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Abstract: Photochemical injury to the retina involves at the central part (mainly in outer
layers) of the retina. There are two classes of photochemical damage i.e. Class I and Class
II. Class I damage is generally occurred in photoreceptors while Class II is in Retinal
Pigment Epithelium (RPE). Occasionally, the Class II damage is found in photoreceptors
also. Factors which play crucial role in the determination of the class of damage include
animal species/ model, exposed retinal area, concentration of visual pigment. Here we
include the relationship between the irradiance and the time constant (the time at which
the retinal damage increases or decreases exponentially) and how the irradiance of the
retina (a crucial component for photochemical damage) is governed by the directionality
of cone photoreceptors which is the site for Class I damage. The relationship between

irradiance (E) and the rate of change of time constant (t) with respect to E (%) has also
been studied to distinguish between class I & 1II.

Index Terms: Photochemical Damage, Irradiance, Time Constant, Exposure time, Action
Spectrum, Cone Directionality, Interference Pattern, Pupil Entrance Point.

I. INTRODUCTION

All we know that light helps us to show anything but it may be harmful for us .In
extensive research it is clear that there are three types of damage occur in the
eye(retina) namely photomechanical damage, photo thermal damage, and
photochemical damage. Light energy must be absorbed in order to cause
pathological changes. The portion of energy absorbed in any tissue depends on
the transparency of the tissue for the incident, whereas the transparency depends
on the wavelength of the light.
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Light is converted into neural signal through a series of delicate process [1]. Here
we only concentrate on the photochemical damage. Photochemical damage
involves cellular damage by supercharged molecules e.g. sunburn of the skin is a
familiar human photochemical damage. In photochemical damage the absorption
of light leads to the production of toxic substances with a negligible rise in
temperature .Photochemical damage has only recently been recognized and has
been demonstrated to occur with excessively high light levels (e.g. Ham et al [2].
It has also been reported after long lasting exposures to ambient light (e.g.
Levels (e.g. Noel et al [3].

In literature survey it is clear that the photochemical damage seems to have two
distinctly action spectra [1,4]. (i.e. visual pigment and UV action spectrum).
Again, it concerns the relation between exposure time for threshold damage and
irradiance level [1,5].

Photochemical damage distinguished in to two broad categories one is class I and
other is class II. Class I damage was first observed by Noell and he notified that
in response to long duration exposures (>8h) to constant green light (490-580um)
light, this damage occur. The class I damage is also known as Noell damage [6].
This damage is reported by various workers in Reme, 2005 in mice [7], Harwerth
and Sperling 1975 [8] in macaque, Penn 1985 in fish [9], Chicken Machida, 1994
in Chicken [10] etc. However, none of the studies in species other than rats
measured an action spectrum, thus the evidence for Noell damage is
circumstantial.

Whereas class I damage was first observed by Ham and he showed this type of
damage in very high light levels .This damage is mainly in RPE (Retinal Pigment
Epithelium). This damage has been studied in monkeys (Ham et. al. 1976) [2],
rabbits (Hoppler et al. 1988) [11], rats (Busch et al. 1999) [12] and squirrels
(Collier et al. 1989) [13]. In this type the damage is generally confined to the
pigment epithelium. These experiments were mainly done on anesthetized
primates and only small parts of retina were irradiated.

In this paper here we describe a theoretical description based on time constant for
clarify the photochemical damage i.e. the distinction between class I and class II
by considering the different et al made by different scientists. And also we give
an equation which gives the relationship between class I and class II damage.

II. DIFTERENT FACTORS FOR THE DETERMINATION OF THE
CLASS OF DAMAGE
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There are so many crucial factors which determine the class of damage. Here we
will discuss four different suggestions for this factor, there of which have been
proposed previously. As a fourth, we introduce a new suggestion which may lead
to clarify the class of damage field into consideration. The only exception is
occurred in rabbits with relatively large field but the type is class II [21,22]. It is
still unclear that why field size would influence vulnerability, action spectrum
and cellular site of damage. It is also here we mention that the use of anaesthetics
is unlikely to be a crucial factor in determining class. And deep anaesthesia might
slower down the vulnerability to damage [23].

Animal Model

Class I and Class II damage were found in rodents and primates respectively. The
action spectra are available for these types of animal species. Nocturnal animals
are more vulnerable to light damage as compare to diurnal animals [1]. This is
true for environmental light level but at the retinal level this is less evident [14].
It may be clear that all experimental aspects show that class I damage can also be
attributed to monkeys [15-17] and pigeons [18], at retinal irradiance level similar
to rats. Class II damage was found in nocturnal owl monkeys [19] and primarily
nocturnal rabbits.

Thus, animal model seems not the most likely factor determining class of
damage.

Size of exposed retinal field

Ham and Mueller [20] suggested that the size of irradiated field could be the
determinant factor for determining the class of damage. For class I, Large fields
would only need low levels of light whereas for class II, small fields would need
high levels of light [1]. So, class I and class II damage are completely separated
by taking the Concentration of visual pigment.

Usually the visual pigment cannot mediate damage when all pigment is bleached
[23]. In this condition another pigment, or a mixture of pigments, with an
absorption spectrum peaking in the UV, should induce the damage. The change
in mechanism and spectrum should occur in the intensity domain where
bleaching in known to exhaust the store of visual pigment because of the
concentration of visual pigment. From the literature, it may be assume that the
visual pigment is much more effective in inducing damage then the other
pigment(s). This is concluded from the action spectrum found in rats at
irradiances about a factor 10 higher than the half bleach irradiance [3]. Though
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the concentration of visual pigment is important but the repetitive exposures are
more damaging than one exposure of the same irradiant dose. When visual
pigment is repetitively allowed to regenerate, it has a higher mean concentration.

Value of Time constant

Time constant is defined as the time at which the retinal damage increases or
decreases exponentially. We may derive the relationship between irradiance
and exposure time at threshold by assuming that the concentration of a toxic
agents (“C” in units of molarity, M) is determined by the balance between
production and decay. (‘‘Production’’ is proportional to retinal irradiance E in
mW. Cm? and damage Vulnerability h, depending on the action spectrum.)

(And “‘decay’’ is proportional to *‘C’” )
So, from the above we will get,

2 _hE-

ac C
dt T

)
The differential equation has a solution.

C=hE 7 [1-exp (-t/ 7)] 2)

Hence, t=7ln{ } 3)

E-(C/h7)
For threshold damage,
C is considered to have a constant value.

For Class II — When the concentration of the damage inducing pigments does not
depend on E, a fit with class II threshold data can be obtained by substituting.

7=3.5x 10°S.

And optimizing the parameter (C/h7)

E
E-1.04

t=3.5x10%1n ( ) 4)

The value of the time constant is conspicuously similar to the repair, time
constant of UV- induced damage to the cornea suggested to be 1.7 x 10°.

So when damage is mediated by a pigment with light dependent concentration,
then the vulnerability of tissue (h) depends in irradiance.

The relation between t and E for class II damage asymptotes at about 1 mW cm™,
which is about 50 times the irradiance of half bleach.
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So we have to consider the bleach products as constant.

For class I: The above situation is different, because the damage mediating
pigments are photo labile and concentration of these pigments show large
changes within the irradiance.

Let Pr be the fraction of unbleached pigment relative to fully regenerated
condition, and R, be the absorption spectrum of unbleached pigment.

hE (in M.S™) is then the weighted integral of spectral retinal irradiance ( Ey).

The absorption of spectrum of unbleached pigment = Px. Ej For white light
effects of self screening can be neglected.

hE=nr [ E; Pr R, dA 5)

Where nr is the efficiency to induce damage after absorption of one photon by
the visual pigment.
For rhodopsin the steady state bleach ratio is,

__Eo
T E+E,

Pr (6)

Where, Ey = 0.02mW cm™
For a fixed spectral composition of the irradiant source the equation (5) can be

written as;

E.Eg
E+E,

hE = 7’],R

(7

Where, 7'r (in M.cm? S .mW™) is the efficiency of rhodopsin to cause damage
with the light source used.

Combining equation (2) & (7) we will get,

_ ., EE i i
C=7n% E1E, T [1-exp (-t/1)]
_ C(E+Ey)
Or, l-exp (-t/1) = —) (8)
Hence taking In on both sides we get,
_ C(E+Eg)
t=1 ln{—rn'R-E-Eo}
C —
TNIREy H
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Then we will get,

E

t=7tIn{——————
t n{(l—#)-Eo—HEo

} €))

A fit with class I threshold data was obtained by putting, the unknown E; & 7 &
u=0.08. Thus

t=3.5x10°In{ } (10)

0.92E-0.0016

This is the equation for time constant for class II.

The relation for both class of damage would obtain by adding equation (4) &
(10).

Equation (4) is,

t=3.5x10°1In( )

E-1.04

& Equation (10) is,

t=3.5x 10°In{ }

0.92E-0.0016

So, t+t =3.5x 10° In (—

)+35x1051n{ }

0.92E-0.0016

Or,2t=3.5x 105[1n( 1

57 +In{

EZ
(E—1.04)(0.92E—0.0016)

0.92E-0.0016

Or,t=1.75x 105 [In 1 (11)

This is equation for relationship between time constant and irradiance of both
classes. The different value of‘t’ are given in table.

III. DERIVATION OF % FOR CLASS I PHOTOCHEMICAL DAMAGE.
We know for class I,

t=3.5x10° In ( )

0.92E-0.0016

Differentiating both sides we will get,

dt=3.5x 10°d [In f (x)]
5_
=3.5x10 = d f(x)

0.92E—0.0016) d ( E
E 0.92E.0.0016

=3.5x10° ( )

Orissa Journal of Physics, Vol. 32, No, 2 August 2025 145



Sibadatta Purohit, Deepak K Pattanaik and Nachieketa K Sharma

=35x 10° (@) d{E (0.92E- 0.0016)'}
:3.5x105(m) d (0.92E2+0.0016)

0.92E-0.0016

=3.SXIOS(T) d (1.84E+0.0016)

(0.92E—-0.0016)(1.84E+0.0016

=3.5x10° (
E

)
=3.5 X10° x [0.92 X1.84E2 +0.92X0.0016E-1.84x0.0016E~ (0.0016)*]

%: 3.5 x 109[1.693E-00.0015]

IV.DERIVATION OF % FOR CLASS I1 PHOTOCHEMICAL DAMAGE.

We know for Class II,

E

t=3.5x10°1n {
E —-1.04

}

Differentiating both sides we will get,

E-1.04 E

_ 5
Or,dt =3.5x10( - )d (E o

)

E-1.04
E

=3.5x10°( yd {E (E-1.04)"}

=3.5x 10° (%) d (E2—1.04)

E-1.04

=3.5x10° (——)d(2E-1.04)

(E—1.04)(2E — 1.04)
E

=3.5x10° ( )

E X 2E+X 1.04-1.04 X 2E—1.04 X 1.04
E

=3.5x10

dt _ 5
5= 3.5 x 10° [2E-1.08]

V.RESULTS

The graphs plotted for class I damage between E and t and that for class II are
different. The ratio of maximum retinal irradiance to the minimum is same as the
ratio of maximum exposure time to the minimum exposure time for class I
photochemical damage. But the ratio of exposure time is three times the ratio of
irradiance for class II damage. That is, class I damage is three times more
sensitive to exposure time than class I damage.
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VII. CONCLUSION

Photochemical injury to the retina involves at the central part (mainly in outer
layers) of the retina. There are two classes of photochemical damage i.e. Class I
and Class II.Class I damage is generally occurred in photoreceptors while Class
IT is in Retinal Pigment Epithelium(RPE).Occasionally the Class II damage is
found in photoreceptors also.

Factors which play crucial role in the determination of the class of damage
include animal species/ model, exposed retinal area, concentration of visual
pigment. Here we include the relationship between the irradiance and the time
constant (the time at which the retinal damage increases or decreases
exponentially) and how the irradiance of the retina (a crucial component for
photochemical damage) is governed by the directionality of cone photoreceptors
which is the site for Class I damage.

The relationship between irradiance (E) and the rate of change of time constant

(t) with respect to E(%) has also been studied to distinguish between class I & II.

The ratio of maximum retinal irradiance to the minimum is same as the ratio of
maximum exposure time to the minimum exposure time for class I
photochemical damage. But the ratio of exposure time is three times the ratio of
irradiance for class II damage. That is, class I damage is three times more
sensitive to exposure time than class II damage. Though the time constant
decreases with increase of retinal irradiance, the time constant per unit irradiance
increases with increase of irradiance, for both classes of damages. An
interference pattern generated on the retina by two coherent beams alters the
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retinal irradiance according to the contrast present for class I PCD. When the
contrast is unity, the retinal irradiance (or PCD) reaches the peak irrespective of
the position of beams’ entry. But when the contrast is zero, the retinal irradiance
and thus PCD depends on the position of beam entry, maximum for axial entry
and 24% of the maximum for most peripheral entry. Irradiance (or PCD) mimics
cone directionality. When the contrast lies between 1 to 0, the irradiance and thus
the PCD is controlled both by the cone directionality and contrast of the
interference pattern.

REFERENCE

[1] Kremers J.M Jan, and Norren Van Dirk: “Two Classess of photochemical
damage of the retina”, Lasers and light in opthalmology vol 2, nol pp 41 -52
(1988) Kugler publications, Ghedine, Editor, Amsterdom/ Berkeley Milano.

[2] Ham Jr WT, Muller HA, Silney DH: “Retinal sensitivity to damage from
short wavelength light”, Nature 260: 153-155, 1976.

[3] Noell WK, Walker VS, Kang BS, Berman S; “Retinal damage by light in
rats”, Invest Opthalmol 5: 450-473, 1966.

[4] Young RW: “Visual cells and the concept of renewal”, Invest Ophthalmol
Vis Sci 15:700--25, 1976.

[5] Organisciak T Daniel, Vaughan K. Dana, Retinal Light Damage :
“Mechanisms and protection, progress in retinal and eye Research 297,
2010, 113-134, Elsevier Ltd

[6] Santamaria L : Natural photodynamic sensitivity in retinal and cancer cells :
In : silini G (ed) radiation research proceedings of Third International
Congress of Radiation Research held at Cortina d’ Ampezze, Italy ,June-July
1966,1967.

[71 Reme C.E.: “The dark side of light: rhodopsin and the silent death of vision
the proctor lecture”, Invest. opthalmol, vis. Sci. 46 ,2671-2682(2005).

[8] Sperling H.G., Harwerth R.S.: “Red-green cone interactions in the
increment threshold spectral sensitivity of primates”, Science 172 ,180-
184(1971).

[9] Penn J.S.: “Effects of continuous light on the retina of a fish, Notemigonous
crysoleucas, J. Comp. Neurol 238,121-127(1985).

[10] Machida S: “Evaluation of retinal light damage in aphakic chicken eyes
using monochromatic ERGs”, Nippon Ganka Gakkai Zasshi 98 ,55-
62(1994).

148 Orissa Journal of Physics, Vol. 32, No, 2 August 2025



A New Factor...

[11] Hoppler T, Hendrickson P, Dietrich C, Reme C: “Morphology and time
course of defined photochemical lesions in the rabbit retina”, Curr. Eye Res.
7,849-860(1988).

[12] Busch E.M., Gorgels T.G., van Norren D: “Temporal sequence of changes
in rat retina after UV-A and blue light exposure”, Vis. Res. 39,1233-
1247(1999).

[13] Collier R.J, Waldrum W.R., Zigman S: “Temporal sequence of changes to
the gray squirrel retina after near-UV exposure”, Invest opthalmol Vis. Sci
30,631-637(1989).

[14] Ahmed J, Braun RD, Dunn R, et al: Oxygen distribution in the macaque
retina. Invest Ophthalmol Vis Sci 34:516--21,1993.

[15] Harwerth RS, Sperling HG: Effects of intense visible radiation on the
increment — threshold spectral sensitivity of the rhesus monkey eye, vission
Res 15; 1193 — 1204, 1975.

[16] Sykes SM, Robison Jr WG, Waxler M, Ku wabar T, Damage to the monkey
retina by broad-spectrum fluorescent light. Invest opthalmol Vis Sci20, 425-
434, 1981.

[17] Zwick H, Beatrice ES: Long — term changes in spectral sensitivity after low
— level (514nm) exposure. Med Probl Opthalmol 19: 319-325,1978.

[18] Marshall J, Mellerio J, Palmer DA: Damage to pigeon retinae by moderate
illumination from fluorscent lamps. Exp Eye Res 14: 164-169, 1972.

[19] Fuller D, Machemer R, Knighton Rw: Retinal damage Produced by
intraocular fibre optics light. Vission Res 20: 1055-1072,1980.

[20] Ham Jr WT, Mueller HA: The Photopathology and nature of the blue light
and near UV retinal lesions produced by lasers and other optical sources.
Submitted for publication 1988.

[21] Lawwill T: Effects of prolonged exposure of rabbit retina to low- intersity
light. Invest Opthalmol 12: 45-51, 1973.

[22] Skoog KO, Jarkman S: Photic Damage to the eye: Selective extinction of the
c- wave of the electroretinogram. Doc Opthalmol 61: 49-53, 1985.

[23] Sperling HG: Spectral sensitivity, intense spectral light studies, and the
color receptor mosaic of primates. Vision Res 26;1557-1572, 1986.

Orissa Journal of Physics, Vol. 32, No, 2 August 2025 149



