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Electroretinography is spreading rapidly into the ophthal-
mological hospitals all over the world and has also attracted
several workers outside the clinic. Yet the advances made
in this field, valuable though they be, tend to fall into a
category of knowledge which is of greater interest to the
specialist than to a physiological congress.

This discussion was announced as concerned with the
primary mechanism of excitation. This, in the retina,
undoubtedly is photochemical. Light quanta which have
been absorbed in the receptors initiate chemical changes
which in their turn set up generator potefltials for excita-
tion. The very great advantage of the retina studied as a
chemical sense organ is that spectral absorption serves as a
guide for identification of the photochemically active sub-
stances. Identification by spectroscopy is one of the major
tools of the chemist. Retinal photochemistry begins with
identification by spectroscopy as an introduction to the
general problem of chemical excitation. For this reason,
too, it is a theme of considerable physiological importance.
An added stimulus to retinal photochemistry has been our
natural interest in the beautiful world of colours.

Historically colour vision was the starting point. De-
ductions from psychophysical data, applied with due
caution, still provide valuable hints, particularly when com-
pared with photochemical or electrophysiological data.
In this field we have been witnessing a gradual retreat from
some excesses of psychophysical naivism in the past.
It still lingers on in the curious notion that, unless an animal
has been shown to possess colour vision, its retinal distri-
bution of spectral sensitivity is hardly worth studying from
any other point of view than that of visual purple, because
the results would be wholly irrelevant to the problem of
colour vision. We shall see below that the cones of cat,
frog and snake dispatch a message on a spectral colour
band, the so-called photopic dominator, which agrees with
the human photopic distribution of spectral sensitivity and
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showed good agreement with the absorption in Denr-
Nar,l's (1953) extracts from the same animal. Monrow,
Ser-eH and Srurns (1947) showed that the chromophoric
group in eyes containing vitamin Az u'as the corresponding
aldehyde. War-o had called it retinene z.

In order to establish agreement between electrophysio-
logical and photochemical data some process of averaging
has so far been necessary on the electrophysiological side.
If the work is done on single fibres they are often found to
be connected to a slightly variable pattern of receptors.
Minor difierences disappear in the averages from many
fibres. If electroretinography of some kind be used, this
in itself is an averaging procedure because the retinogram
requires a very large number of receptors. The photo-
chemical methods also deal with averages. Before pro-
ceeding it is therefore necessary to consider the nature of
the retinal €xtracts which the photochemists use. The
retinal receptors are treated with a dispersing agent, com-
monly digitonin. Some photopigments may be destroyed
by this procedure (Denrr,relr,, 1955), the ones dissolved
may have undergone spectral shifts owing to destruction of
the living material (AnorN, r954; Dornowor,srr, JouusoN
and TeNslrv, 1955) or to the impurities which nearly
always contaminate the extracts.

What can then be done to improve this situation ? The
classical way of dealing with impurities is to bleach the
pigment and remeasure the absorptioa of the solution
afterwards. The difierence spectrum obtained in this
manner can be compared with the original distribution of
absorption before bleaching but, without electrophysiolo-
gical control, it may, at times, be difficult to know which
curve is correct, the original absorption curve or the dif-
ference curve. Huseenn and Wero (1952) have raised
certain objections to the diflerence spectra obtained after
"bleaching". DentNelr- (1955), on the other hand, has
tried to refine this method and also introduced differential
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density of o.5o. This figure agrees well with Husseno's
(1954) calculations. It is considerably higher than in
rnammals. ILrr;rns and RusHroN (1953) in rabbits esri-
mated the concentration to 357;.

Donnowolsnr, JoHNsoN and l'eNsr-ry (1955) applied
photography followed by densitometry to single rods oJ the
clawed toad (Xenopus) and obtained an absorption curve
with maximum at 53oo A which showed agreement with
DenrNeI-r-'s (r954) extracts from the same eye, his pigment
5r9; however, it was shifted towards the long wavelengths
hy this diflerence (5Jo - 5r9). It is nevcrhelcss reason-
able to assum.e that the pigments are identical and that
the shift towards the long wavelength, as compared w-ith
values in solution, is due to the com.bination into which the
pigment enters with the receptor or to an unidentified
substance. In favour of the former alternative is AnoBN's
(r954a) work with suspensions of frog rods in sucrose.
The visual purple maxirnum proved to be at 

-5 
r ro A instead

of at 5ozo A, which is the value generally ibund for frog
visual purple in solution (cf. also Bensn and SromN, r95-5).
We shall see below, in discussing Wero's work, that the
same chrom.ophore (or prosthetic group of the chromo-
protein) will deliver diflerent absorption m.axima when
com.bined with dilierent receptor proteins. It is, in point
of fact, one of the major riddles in retinal photochemistry
how the nature of the protein alters the absorption spectrum
of one and the same chrom.ophore the way it seems to do.

In addition AnnrN (1954, b) by his m.ethod found a
narrow absorption band rvith maximum at 5440 A in recep-
tor suspensions. This, indeed, showed rem.arkable simi-
larity to the narrow-band green modulator obtained by the
microelectrode technique from. optic ncrve fibres. This
made him raise the question of whether the use of deter-
gents to dissolve the photopigments m.ight not involve
selection of certain types of pigments.

Perhaps the most interesting method of approaching the
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pigment found by RusnroNis method is a rod or a cone
pigment may raise difficulties. These would seem to have
been overcome in DoNNrn and RusuroN's (1956) recent
work demonstrating the directional or Srrrrs-Cnawpono
efiect in frog cones but not in rods. This directional efiect
signifies that a pencil of light entering the cones along
their axis causes a greater effect than it does when entering
obliquely. For the human eye FrelreNr and SuLES (1948)
had previously shown that the directional effect simiiarly
could be used for distinguishing rods from cones.

In Wr,rle's work on cats (r953) and guinea pigs (r955a)
by the method of measuring absorption losses of rhe
reflected beam a number of photopigments were obtained
in addition to visual purple, and good agreement was found
with my own microelectrode work (see summary, rg47,
t955) with the same animals. O[ particular interest seems
the narrow absorption band in the blue region of the spec-
trum which undoubtedly is transmitted to the cortex-
LnNNox and MeosnN (1955; cf. also Meosrm and LrNNox,
1955) have found independently organized sensitivity to
blue in the cortex of cats and INcvan (1955), on a large
number of cerveau isold cats with peripheral electroretino-
graphic control of the average spectral sensitivity by the
resonance method (Gnexrr and Wrnru, rg53), has shown
that the stfiate area contains places which give narrow-
bands of the modulator type in the blue region of the
spectrum. The tops of these narrow blue-sensitive bands
could be roooo/o above the visual purple curve measured at
the same wavelength (46oo A). Here is a challenge to the
photochemists to identify the corresponding blue-sensitive
pigments, so easily found by electrophysiological methods
in the eyes of guinea pigs and cats. In fact, Door and
Er,rNrus (1956) and DoDr (1956), by spike recording,
demonstrated very large blue-sensitive modulator-bands
also in the eye ofthe rabbit. Why are these so elusive when
approached from the photochemical end with retinal
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Electroretinography gave a band located in the green, as in
the squirrel, but broader (AnorN and TeNsrrv, rg55b).
Since they had indications o[ a secondary hump in 47oo -
49oo A. this may explain why the band was broad. The
narrowest modulator bands ever obtained in any eye are the
ones DoNNnn ( r953) found by the microelectrode tLchnique
in the retina of the pigeon which also had a broad-band
cone pigment, as found by DoNNrn (1953) in confirmation
of earlier results by myself with the same technique.

KUHNE, at the end of last century, showed that visual
purple (rhodopsin) could be made to regenerate in solution
and that the process required some material from the
pigment epithelium which he called rhodophylin. His
results were confirmed by Cxasr, Hrcur, Lvtncon and
others. The yield, however, was small, of the order of
r5o/o of the initial concentration. MonroN's work, men-
tioned above, brought into focus the need for studying the
reaction : rhodopsin 5 vitamin A aldehyde :; vitamin A.
We recall that the aldehyde was the chromophore in
Wer-o's retinene and that Wero had found vitamin A to be
the final stage of bleaching of visual purple in the living eye.
However, it had not been found possible to produce vitamin
A by bleaching visual purple solutions (for references, see
Gneurr, 1947).

The late A. F. BrIss (1948, 1949) took up this question
and found that he could reduce the aldehyde to its vitamin
with the aid of alcohol dehydrogenase. These problems
were then studied by War,o and his collaborators Ruth

livHunrenn, BnowN and Surtr who have laid downlgreat
deal of highly succesful labour on the analysis of the
reaction chain, both as "bleaching" (rhodopsin to vita-
min A) and as regeneration (vitamin A to photopigment).
The results of their work on regeneration are of particular
interest to the present question regarding the nature of the
absorption spectra of photopigments. They cannot in
this connexion be taken up from the chemical standpoint.

IO



uolld.losqE 'suleloJd poJ qlr,r\ p;UrquroJ eJaM (z puE I
saPAqJplz drlt) sJuJur]Jt o^u Jseq] ueqlA .sa,{J zv urulE}r^
a-re sJ,{a ranEl o,\\) orlJ .loleururop JrdoloJs s}i ano*a.,
ol qlSue:ts luorcgns ;o uorlzldepr rq8ll raUE ( ottua ) qcual
Jql Jo euuJJ pJxru aqt u pue (opntsaa) esrouol IaeJD
eql Jo e J Juo-J Jql ul punoJ sr .zV uturE l uo pesEq ,Jaqlo
rr{l 'ueur ur ( IlErrslqdoqJ^sd) puc aluus .3o.r; 3 .e 

1o sado
ur punoJ sl lV uturetrA uo pasEq Juo eqI .s.tolEurtuop crd
-olor{d pe u ru.rr dtap 

-(se 
po-r tcalao.rc rur) d;leorBo;ors {qdol ltala

o.r1 ,{ur q1r,tr 11a.r d1qe1:erual pee:8e peurelqo u:15eds uoil
-dlosqz o,,n; Jql lerlt punoJ sloqlnE Jqt suosr-redruoc 1u.:ri
-o1orsdqd.ro1 Suryool u1 .uroro;d :uot Jlues Jqt qll^ 'uou

-EurquoJ ur zV urutetr^ ;o apdqepp eql lellel aql ,uleloJd
euoc ue{Jrr{J rltl.{r_peulquroc rV ulur"lrl Jo epdqeplz eqr sr
reurroJ_eql (996r 'Hrutg puB Nn oug icrv16)'riridouedj
pue (956r 'uru{S puE Nxoug 'o.tvIA) ursdopor sruau>rd
auoc Jrll JJE srsaqtuds 1o slcnpord Sunsarorur tsoru eq.l_'

. 
.elqrsl4 run-rt:ads aql Jo uor8a: srqr

3ur1^uur :o; elqrsuodsa.r a;e surelordouro:qJ !;ns 
.paapul

'uorbJJ alqrsr^ eql ur sJSlJutJ 
^\ou puB sr{tSuJIaAE^\

SuoJ aqt sp;e,uot surqs a^Jnc uortd:osqe eq1 urelord-auoc
ro por qlr.tr aurquoc deql uoql\ .runrtrceds elqrsr^ eqt
oprstno sLl t8ua;a,re,^\ tlorls Jrlt ur tqBrl qJosqe strlasuraqr
sauJurle.l JrlI sasaqtu,{s 1u:r.rrdrua 

.ara.t lr sE .ere suro)ord
-ouro:qc crlaqluds eqa 'paurrog Sureq a:e iutago.rdouro:qc
Jtll Moq Jo Sutpuets;epun IeJrurJrlJ ou sl JrJqt os pug
u^'\ou{un 'JJ^a,trorl 'ate surelo;d osaqa .sute:old euoc
pu? poJ el"lJdotddB aqt qlr,rl uortEurquoc ur sluaruBrd ouo.t
pu? por qroq oztlaqlu,{s or apetU Jq J.rnpJJord aldurrs,{1lua
-JDOde!E Aq OSIE UBJ pUC V Urur[lr^ ol pJcnpJJ eq ue: (z pur
r sapdqeple y ururzlr,r) seueurter o,{\1 eqJ .pelcatap
ueeq e^Erl (116q 'asuua3o.rp,{qep loqocle) ir ur pa8e8ui
stuJuodruoJ IElluessJ )sout JL{r Jo Juros .luaruSrdoloqd
ar{l sE se.lr"s qcrq,lL urelordouroJr{c eq} o} dn.ro y ururelr,r
ol u,^\op_ unl sr uonJual aql rJqlJq.r\ 1o ,{lluapuadepur
reqt tseSSns ot tlSnoua qStq sr p;ar,{ aqr teqt f,ES ot rr ,;gng



curves were obtained which corresponded to thc scotopic
dominators ofthe two systems (rhodopsin and porphyropsin)

From Wern's work one gains the impression that he
holds the prostheticlof the broad-band chromoproteins
always to be the two aldehydes r and z. Why then such an
array of broad-band absorption curves in diferent animals,
as discussed above ? Apparently WALD holds that the
protein is the significant factor, the reason being that the
same chromophore, e. g. the aldehyde of vitamin Ar,
synthetizes a rod or scotopic substance (rhodopsin) with
rod protein (Welo and Hunneno, r95o), and a cone or
photopic substance with cone protein (iodopsin). The
decisive factor is thus the receptor protein. Its chemical
structure, however, is unknown and much work remains
to be done before these difficult questions are solved.

Summarizing this brief discussion of recent work on
the photopigments, we must emphasize that great advances
have been made by different methods of approach most of
which have been of considerable value from some parti-
cular point of view, none, however, perfect and suficient by
itself. Extraction, densitometry, absorption analysis rz
szla, biochemical synthesis have added to our knowledge of
the photopigments. Electrophysiological methods have
raised problems, some of which haye been solved; others
still require a great deal of work for a final understanding.
At the moment there is too little electrophysiological work
done in parallel with methods such as the ones mentioned.
The problem is of the kind which requires conyergence of
methods approaching it from different angles. Those who
have been long enough interested in this field to rcalize
what it looked like in the thirties, not to speak of the
twenties, have reasons for looking forward with some opti-
mism to its further development.

Anorr, G. B. J. Phyial-, t9i4a, r23,3j7.
ARDEN, G. B. J. Physiol., r914b, t23,396.
AnorN, G, B. and TANSLEY, K. J. Phgsiol., tgSS,., r2?, Sg2.
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