A4,,, was the intensity of the mth row and nth column
element in the reference subimage with a typical value of
seven to nine for m and n, A was the mean intensity of the 4,,,,,
and [ represented the Ith subimage in the image series.?® A
high CC indicates high similarity between two images. CC
equals one for identical images. CC; was calculated for each
subimage and plotted against time. The CC time course was
then fitted with an exponential function, and the time constant
(7) of the function was used as a measure of the rate of change
of speckle.

The same analysis was also applied to a nearby gap, a retinal
area between bundles.

RESULTS

Speckle Phenomena in RNFL Reflectance

In reflectance images, retinal nerve fiber bundles appeared as
bright stripes against a darker background. Figure 1A is a
reflectance image of a normally prepared retina at 660 nm.
Reflectance within bundles was not uniform; rather, bright
pixels clustered to form a speckled texture as shown in a
magnified view of the bundles (Fig. 1B). Speckles were
randomly distributed within the bundles with a speckle size
of approximately 3 pixels wide.

One characteristic of reflectance speckle is its dependence
on wavelength.!%151° Figures 1C-F show the same bundles in
Figure 1B imaged at different wavelengths. At a short
wavelength (440 nm), bundles appeared smooth; speckles
were hardly perceivable. With increase of wavelength, the
speckled texture became more apparent with increasing
contrast; Figure 1F shows that at 830 nm, bright pixels
clustered to form high-contrast speckles. Note that all images
in Figure 1 had the same exposure duration of 2 seconds.

Temporal Change of RNFL Reflectance Speckle

In normally prepared retina, the speckle pattern was not
stationary. Within a short period, speckled texture was similar
and then slowly changed its pattern over time. Figures 2A-D
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show reflectance images taken at different time intervals. To
appreciate the changes of speckled texture, Figures 2E-G
demonstrate difference in images between Figures 2B-D and
Figure 2A, respectively. In the difference image with a 5-second
interval (Fig. 2E), bundle boundaries were hardly discernible,
suggesting that the two images were similar. However, with the
increase of imaging interval, bundles became more apparent
(Figs. 2E 2G) due to the change of the speckle pattern within
the bundles. In contrast, the difference in gap areas looked
smoother than that of the bundles and was similar in Figures
2E-G, which indicates that the reflectance of gap areas varied
little between images.

In time-lapse movies of RNFL reflectance images, the
speckled texture of normally prepared retinas was seen to
change with time, with individual speckles fading in and out, as
demonstrated by Supplementary Movie S1. The speckles did
not appear to move along bundles. There were some spots
(three circled) that maintained fairly constant brightness.
These were located on a blood vessel running parallel to the
nerve fiber bundles. In contrast to normally prepared retinas,
the speckled texture of the RNFL in retinas fixed with
paraformaldehyde did not show apparent change with the
lapse of time (Supplementary Movie S2). To quantitatively
assess the similarity of a speckled pattern over time, a
correlation analysis was applied to an image series. Figure 3A
shows the time course of the CC of a series of subimages that
sampled approximately two speckles on a bundle in the
normally prepared retina shown in Supplementary Movie S1
(black box in Fig. 3C). The CC was high at the beginning of the
image series, but decreased gradually with time and after
approximately 2 minutes reached a plateau. In contrast, the CC
time course of a nearby gap area (Fig. 3B) shows that CC
decreased immediately to a plateau. Fitting an exponential
function gave 1 =0.38 and t = 0.08 minutes for the bundle and
gap areas, respectively. Twelve bundles from five normally
prepared retinas show similar results with t = 0.56 £ 0.26
minutes (mean * SD) and ranging from 0.28 to 1.17 minutes.
For the 12 corresponding gap areas t = 0.09 = 0.11 minutes,
which was significantly lower than that of the bundle areas (P
< 0.00D).

The gradual decrease of CC of bundle speckles suggests that
temporal change of speckle texture was associated with
gradual changes in the position of reflecting structures within
axons, or axonal dynamic activity. To test this hypothesis,
image series were taken on four retinas in which structural
positions were fixed with paraformaldehyde. The reflectance
images of fixed nerve fiber bundles exhibited a speckled
texture similar to unfixed retina (Fig. 3F); however, the speckle
patterns did not vary with time as shown in a time-lapse movie
(Supplementary Movie S2). Quantitatively, Figure 3D shows
high values of CC over the entire time period. In contrast, the

FiGure 1.

Speckle of RNFL reflectance and its wavelength-dependence. (A) Reflectance image taken at 660 nm showing bright bundles against a

darker background; bundles are granular looking. (B-F) Magnified view of the bundles outlined in (A). Arrows in (B) show individual speckles at
660 nm. At 440 nm (C) bundles appear smooth; however, with increase of wavelength (D-F), the speckled texture becomes more apparent. The
gray scales of (B) to (F) are the same. Scale bars: 50 pm (A) and 20 pm (B-F).
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Ficure 2. Temporal change of speckled texture. (A-D) Reflectance images taken at 660 nm with different imaging intervals. (E-G) Difference in
images between (B) to (D) and (A). Bundle boundaries become more apparent with increase of imaging interval. Scale bar: 20 pm. The gray scales

of (A) to (D) and (E) to (G) are the same.

CC time course of nearby gaps (Fig. 3E) was similar to that of
unfixed tissue (Fig. 3B).

To rule out that the change observed in our experiments
was due to circulation of the physiological solution, image
series of normally prepared retinas were taken with the
circulation of the physiological solution halted. The gradual
change of speckle pattern persisted. To further confirm that
the detected change of speckle did not arise from tissue
movement, two fixed retinas were purposely moved by 10 to
250 pm laterally or 5 pm to 100 um in depth with the light
source and camera positions unchanged. After image regis-
tration to compensate for the tissue movement, the CC of
subimages on nerve fiber bundles randomly varied from 0.88
to 0.95 and was not correlated with the amount of tissue
shift.

RNFL Speckle in Retinas Treated With Low
Temperature and MT Depolymerization

Two schemes were designed to further test the hypothesis that
the temporal change of RNFL reflectance speckle was
associated with axonal dynamic activity. In the first, we
lowered the temperature of the physiologic solution from
34°C to 24°C, with the expectation that lower temperature
would slow axonal transport.3® In two retinas, an image series
was obtained at 34°C followed by another at 24°C. The results
from one of these retinas are shown in Figure 4. At 34°C, the
change in speckle was similar to other retinas, with 7 = 0.38
min. At 24°C, however, the change in speckle slowed by a
factor of nearly three to 7=1.11 minutes. In the second retina t
=0.27 minutes at 34°C and 0.72 minutes at 24°C. A third retina
was measured at 24°C only; three bundles gave values of 1 =
0.90, 1.03, and 1.13 minutes. A one-way analysis of variance



Investigative Ophthalmology & Visual Science

RNFL Speckle and Axonal Activity

s ' "
[&]
% 0.8} 0.8}
O 0.6} |
S 0.6
c
S 0.4} 0.4}
% 0.2} 0.2}
= A
8 0 T | | | | gk

0 2 4 6 8

Time (min)

I T T— T
g 0.8} 0.8}
[e)]
O 0.6} =-0.05t+0.94 0.6}
(@]
‘5 0.4} 0.4}
% 0.2} 0.2}
g O _I 1 1 | D | 0 -

0 2 4 6 8

Time (min)

IOVS | April 2013 | Vol. 54 | No. 4 | 2620

Time (min)

y =0.40e 1/0-094 .59

Time (min)

Ficure 3. CC time courses of normally prepared (A-C) and fixed retinas (D-F). (A) CC of a bundle area sampling two speckles in a normally
prepared retina, showing exponential decrease of CC with time. (D) CC of a bundle area in a fixed retina, showing highly correlated speckled
pattern over time. (B, E) CC of the gap areas in (C) and (F), respectively, decrease sharply at the beginning of the image series and then vary around
a constant. Exponential function fit for (A, B) and (E); linear function fit for (D). (C, F) The appearance of the speckled texture in the normally
prepared (C) and fixed (F) retinas was similar. Black arrow: blood vessel. Black and white boxes: bundle and gap areas for the plots in (A, D) and

(B, E), respectively. Scale bar: 20 pm.

showed that in the five bundles of the three retinas measured
at 24°C, t was significantly higher than that measured at 34°C
(P =0.003).

We also used colchicine to depolymerize MTs. Because MTs
are an active cytostructure participating in axonal transport
and also a major contributor to RNFL reflectance,?!-2%:3! we
postulated that depolymerization of MTs would hamper axonal
transport and thereby reduce temporal change of RNFL
reflectance speckle. Figure 5A demonstrates a CC time course
before colchicine treatment with T = 0.24 minute. After 15
minutes of treatment, the decrease of CC became slower with ©
= 0.87 minute (Fig. 5B), whereas with 50 minutes of treatment
the decay became much slower (t = 2.85 minutes; Fig. 5C).

24°C

0.8}
0.6

0.2}

0 2 4 6 8 10
Time (min)

Correlation Coefficient

Ficure 4. Effect of physiologic solution temperature on temporal
change of RNFL speckle. Circles: a typical CC time course of a retina
perfused at 34°C; triangles: a CC time course of the same retina
perfused at 24°C. Low perfusion temperature results in a larger time
constant.

However, at this time point, speckles were still apparent in the
reflectance image (Fig. 5D). The CC time course of nearby gaps
was similar over the entire treatment period (not shown). Six
bundles in four treated retinas showed that 7 increased from
0.55 * 0.25 minute at the baseline period to 1.34 * 0.80
minutes and 2.39 * 0.63 minutes after colchicine treatment of
approximately 15 to 20 minutes and 40 to 50 minutes,
respectively. A paired #-test for means showed that 7 increased
significantly with the colchicine treatment (P = 0.04 with 15-
20 minutes of treatment and P = 0.001 after 45 minutes of
treatment).

DISCUSSION

High resolution reflectance images of nerve fiber bundles in
the RNFL exhibit a speckled texture at long wavelengths that
becomes less apparent at short wavelengths (Fig. 1). This
appearance may be understood by considering the size of a
coherence volume relative to the RNFL thickness. Figure 6
shows schematic drawings of the approximately cylindrical
coherence volumes produced by the IMR and calculated with
Equations 2 and 3. With quasi-monochromatic illumination
from an incandescent source, reflectance speckle arises mostly
from temporal interference, that is, interference between
scattered components of a wave and itself delayed in depth. At
660 nm, the coherence length is comparable to the thickness
of a typical nerve fiber bundle (~15 pm) and rays scattered
from throughout a bundle contribute to the speckled texture.
At 440 nm, however, the coherence length is only a fraction of
the bundle thickness and the resulting speckles from different
depths are superimposed on the average reflectance. Short-
wavelength speckles, therefore, have lower contrast, as seen in
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Effect of MT depolymerization on temporal change of RNFL reflectance speckle. (A) Ten minutes before colchicine treatment; (B, C) 15

and 50 minutes, respectively, after colchicine treatment. Colchicine treatment causes slow decay of CC. (D) Reflectance image corresponding to the
time point in (C); the speckled texture was still present. White boxes: bundle and gap areas. Scale bar: 30 pm.

Figure 1C. In this view of the origin of RNFL reflectance
speckle, the speckle pattern is a property of the RNFL,
associated with its internal structure. To demonstrate this
concept and to rule out a possible contribution of tissue
movement to the change of speckled texture, we used fixed
retinas and purposely shifted the retina laterally and in depth.
These movements caused little change in the speckled texture
of the RNFL, confirming that the speckles were a property of
the tissue itself and not of its position in the optical system.

The speckled texture of RNFL reflectance images was
studied at 660 nm. A time-lapse image series showed that the
speckle pattern changed over a period of a few minutes. The
speckles appeared and faded but did not move along bundles.
We quantified the change in a series of subimages with CCs
between the initial and subsequent speckle patterns, which
provided a measure of their similarity. For normally prepared
retinas in conditions designed to maintain physiological
activity, the CC was high at the beginning of an image series,
indicating similarity between the speckle patterns. With the
lapse of time, the CC decreased gradually until after a few
minutes it varied around a plateau determined by features
common to all subimages. The time constant of an exponential
fit to the decrease was used to quantify the rate of change of
CCs. Fixation of tissue structure with paraformaldehyde did
not affect the qualitative appearance of the RNFL speckle, but
eliminated the temporal change, suggesting that speckle
dynamics resulted from temporal change of reflecting struc-
tures.

Compared with the gradual decrease of CCs in bundle areas,
the CC of gap areas decreased abruptly to a plateau. The
average T = 0.09 minute was approximately the interval used
for collecting an image series. The result suggests that the
reflectance of gap areas was not correlated between two
consecutive images and reflectance at each pixel changed
randomly. The time courses of CCs in gaps were similar for
unfixed and fixed retinas, suggesting that the random change
of gap reflectance was due to the noise of the optical
measurements.

Consideration of structural change within axons immedi-
ately suggests a role for axonal transport. Axonal transport is
achieved by the binding of molecules, vesicles, and organelles
(so-called cargo) to molecular motors that generate movement
along the axons.?? A direct role for axonal transport as the
source of the temporal change in speckle is problematic,
however, because the structures that scatter light in the RNFL
are known to be cylinders oriented along the axon bundles,?®
with approximately half the reflectance coming from MTs.2526
We hypothesize that movement in depth of scattering
structures occurs as a secondary consequence of axonal
transport. Figure 7 depicts a possible biophysical model for
this concept. The model in Figure 7 shows the component of
transport that uses MTs as tracks. In this model, the movement
of the motor-cargo complexes along MTs changes the spacing
between MTs and hence the relative phase of the reflected
light. Within a coherence volume as depicted in Figure 6, these
phase changes sum coherently to produce a spatial change in
the speckle pattern without movement along bundles.
Although Figure 7 explicitly shows MTs, other cylindrical
scattering structures could be similarly displaced by axonal
transport and contribute to speckle dynamics. Further, other
displacement mechanisms could be involved, and a more
general hypothesis would link speckle change to unspecified
axonal dynamic activity.

To test the hypothesis that temporal change of RNFL
reflectance speckle is associated with axonal dynamic activity,
we performed three experiments expected to alter this activity.
The first, mentioned above, was tissue fixation, which resulted
in the speckle pattern becoming highly correlated over time
(Fig. 3D). The second experiment used normally prepared
retinas perfused with a physiologic solution at a lower
temperature. Because low temperature slows axonal trans-
port®® and other physiological processes, the slower decay of
the CC measured at 24°C (Fig. 4) demonstrates a link between
change of speckle and axonal dynamic activity. The third
experiment attempted to relate temporal change of RNFL
speckle to axonal transport by depolymerizing MTs with

y—— RNFL——

440 nm

FIGURE 6.

660 nm

Schematic of coherence volumes in the RNFL. Rays scattered at points within a coherence volume (gray cylinder) can produce

interference effects. The size of a coherence volume increases with increasing wavelength. At 440 nm, Z =6 pm and d = 1.4 pm; at 660 nm, L =14

pm and d = 2.1 pm.
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Speckle

Motor-Cargo Complex

Ficure 7. Biophysical model of RNFL reflectance speckle. Axonal
MTs, an important contributor to RNFL reflectance, act as tracks to
guide motor-cargo complexes along axons. In this model, longitudinal
movement of the complexes changes the spacing between MTs and
thus the location in depth of the scattering structures. The change in
relative phases within each coherence volume results in a change of
speckle texture.

colchicine. MTs are a key cytostructure for transferring proteins
and cellular components along the axons,?!-23 and MT
depolymerization was expected to disrupt axonal transport.3?
The CC time courses (Fig. 5) obtained with different durations
of MT depolymerization confirmed this expectation; the decay
of CC became slower with the colchicine treatment and the
time constant increased with the duration of treatment.

Change of axonal transport is often an early sign in many
optic neuropathic diseases, such as glaucoma.33-%° Optical
assessment of RNFL is currently limited to evaluating RNFL
structure. This study demonstrated that change of RNFL
reflectance speckle reveals axonal dynamic activity, perhaps
axonal transport. This new concept may allow a novel
approach for assessing the RNFL, namely, detecting physiolog-
ical activity of axons, which may precede loss of axonal
structure.

This study used an in vitro preparation of retina to eliminate
the confounding effects of other ocular tissues on measure-
ments. Recently reported RNFL images obtained with adaptive
optics scanning laser ophthalmoscopy (AOSLO) reveal a similar
speckled texture of RNFL reflectance in human eyes (Scoles
DH, et al. JOVS 2012;53:ARVO E-Abstract 6954).%! If it can be
demonstrated that the apparent AOSLO speckle also arises
from interference, it may be possible to adapt AOSLO
technology for noninvasive assessment of axonal dynamic
activity in clinical practice.
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