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INFLUENCE OF HYPOXIA ON COLOR VIS10,71

A. I. YusVin, B. S. Frtui34n and G. N. Raut-Ian

(Present,,d by K. V, Bykov, tMember of the Acadezy,
August 27, 1955.)

There are many papers dealing with recesareb on the inf'luence of hypoxia
on different visual. functions. In particNular, the eff~ect of oxygen starvation
on color -ýiecriminationi ha6 been studied in the Soviet Union by N.A, Vishnevski
and BWA. qyrlL-A [1]. by N.G. Fedorov and V.I. Feclorova (2], by B.IN. A~onova (]

and more recently b.- L.M. lyfkrtyche ;a and V.G. Samsonova [4] and others.

tivity", are highly co-osistent for all forra. )f' signal studied, abd reveal aihesUad~ri' eutfrmltda 'eai~clrsni
m~ximiam "high -altitude" sensitivity depression factc~ of t,,.o or threr- as com-
pared with normal grou.id conditions. N.G. Fedcrov and V.Z. Fedoro';e. (2)
emplo~yed various mew. s of study~tng Ziigh altitudE/ coior vision ovnrz -a con-~
siderable period of' tim~e duri~ng an ascent of Mt. F.lbruz. They founai no mswl-
festations of coior-bl .ndness up to a-n altitude of~ 5-300 w. -At an alZLitud,! ol'
2200 -, the Rayleigh tet~t already showed a departure from the norm of deutera-
nomelous type, which gr-adually i~ncreased over a period of' ;3eve days to a

- certain uaximum level, and which the authors are inclined to aacriloe (even if
only in part) to insolation, since they also found a sizrrIlar effect at- sea

S level in the south. B.N. Aronova [ 3] finds that her tests fully confirm the
data of Vishnevski and gyrlin; they r-'vesJ. a generel depression of color

Sdiscrimi-natlon for alJ2 color-tests, as was also observed during the Elbruz,

Mkrtycheva and Ssamsonovma (4) have determined saturstiom thresholds for
r~clor discrimination. The authora form-late their results on colocr discrimina-

S tion as a depression of sensitivity (a rise c' Ithe diiscrimination threshold)
for green and blue light an6 an au~gmenta-tion of' sensitivity (lowerinig of the

S thresholds) ft-r red and yellc4; this wias obeerved in all of five subjects
st-udied. The aiuthors furthermore fPIý3d en absence of any maarked change-s in the
curve of relative visibilitt. fo-r ',,he foveal par-t off the reetina "under conditions

of caaytime visiop". * Howe-ver., whcep the experiments were made for the macialar

Exception may be taken to the authors' luterpretation of' their results as
characterizing "the relative sensitivity of the eye to brightness". Indved
they made no determinations of the brightness-t-areshold in the discrimnination
of mono^-hromatic fields; they conpared poly-chroinatic fields and folund t-he
closest color in termns of brightness. More-over, if' it is lIegitimate IL the
case of night vision to regard the visibility curve as an authentic lildex
of the spectral sensitivity of the actual physiological apparatus (-"he rode),
the "matter is quite otherwise in t;-he ea~ of' the cones, whick. e-re &? th-ree
type.i, distinguishable by their spectral sensitijrity (and characteriz~bl.*

- first icd foremost in these terms).



zone or ever; t,,i extrawacu~ar zone uf Lhe -retina tu~der .-un~diti(.ns of night
vision, Lnen in aimo¶A. ali the subjects &tudied there was ubserved, in one
degre,ý or another, a quite percejtible disolacement of the visibility ntwvp
under the inf'luen~ce of oxygen starvation.

Our observations of the infl'uence of' oxygen nt~arvation on color visicir
were made with the new Natio.nal Optical Inetitutc ancmaloscope evulved by
G.rN. ThiutiaD (E]. A feature of the new Instrument le that, it qualitatively
characterizes. on the basis of threshold procedure, the eqparate functioning
of each of the three systeme of' rf-tinal colc'r-ensing receptorn (cones). In
each of thrree tests, one establishes the inciaenea of' threshold color dis-
crimi.nati~on for ocular half-fields (of 60' eguler size); this incidence is
mide perceptible to the subject by vtoy-Ing th,ý stimulation of one particular
system of cones (the system under investlgav-ioiý), whilLe meanwhile the stimu-
lation of' the two oth~er Byetemis remains unchmaiged, the s&=e as at the initial
minerit when the haif-fields were prectsely identi.cal. Along with this the
instrument (in a fourtn test) also charactLcrI2.es the typicalness of or the
anoma~lous' deviation~s in the spectral 1eensitivity of the receptors, in the
same way ais, for insl.,amae, the Niagel. anomaloscoruŽ).

The tests wceie coinducted in a low-pressure chamber. For every subject
we iz~eter-rined all krc threshold indives nR nG nB (3] at normal pressureJ,
tha is, t~he "~grz~und" indices. Then the "ascent" was initiated in the low-
preesux-e qharber, and fuarther determinations of the n-indices were made at a
succession of increasing "altitudes". At the "ceiling altitude" (5000-7000 m)
the observations were mede both under conditions of' oxygen insufficiency and
with oxygen suppli.ed. Threshold determinations were also nade duiring the
"descent-' and., finally,, after return to normal conditions.

The analysis of the test data consisted in calculatling the subJect's
thresholds, expressed as ratios to his normal "ground" thresholds;
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In eanah of the graphs here reproduced., the values of the coefficient,
plott-ed a" ozzdinis--e Jr t.b_- dr,% arei :Urel~tion, give a picture of the changes
ia the ae~it~y of' color dtsclrimiL i2ion vuder -1,he influence of' hypoxia for oath
receptor sysitem,

In s~1J we t1.ested twenty-flvte perscnns possessing n-;)rma2 color vision,
with whov' we coneaute4. thirt- "acentes". The ,a~ean data. st,ý.qed ln "&ascents"
ap tzi 5-00 m are given in Fieure 1,. and show a dec.rease. in the acuity of' color
dias2rimiaation for all three receptor systems, although in different degrees.
The gxeate-.t% dopression of color discrimination (by a factor of Ztt occurs in
the third (blvte-sensins) '-ece.ptor. The first. (red-sensipg) recept-or nas its
discziminatlon rcduced by a lactor of' 1., 7ý sne the second receptor by a factor
of =uly 1.3. In Figure. 1 i* Is a~lso s-:en th.At inhial-tion of oxyger3 fo a
period of 2 to 3 minutes) almost restores color discrimll nation. Hier her
emerges -a peculiarity of the second receptor Ithe gree&. s=eingS receptor).
namely., a snarpening of color discrimination at minor altitudc-s and a compara-
tively small reduction at high altituden, as compared with the 't~her two
receptors-. The data secured in "ascents" to 600C, m (eight subjeclus) and to

7000 m (four subjects) yield similar results, -out with a more mark~ed depres-
sion of discrimination than in the 5000 mn ascents.



The wnoie experimenLal materiaj auay be broken down into four groups of
curves: In the first gruup (three cases) all three recentors, at "hiah
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 observed depression is not greater than 1.5 to 2.0. In the third
group (ten cases) the greatest reduction of color discrimination acuity occurs
in the first receptor; by a factor of 2 to 4 as compared with the initial
"ground" data, while in Lhe 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 receptor, 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 ms-v cases the strongest depression is observed only in one parti-
cular receptuc, 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 as 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 &ll 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
Discrimination 1"Ground" 5000 m "'Ground" 5000 m "Ground"15000 M

Below normal * 1 1.28 1 1.03 1 1.44
Normal 1 1.83 1 1.43 1r 1.98
Above normal 1 2.33 1 1.96 1 2.12.

The mean• norms were esta~tlished shortly before the experiments

by one of the authors, on a basis of 900 subjects.

In repeated tests on the samue 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 and B).

At "low altitudes" (2000-3000 m) there was observed in most cases a
sharpening of color discrimination for one or for two of the receptors. Most
frequentlj this was the second receptor (sixteen cases); less frequently the
third (fourteen cases) and still less frequently the first (ten cases). From
3500-4000 m this increased acuity was replaced by the usual depression. The
receptors exhibiting the increased acuity at "low altitudes" exhibited, as a
rile, the least depression at "high altitudes". A chqracteristic case is
shown in Figure 3. Oxygen inhalation at high altitudes restores color
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discrimination Lo all three receptors, alnost to the initial level. The
suity.v f dn!_i-riminnatinn is rpstnred to a 1h-Aer dearee in those receetors

which were most depressed (Fig. 3).

Our results agree with the fiodings of Vishnevski and qyrlLn, with
those of Fedorov and Fedorova, and with those of Aronova, but do not support
tne conaclusions of Mkrtycheva and Samsonova as to reciprocal variation, under
hypoxia: of the threcholds for red-yellow and for green-blue. *

In addition to dettrmining the color discrimina ion thresholds, we
carried out tests on the behavior of the Rayleign equation. In none of the
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 Fedorova are, it would seem, the
resuit of oxygen starvation of many days' duration, and are possibly due to
insolation too. Recently Ye. N. Yustova [6] has shown that anomalous changes
in the Rayleigh equation must be ascribed to the properties of the retinal
pigmentation, It is natural to believe that this chemical effect can not
show up in experiments of short duration.

Received August 3, 1953.
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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. i. Variation of color discrimination
.during hypoxia. The graph is plotted for

U mean data. 1 - red, 2 - green, 3 -blue.

. #The arrow indicates administration of oxygen
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Fig. 2-. Diff~erent variatilons of color discriminartion
in the same subject, as related to different initial
functional states oC the visual analyser.

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

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

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

b - this subject's color discrimination at
"ground altitude", befor• 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 smallest for that rec-eptor which
had greatest low-altitude acuity.
SubjecntA of May 19 1953.

Notation same as In Figure 2.
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