
is produced by the product of a physical 
process only, as distinct from an cnzy-
rnatic or chemical one, as rve normally 
conceive of it. T h e  observation of a ther- 
mal luminescence and scmico~lductivity 
for dried cl~loroplasts has recently been 
reported and interpreted as cotliistent 
with the idea that the chloroplasts havc 
sorn? of the properties of srmico~lduc-
tors (8 ) .  

T h e  asymmetry of thc signal itself 
( i ) ,together tvith the fact that the de- 
cay and probably the gro~t-th is not a 
simple, single logarithmic one cvp11 a t  
- 140°C, seems to indicate that more 
than onc species is responsible for the 
over-all signal tvhich we ree. Arno~lg 
therr spccirs may be the chlorophyll trip- 
l r t  (as mentioned rarlicr),  the trapped 
electron, and, finally, some species of 
f r r r  radical resulting from thr  direct dis- 
sociation of a chemical bond in thr  ab- 
sorption act. While it is possible to sup- 
p o s ~  that the cooling \<-ould enhancc thr 
lifetime of thr chlorophyll triplet to the 
extrnt of hours, it dors not seem likrly. 
We a r r  thus lrft with the trapped elec- 
tron and the possibilities of a dissociatrd 
bond. 

I t  is prrhaps ~vorth  noti~lg that, ~ z h a t -  
cvrr the nature of the unpaired electron 
procluci~lg this signal, its coupling ~v i th  
the lattice arou~lcl it must be rathrr poor 
in order that it can produce a signal as 
narro1l- as thr  one rve ser. This suggests 
that it is located in a rather drlocalized 
pi-type of orbital. I t  is to be exp~c tcd  
that improvi.me~lts in trch~liquc tvill 
lead to a rnore precise idrntification of 
the 1-ariety of unpaired electrons which 
almost crrtainly result from thr  illumi- 
nation of the photochemical apparatus 
in pla~lts. 
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Effect of Psychiatric Disorder 

on Visual Thresholds 

Follo\<ing a ~lar t i rne  observation that 
neurotic patients tended to obtain lower 
?cores than ~lorrnal subjects on tr.sts of 
"night visio11," several cxperilne~lts (1) 
havc been undertaken in which the night 
vision of normal, neurotic, and psychotic 
groups has been compared. .lfairly co11- 
sistcnt finding of this research is that, on 
the average, psychiatric patients have 
raised intensity thresholds duri~lg the 
course of dark adaptation ( 2 ) .  

T h e  rnost grncral cffect of psychiatric 
disorder is, apparently, to elevate the 
dark-adaptation curve along the log-lu- 
rninancr axis rvithout changing its shape 
(see Fig. 1) . The  cxtrnt of the displace- 
ment varies sornrx-hat from one i~lvcsti- 
gation to another br t~zccn about 0.1 and 
0.5 log,, unit. T h e  cffrct of psychiatric 
clisorc1r.r seerns to be equivalrnt to that 
of placing a neutral density filter in front 
of the subject's cyes, thus necessitating 
a greater amount of light to produce a 
threshold rcspollsr. 

I n  this rrsprct, the effect of psychiatric 
disorder may be colnpared rvith that of 
anoxia, ~vhich also trnds to shift the 
dark-adaptation curvc along the intrn-
sity axis without affecting its shape, by 
arnounti \-arying bettvren 0.1 and 0.4 
log,, unit, dcprnding on thr degrrc of 
anoxia ( 3 ) ..I similar effect has b r rn  pro- 
ducrd by insulin hypog1ycrmi;l ( 4 )  and 
by alcohol ( 5 ) .  I n  all three cases, the 
most plausiblr cxxpla~lation of the cffect 
scrrns to bc that these conditio~ls lead to 
a depression of central ncrvous activity, 
either in the retina or a t  highrr levels 
of the visual system. 

I t  serrns possible that sorne of the ef- 
fects of psychiatric clisorcler on visual 
thrrsl~olcls may also reflect cha~lgcs in 
thc ncrvous system of a similar type. 
Oxygen drficimcy has from time to tirnr 
bern reported to occur in psychotics and 
to a lrssrr extent in neurotics (6):while 
Gellhorn e t  al. ( 7 )  havr rrportcd morr 
insulin in psychotic patients than in nor- 
mal subjects, u~lcler strcss conditions. 
More rccrntly Shagass and Nailnan (8) 
have provided evidence of a r ~ d u c e d  
central excitability in hystrrics, as deter- 
lninrd by their "sedation thrcsholds'' for 
socliurn amytal. Although the evidence 
011 the physio1ogic:il side is far from satis- 
factory, it xvould seem that a hypothrsis 
of lo~zered central rxcitability in thr  
visual svsteln mrrits at least as rnuch 
considcr:ition as possible altcr~lativp ex- 
planations of a rnorc psychological nature 
phrast,cl in pcrceptual terms (for discus- 
sion, see 2 ) .  

T h e  ilnplications of the rxperinlental 
results and the suggested hypothrsis may 
be considrred from several voints of view. 
As far as visual rrsearch on dark adap- 
tation is coilccr~lrcl, it should be noted 
that psychiatric disorder docs not in gcn-

era1 alter either t h ~  t h a p e  of the datb- 
adaptation curkc or the total range of 
adaptation; hrncc, it seems unlikely that 
the actual mechanism of adaptation is 
affected. The  shift of the curvc along tllc 
intensity axis can be accounted for in 
terrns of a depression of activity in the 
visual path~zays, completely unrelated to 
the dark-adaptation process itself. Tllc 
results do not, therefore, conflict with 
the photochelnical theories of dark adap- 
tation proposed by Hccht and others, nor 
do they provide any evidence for neural 
nlccha~lislns in dark adaptation. They 
may, hor\ever, libe the studies of anoxia, 
suggest the need for a broader basir for 
visual theories b) folcing photochemical 
throrists to make explic~t and cl(~\clop 
factors that arc. implicit in thrir rqu.1-
tioms and rrgarded as srcondary or con- 
stant (for examplc, thr efficiency ~v i th  
tvhich the conclucting system deals 13 it11 
the products of pl~otochernical reactions). 

From the broadcr vietvpoint of psy-
chiatry, abnormal psychology, and ncuro- 
physiology, the rcsults are perhaps of 
greater interest, for they may provide 
further rviclencc of the value of visual 
thresholds as i~lclicators of changrs of ex- 
citability of thc central nrrvous systcln. 
.Is McFarland ( 9 )  has pointed out, visual 
thrcsholds appear to have ccrcain ac1v;in- 
tages ovrr othrr psychophysiological 
fu~lctio~ls as quantitative indices of 
"physiological imbalance" tvith regard to 
sc~lsitivity, to the precision tvith ~zh ich  
the physical measurements involvrd !:an 
br madc, and to thr  fact that the subject 
is not ax-are of the changes in thr  physi- 
cal intensity of the stirnulus that are 
necessary for him to see it, since a t  
threshold the stimulus alx-ays has the 
same apprarance. Ho~zi.vcr, like critical 
flicker frequency ( C F F ), now bring 
~vidcly used for this purpose, absolute 
thrrsholds taken during dark adaptation 
are not specifically rclatrd to any par- 
ticular physiological stress or abnormal 
conditio11. This ~~.oulcl  seem to reduce 
thrir practical value in psychiatric diag- 
nosis. 

Froln thc rcsults so far obtaincd, 
therr scclns no irnrnrdiatc likelihood of 
distinguishing, 011 the basis of threshold 
incasurrrnrnts alone, psychotics from 
neurotics, hysterics from depressives and 
psychopaths, or, for that matter, pqy-
chiatric patients suffering from fu~ic-
tional disorders from patients having 
various organic disrascs. I n  consrqucncc3, 
considerable caution is necessary rvhrn 
rrsults arc i~lterprrtccl from the psy-
chiatric vie13 point and, as Simo~lso~l  and 
Hrozck (10) point out rlsetvhere in their 
review of studies of critical flickrr fre- 
quency, "As a rule, additional informa- 
tion obtai~lccl by i~~c leprnc le~~t  methods 
is drsirable for rnorr specific correla-
tions." 

In  spitr of this, thc possibility should 
not be ovcrlookcd thst rnorr detailed cx- 
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Fig. 1. Mean dark-adaptation curves: 0, 
psychiatric patirnts; 0 , nornlal su.hjects 
(see 2 ) .  

per~mental analysis of the lcsponses of 
different psychiatric categories may rc-
veal at lrast statistically significant dif- 
ferences bet~veen certain diagnostic 
groups, not only ~v i th  respect to the posi- 
tion of the dark-adaptation curve on the 
intensity axis, but also with respect to 
its shape. Observations in t ~ v o  experi- 
ments (11) suggest, for instance, that 
hysterics and anxiety states may differ in 
the level of their dark-adaptation curves, 
and one or two hysterics have produced 
curves that differ in qlopr from the nor- 
mal. Such differences suggest that, at 
leaqt in certain case?. the mechanism of 
dark adaptation may be impaired, and 
detailed investigation of these cases may 
be of considerable interest from the viel\.- 
point of visual research as lye11 as psy-
chiatry. I t  is possible, for instance, that 
neural nlechanisnls operating in dark 
adaptation may be affected, perhaps via 
the centrifugal fibers known to exist in 
the optic nerve. 111vier\, of recent work 
on the "reticular activatillg system," both 
in regard to centrifugal control of the 
sense organs and its role in psychiatric 
disorder ( 1 2 ) ,  such a possibility cannot 
be dismissed. IVorth noting also is the 
further possibility that differences in 
dark-adaptation thresholds between anx- 
iety statds and hysterics may be paral- 
leled by differences observed bet~veen 
normal subjects classified according to 
temperamental type ( 1 3 ) .  

With regard to the experimental im- 
pllcations of the general hypotheqiq sug- 
geqted in a preceding paragraph, one 
might expect, on the basis of p re~ ious  
psychophyqical research on vision, that 
chanqes ~ t o u l d  occur in the curves that 
relate a number of visual functions other 
than absolute thresholds to intensity. 
Thus, one ~ \ ~ o u l d  expect the curves that 
relate critical flicker frcquency, hright- 
ness discrimination, and visual acuity also 
to be shifted alollg the intensity axis by 
psychiatric disorder. T h c  extent of the 

shift should in each case be similar to 
the amount of disnlacemcnt of thr  dark- 
adaptation curve, since it is a function 
of the density of the hypothrtical fi1tr.r 
that rvas assunlrd to have bcrn placed in 
front of psychiatric patients' eyes. Thrsc 
"deductions" are all suscrptiblc to r.x-
prrimcntal test. 

One final point that requircs emphasis 
concerns thc magnitudr of the differences 
so far obtained that can bc attributed to 
the effects of ~svchiatric disordrr. As \vas 

L , 


pointed out in a preceding paragraph, in 
certain cases the difference amounts to 
as much as 0.5 log,, unit, but in othrr 
cases it may be as little as 0.1 log,, unit. 
Althoug.11 the differrnces Tverc statisticallv 
~ignificant under the rxperimental con-
ditions in which they Tverc observed, they 
must be rrlated to the whole body of 
kno~vledge concerning the visual mecha- 
nism if they are to be seen in proper per- 
spective. Compared with the c.nornlous 
range of values ( 1 to 10" throrlgh which 
the visual threshold can vary during light 
and dark adaptation, the changes are vrry 
small indeed. Recausr it seems likely 
from studies of physiological stresses 
(14)  that the observed changes rrpresent 
the limits of variation that can be ex-
prcted from disturbances central to thr 
photochemical system, it is clear that re- 
finrd expcrimrntal techniques \\,ill bc 
necessary to measure them accurately 
and to assess their significance in relation 
to physical and other sources of varia-
tion, including individual day-to-day 
variation, ~vhich is often of thr 0rdc.r of 
C.3 log,, unit ( 1 5 ) .  

C .  W. GK.ANC;FK 
Ilupartmcnt of Psychology, 
lnstitlrte of Psyc-hintry, 
Maudsley Hospital, Idondon, Enqlantl 
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Histochemical Distribution 
Pattern of Respiratory Enzymes 
in the Liver Lobule 

Knowledge concerning the function 
and distribution of enzymes has been 
gained primarily from procedures involv- 
ing the structural disintegration of tissue. 
However, recently developed methods 
have permitted the localization of spe-
cific enzymes in tissue sections. This 
\tudy deals with the histochemical dis- 
tribution pattern of four respiratory 
tmzymes-succinic dehydrogenase, cyto- 
chrome oxidase, diphosphopyridine nu-
cleotide diaphorase (DPS-diaphorase), 
and triphosphopyridine nucleoiide dia-
phorase (TPN-diaphorase) , respectively 
-in the liver lobulr of higher mammals. 

T h e  enzymes concerned are intimately 
linked to the tricarboxylic acid cycle, 
which is believed to be thr major path- 
way for the oxidation of many metabo- 
lites. Hence, the histochemical study of 
thcse enzymes may provide some general 
information concerning. the structural or- 
ganization of tissue rrspiration. Further- 
more, it may help to elucidate the bio- 
chemical anatomy of the liver and its 
pcjssible significance in the development 
of localized lesions in liver injury. 

T h e  histochemical demonstration of 
the succinic dehydrogenase system ( 1 , 2 )  
and of the D P 9 -  and TPN-diaphorases 
( 3 )  is based on the enzymatic reduction 
of tetrazolium salts, which serve as in-
dicators of local reductase activitv. O n  
reduction, the water-soluble, colorless 
tetrazolium is converted into a ~vater-in- 
soluble, colored formazan at the site of 
enzyme activity. T h e  intensity of stain-
ing appears to give a rough indication of 
the amount of enzyme activity present. 
T o  achieve specificity of the individual 
assay,, tissue sections are incubated in a 
medium that allo~vs only the particular 
enzyme under study to operate on the re- 
duction of the added tetrazolium salt. 
These methods satisfy most of the cri- 
teria that have been adopted for the 
specificity and reliabilit) of histochemi- 
cal qtains. and they are thoroughly dis- 
cused  by Farber, Strrnberq, and Dun- 
lap 13). 
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