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INFLUENCE OF HYPOXIA ON COLOR VISION

A. I. Yusfin, B. §. Franjdn and G. N. Rautian

{Presented by ¥. M. Bykov, Member of the Acsadeny,
Awguet 27, 1953.)

There are maby papers dealing with research on the influence of hypoxia
on different visual functions. In particular, the effect of oxygen starvation
or color scrimination has been studied in the Soviet Union by N.A. Vishnevaki
and B.A. Gyrlin {1]; by N.G. Fedorov and V.I. Fedorova [2], by B.N. Aromove [3],
and more recently by L.M. Mkrtychea andé V.G. Samsonova {4] and others.

Vishnevski and §yrlin's results, formulated as ‘'relative color sensi-
tivity", are highly coasistent for all foris nf sigpal studied, and reveal s
maximuz "high-altitude” sensitivity depression fecter of two or three as cowm-
pared wish normal grouxd conditions. N.G. Federov and V.Z. Fedorove {2}
employed various meeas of studying Zﬁigh altitudg? goior visioa over & con-
siderable pericd of tine during ar asscent of Mt. Flbrug. They found nc nsni~
festations of coior-bl.ndness up to an altitude of 5300 w. A&t an eliituds of
2200 » tne Rayleigh tent already showed a departure from the norm of deutera-
nomelous type, which gsdually increased over a period of seven days to 8
certein waxizum level, and which the authors are inclined to ascrive {even if
only in part) to insolation, since they also found & similar effect at sea
level in the south. B.N. Aronove [3] finds that her tests fully confirm the
dats of Vishneveki and Qyrlin; they roveal a genersz. depression of color
discriminatior for all color-tests, as was 8lso observed during the Elbruz
¢limb,

Mikrtycheve and Samsonovae {4} have determined saturstion thresholds for z
cclor diccrimingtion. The authors formulate thelr results on ¢oler discrimina- X
tion as a depression of sensitivity (& rise cf “ne Jdiserimination threshold) :
for green and tlue light and an augments&tion of censitivity {lowering of the
thresholds) fur red end yellow; +this was observed in all of five subjects
studled. The suthors furthermore fi1ad &n swnsence of any merked cheanges in the =
curve of relative visibility for she foveal part of the retina “under conditions
of dgytime vielor". * However, whep the experimeuts were made for the macular
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* Exception may be teken to the authors' ianterpretation of their resulis as
characterizing "the relative sensitivity of the eye 4o brightness”. Indeed
they made no determinations of the orightness-threshold in the dizcrimination
of monochromatic fields; <they coapared polychromatic fields and found tih=
closest color in terms of brightness. Moreover, if it 1is legitimate in the
cagse of night vision to regard the visibility curve ag an authentic ladex
of the spectral sensitivity of the actual physiologicsl spparatus {the recde},
the matter is quite otherwise in ithe ense of the cones, whichk &re of taree
type.s, distinguishable by their spectrsl sensitisity {end characterizetl.
first =nd foremost in these terms).
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zone or even tie extramacular zone i the retina under conditions of night
vision, tnen in almoet all the subjects s*udied there was observed, ia one
degre~ or another, a quite percertitle displacement 2f the visibility curve
under the in{luence of oxygen starvation.

Qur observations of the inriuence of oxygen ztarvation on color visiap
were mede with the new Naticnal Optical Inetitute ancualoscope evulved by
G.N. Rautian {E]. A feature of tihe new instrumeat is that i1 qualitatively
characterizes. on tne bvasis of threshcld precedure, the separate fuactioning
of esch of th¢ three systems of retinal coler-sensing receptors {cones). In
each uf three tests, cne establishes the ipcidencz cf tbhreshold color dis-
criminastion for ocular half-fielGs fof 6° exgular size); this incidence is
m:de perceptible to the subject by varying ths stimulation of one particular
cystem of cones {the system under invesiigation), while meanwhile the stimu-
lation of the two nther systems remains unchasnged, the same as at the initial
moment when the halfr-filelds were precisaly identicel. Along with this the
instrument {in a fourth test) also characteriies the typicalness of or the
snomalous deviations in the spectral censitivity of the receptors, in the
same wey us, for ingtance, the Nagel anomaloscope.

The tests were coinducted in 8 low-pressure chamber. For every subject
we fetermined &) tiwres threshoid isdices ng, ng, ng (3] et normel pressure,
that is, the “ground” indices. Then the "ascent" was initiated in the low-
preesure c¢hamber, and further determinations of the n-indices were msde at s
succession of increasing "altitudes”. At the "ceiling sltitude™ {50D0-7000 m}
the observations were made both under conditions of coxygen insufficlency and
with oxygen supplied. Threshold determinations were also nmade during the
"descent” and, finally, after return to normel conditione.

The analysis of tne test dmta consisted in calculating the sublect's
thrasholds, expressed as ratios to his normal "ground" thresholds:

B/ag = v

In sach of the graphs here reproduced, the values of the coerficient,
yiotted ss ordinste in the dewnveyd direciion, give a picture of the changes
in the acuity of color discriminzticon wudar he influence of hypexia for esach
receptor system.

In 21l we tested twenty-five persops posesessing normel color vision,
with whom we condmi ted thixty "ascents”, The wean dats seoored In “ascents”
up 2 5000 » are given in Figure 1, and shov 8 decrease in the acuity of c¢olor
diserimication for all three receptor systems, although in different degrees.
The greatest dopressicn of color discrimination {dy & factor of 2} occurs iu
the third (blve-semsing) veceptor. The firet {red-sensipy) receptor nas its
discrimination reduced by a factor ol 1,7. and the second receptor by 2 factor
of smly 1.3. Ir Figure 1 it is &iso ssen that i{nhalstion of oxygen {for a
period of 2 to 3 minutes) almost restores color discrimination. Here there
emerges & peculiarity of the second receptor {the grees-sereiog receplor),
namely, & sharpening of color discriminetion et minor altitudes and a compera-
tively samll reduction at high altituden, as compared with the cther two
receptors. The dats gecured in "sacents" to 6000 m {eight subjects) and to
7000 m (four subjects} yield similar results, out with e vore marked depres-
sior of discriminstion than in the 5000 m ascents.




The whole experimental materias may be broken down into four groups of
curves: in the first group (three cases) all three receptors. at "high
altitude", are depressed to the same degree, by a factor of 1.6 as compared
with the "ground" data. in the second group (three cases) color discrimina-
tion is most depressed in the second type of receptor, by a factor of 2 to
3.2 as compared with the initial data, while in the first and third types of
receptor the cbserved depression is not greater than 1.5 to 2.0. 1In the third
group (ten cases) the greatest reduction of color discrimination acuity occurs
in the first receptor; by a factor ¢f 2 to 4 as compared with the initial
“ground" data, wnile in the two other receptors the depression factor was,
as before, only 1.5 to 2.0. The fourth group of curves includes cases (six
in number) with the maximum depression of color discrimination in the third
type of receplor, namely, by a factor of 1.5 to 3; while in the two other
types of receptor the reduction is of the same order as before, namely 1.5
to 2.0.

In wsrv cases the strongest depression is observed only in one parti-
cular receptus, but in a number of cases (five out of thirty) the two recep-
tors are maximally depressed to the same degree, an effect which we must
regard a6 a more serious deterioration of color discrimination.

Analysis of the experimental material reveals the following interesting
feature. At "high altitudes" the acuity of color discrimination was more
strongly affected in proportion to the degree of "ground" acuity. This was
found in €11 cases and for every receptor, as is indicated by the mean data
shown in Table 1.

TABLE 1

Color R Receptor G Receptor B Receptor
Discriminstion | "Ground"| 5000 m | "Ground"| 5000 w | "Ground"|S000 m
Below normal * 1 1.28 1 1.03 1 1.44
Normal 1l 1.83 1 1.43 1l 1.98
Above normal 1 2.33 1 1.6 1 2.12

¥  The mesn norms were estatlished shortly before the experiments
by one ol the authors, on a basis of 900 subjects.

In repeated tests on the same subjects there was observed a varia-
bility in the acuity of the different receptors under "ground" conditions.
In conformity with the above-indicated rule, the strongest depression (at
altitude) took place in that receptor which on that particular day was found
to be the most sensitive (Fig. 2, A =2nd B).

At "low altitudes" (2000-3000 mj there was observed in most cases a

gharpening of cclor discriminstion for one or for itwc of the receptors.

reguently this was the second receptor (sixteen cases);
third (fourteen cases) and still less frequently the first (ten cases).
3500-4000 m this increased acuity was replaced by the ususl depression.

Most

less frequently the

From
The

receptors exhibiting the increased acuity at "low altitudes" exhitited, as a
rule, the least depression at "high altitudes”.

shovn in Figure 3.
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A characteristic case is
Oxygen inhalation at high altitudes restores color
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discriminatinn Lo all three receptors, almost to the initial level. The
acuity of diserimination is restored to a lesser degree in those receptars
which ware most depressed (Fig. 3).

Our reeuitse agree with the ftindings of Vishnevski and ¢yrlin, with
those of fedorov and Fedorove, and with those of Aronove, but do not support
tne conslusions of Mkrtycheva and Samsonova as to reciprocal variation, under
hypoxia. of the threcholds for red-yellow aund for green-blue. *

In addition to determining the color discriminea ion thresholds, we
carried out tests on the behavior of the Rayleign equetion. In none of ths
five cases did we discover any noticeable changes in the equation with alti-
tude. The same thing is found by other authors for brief hypoxias. The
variations which were found by Fedorov and Fedorcva are, it would seem, the
result of oxygen starvation of many days' duration, and are possidly due to
insolation too. Recently Ye. N. Yustova [6] has shown that anomelous changes
in the Rayleigh equation wust be ascribed to the properties of the retinal
pigmentation. It is natural to believe that this chemical effzct can not
show up in experiments of short durstion.

Received August 3, 1$53.
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* We note here that the colors red, yellow, green and blue are not equiva.ent
to excitations of any single one of the receptors.
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Fig. 1. variation of color discrimination
during hypoxia. 7The graph is plotted for
mean data. 1 - red, 2 - green, 3 - blue.
The arrow indicates administratioz of oxygen
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Fig. 2. Difrerent variations of color discrimination
in the same subject, as related to different initial
functional states of the visual analyser.

A - subject D.; experiment of June 13, 1953.
B - subject D.; experiment of June 15, 1953.

a - mean norms of color discrimination at
"ground altitude”, for receptor groups
I, II and III.

b - this subject's color discrimination at
"ground altitude", before the "ascent".

1 - red receptor, 2 - green, 3 - blue.

The arrow indicates administration of oxygen.
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Fig. 3. Example showing depression of
color discrimination at high altitude
to be smliest for that receptor which
bhad greatest low-altitude acuity.

Subject A., experimeat of May 19, 1953.

Notation sase as in Figure 2.
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