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Abstract

In the present communication we have studied the contribution of cellular adaptation
in increasing the photoreceptor increment threshold as a function of background inlensity in
intact eye and isolaled retina. In intact eye, at low level of illumination, the conlribution
increases with Lhe background intensity and saturates at higher intensity. In isolated retina,
the results have been found to be very much different. It is found that the contribution of
ceklular adaptation increases with background intensity upto a certain value and after that
it decreases rapidly to reach its dark adapted value, ‘
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Introduetion

It is well known that the background illumination causes changes in sensitivity of the
rod and cone photoreceptors, Following three sensitivity regulating mechanisms have been
proposed for cone photoreceptors: response compression (Boynton & Whitten 1970), pigment
bleaching {Boynton & Whitien 1970) and cellular adaplaiion (Normann & Perlman 1979).
Response compression is caused by the nonlinear relation between stimulus intensity and
response, It occurs when the operating point of the photoreceplor moves to a higher position
on the response curve, ¢.g. by the steady potential produced by a steady background light.
Pigment bleaching causes desensitization because fewer quanta from a given stimulus are
absorbed, Cellular adaptation is an active mechanism in the photoreceplor that adjusts its
operating range to conform to the background illumination, In a number of species, cellular
adaptation has been found to be a major factor in pholorecepior adapiation. In the literature
the variation of increment threshold with background intensity in intact eye and Isolated
retina have been reporied to be ncarly the same although in intact eye the vegeneration of
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the visual pigment occurs while in isolated retina it does not (Dowling 1987). Due to this,
in the present communication, we have studied the contribution of cellular adaptation to the
increase in the threshold intensity in the presence of background illumination for both intact
eye and isolated retina.

Theory

To determine the relationship between cellular adaptation and background illumination
we have derived an expression for the relative threshold versus background illumination, For
this we have used the following equation which describes the intensity response function of
the photoreceptor (Valeton & Van Norren 1983; Pepperberg 1984).
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where V' = amplilude of the flash response; Vi, = maximum possible flash response; T =
intensity of the flash; B = fraction of pigment bleached before the flash; o = flash intensity
that gives hall maximum response and is also called adaptation parameter and n = exponent,
usually between 0.7 and 1.0. The term (1 -~ ) in Equation (1) has been introduced as a
correction for efliciency of quantum capture, In Equation (1) both o and V, depend on the
background light intensity (Ip); the changes in o reflecting the adaptation properties, the
changes in V. reflecting the response range compression. In the dark adaptled state (i.e.3 = 0
and Ip = 0) Equation (1} can be written as
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where Viq, and o, are the constants and represent, respectively ¥V, and o for the fully dark
adapted condition, Let V5, a constant be the criterion response. If I, is the threshold

Intensity (l.e.the {lash intensity which gives Vy as the [llash response) in the dark adapied
condition then Equation (2) gives
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In the light adapted condition i.e. in the presence of background illumination, Equation (3)
becomes (also see Equation (1)
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where I = intensity of the flash required to obtain the criterion response Vo3 Vi, = Vipaw —
Ve(Ig) and Vg = steady response produced by a steady background light (/). In most
of the experiments carried out and reported in the literature V3/Vyar << 1, therefore, on
dividing Fquation (4) by Fquation (3) we obtain
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where AT is the relative threshold intensity. The logarithm of Equation {5) gives
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This equatlion gives the contribution of each of the threc sensilivity regulating mechanisms
Lo the total sensitivity loss that occurs in light adaptation.

Results

To know the contribution of cellular adaptation parameter (¢), one has to know AI,Vp
and B as a {unction of Jg. Normann & Anderton (1983) have studied experimentatlly
the rclation between incremental sensitivity of turtle cone photoreceptors and steady state
hackground illumination. Their resulls can be expressed by the following relation

Al =14 1.7977 x 107 (7)

where Ip has units of quanta/pim? fsce. The above equation has been used in the present
analysis, For Vg vs Ip relation we have used the resulis obtained by Baylor & Iodgkin
(197:1) in the same species and have used the following values of Lthe parameters: Vimer = 24
mV; n = 0,74 and Vo = 251V, The last parameter required for calculation is the variation
of I with Ip.

In intact eye the fraction of pigment bleached due to steady background of intensity /p

can be wrilten as 1
B = 1+ k!u/qﬁ (8)
where ¢ is the photosensilivily of the pigment and k& is the rate constant of ils regeneration,
In turtle cones, ¢/k = 1.25 x 10~%pm? sec. In Fig. 1 we have plotted the contribution of
cellular adaptation () apart from pigment bleaching and response compression in intact eye.
It can be seen thal, at low level of illumination, the contribution of cellular adaptlation to

the increase in thereshold increases with the background intensity and saturates al higher
intensity.

In the case of isolated retina the fraction of pigment bleached due to steady light of
intonsity Ip can be written as

B =1~ exp(~—-¢lpt) (9)

where { is the duration of the background illumination. For calculation we have used ¢ =
10~ em? [chromasphere and ¢ = | min (Normann & Anderton 1983). Similar to Fig. 1 we
have plotted, in Fig. 2, the contributions of all the three mechanisms responsible for increase
in increment threshold with background illumination in isolated retina. I can be seen that
the contribution of cellular adaptation in isolated retina first increases upto a certain value of
I'p and then decreases rapidly towards its dark adapted value, This is dillerent from what has
been oblained in intact eye. It can be noted that the sensitivity decrease for backgrounds uptlo
107 quanta (um)~2sec™! is mainly caused by cellular adaptation and response compression,
Tor the intensity greater than this the contribution of response compression saturates, the
contribulion of cellular adaptation starts decreasing while that of pigment bleaching increases,
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Figure 1. Increment threshold vs. intensity function. Circles are the experimental data
{Normann & Anderton 1983). The contribution of cach of the three sensitivity regulating
mechanisms in intact eye is shown,
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Figure 2. Same as Figure 1 except that it has been plotted {or isolated retina.

Pepperberg (1984) has analysed the phbtoreccptor increment threshold data of isolated
skate retina. To fit his theoretical results in experimental data he has used the following
relation for Lthe contribution of cellular adaptation:

log(Z-) = log{1+ 011a(1 — B) + 02} (10)

where
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(A1) = 3.1 quanta pm~%see~! and 8, = 100,

From Fquation (10) one can calculate the contribution of cellular adaptation for different
values of I} and 7. For B = | (i.e. very high background intensity) it gives log (¢/0g) = 2.
It 8B = 0and Iy = 10% quanta pm~%sec™! then we oblain log(o/og) = 2.5 which is greater
than.2; at low level of illumination B = 0 (Weinstein, lobson & Dowling 1967). Thus the
value of log (efag) first increases upto a certain value and after that it decreases. At very
high background intensity it is equal to 2. In other words it does not saturate in isolated
skale relina. This supports our results obtained here on, isolated retina.
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