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The long range goal of our research program has always been
to understand the underlying mechanisms which make light both the
adequate and the damaging stimulus for the retina. The phenomenon
of retinal light damage has been known for about fifteen years
(Noell et al., 1966) and its occurrence has been documented in a
variety of animal species including monkeys (Adams et al., 1972;
Ts'o, 1973); pigeons (Marshall et al., 1972); rabbits (Lawwill,
1973) and rats (Noell, 1966; Kuwabara and Gorn, 1968). Although
this has been by no means a neglected area of investigation, the
phenomenologic studies thus far reported have only served to show
that a myriad of variables effect the production of light damage.
These variables include such things as age, prior light history,
body temperature, vitamin A status, intensity, wavelength and
duration of light. When we embarked on our investigations of
light damage it appeared obvious that if one wished to quantify
this phenomenon, careful parametric studies must be undertaken.
To date we have studied the intensity-duration function and the
age function in detail. We have, in addition, started studies
of the wavelength variable. The results of these investigations

will be reported under the appropriate sub-headings below.

A. Parametric Studies
1. Intensity-duration function.
Historically, 3t 'has been well accepted that intensity and
duration are to some extent interchangeable in producing light
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damage. This has been referred to as the Bunsen-Roscoe law. This
law states that light intensity and duration are reciprocally re-
lated in producing light-mediated reactions. If one considers the
photochemical meaning of tﬁe Bunsen-Roscoe law, i.e. that the
intensity parameter can never be limited by a decrease in the ab-
sorbing product, it is obvious that one should not expect the re-
ciprocal relationship to hold for light damage. In that case the
absorber, namely rhodopsin, is being reduced in concentration;
i.e., bleached. For this reason we have looked not simply at
intensity-duration but at the relationship of the product of
intensity-rhoddpsin bleaching-and duration. These studies have
been done in both albino (Sprague-Dawley) and pigﬁented (Long-
Evans) rats, Measurements of the time required to produce a
criterion photoreéeptor loss (aésayed histologically) as a function
of the steady-state rhodopsin levels (assayed by rhodopsin extrac-
tion) have shown that a linear relationship holds for intensities
between 20-160 lux. Another way of stating this is that the
higher the steady-state rhodopsin bleach induced by a given
intensity, the shorter the time needed to produce a criterion
cell loss. This relationship is shown in Figure 1. It was also
found that low intensities; e.g. 5 lux, caused no measurable
bleaching and no measurable damége'evén at 16 days exposure. Ten
lux intensity was found to bleach about 10% of the rhodopsin and
criterion cell loss was attained in 12 days. The 10 lux exposure
did not fit the linear relationship found in the range: 20 to
160 1lux. |

Several interesting and possibly far-reaching additional

findings have come out of this parametric study of intensity and’




duration. Since these investigations were done using both albiﬁo
and pigmented rats, we are in the position of being able to comment
on the role of eye pigmentation in protection against light damage.
It was found that in pigmented rats, the same range of light in-
tensities used for exposure of albino rats produced no measurable
steady state bleaching and no detectable 1light damage. This was
also true for light intensities an order of magnitude higher, a
finding supported in a recent report by LaVail (LaVail, 1980).

It was reasoned that the opaque iris of the pigmented rats was
lowerihg the effective intensity by as much as 2 log units. This
was shown to be the case when atropine éulfate was utilized to
dilate the pupil. Pigmented rats with-dilated pupils were found
to be as susceptible to damage as albino animals whose pupils

were not dilated with atropine. (The albino iris is not pigmented,
does not effectively occlude the pupil and, hence, does not need

to be dilated before it freely admits light.)

Another unexpected finding of these studies has been
noh-homogeneous susceptibility of the rat retina to light damage.
In both albino and pigmented rats .the superior hemisphere of the
retina 1s more sensitive to damage. More than this: a smallef
region between 500 and 2000 microns superior to the optic nerve
head, is exquisitely sensitive to damage. This distribution is
shown in Figure 2 which plots outer nuclear layer (photoreceptor
nuclei) thickness vs position on the retina for both albino and
pigmented -rats exposed to 40 lux illumination for four days.

This non-uniform distribution~of'damage is not an artifact.
For example, even when gradients of intensity were purposely
created so that the intensity of light falling on the inferior

retina was 100 times greater than that on the superior, the



damage was still more severe in the superior area. In'additioni
anaesthetized rats whose eyelids were sutured open were rotated
under a light-beam so as to uniformly irradiate all parts of the
retina. The same distribution obtained. The reason for the higher
susceptibility to light damage of the superior retina and, especially,
the small area of superior retina has not been explained. Several
possibilities exist but none has been really tested. The first
possibility involves the optical properties of the rat eye. Even
though our light cubicles are esSeﬁtially“a-ﬁganzfeld”,illuminator,
light striking the cornea enters the eye through the pupil and is
focused by the lens. The placement of eyes 1n the head, the degree
of binocular overlap, and the refractive properties of the eye all
combine to produce what is commonly called the fixation axis or
area retinae (Mueller, 1861). In man as well as in many vertebrates
with frontal eyes this axis 1is centrally located, but in animals
with non-frontal eyes such areas are-not central but situated in
the temporal retina so as to form the visual pole of the forward
fixation axis. The specialization of the area retinae arises from
a locally increased ganglion cell density, increased retinal
thickness or photoréceptor density, ahd the absence of overlying
major blood vessels. When one looks at the ganglion cell density
profile of the rat retina (Hughes, 1977) it appears that there is

a close correspondence of a defined '"area retinée” and the area of
maximal light damage sensitivity. The area of greatest ganglioh
cell density occurs in superior retina and is primarily temporal.
Thus the high light-damage sensitivity of this region may simply

result from the fact that it is an area of higher receptor density.



Another feature of the highly '"light damaged' sensitive area
of the rat retina which was noted during this investigation involves
the distribution of melanosomes across the retinal pigment epithelium
(Howell, Rapp and Williams, 1981). The distribution is shown to be
non-uniform: more melanosomes exist in the periphery than elsewhere
and, importantly, there are almost no melanosomeé in a restricted
area of the midperiphery of the superior hemisphere; i.e., the
retinal region showing high light-damage sensitivity. Because the
sensitive region is the same in both pigmented and albinos, the
paucity of melanin in this region is not the cause of its greater
sensitivity to light-damage. Dark-rearing experiments also show
that light is not required for the non-uniform distribution of
melanin. The suggestion is made that the area represents a vestigial
tapetum, a structure associated with amelanotic retinal pigment
cpithelium. This suggestion could again support the 'area retinae"
view of the cause of damage distribution but it could, in addition,
suggest that as in true tapetal areas there exists an avascularity
of the choroid which might lead to a reduced metabolic uptake in
this area of the retina. This view gains some support from the
findings of Noell et al. that systemically administered iodoacetaté
caused the greatest loss of receptor cells in the inferior retina.
Carter-Dawson (1979) has also shown that inferior retina is also
more susceptible to Vitamin A deficiency. Both of these findings
support more extensive choroidal circulation in the inferior retina.

While this distribution 6f damage 1is extremely interesting and
could conceivably provide insight into the underlying mechanism(s)

of light damage, the studies suggested by, this finding are currently



beyond the scope of our existing program. The experiments required
to test the proposed suggestions would require elaborate fundus
cameras, metabolic chambers, etc. not now available to us. We are,

therefore, not pursuing this aspect at the present time.

2. Age function.

In 1972, Ballowitz and Dammrich reported that the retinas -
of newborn rats were less damaéed than those of adult animals after
exposure to rather High intensity continuous illumination. The in-
creasing susceptibility to light damage was confirmed by O'Steen
et al. (1974) and Kuwabara and Funchashi (1976). We are currently
completing a study of 1ight damage (80 lux for 2 days) as a function
of age in the albino rat. We have looked at 80 lux light-damage
in animals from 4 to 16 weeks of age and, in general, find that
younger animals, up to about 8 weeks of age are not as susceptible
to damage. However, at no age investigated are animals resistant
to the damage of continuous 80 lux illumination. The design of
our age experiments has been somewhat different than our earlier
parametric investigation of the intensity-duration function. In
the current study we have evaluated cell loss (ONL thickness) at
four different times after the light period; immediately after,

4, 6 and 8 days in the dark. The outer nuclear layer in the rat

is made up of cell bodies of the photoreceptors. As photoreceptors
die the ONL becomes reduced in thickness (O'Steen et al., 1972).

In addition, we have analyzed ONL thickness by integration across
the entire retina in the region of the optic nerve head (i.e.

central retina). This analysis has revealed that damage assessed

as cell loss in the ONL continues in the dark for at least six -



days following the damaging exposure. Although this study is nof
complete, preliminary evidence Suggests that the "sensitive area'
develops between the fourth and fifth week of age and that, aside
from the area of high sensitivity, cell loss in the inferior and
superior retina is of similar magnitude. In addition, the rate of
cell loss is different when comparing the sensitive area and the
remainder of the retina. When assessment of cell loss is made im-
mediately after the light exposure most of the damage is located
in the sensitive area with little or no cell loss seen in.the Tre-
mainder of the retina. However, a%ter four days in the dark after
light exposure there is a generalized cell loss across the retina.
The question posed Ey such a finding ié whether the faster cell
death seen in the sensitive area represents more rapid démage or
more rapid removal of'damaged cells. Perhaps assay at tﬁe photo-
receptor outer segment level would help fo answer these questions.
Little is known as to the cues used in the retina for phagocytic,
macrophage activity so it is difficult to predict how ''damaged'" a
cell must be before it is considered debris for disposal. At the
present time we are assessing the time between the end of light
exposure and four days in the dark. Upon completion of this study
we should be able'to evaluate the rafe of cell_death following
light exposure in both the sensitive area and the remainder of the
retina.

One further experiment which has been done to look at cell
loss after light exposure'invol?es 15-week old albino rats sgb-
jééted to 80 lux illumination for two days. At the end of the

48 hour light-period, animals were either placed in darkness or



returned to 12 hr cycle light. This is similar in design to our
age experiment except we additionally evaluated cell loss in the
cyclic environment. There was no difference in cell death between
animals maintained in darkness after the light period and those
maintained in 12 hr cyclic light after the light period. Both
showed a 25% decrease in ONL thickness when compared to unillumi-
nated animals (i.e., normal 12-12 cycle) and an 11% decrease in ONL
thickness when compared to animals evaluated immediately following
the light period. Thus the 12 hours of l1ight, which was of very
low ‘intensity (10 1lux), experienced by the cyclic animals, had no

effect on the extent of damage seen four days after exposure.

B. Mechanistic Studies ‘ ;

1. Action spectrum.

- Thus far only one type of experiment has been completed
to evaluate the action spectrum for cellular loss in 1light damage.
In this experiment the decrease .in ONL thickness was again used
as an assay. The ekperiment involﬁes shqrt duration-high intensity
damage. Animals were anaesthetized with némbutal, one eye sutured
opened, the other patched as a control eye. The open éye was sub-
jected to six hdurs of xenon illumination thqugh narrow band
interference filters. The illumination at each wavelength was
equated by means of neutral density filters. The variance of
~illumination was 7.5% and the mean intensity was 1.97x10° photohs/
sec/cm2 at the cornea. The relative integrated ceil loss vs wave-
length is shown in Figure 3. .The dashed line is the rhodopsih

spectrum. The fit is quite good although‘it deviates somewhat -at



longer wavelength. The possibility of cone damage in the sensitive
area may account for the increased long wavelength sensitivity.
Most importantly, this action spectrum is not maximal in the blue.

The significance of this finding will be discussed in our proposal.

2. Photodynamic action.
Much of the progress in this area has been made with

in vitro investigation of.photoaynamic action. Rod outer segments
(ROS) from frogs, cattle and rats have been subjected to oxygen
and light and the behavior of rhodopsin and the presence of
malonaldéhyde and its fluoréscent cross-1linking products assayed.
Malonaldehyde was found to increase initially but within 24 hours'
the levels begin to fall. As malonaldehyde falls fluorescent
products are built up and the spectra observed are shown in
Figure 4. When rhodopsin from these ROS is bleached it shows a
change in the bleaching kinetics. Figure 5 shows the time-resolved
difference spectra of fresh normal digitonin-extracted rhodopsin and
that of the digitonin extract of peroxidized membranes.

The presence of fluorescent products similar to those of
Figure 4 have so far not been demonstrated after in vivo exposure
of the retina to constant light. We have been able to show in-
creased fluorescent products in rats maintained in constant 40 lux
illumination for 24 hours and a greater increase when illumination
is extended to 48 hours. In these experiments animals are removed
from the light box, killed by C0, inhalation and the retinas removed.
The retinae of three animals are combined and subjected to Bligh-
Dyer extraction. The resulting chloroform and methanol-water layers

are assayed for fluorescence. Three animals from the colony are
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used as controls. The difficulty with interpretation of these
experiments arises from the fact the fluorescence produced in vivo,
does not match that seen in our in vitro studies or that reported
by many investigators of peroxidative production of lipofuscin.

Obviously, more work is needed in this area.

3. Dystrophic animals.
Because of the possiblé role of light damage in the etiology
and progress of retinal dystrophies, we have also done some work
on two animal models, namely the RCS rat and the pcd mouse. This

work was not described in our original proposal but was undertaken

with the hope that some of our findings in light damage would have
relevance for these diseases. The two animal models are quite dif-
ferent in their couse and the role of light in the progress of the
disease has only been shown for the RCS rat. The dystrophy seen

in the RCS rat involves a build-up of a rhodopsin-rich material
between the photoreceptor cell layer and the pigment epithelium

This debris, as it 1s called, forms mainly from the breakdown or
shedding of ROS. The defect in the RCS retina appears to be a

lack of phagocytosis by the pigment epithelium (Herron et al., 1969;
Bok and Hall, 1971; Mullen and LaVail, 1976). The pigment epithelium
of the RCS rat will phagocytize carbon particles presented to it
(Custer and Bok, 1975; Reich D'Almeida and Hockley, 1975), but

does not perform its normal role of phagocytizing shed ROS. The
possibility that there exists a lack of recognition on the part.

of the pigment epithelium for the.ROS'material due to some ab-
normality of the ROS ﬁembranes, prompted us to investigate the

bleaching characteristics of RCS rat rhodopsin (Chaitin and
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Williams, 1977). We found no - difference in the bleacﬁing rate,
thermal stability or rate of metarhodopsin II production of
rhodopsin isolated from normal and dystrophic rats. In a series
of elegant studies just completed by Michael Chaitin in the labora-
tory of Dr. Michael Hall at the Jules Stein Institute it has now
been shown that the defect of RCS pigment epithelium is not in
the recognition of shed photoreceptor material, but in the inges-
tion phase of the phagocytic activity. By the use of indirect
immunofluorescence téchniques it has‘been shown that the pigment
epithelium cell of the RCS rat readily binds ROS but the bound
ROS material is not ingested. This is shown in Figures 6 and 7.
Michael Chaitin was a graduate student trained under our contract.
However, since his problem required tissue culture of pigment
epithelium Dr. Michael Hall kindly agreed to allow the wofk to
be done in his laboratory. Dr. Chaitin has now completed thé
.requirements for his Ph.D. and has gone on.to post-doctoral work
in the laboratory of Dr. David Papermaster at Yale University.
The other animal model which has béen investigated is the
pcd mouse (Mullen, Eicher and Sidman, 1975). Pcd is thg gene
symbol for a new autosomal recessive mutation that results in
loss of virtually‘all Purkinje cells of the cerebellum between
the ages of 3 and 5 weeks. This neurological mutant shows, in
addition, a slow progressive photoreceptor degeneration (Mullen
and LaVail, 1975). The retinae of pcd/pcd mice seen relatively
normal at 18 days but by 25 days the photoreceptor nuclei ére
showing some pyknosis and ROS-aré somewhat disorganized. Phofo-

receptor loss continues over the next year with outer segments’

becoming shorter and more variable in length. There are regional
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differences in the rate of photoreceptor degeneration similar to
those reported by LaVail and Battelle (1975) in the RCS rat.

Thus far, our work with this mutant has involved evaluation of

the rhodopsin content of the retina as a function of age (Figure 8).
In collaboration with Dr. Anne Fulton, Children's Hospital, Boston
the relationship between rhodopsin content, sensitivity in back-
ground adaptation and state of retinal degeneration has been in-
vestigated. A manuscript (preprint encloséd'in the Appendix) has
been submitted to Investigative Ophthalmology and Visual Science.
Our findings with regard to the electrical activity of the pcd/pcd
retina have led us to start an evaluation of ouabain-binding as a
function of age. We wish to know if the Na* pump involved in the
production and maintenance of receptor dark current is normal
during the course of this degeneration. The results of these ex-
periments are very preliminary and not enough ages havc been in-

vestigated to allow any statement to be made.

OVERVIEW

In our initial proposal we spelled out the need fqr careful
parametric studies of retinal light damage. To this end we have
looked at two important variables, namely, intensity-dufation and
age. In addition, we have contributed somewhat to the understand-
ing of the variable of eye-pigmentation, although some questions
remain in this area. Our studies have also demonstrated the
regional differences of the rat retina to light damage.’ This
finding gains increased importance when considered with the body

of literature of regional differences of photoreceptor degeneration
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in dystropic conditions. Thus these parametric studies have given
us information which suggests new mechanistic studies.
| The most disappointing aspect of these investigations has
been our inability to tie down a role for photodynamic action in
light damage. The results of our in vitro, studies suggest that
peroxidative damage is prevalent in the retina and more specifi-
cally in the rod outer segment. To date, however, we have failed
to demonstrate this clearly in the in vivo, situation. This area
‘of our research will be continued with increased effort since we
feel that our experience with both light damage and pigment
chemistry make this area one in which we are uniquely qualified.
While investigations of the underlying causes of regional differ-
ences in retinal light damage should be pursued it is ourlbelief
that to undertake these at the present time will only dilute our
ettort. Instead, we intend to focus on the problem of photodynamic
action as a causal agent in light damage. To this end some new
approaches are described in the accompanying proposal.

Only one student has been trained under this contract. He
is Dr. Michael Chaitin who has completed his degree program and

the Ph.D. will be awarded in June.

Present state of knowledge and its significance

To date very few inroads have been made in understanding the
phenomenon of light damage. At the present time the body of
information available has stimulated concern in several areas
about the quality and quantity of 1light to which the retina is
exposed. During the last 18 months this concern has led to (D

the formation of a working group of the National Research Council
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Vision Committee; (2) a session on ophthalmic exposure in a
conference on applied vision sponsored by the National Academy of
Sciences and (3) a specigl conference sponsored by the National
Eye Institute and organized by Dr. Harry Sperling of the Sensory
Science Center, University of Texas Health Science Center in Houston.
In addition in April of 1979 The Psychobiology Research Center of
Florida State University sponsored a symposium on the Effects of
Constant Light on Visual Processes. A third symposium on Light
Damage to the Retina nad Retinal Pigment Epithelium was held in
June, 1978, under the sponsorship of -the Society for Photobiology.
At the recent NEI sponsored conference on intense light
hazards in ophthalmic diagnosis and treatment held in Houston
(October, 1979) it was apparent that considerable concern exists
in both the research and clinical community with regard to light
gxposures of patients during opthalmic evaluation and/or surgery.
Particular concern was expressed about the short wavelength (blue)
exposure of both normal and diseased eyes. However, no real recom-
mendations have been forthcoming, only warnings. The reluctance
to defind thresholds for exposures of patients stems from the lack
of understanding of all the variables controlling light damage as
well as the known variation in the clinical picture of retinal
disease. Sliney and Wolborsht (1981) have suggested that the
retinal hazard criteria presently in operation (ACGlH, 1978) lack
a completeness in their standards which require very careful aﬁ-
plication if total safety ié to be insured. The general feeling
among workers in this area is that an appreciation of light-toxicity

is lagging far behind phenomenalogical observation. Until more
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quantitative evaluation of intensity-duration functions and the
role of eye pigmentation in light damage are better understood,
specific guidelines or standards will probably not be available.

In the meantime, warnings of the type issued by Calkin and
Hochheimer (1980) are of utmost importance to the protection of
patients. Obviously, more investigations with animals and clincall

population are indicated.

Bibliography of work associated with this project

1. Rapp, I.. M. and T. P. Williams, A Parametric Study of Retinal
Light Damage in Albino and Pigmented Rats in THE EFFECTS OF CONSTANT
LIGHT ON VISUAL PROCESSES, T. P. Williams and B. N. Baker, eds.,
Plenum Press, New York, p. 135-159 (1980).

2. Rapp, L. M. and T. P. Williams, The Role of Ocular Pigmentation
in Protecting Against Retinal Light Damage, Vis. Res. 20, 1127 (1980).

3. Howell, W. L., L. M. Rapp and T. P. Williams, Distribution of
Melanosomes Across the Retinal Pigment Epithelium of a Hooded Rat:
Implications for light-damage. Accepted by Investigative Ophthal.
(1981). ,

4, Fulton, Anne B., Karen A. Manning, Barbara N. Baker, Susan E. Schukar
and Clark J. Bailey, Background adaptation in Purkinje Cell Degenera-
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(1) Active Support.

a. National Science Foundation, BNS 78-05842, Rhodopsin
Bleaching: Role of the Microenvironment, Theodore P. Williams, 25% T,
$56,148 annual direct cost, 6/15/78 to 11/30/81. No overlap with project.

b. Department of Energy, EVO 6021, Damaging Effects of
Visible Light, Theodore P. Williams, 10% T, $33,320 annual direct
cost, 6/1/80 to 5/31/81. .

c. National Eye Institute, I RO1EY03501, 13C Retinals as
Probes for the Rhodopsin Spectrum, Theodore P. Williams, 5% T,
$72,442 annual direct cost, 9/1/80 to 8/1/83. THE PI IS ONLY THE
COORDINATOR AND HIS LAB DERIVES ALMOST NO SUPPORT FROM THIS PROJECT.
This project does not overlap with proposed project.
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(2) Pending Suppdrt.

a. National Eye Institute, Damaging Effects of Visible
Light, Theodore P. Williams-PI, 15% T, requested $78,740, 2/1/81
to 1/31/86. This project does not overlap with proposed project.
Due to federal cut-backs, we will not know about support until
September, 1981. ' '

b. National Science Foundation, Damaging Effects of
Visible Light, Theodore P. Williams-PI, 15% T, requested $94,271,
2/1/81 to 1/31/84. This project does not overlap with proposed
project. NSF is holding on support until NIH makes a decision.

c. National Eye Institute, Studies of Single Visual
Photoreceptors, Theodore P. Williams-PI, 5% ‘T, annual direct
cost requested-§$74,640, 7/01/81 to 6/30/86. This project does
not overlap with thc proposcd projcct.

d. National Science Foundation, Studies of Single Visual
Photoreceptors, Theodore P. Williams-PI, 5% T, annual direct cost
requested-$99,078, 7/01/81 to 6/30/86. This project does not
overlap with this proposed project.
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days at 40 1lux. o



INTEGRATED ONL LOSS (relative)

)

O
o

O
)

O
S

&
N

l ] l

400 450 500
- WAVELENGTH, nm

Flgur‘e 3




PN TEINSUE Y larDirrGry uniis)

100

@
O

M
o

RAN
o

Ny
O




-
<
s

Fingl

A5 300 ms.

T

100 ms,
50 ms.

10 ms. -

Fxéures




1500 5.

| 'IOO"/}. ©
O
norma/ 3
80F o
o=
./\ i O R

‘3\2 {‘_,) 1000
- 60fF <
() ~
. 8 W
) . O
o) e
S 40k o
| -
20 ad ysfrop/?/c >
=
- /}\% E
O

Incubaﬂon Time

FIGURE G

(hr)



1500

Number of ROS

1000
S00

- A. 1B |
: NORMAL L DYSTROPHIC

- ' . /ns/ae

% - outside

_outside . /

% R %
/
- / .

% . /5 . nsiade

Incubation Time (hr)

FIGURE 1



(%) (RSN Y T VI U I A R R R e | N b T
SRR EREE Lt ",_. ) O p_m B Tl “ m g_ _w mm___b‘ _.”_
e 1) IR TR |5 T ) 0 O T L T | | | i T TR 2 P I [
h.w.\rllu...____m_u._“:”_____m ] A I ) | D R il
i S (O ST T N o R | __"__m_m_w S ) O R R S i
Qe 86 55 S YO L I T O R M ) 0 1 540 5 O I O v
b s R ST ) T T T iG] i) U ) P N ] A TV O I 0 Y L 0 TP I i i
s et I R R W P T R T T I T 5 5 ) R M S0 DB 1 i | )
AR N e R O R e 1 SR | I | fSpara]
S tole 4 "¢v. 0 i3 ' wn. R W _“" | i | R ] ) | m"__ M.__
N O e 0 DT 010 o T o 0 o el L o e T e e ] W R R
0§ 7 T ) T T ) T O O 0 O 2% T O O ) D L TR [} ) o R
ErEENC RGeS EnNEEEET A i [T i I . |
A PO T 1 PENTNLERCOAEE RSN TS (1o I S S e R T | | 1
R L o T, TN N ) O T R R T Y R T i T 155 e e L 10 O S e T i O
G R OO e Rl TG i 1 S TR T T R =13 O
_.SIéM__M“““_m.p,”. BRI SR T L0 "_mﬁ_
llb.l_rDlQ._“ |05 G I I O o et S T S .l =l
| O s HESTEYE i WD TR FEEEGETIR NI EER RENS i) 0 S O T A
== e T EEERE | T ) i I R O 7 M A T O R
..h.lm-... JISHE “r ok i £ 5 ¢ | Tl t g (SRR Py S T EE ded R T |
”.U\hl _».__~_M_ T 1 R _ N _“w___mu__p".__ |
R et R (T N ko 1 5T | o TS [ S o ] Venjiteny
Cﬂ._ ""_"_”“_. s i | 105 T () S mm__ B ) v N T
O gl 7 T R S T T T T R | | -5 R 7 1 ) i T
T .JA___ _ (LS 1 TN ] el _
o & el dod ! | fod | 1 |
EEETEA ! gy i | I ! i !
b Jop 50\ Y ] S il ' i i ! i L)
(W E | SR i T 3 i ] | | | ] L)t gt R
L A 2 fi i i RN I i m. | | L m*mL
B T i | ) 1 i i ! I i L
t kit 186 ) [ i ! i1 L,rll&w_:~
,_m" “0_ m __ | _“_ |lwm .m~h
[0 T e i [ PR
[T st 1 | ! __ﬂ_im [
IRl o [ i | ] ! s pli |
R A E T | | | TR R 1 1
Ay [ i i | AT i EARTUENY Jen
i A IV I ] 1 [ 11 T N ¥ et
TR R TR ETREET i { i R I R EE [
ST W T | i Yoo h e ot b1 ]
J::m____ _h _\_\__,__“_ "
BN S | | ! ot = eyl d I
.»__”"w 1 | ] ,ﬁ_ﬂ\n_..n.ﬁ;\r._.
S o st i T .F 1 s 3 U (e fai
e e e : e _ I ;.o.m o
i) (S i ] / | ) | | il
| bt R i | 1 Jaf ] i | 1!
| i} Egeal ey fEe | (il [ [ 7 11 1 pe |
f A I F g | ] i i T A ST f | e T
| =l il { I i I | JISIGTol [ |
| i) ! i Ci=r \ : I L (=
LI ] [ | AN i ! : | R [ T
“__, _“ i ] "__ T T A u\h,.m«‘uuw_
R L i e ] | T P o S Oy e R S !
W e ' ] | ;m | ] i () _:i/wnu.
S 0 I I TR | (L | ] 2o el __\..T
s O T ] R (R | i o] i L
il S I ! T 1! T | i WA EREREN ) e
R N T i ] A Fop g | |7/ i (] T (R i 5
e i IEI R Jod g 7/ I 1] il | 1
) i) ! W R 7 ! IR if 1 \n_dy !
R W i T 1y v ] S I o _
R I Joeind i i b ! O 0 Y LT P u
P T E ! A T 2 ,ﬂ.A J|4|ﬂ [} S e A
(I O 5 A i | ! i 1 I/ ~\__!.. £l
_ 1+ Leo'™ in} I 4 1 | H : — m r\\“ \___ i R
R S P i I fas} | ! f I L JR=rsl
, “M.WJ‘.H.Ak T SR i 71 7 = i Tor e AUV
L ,_L.,m..._ S i ] = _\_\_ A . "
i Ko} ! I / | i | 1 {oi}
(T ; “ i s s
I Yo B : i yii i B R W
__,./u-.,_m ok &T\~ A _V\m._ﬁ_ wiy Comdo |
AR T2 T | i B | | 1% ] WA R e |
I > I S W I 3 B e | ! i A R b I
O P i i Al I /1 i o R
_.m“m\”l. i i i ] | T 2 T
T A S I A E 3 R R ] 1 1 |
ftod _iQ ! EEEREEE
Pl o i 1 7 T 5 1R
[ i | L2, T T o
W T L N
| S N 1150 S
AT 115 O Lo T B S
DEEE 3 = B sl i
! - — | I N Dl
] » i | ! ! T O O 1 10
M y X | i | H 3| I B EEETAER
alee {LaBep W i e | s e SR Y T o 1
TEEE _A_Ur ! ¥ i i 11 _um_: “.q S0 2 T W
R o) lrp ! ! S i | U iy (R HENENE EER
S ) Si g» 1 IOT I J‘J T __Lm..m BEL RS B
! ST i i g4 i RENBESES JotE g /90 e EEhary
} : ! N T | T WEEEEREED NS ER RN
R | i ] BRI NN ST
- l«lr« E‘l. —l« ﬁ._ EETSRERNSERLY BREYILESE)
¥ IRAYAYIB ] IT‘I.OI Y \ 1| g 1 | ke il i
|A | _.N<ZLo.I.I\O | TEPET | = u_”_

3

F:gure

'OD UIES] ¥ 1DA4ANIN

Y

—
=
£
m
S
x O
=%
=0
G4
=Q
]
n
z
0
e
N
io
0
€N
*0Q
>N
.

7~





