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PARr 1. 

TlIE lIOR1lAL RESPONSES OF XENOPUS LAEVIS. 

In few Amphibia is the extent of visible pigmentary 

effector activity as striking as in the case of the South 

African clawed toad. Kevertheless, there is no aocount on 

record of the phenomena of colour response in this speoies. 

!he effector organs are, as in most other Anura, of three 

oategorieS1 (a) epidermal melanophores, (b) dermal 

melanophores, (c) xantholeucophores. Of these the second, 

as is general among those vertebrates that display the 

property of colour response, are the principal agents in the 

visible, that is, macroscopic effect. In an investigation 

intended to extend previous researohes into the meohanisa 

of co-ordination whian underlies the pigmentary responses of 

Amphibia, it became necessary to make a thorough study of the 

normal responses of Xenopus. Since the dermal melanophores 

can be examined without difficulty in the living animal b,y 

microscopic inspection of the web between the toes, special 

attention was paid to them. In the course of the investigation 

results have emerged that apen up a new fiel d 0 f pro bleme 

in connection with the co-ordinating mechanism of Amphibian 

colour response. These results are the subject of the present 

communication. 
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At an early stage it became evi dent that, whereas 

light reflected from the background is a comparati ve 1,­

unimportant factor, as compared with other external 

conditions such as humidity, temperature, etc., in theca.se 

of the common frog of Great Bri tain, for Xenopu.s the light 

reflected from the background is the all important factor. 

!he word background here, as elsewhere in this paper, is not 

used in a strictly literal sense, but - to avoid periphrasi s -

corresponds more precisely to the immediate field of vision 

of the animal. '!"wo categorie s of animals were, the refore , 

employed in working out the normal reaotions of the dermal 

melanophores, namely normal and eyeless. 

latter the complete eyeb~ll was removed. 

In the c'ase of the 

A careful study 

of the dermal me1anophores in the living condition, as 

indicated above, early made it evident that eyeless animals 

are macroscopically speakinc dark, but not so dark as the 

normal dark animal that has been kept on a black background, 

failing, moreoTer, to display pallor when kept on a white 

'background; further, that the dermal me1anophores of the 

eyeless anima.l were never as completely expanded as tho se of 

the seeing animal kept on a dark background. ~his necessitate 

a more definite classification of the condition of the dermal 
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Fig. 1. Ke7 to the Melanophore I~dex of Xenopus laev1s 
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melanophores than that employed previously, and arbitrary 

numerical symbols were applied to five stages of contraction 

am expansion, which suggested themselves for convff1ient 

identification. 'f'hese are indicated in the text figure. 

~e containers used for the experiments were square 

tin receptacles, 32 em. broad and 7 em. deep either (a) 

varnished so as to present a bright metallic surface hereunder 

referred to as -neutral background-, or (b) and (c) painted wit!l 

a hard black and white enamel respectively. These are 

referred to as -black- and -white background", though 

experiment showed that the field of vision of the animal was 

almost uniquely defined by the sides of the vessel, only 

slightly by the floor, and not at all by the cover, which was 

a piece of thin flat glass 35 em. square, either unpainted or 

painted white or black as indicated in the text. The three 

types of covers were u sed to dim the inc ident light to va:rying 

extent. In no case were they light-proof. Experiments were 

undertaken with glass vessels painted on the outside to test 

any possible effect of the enamel. 

In the tables reco rding the experimental findings 
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set forth below the margin of error cited is the standard 

deviation of the mean value for eaoh series of observations. 

i.e. d /~ where <f is the mean square root deviation of the 

series and n the DUmber of individuals in each series. If 

x. and x, are the standard deviations of the mean values 

R\---and -2 of two series of observations, then Jx,2+x~ is 

the standard deviation of the mean difference. If the mean 

difference is three times the standard deviation of the mean 

difference, the probability integral tables gives 270 t 1 

as the odds in favour of signifiaance. 

It has long been known that t if the eye s are 

removed, the characteristic white background response is not 

given by Amphibia or Fishes. 'rhe initial experiment brings 

out a new fact, namely, that the eyeless animal does not give 

the black background response. The statistical data set forth 

bring out in sharp relief the impression gained from the 

macroscopic appearance of the animals, namely, that the eyeless 

Platanna on a black background is visibly paler than the 

Jlormal animal on a black backgrrund t although the eye less 

animal on a whi te background is much darker than the normal 

animal on a white background. It will be shown later that, 

in complete darkness, the normal animal. is not dark ba.t 

assumes the intermediate condition of the eyeless animal. ~e 
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next point to call for attention was a more searching analysis 

of what was, at first, a somewhat indefinite impression gained 

from the macroscopic appearance of the animals, nam.e~y, that 

the most extreme Plllor was found in animals placed on a white 

background in dim light, whereas the most extreme darkening 

of the skin was manifest in animals placed on a black background 

in bright light. This seeming paradox appeared to be 

consonant wi th observations on Urodele larvae, which have been 

placed on record by Laurens (1915-16), who found that eyeless 

individuals in bright light become darker, and that seeing 

individuals at first become darker and then paler. Laurens 

distinguiShes between a primary or non-visual response to 
• 

light by expans ion of the me1anophores, and a secondary 

response superimposed upon the fonner, dependent upon the 

eyes and acting in the opposite direction. '.rhe data set forth 

in '.rables in connection with Experiments II and III show that, 

in Xenopus, tnere is a slight degree of primary reactivity of 

the type seen inUrodele larvae, that is, analogous to the 

Reptilian type of photic reaction, but the possible range of 

this primary reactivity is very snall compared with the 

secondar,y or co-ordinated activity, Which is dependent upon the 

eye. ~reover, the threshold of illumination requisite for 

the manifestation of the primary response is much hi~er 

than for the secondary, so that, in dim light, the secondary 
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response on white background is not diminished by the prtmaror 

reactivity, whereas in bright light the black l:ackground 

response is reinforced by the Irimary reactivity. 

Exper!men t 1. 

Exposed for 24-48 hours in diffuse light, 10 days 

after ope rat ion in case of eyeless toads. 'l'emperature 19-20°0'. 

r=-=-
White background Black background 
with glass tops. wi th glass tops. 

Eyed. I 1.90 :to.04 4.54 ± 0.07 
I 

)fo. of individuals. 48 48 I 
I 
I 

Eyeless 3.13 ± 0.13 3.13 ± 0.15 
, 

}lo. of individuals. 48 48 

Exper iment I I • 

Exposed for 24 hours to diffuse light at 19-20°0., 

:f'ourteen days after removal of eyes in case of eyeless animal.a. 

Bight individuals in each batch. 

---
White covers Black covers 

White I Black White I Black 
Background I Background Background Background. 

i 
lIyed. 2.0±0.00 j 4.6 ± 0.13 1.65 ± 0.16 4.25 ± 0.15 , 

lIye1ess·1 
1 

2.75 + 0.23 3.131:0.30 I 3.0 ± 0.31 2.75 ± 0.18 
t 

'!'be consistent shift seen with the dimmer 

illumination (black covers) towards greater plllor i B seen 

! 
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in another experiment in which the background was a varni shed 

metallic surface which reflected light to a oonsiderable 

extent. ~his is set forth in the table in connection with 

Experiment III. 

Experiment III. 

Exposed 24-48 hours diffuse light at 19-21oC., 

eyele ss fourteen days after operation. Eight toads in each 

batch. Neutral., that is metallic background. 

Glass cover White cover Black cover. 

ICyed. 2.6±0.24 1.5±0.25 2.4 ± 0.35 

Eyeless. 3 .. 4 ± O.l? 2.4 + 0.17 2.4 ± 0.17 

Before proceeding to gi ve direct critical proof of 

this restricted degree of primary reactivity, which consistentl, 

emerged in our earlier experiments, we may pause to comment upon 

one issue. ~ intermediate condition of the eyeless animals 

in the early stages after operation might be attributed to 

stimulation resulting from necrotic cnanges in the degenerating 

fibres of the optic nerves. The eyeless animals have, therefore, 

been repeatedly tested, and an experiment carried out on an 

extensive scale after the lapse of sufficient time to ensure 

complete degeneration of the optic fibres, is here included to 

demonstrate the fact that conclusions drawn from experiments on 

animals fourteen days after operation was not invalidated by 

the possibility stated. 
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Exper men t IV. 

Exposed 24 hours in diffuse light at 16oC., six 

weeks after removal of eyes of eyeless toads. 

Black background White background 
1 Black tops. White tops. 
I 

Eyed. 4.82 ±0.07 1.8 ±0.O8 I 
! 
I 

lfo. of indi viduals • 28 I 27 I 
Bye1ess. 2.8 ± 0.13 3.5 ±: 0.13 I 
]!fo. of indi viduals. 28 27 I 

i 

Expel' !ment V. 

At 170 C., six weeks after operation in case of 

eyeless toads. 
---------------------------eomple~t~e~--~'--JSright ---I 

darkness illumination 

60 hours. 
I 

10 hours. ! 

Eyed, on whi te background 12 toads. 

Eyed, on black background, 12 toads 

Eyeless, 48 toads. 

l------------~-------------t 
2.7 :t 0.24 2:.1 ± 0.08 

5.0 ± O.lS 

3.0 ± 0.11 3.8 ±O.09 

'the facts tabulated under Experiment V proTide 

eonclusi ve evidence first, for the fact that the neutral 

condition of the melanophores is intermediate, and that t 

8f1perimposed on the major visual photic response, there is in 

Xenopus a slight degree of primary reactivity of the Chameleon 

type. We see that the normal toad on a whi te 'background 
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becomes darker, and on a black background paler in complete 

darkness than in light, further, that the eyeless animal is 

significantly ~rker in bright light. Using the same standard 

of arbitrary numerical symbols to denote different degrees of 

melanophore expansion, we may say that the range of the primary 

reactivity 1s at a maximum only ten per cent of the range of 

secondary reactivity. 

HUmidity is not a significant factor in colour 

change in Xenopus, as shown in the following experiment. The 

pOint is hardly worthy of further investigation, as the animal 

will not live very long out of water, and if placed in a dry 

container the animal is kept moist by its own skin secretion 

for many ho urs • 

Expe riment VI. 

Eyeless frogs for twenty-four hours on neutral 

background in diffuse light at 17oC. 

.ean Value lfo. of 'roads 

Yet 3.4 ±O.lB 16. 

Dry 3.1 ± 0.15 16 
j 
, 

Of the effect of temperature it is sufficient to say 

that in Xenopus laevis that between 15 0 C. and the lethal upper 

limit [about 350 e.l temperature has no significant effect. 

Below 100e. there is a definite tendency to darkening of the ski 

I 
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Thus the general type of effect is similar to tha t se en in most 

vertebrates which display chromat 1c response. But the 

noteworthy feature of Xenopus is the wide range of temperature 

over whi ch the chroma. tic functi on remains unaffected as regards 

the final response. 

irom the data presented above it appears that (1) 

~e dermal melanophores of normal individuals of xenopus 1aevis 

are contracted when the animals have be en kept for twenty-four 

hours on a whi te background between 15 0 C. and 30°0. T'hey are 

expanded after exposure to a black background for the same 

period, an d in complete darknes s they assume an int ermediate 

degree of eXISnsion, preserved iDdependent1y of the l:ackground 

in diffuse light by the eyeless animal. (2) This visual 

response is superimposed upon a very restricted degree of 

primary reactivity of the Reptilian type, not dependent on 

the eye. 

The conclusions which have been set forth above were 

confirmed by experiments carried out after a lapse of twelve 

months. '!'he only new point wb! ch emerges is that the 

equilibrium value for eyeless animals a year after operation 

1s rather lower, i.e. they tend to approximate more to the 

condition of the pale animal as far as the microscopic 

appearance of the dermal melanophores is concerned. Jlacroscopil 

ally they shew no perceptible difference. The following 

-11-

Thus the general type of effect is similar to tha. t Be en in most 

vertebrates which display chromat 1c response.. But the 

noteworthy feature of Xenopus is the wide range of temperature 

over whi ch the chroma tic functi on remains unaffected as regards 

the final response .. 

tram the data presented above it appears that (I) 

7he dermal melanophores of normal individuals of Xenopus laevis 

are contracted when the animals have be en kept for twenty-four 

hours on a whi te background between 15 0 0. and 300 0. T'hey are 

expanded after exposure to a black background for the same 

period, an d in complete darknes s they assume an int ermediate 

degree of eXIansion, preserved independently of the bickground 

in diffuse light by the eyeless animal. (2) This visual 

response is superimposed upon a very restricted degree of 

primary reactivity of the Reptilian type, not dependent on 

the eye. 

The conclusions which haTe been set forth above were 

confirmed by experiments carried out after a lapse of twelve 

months. '!'he only new point whi ch emerges is that the 

equilibrium value for eyeless animals a year after operation 

is rather lower, i.e. they tend to approximate more to the 

condition of the pale animal as far as the microscopic 

appearance of the dermal me1anophores is concerned. Kacroscopi 

ally they shew no perceptible difference. The following 



experiment was undertaken after an analysis of the time factor 

in colour change had emphasised the necessity of prolonged 

exposure in establishing the true condit ion 0 f equ ilibrium. •. 

Illuminati on was continuous and the record was taken after 

three weeks exposure. '!'he mean temperature was 160 c. 
r--" 

White Background. Black background • 
. _-
Bright Dim Bright Dim 

lio:nna.l. 1.25± 0.09 1.13 ±" 0.07 4.54 ± 0.09 4.58 ± 0.12 

Ko. of 'roads 24 23 24 24 

Eyeless 2.8 ± 0.15 2.15 ± 0.17 2.9 ± 0.09· 1.9 ± 0.16 

50. of '.ro ads j 20 20 20 20 

i 

Yor the sake of clarity it may be as well to 

restate the conclusions of the foregoing observations as 

follows. 
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three weeks exposure. '!he mean temperature vas 160 c. 
------_.-

White Background. Black background. 
,-_.-
Bright Dim Bright Dim 

Iormal. 1.2510..09 1.13 ±" 0.07 4.54 ± 0.09 4.58 ± 0.12 

lio. of 'roads 24 23 24 24 

Eyeless 2.8 ± 0.15 2.15 ± 0.17 2.9:t 0.09 1.9 ± 0.16 
I 

lio. of 'roadsj 20 20 20 20 

i 

Yor the sake of clarity it may be as well to 

restate the conclusions of the foregoing observations as 

follows. 
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SlJlOr.ARY 07 PAR'! 1. 

(i) !fhat, within a wide range of temperature 

{ 50 _ 300 a} normal individuals of Xenopus laevis become dark 

if placed in light in a situation such that the field of vision 

is occupied by a surface which absorbs light (1tb1ack 1::ackground" 

and become pale if placed in light in a situation such that the 

field of vision is occupied by a surface which scatters and 

reflects light ("white background·). 

(ii) That eyeless individuals do not display this 

type of reactivity, but, like normal animals subjected to 

prolonged exposure to total darkness, remain in an intermediate 

condition due to the partial expansion of the dermal melanophore 

(iii) That in eyeless animals the melanophores are 

slightly more expanded in light than in darkness, so that there 

is a ·primary" react i vi ty of the pigment ary e ff ect 0 r sys tem 

independen t 0 f the eyes and t ending in the opposi te directi on 

of the ·secondary· co-ordinated response for which the eye 

is the receptor organ and much less considerable in extent than 

the visual response. 

(iv) Since the threshold of illumination for the 

"primary" reaction to light is higher than that for the 

secondary, the optimum condition for pallor i8 nonna1 animals 

is dim light reflected from a light-scattering surface occupyin 
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the field of vision, while the optimum condition for 

darkening is a light-absorbing visual field with bright 

illumination from above. 

-14-

the field of vision, while the optimum condition for 

darkening is a light-absorbing visual field with bright 

illumination from above. 
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PAR'!' ];L. 

THE 'fIlm FACTOR IN '!'HE CltRODTIC RESPONSES 

OF XENOPUS LAEVIS 

'!'he time taken for any response in an organism. 

to oceur must be referred to three separate entitiesl the 

latent period of the receptor, the time ocCt1pied by the 

propagation of the disturbance set up in the receptor throtgh 

the co-ordinating mechanism, and the time which elapses in 

bringing the .effector organ itself into action. Since 'lie know 

the order of magnitude of the second, if the co-ordinating 

mechanism happens to be ilervous an hypothesi s of nervous 

co-ordination must involve certain limitations to the time 

factor in any type of response. The reaction time of the 

melanophore i teelf can be determined from perfusion experiment: 

Krogh gives data with reference to the frog. Allowing a full 

hour for the reaction time of the melanophore the maximum 

requisite for a response controlled entirely by the nervous 

system will be of the same order of magnitude. 

nisregarding for the present the primary reactivit; 

which may depend (a) on direct response of the pigmentary 

effector organ to st imulus, 0 r (b) a c o-ordinated response for 

which the receptor is some photo-sensi ti ve end-organ in the 

skin. The ·secondary· reactivity on the other hand. must 
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involve a co-ordinating system which may be endocrine. nervous t 

or both, and the fact that eyeless animals are neither 

completely pale nor completely dark implies that the white­

background and blaclc-bac1cground respons e inTol ve separate 

entities in the co-ordination of stimulus and response. lrow 

this two-fold character of the co-ordination may be explained 

by either of two hypotheses (a) and (b) or a combination of 

both. The two hypotheses aret 

:a) 'rhat there are two separate photo-receptive 

eleEnta in the eye with different thresholds of excitation 

tending to produce in the one case inhibition, in the other 

case excitation, of the same mechanism of discharge (endocrine 

or nervou s) • 

- (b) That there are two separate mechanisms of 

discharge acting in opposite senses on the pigmentary effector, 

and that which predominates over the other is determined by 

the DUmber of photo-receptors stimulated. 

Por the purpos e of clearer exposition it. proposed 

to call the mechanism of discharge underlying, on the second 

hypothesi s, the white backgrcund respons e Y, and the meohani .. 

of discharge underlying the black-backgrcund response B, and it 

. _y here be said that experimental evi dence to be subni tted at 

a later stage justifies the conclusion that B is identifiable 
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with the secretion of the mela.nophore stimu.lant of the 

pituitary gland. A question which at once presents itself on 

the basis of the facts hitherto elicited is whether Y i.8 nervous i 

or endocrine on the assumption that hypothesis (b) is co rrect, 
i 

and a study of the time factor in the process was undertaken 

as an initial step. 

I 

, 

'.the further analysis of the visual re~ponse from this: 

angle opens up the possibility of discriminating between 

hypotheses (a) and (b), as well as placing on record for the 

first time a quantitative treatment of this aspect of 

pigmentary effector activity. A study bas therefore been DBd.e 

of the time relation involved inl 

(i) Passing from the black -and .. hi te-background 

response to the intermediate phase in total darkness. 

(ii) 'fransition to the white-and black-background 

response from the intermediate condition consequent on prolonged 

exposure to darkness. 

[iii) Complete reversal of the white-and black-

background response in both direct ions. 

The results of the investigation.wi11 be considered 

in this order. :But before proceeding it may be advisable to 

sound. a note of caution. In interpreting these results Which 
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are presented in graphica.l form, it must be borne in mind that 

the numerical symbols applied to different configurations of 

the dermal melanophores are quite arbitrary, and therefore, 

though some insight may be obtained from a consideration of the 

intervals which elapse between equilibrium ccnditi ons and the 

intercalation of subnormal or supernormal phases, no 

significance can legitimately be attached to the gradients of 

the curves. 

A. 'fransition to the Intermediate Condition 

in Darkne ss. 

The first problem to be investigated was the tiBIe 

taken by dark and pale animals to reach the intermediate 

ccndition in complete darkness. Previous experi ence bad shown 

that this was considerable, and that pale toads required a more 

protracted exposure to darkness than dark one s before 

equ1li brium was established, i.e. the eyeless coni ition was 

attained. In the first experiment (fig.a) eleven pale toads 

in white pots and eleven dark toads in black pots were placed 

in a. large light-proof and '\\ell-ventilated box in the dark-room. 

!he use of the box disposed of the necessi ty of expo sing any 

indi vidual to light for more than a few seconds men 
observations were taken. In this experiment there are three 

8ignificant features which at once emerge from the graphical 

record. First, that the dark animals attain the eyeless 
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Vig. 2. Dark room experiment at 22 C. Upper series toads in 
black containers (originally dark}.Lower series 
originally JBle toads in whi te containe rs. 1Iargin 
of error, standard deviation of mean of each series. 
The arrows represent twenty-four hour intervals 
(midnight to midnight). 
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Vig. 2. Dark room experiment at 22 C. Upper series toads in 
blaok oontainers (originally dark}.Lower series 
originally pale toads in whi te containe rs. Iargin 
of error, standard deviation of mean of eaoh series. 
The arrows represent twenty-four hour intervals 
('midnight to midnight). 
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equilibrium much more readily than the pal e ones. Secmd, that 

there is a decided tendency for the melanophores to be more 

contracted a t midnight, suggesting a diurnal variat ion analogoWi 

to that recorded for the primalY photic reaction of Crustacea 

by Keeble and Banble ( ). "'bird, that dark animals, after 

reaching the int ermedi ate c ond! ti on wi thin 40 to 50 hour s , 

become considerably paler than the eyeless aniJIBls, and remain 

so until about 120 hours after beginning 0 f experiment, that 

is to say, they do not settle down to the eyeless equilibrium 

condition till about the same time as the toads which were 

ini tially pale. To obtain further confimation on the last two 

points, i.e. the diurnal Tar tat ion and the subnormal phase 

of the ini tially dark toads, the experiment was repeated at & 

different temperature. In the second experiment twelve toads 

in each seri es were employed, ini tially pal e animals being 

placed in black pots and initially dark animals in white pots 

immedi at ely before placing in the dark-room. In th is second 

experiment the time required to attain equilibrium on the IRrt 

of the initially pale toads was even more protracted than in the 

first. A part only of the experiment is r eprodu ced, but the 

diurnal variation was consistent throughout the entire series 01 

observations. Now, while the variation is not significantly 

outside the zange of probable error for two successive points 

on the curve, the complete consistency of the two curves, and 

the perfect regularity of the result, leaves no doubt as to the 
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1';11"' nf :111 t'XIM.'rinwut .. htlwinJ!" transition from .~lt· (low('r) and ILlrk (up..-" 
• ,II,.hlin" Itl th.- in!t'rtlU"1li;lh' "I:.h' in ,mrkll''.''''''_ II '" 1U:,,·rt.(~1 to "h.~w ~111.' r't'l!u .... r 
.llIIflml ",nUt'i .. n. .\rr ... ",. 1\"·1I1~·.I,,"r hU1I1" 11110.,.,".1" 11I1I.hll:,:hl til madlll)!'hti. 

Part of an experiment showing transition from pale 
(lower) and dark (upper) condition to the 
intermediate state in darkness. It is inserted to 
show the regular diurnal variation. Arrows twenty­
four hour intervals (midnight to midnight). 
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authenticiV of this diurnal change, which it is not without 

interest to note is in the same sense as the normal diurnal 

rhytnm resulting from the primary response, and thus suggests 

that the mechanism involved is a ·conditioned8 one in Pavlov's 

terminology. In the second experiment the subnormal phase 

of the initially dark toads was quite pronounced, and complete 

equili brium of the initially tale animals took about a fortnigh~ 

B. ~ransi t ion from Darkne ss to White and Black 

Backgr ru nd • 

'rwo experiments were carried ou t on the same two 

series of animals as were employed in those represented in :rigs i 

2 and S. :Fig. C· is a continuation of :rig.I, the origin being 

taken as the point of 1llumina. tion to continuous diffuse 

artificial light. On a black background the animals attain 

thei r final equilibrium in about an hour, surpa sa it seemingly, 

and then settle down to their final equilibrium about the time 

when the se rie s pIa ce d on white ba ckg round at ta ine d maximum 

pallor asymptotically - 25-30 hours after the beginning 0 f the 

expe riment. In a repetition of thi s experiment on the second 

series of individuals to ascertain whetmr the apparent 

existence of a supernormal phase on the series placed on black 

backgrounds was the fo rtui tws result of reinforcement by the 

diurnal variation, the existence of the supernormal phase was 

very deaisively confirmed as the following protoeol makes 

evident. 
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Time White background 

hr. min. 

0 00 

1 50 

3 00 

4 00 

5 30 

6 55 

7 55 

21 25 

24 55 

Equilibrium value 

150 hours 

2.7 ± 0.22 

2.75:t0.18 

2.5 ±.O.19 

2.4 :to.14 

2.3 ;to .13 

2.18±0.16 

2.18±O.10 

2.0 ±C.OO 

2.0 :to.00 

1.9.:t. 0.08 

I 
I 

Black background. 

2.5 ±O.~9 

3.5 ±0.lt5 

4.1 ±O.15 

4.2 ±O.16 

4.4 ±O.15 

4.4 .:to.15 

4.6 ±O.14 

4.5 ±0.15 

4..4 ±O.19 

4.25±O.12 

It is worth while J8using at this point to compare 

the time relations 0 f the transi tion from darkness to white and 

black background respecti ve 1y, and th e re verse opera ti on as 

recorded in t he preceding section.- Yrom these exp eriments it i E 

seen that the time taken to reach equilibrium in JaSS ing from 

the black-background equilibrium to the intermediate state is 

significantly greater than in the reverse precess, viz., in 

passing from the int ermedia te c ondi t ion characteristi c 0 f 

equi1ibri~ in darkne ss to the black-background response in 

light. 

I 
I 

Time White background Black background .. 

hr. min. 

0 00 2 .. 71:0 .. 22 2..5 ±O.19 

1 50 2 .. 75'1:0 .. 18 :5..5 ±O .. 15 

3 00 2 .. 5 1:0 .. 19 4 ... 1 ±O .. 15 

4 00 2 ... 4 '1:0 .. 14 4 .. 2 ±O.16 

5 30 2 .. 3 ;1:0.13 4 .. 4 ±O .. 15 

6 55 2 .. 18±0 .. 16 4 .. 4 :to .. 1S 

7 55 2.18:f:O .10 4.6 ±O.14 

21 25 2.0 ±C.OO 4.5 ±O.15 

24 55 2.0 :to.00 4...4 ±0.19 

Equilibrium value 

150 hours 1.9 .t. 0 ... 08 4.25±O .. 12 

It is lrOrth while :pausing at thi 13 point to compare 

the time relations 0 f the tral'lsi tion from darkness to white and 

black background respecti ve ly, and th e re verse opera ti on as 

recorded in the preceding section.· :from these experiments it is 

Been that the time taken to reach equilibrium in pass ins from 

the black-background equilibrium to the intermediate state is 

significantly greater than in the reverse precess, viz., in 

passing from the int ermediate condition characteristi c of 

equilibri:um in darkne 1313 to the black-background response in 

light. 
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Jig. 4. Transition from intermediate condition in darkness to 
dark and pale condition in light. Upper series 
blackened containers, lower series white. Temperature 
22oC. 
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xt is further seen that the time taken to piLS s from 

the white-background equilibrium to the intermediate condition 

in darkness is si~nificantly greater than the time taken to 

pass from the intermediate condition in darkness to white-

tackground equilibrium in light. Yinally t it is se en tm. t the 

time required to pass from black-backgrwnd equilibrium to the 

intermediate condition is much less tl'an the time required to 

pass from the whi te-ba.ckground equilibrium to the intermediate 

condition in darkness • .&.lso that the time required to PLSS frcm 

intermediate condit ion in darkness to black-background 

equilibrium in light is less than the time required to pass from 

int ermedi ate c cnditi on in darknes s to whi te-background 

equilibrium in light. These con9lusions may be epitomised by 

the aid of the following symbolism where b, 11' and i represent 

respecti vely the equ ilibrium c~dit ions for black tackgrwnd t 

white backgrwnd, and darkness, the arrows the direction of the 

prooess, and the usual conventions for inequalities being 

employed. 

b--+ i ") i ---fb 

11'---+ 1 ") i~w 

b--+ i < W ---4 i 

i ----i' b < i~w 
'!hese resul ts are totally inexplica ble in terms of hypothesi s 

(a) set forth in the introduction, and the existence of two 
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separat e mechanisms of discharge is reinforced by the ex! stence , 

of the suDnomal and supernormal phases. :ror, if mechanisms :B 

and ... are both brough t into play when the eye is illumina. ted, 

the final result depending on the uumber of photo-receptors 

stimulated, the slower rate at which" subsides would 

necessitate a subnormal phase in passing from black background i:: 

light to darkne ss, while the slower rate of development of • 

would necessitate a supernormal phase in passing from the 

intermediate condition in darkness to the black-background 

equilibri um. 

c:. Reversal of Background Response. 

'there reDBins to c msider what happens wren animals 

which have attained the whi te-background equilibrium are 

transferred to a black background and vice Tersa. Here, aa 

before (see Fig. C), mechanismY comes into play much more 

slowly than mechanism B; in other words, equilibrium is 

reached more rapidly in passing from white to black than from 

black to white. But, as would be expected, it takes much longer! 

to a ttain equilibrium in JB Bsing from the se extreme s than in 

passing from the intermediate state to either condition. BOt 

only is this the case, but the time taken to pass from the 

intermedia te level to the equilibrium state when the backgrounds 

are reversed in light is significantly greater than the time 

taken to pass from intermediate corrlition of animals that have 
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been kept in darkness to either type of background equ ilibriWll. 

So that t if i I and i2, respect i ve 1y denote the 

intermediate condition of the melanophores of an animal kept 

in darkness and an animal which is in process 0 f passing from 

black to white backgrrund in light or vice versa, then 

and 

i1~W > i,~w, 

i2-..b > il~b. 

On the other hand, it takes less time to pass from white-back­

ground equilibrium to the black-backgrrund equilibrium in light 

than it does to pass from the whi te background to the 

intermediate equilibrium in darkness or w~b <::... ) i •• 
j 

And on the hypothesi s of two BeJ8rate efferent mechani sms B ~ 

W, this result is again explicable, since the first reaction 

involves the subsidenee of Y only, whereas the second result 

involves the subsidence of .., and the subsidence of :B. 

!fwo experiments were performed ani the results were 

perfectly consonant. Fig. I is lased on the same series of 

animals as those used in the experiment on which :rig. 'S is based. 

It will be noticed that there is no supernorm.l pbase in p:l.ssing· 

from w.elite-background equilibrium to black-background equilibriun 

and this would be expected in terms of hypothesis b that my now 

formulated in more explicit ter.ms. 

The entire series of data here presented are, it is 
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su:tnaitted, incompatible with the hypothesis that a single 

efferen t meehan ism, vi z., the fluctua ting Becre ti on 0 f the 

melanophore stimulant of the pituitary gland, underlies the 

background response of Xenopus and, it may be added, of other 

Amphibia. There may or m~ not be two sets of receptors wm Be 

activation tend to produce opposing results. :For the present 

it is an economy to assume that the number rather than quality 

of receptors brought into play is the significant factor. 

But, in any case, there must be sera-rate efferent mechanisms -

using the term efferent without restriction as to endocrine 

or nervous character of the process - underlying the whi te- and 

black-bac!rgrrund responses. It would then be possible to outline: 

a working hypothesis in s orne such terms as these. \then an 

animal kept in total darkness for some time ia placed on a 

black backgrrund the small amount of light reflected stimulates 

some photo-recept ora, bringi ng into play me cbi-nism B, i.e. 

increased output of pituitary secretion, and mechanism Yat 

present unknown. At first the effect of B overrides W, but as 

more photo-receptors are brought into play, i.e. when the field 

of vision is occupfed by a light-scattering surface, the output 

of R reaches a limit before Vf so that". overrides :B. 

Alternatively the small amount of light reflected frOll 

a ligh t-abso rbing surface may inhibi t Y more than B, but as more 

receptors are brought into play the inhibit ion of B becomes more 
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complete than the inhibition of Y. In any case the salient 

points which emerge from t~ study of the time relations 0 f 

pigmenta.ry effector activity of Xenopus point to the follOWing 

conclusions. ~rst, that a different efferent mechanism, 

endocrine or nervous, underlies the black- and white-background 

responses of the intact animal. Second, tlBt the protracted 

development of both types of response is consistent with an 

endocrine rather than a nervous mechanism. 'thirdly, the 

existence of a diurnal variation in darkness, comparable in 

extent and direction to the normal diurnal rhythm of primary 

reactivity, is suggestive of t~ intervention of nervous agencie~ 

in the primary reaction. Evidence subrlitted at a later stage 

will shew that this suggestion is misleading. 

I 
i 

I 
. I: 
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snvv:ARY OF PARr II. 

An analysis of the time relations of the seeonda.r,y 

response involved in the transition (1) from the black to 

whi te background response and vi ce versa, (ii) from the 

intermediate condition in darkness to the white or black 

background response and vi ce versa provides evi dence that the 

dermal melanophores of Xenopus laevis are subject to a double 

endocrine con trol. 
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PAm.' III. 

THE RELATI Oll ~ '!'HE PI'l'tTW ART GLAND' 'rO 

PIGlmNTARY EFFECTOR ACTIVITY Ilf 

XENOPUS LAEVIS. 
, 

Xlmol"s laeris possesses a great advantage over the , 

procedure. 
I 
k 
f It 1s much more viable in the laboratory • It 

lluropean Common :Frog in experiments involving operative 

~ " 
recovers well from operative disturbance. It is easily fed on 

raw meat. It lives within a wider range of temperature. In 

seeking to elucidate two separate endocrine factors in the 
j 

secondary photic response the first issue which presented itsel,;! 

for enquiry was the iden ti fie a tion of the agency can trolling thE::! 

::a~he ::::: :::::n:: a::a:c::::o:r::e~:op::terior lobe ~ 
significant to darkening of skin in Amphibia generally. I 
Accordingly at an early stage a large stock of hypoPhysectomise),"j 

r ~j 

A. few preliminary remarks lJ! animals was prepared for future use. 

must therefore be made with reference to operative procedure. 
II 

.! 
At the same time a brie f reference may be ma de to the technique-;; 

,-

employed for estimating the potency of extracts of the posterio:;~jll 
,I 

lobe of the pituitary gland.,! 

(a) Opera ti ve remova.l of t he Pi tui tag CUa.nd. ne me tho d 
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1M 

Diagram of dorsal surface of brain of Xenopus 
showing (in black) the relative positions occuIded 
by optic chiasma and Pituitary gland on ventral 
surface. 
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employed was in principle essentially similar to that descri bed 

by Hogben for the remoTal of the pituitary gland in other Anura 

and in Urodele s. There are however certain morphological 

details Whi~ render the operation of hypophysectomy more 

difficult in XenoPl s laevis. The se are preeminently the . 

thickness of the bones of the skull and the adherence of the 

mucous membrane of the mouth to the floor of the skull. Xn 

Xenopus it is not possible to see the outline of the pituitary 

glam through the thin translucent l:ase of the skull as in 

Anura and Urodeles. 'fo locate its posit ion without extensive 

exposure it is necessary to apply the dental drill to a spot 

in the middle of the anterior margin of the common Eustachian 

orifice. Before doing so a median incision is made in the Jjucou 

membrane which is scraped away from base of skull. nis 

procedure usually leads to loss of a good deal of blood if 

other precautions are not taken. Bleeding can be prevented 

by cauterising two large superficial vessels with a small 

I 

i 
electric cautery. Owing to the adherenc:e 0 f th e muc ous memb ranef 

it is easy to tear away large masses of tissue in applying the 

dental drill. It was found advisable to keep the mucous 

membrane stretched by covering the ventral surface of the mouth 

: ~ 

wi th a pad of rubber. Xo mortality occurs when these precauth)n
i 
I, 

.Ii 
II 
i 

are taken if the operation is performed in the cooler months, 
it, 
0, 
I but a high mortality occurred in the ensuing weeks during 

Iovember to Barch. In either case animals surviving the first 
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three weeks after operations live indefinitely in the 

laboratory and have been kept under observation for more than 

two years. After three weeks they were fed regularly once a 

week. The water was changed after feeding. Iost of the 

operated animals employed in this investigation had been kept 

in the laboratory after operation for a much longer period of 

time than those which have been tested. in previous investigatioDEj 

of the same kind. 

In preparing stocks of operated animals it was 

decided at the outset to prepare equal numbers of individuals 

in which the whole gland or the anterior lobe only had been 

removed. -rhe latter were originally intended to serve as 

controls. It will be seen later that they provided ulterior 

evi den ce bearing on the role of endocrine agencie s in 

controlling pigmentary changes in Xenopus laevis. 

(b) Injection of PituitarY Extracts. In experiments involving 

inject ion of pitu i tary extracts a new departure has been mde. 

Hogben and Winton have recorded the effect s 0 f inj ecting 

posterior lobe extract into nonnal and hypophysectomised frogs. 

ifheir comparison of the reaction of the two groups V'BS based 

on the minimal dose requisite to produce a macroscopic effect. 

In experiments recorded in this section a comparison of the 

effects on injecting pituitary extract into nonna! and 

hypophysectomised Platanas was based on a more re fined. 
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procedure deve~oped in the course of this investigation and 

alraady described in detail by Hogben and Gordon (l930). Ifhia 

method involves plotting a curve for the variation of the 

melanophore index with time after injection. It is a more 

delicate instrument fer two reasons. First, as has be en shown 

in the preceding sections the microscopic appearance of the 

melanophores can be described with greater precision than the 

macroscopic effect: Secondly, both the intensity and 

persistence of the effect are determined by the amount of 

active substance injected. 'Ibe first of these perhaps 

merits further comment. Although it is true to say that in 

equilibrium conditions the background response 0 f the dermal 

and epidermal melanophores is the same in Xenopus laevis, the 

rate of change is not the same for both. FUrthermore tho~ 

both react to pituitary extracts in the same sense their 

respective thresholds are not identical. For this reason it is 

possible to encounter in experiments involving injection of 

pitui tary extracts considerable discrepancies between the 

macroscopic appearance and the microscopic state of the dermal 

melanophores. There is no doubt that these discrepancies can be 

explained in the main by two circumstances. One is tnat the 

epider'mal melanophores do contribute significantly to the 

macroscopic effect. ~ other is that epidermal melanophores 

are relatively much more numerous in some individuals than 

others. In some animals they are so few in number that they are 
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dif:ficult to find. Xn others they are more numerous than the 

dermal melanophores. It is for this reason that attention 

has been directed almost exclusively to the dermal 

melano})hores. Yo what extent the Xantholeucophores play 

a significant part in the macroscopic effect it is difficult to 

say. ~o such consistency in their behaviour as described 

in Rana could be elucidated successful in Xenopus laevis. 

In very pale animals that have been kept for a long time on a 

white background and generally speaking in hypophysectomised 

animals they are seen to be c omplet ely expanded. !1ley are 

sometimes seen to be very oompletely expanded in animals whose 

macroscopic appearance is as dark as possible. These 

discrepancies may be due to the fact tnat the Date of reaction 

is different from that of the me1anophores or to the influence 

of agenoies which do not exeroise a notioeable effect upon the 

latter. It has not been possible to arrive at any satisfaotor,y 

oonolusions conoerning the behaviour of the lantholeuoophores. 

In many animals they are so inoonspicuous tha tit is not 

convenient to observe how they behave. 

(0) Effects of ope~ative removal of the gland. After complete 

removal of the pituitary gland Xenopus lae vis remains pale on a 

blaok background indefinitely. Hypophysect'omised animals and 

control series have been kept under observation for a period of 

more than two years. In the course of parallel investigations 
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Fig. 6. Two toads. 

Right - Kormal animal kept on a black background 
for three weeks. 

Left - Hypophysectomised animal kept on black 
background since operation (twenty-five months 
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carried out in this laboratory in connection with metabolic 

changes accompanying pituitary removal and pigmentary effector 

activity stocks of from two to three hundred animals have been 

kept under observation. ~ough the macroscopic appearance of 

hypophysectomised toads when kept in a black background indicates 

maximal pallor, a study of the microscopic appearance indicates 

that normal animals kept on a white 'tackground are pe.ler. Tbat 1s 

to say there is a slight but not necessarily significant difference! 

in the melanophore index of the two groups. '!he me1anophorei 

index of normal toads after prolonged exposure to whi te background I 
t 

is significantly lower than the melanophore index of the completely! 
I 

hypophysectomi sed animals also placed on a whi te "tackground. I 

rhis difference is shown in the accompanying table which also 

reveals an additional circumstance bearing on the role of the 

pituitary gland in relation to the primary response. The primary 

respo~se is completely independent of the pituitary gland. 

Rea.ctions of normal and hypophysectomised toads. 

l6oC. Continuous illumination t en days. 

I------------------------------------~----------------_r------------_;I i 

; White background ~lack baCkground 
i-------- --~ ------ ----- -------------+---------11 

Darkness. 

i_orma1 Toads 1.25 ± 0.09 4.54 ±O.09 

I 
,DUmber 24 24 
I 

1.30± 0.13 
BYpophysectomised 

(both lobes) (x) 1.64 ± 0.13 1.40 ±0.13 

lfUmber 14 15 15 

HYpophysectomised(Y) 
(Anterior lobe only) 4.4 ±O.13 

BUmber 13 
(T) tvi np mnnt. h R ~ f't pr onp 
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earried out in this laboratory in connection with metabolic 

changes accompa~ing pituitary removal and pigmentary effector 

activity stocks of from two to three hundred animals have been 

kept under observation. ~ough the macroscopic appearance of 

hypophysectomised toads when kept in a black background indicates 

maximal pallor, a study of the microscopic appearance indicates 

that normal animals kept on a white tackground are paler. That 1s 

to say there is a slight but not necessarily significant difference! 

in the melanophore index of the two groups. !'he melanophore ! 

index of normal toada after prolonged exposure to whi te background I 
f 

is significantly lower than the melanophore index of the completely! 
I 

hypophysectomi sed animals also placed on a whi te1::ackground. l 

!his difference is shown in the accompanying table which also 

reveals an addi ti onal ci rcumstanee bearing on the role of the 

pituitary gland in relation to the primary response. The primar.v 

respo~se is completely independent of the pituitary gland. 
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Yig. 7. Two toads. 

Right - Konnal animal kept on a white background 
for three weeks. 

Left. - Toad with the anterior lobe of the pituitary 
removed twenty months previously kept on 
white background. 
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'fhis slight difference in 'the behaviour of nomal animls 

exposed to a white blckground and hypophysectomised animals 

exposed to the same condit ions would be inexplicable on the 

assumption tl:at the co-ordination of colour response in Xenopus 

is solely determined by the activity of the posterior lobe 

of the pi tuitary gland. On the other hand the experiment s 

already recorded have conclusively shown that there are two 

endocrine agencies involved in the pigmentary responses of 

Xenopus. It is evident that what has been called the :B 

mecl:anism corresponds to the actiTity of the posterior lobe 

of the Pituitary gland whose importance in other amphibia is 

well established. This conclusion is confirmed by subsequent 

experiments on the effect of injection. Two hypotheses would 

account for the new fact which is brought to ligb. t in the 

foregoing table. If the remoTal of the pituitary gland ~ 

whole involved the elimination of the Y mechanism it W)uld be 

expected that the normal animal would in favourable circumstance 

be capable of more extreme pallor than the completely 

hypophysectomised animal. 

The simplest hypothesi s would then be 1h at 

mechanism W is identifiable with the anterior lobe of the gland~ 

Alternatively it may well be that the activity of some other 

endocrine organ is determined by the presence of the 

pituitary gland. In this connection it may be mentioned tha. t 

remoTal of the pituitary gland in tadpoles is accompanied 
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by involution of the suprarenal cortex (Smith). 

That one or other of these hypotheses is correct is 

strongly confirmed by the bella vi our 0 f animal s in which the 

anterior lobe alone was removed. This will be seen from the 

last series of the foregoing table. Removal of the anterior 

lobe in Xenopus is not so easy to perform as in Bana. It 

adheres by its anterior margin. In ccnsequenc·e it is easy to 

leave a small portion behind. In animals in which it was ~ en 

to have been completely removed remained dam on a white 

background for five or six months after operation. Partial 

recovery occurred in some individuals. It could then be .. 
generally established by postmortem examinations that 

regenerat ion had occurred. On the other han d two animals kept 

alive for over two years after removal remained with their 

melanophores fully expamed in optinal condit ions fo r pallor. 

(Fig.7 ). A few experiments on Rana Fuscigula did not yield 

certain confirmatory results. They were carried out in hot 

months when the animal does not survive tile operation fo r long 

though in all cases they remained dark in optimal conditions 

for pallor. Some of tmm assumed an intermediate condit ion 

for a day or two preceding death. Were it not for the fact 

that it has been possible to study the react ions of animals 

surviving fo r a long period after operation it might be 

I 
I 

possible to attribute this result to operative disturbance of the! 
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posterior lobe. The long continued survival of the operated 

animals makes it highly unlikely that Ellch an explanation is 

valid. It ",wId thus appear tha t in Xenopus laevis the whi te 

background response depends upon the presence of the anterior 

lobe of the pituitary gland and that the black background 

response depends upon the presence 0 f the posterior lobe. 

It seemed desirable to extend the scope 0 f the 

investigation to include the effect of removing one or both 

lobes of the pituitary in eyeless individuals. Yrom the 

accompanying protocol the results of such experiments are seen 

to be entirely consonant with the conclusions stated abave. 

Diffuse light 17 0 c. 

I Kelanophorelndex. 
J-fo. of 
;.nimals. White background Black backgroUl 

Eyeless, Pituitary 
intact 21 3.7 3.5 

Eyeless: Anterior 
lobe removed (x) 21 4.9 4.7 

Eyeless. completely , 
hypophysectomised(x) I ~2 1.4 1.4 

I 

(x) 'tWo months after operati on 

(d) Injection of Posterior lobe Extracts. Injection of an 

extract of the posterior lobe of the pitui tary gland in Xenopus 

posterior lobe. rhe long oontinued survival of the operated 

animals makes it highly unlikely that Bloh an explanation is 

valid. It "wId thus appear tha t in Xenopus laevis the whi te 

baokground response depends upon the presenoe of the anterior 

lobe of the pituitary gland and that the blaok background 

response dependu upon the presenoe 0 f the posterior lobe. 

It seemed desirable to extend the scope 0 f the 

investigation to inolude the effect of removing one or both 

lobes of the pituitary in eyeless individuals. ::From the 

aocompanying protocol the results of suoh experiments are seen 

to be entirely oonsonant with the oonolusions stated above I 

Diffuse light 17 0 c. 

I Xe1anophore Index. 
JiOe of 
t:mimals. White background Black baokgroUl 

Eyeless. Pi tui tary 
intaot 21 3.7 3.5 

Eyeleusl Anterior 
lobe removed (x) 21 4.9 4.7 

Eyelesul oompletely , 
hypophysectomised(x) I -12 1.4 1.4 

I 

(x) 'fwo months after operati on 

(d) Injection of Posterior lobe Extractu. Injeotion of an 

extra ct of the posterior lobe 0 f the pi tui tary glan d in Xenopus 
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Fig. 8. Effect of injection of Pitressin into fifteen 
hypophysectomised and fifteen normal toads. 
Dose .4 Pressor Units. Temperature l6oC. 
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Fig. 8. Effect of injection of Pitressin into fifteen 
hypophysectomised and fifteen normal toads. 
Dose .4 Pressor Units. Temperature l6oC. 
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as in Rana evokes expansion of the me1anophores. Experiments 

on the effect of injecting pituitary extracts into normal 

am hypophysectomised toads revealed a peculiar circumstance. 

The hypophysectomised animal has a lower threshold and the 

duration of the darkening produced is much greater than is the 

ca se with th e normal. This conc1 usi on was so une xpe ct ed tha t 

a long series of experiments were carried out. In some of these 

commercial extracts were employed, in others extracts prepared 

from fresh bovine glands prepared in the laboratory were used. 

The intraperitoneal method was adopted. All animals used in 

these experiments had been previously kept for a week on a whi te . 

background. The commercial extract chiefly employed was that 

known as Pitressin (Parke Davis). This is a highly concentrated 

extract of the pressor substance. The separated oxytocic 

principle Pitocin has no action on the melanophores. Three 

representative protocols will be cited. 

(1) Fifteen nonnal and fifteen hypophysectomised toads each 

received a dose equivalent to .4 pressor units of Pitressin. 

Yor the normal group a maximal effect was reached at about four 

hours with a melanophore index of 4.1. The maximal effect 

for the hypophysectomised toads was not reached until six hours 

from injection had elapsed, the melanophore index being 4.0. 

Twelve hours after injection the melanophore index of the 

hypophysectomised group was 3.1 and of the normal 2.0 (See Fig 8) 

.... 45-

as in Rana evokes expansion of the melanophorese Experiments 

on the effect of injecting pituitary extracts into normal 

ani hypophysectomised toads revealed a peculiar circumstance. 

The hypophysectomised animal has a lower threshold and the 

duration of the darkening produoed is much greater than is the 

ca se with th e normal e This oonol usi on was so une xpe ot ed tha t 

a long series of experiments were carried out. In s orne of these 

oommeroial extracts were employed, in others extracts prepared 

from fresh bovine glands prepared in the laboratory were used. 

'The intraperitoneal method was adopted .. All animals used in 

these experiments had been previously kept for a week on a whi te . 

background. The commercial extract chiefly employed was that 

known as Pitressin (Parke Davis). This is a highly conoentrated 

extract of the pressor substance. The separated oxytocic 

principle P1tooin has no action on the melanophores. Three 

representative protocols will be cited. 

(1) Fifteen nonnal and fifteen hypophysectomised toads each 

received a dose equivalent to .4 pressor units of Pitressin. 

Por the normal group a maximal effect was reaohed at about four 

hours with a melanophore index of 4.1. The maximal effect 

for the hypophysectomised toads was not reaohed until six hours 

from injection had elapsed, the melanophore index being 4.0. 

Twelve hours after injection the melanophore index of the 

hypophysectomised group was 3.1 and of the normal 2.0 (See Fig 8) 



-46-

t ,,~·G 
J"ftt 002;"'U(d "",f. 

4·0 

10 20 

Fig. 9. Illustrating effect of injection of Pitressin into 
fifteen hypophysectomised and fifteen normal toads. 
Dose .2 Pressor Units. Temperature l30 C. 
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(2) To emphasise the difference in threshold a lower dosage 

was administered in a precisely parallel experiment (Fig 9 ). 

In this experiment .2 pressor units were injected into eacn 
individual. The maximal value of the melanophore index of 

hypophysectomised group was :3.6. That of the control group was 

2.9. Thirteen hours after injection the hypophysectomised group 

had reached :3.0 the normal group had oome down to 1.7. 

There is an obvious objeotion to any oonolusive 

deduction from the foregoing experiments. The posterior lobe 

of the pituitary gland has been sh~wn by Krogh and his 

collaborators to control the state of tone of the oapillaries. 

In this investigation as in Kroghts experiments it was 

frequently observed that the capillaries of hypophysectomised 

animals were dilated. It would therefore be expected that 

injection of pituitary extracts containing the pressor 

principle would constrict the peripheral vessels of the normal 

animal to a greater extent. Con.triction of the vessels would 

naturally tend to mask the effect of the melanophore stimulant 

B. 'rhis ambiguity in the preceding experiments can be 

eliminated. Hogben and Gordon (19:30) have oonolusively 

shown that the pressor and melanophore aotivities of posterior 

lobe extracts depen d on different substances. The pressor 

activity oan be completely destroyed leaving the melanophore 

activity intact. Indeed the melanophore aotivity of extracts 
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~ig. 10. Effect of injection of Pitressin treated for destruction 
of pressor principle into eight hypophysectomised and 
eight normal toads. (average weight 72 gramsJ Dose 
equivalent of one-fiftieth cc. Pitressin. Temp. l5 0 C. 
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ia increased when the pressor substance is destroyed. This 

would be expected from the considerations which have been 

advanced in t~€ foregoing remarks. To place the issue on a more 

secure foundation experiments were conducted to test the action 

of extracts in which the pressor substance had been destroy€d. 

(3) To an aqueous solution of Pitressin an equal quantity of 

2.5 Kolar Sodium Hydroxide was added. This was allowed to stand 

for three hours in the cold, neutralised with Hydrochloric 

acid, and diluted to the appropriate strength for injection. 

The dose injected into eight normal and eight hypophysectomised 

toads (females average weight 72 grams) was equivalent to one­

fiftieth cc. Pitressin. As will be seen from Fig. 10, the 

melanophore index of the hypophysectomised group ten hours after 

injection was 4.0, that of the normal group had come down to 2.0 

Twenty two hours after injection the melanophore index of the 

hypophysectomised was 2.8. 

'fhe results of the experiments recorded above might 

seem to be in conflict with earlier observations on the 

injection of posterior lobe extracts into normal and 

hypophysectomised frogs. Hogben and Winton (1923) found that 

the minimal dose for hypophysectomised frogs was higher than for 

normal ones. Several explanations of this discrepancy might 

be advanced. One which is specially relevant to wbat follows is 

that in Hogben and Yintonts experiments animals were injected 
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immediately after operation. All the animals employed in the 

foregoing experiments had been living in the laboratory for 

nine months. 'there seems to be only one apparent explanation 

of the greater sensitivity of Xenopus to pituitary extracts 

after its pituitary gland has been removed. If the removal of 

the anterior lobe of the Pituitary gland eliminates the W 

mechanism which has been postulated in Part II of this 

communication, it is easy to see why this result should occur. 

In the hypophysectomised animal the B substance injected into 

the circulation is not antagonised by the presence of Y 

substance in excess. On the other hand it is not reinforced by 

the :s. substanc:e already present in the normal animal. Thus the 

hypotheses that two endocrine agencies are involved in the 

colour responses of Xenopus laevis is fully compatible both 

with the observations on the effects of injection of Pituitary 

extract on normal and hypophysectomised frogs as reco rded by 

BOgben and Winton, and with the oontrary result obtained in 

experiments on Xenopus laevis as set forth in this 

communication. In any case the peculiar fact that the 

hypophyaedtomised clawed toad has a greater rather than a 

sensitivity to posterior lobe extracts as compared with the 

normal animal reinforces from an unexpected source the 

conclusion that the Y mechanism is closely associated in some 

way wi th a part of the pituitary gland and almost certainly 

not the same as that vbich is identifiable wi th the B mechanism 
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(e) Injection of Anterior Lobe Extracts. Conclusive evidence 

identifying the s.cretory acti vi ty of the anterior lobe wi th 

the • mechanism whose existence was establiShed in Section 2 

could be obtained by evoking pallor in the dark animal by 

injection of anterior lobe extracts. It has not been possible 

hitherto to establish this reaction in an entirely satisfactory 

manner. It will therefore suffice to state briefly what 

measure of succeSB has been achieved. On various occasions 

extracts of the anterior lobe of Xenopus and of the Ox have 

evoked a complete macroscopic pallor. lfitherto such resul ts 

have only been obtained with the use of extracts prepared in 

l~ Acetic-Ringer. On the other hand samples prepared in an 

identical manner have not produced wholly uniform results. 

It is therefore necessary to speak of them with caution. 

There are three features of a long series of 

experiments which merit comment. :First it may be stated with 

confidence that the reaction when it was obtained was tissue 

specific. Secondly in most experiments where no macroscopie 

changes were recorded extracts of anterior lobe evoked a Tery 

definite fall in the melanophore index, after a latent period 

of 24 to 56 hours. Parallel injections of pale animals showed 

that this latent period is attributable to the presence of the 

B. SUbstance from which no anterior lobe preparations , 

however carefully prepared, are ever completely free. Finally 

it may be stated with some assurance that the failures 
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encountered were not due to a high concentration 0 f the B 

substance in the extracts prepared. Ox glands dissected out 

within ha1f-an-hour of killing were in all cases employed and 

additional precautions to prevent infiltration with posterior 

lobe secretions did not increase the intensity of the result. 

~ree explanations of the incomplete success which attended this 

part of the investigation may be proferred. One is that an 

autocoid is invariably present but that it is a highly unstable 

substance. This is fully consonant with the very variable 

qua1i ty of extracts pre"oared from the anterior lobe to evoke 

the OVarian reaction of Zondek and Ascheim. Again, it is 

possible that a very small amount of the active substance 

postulated is ever present in the gland. This suggestion 

is in agreement with the very slow rate of development of the 

whitel:ackground reaction. It was not confirmed however by a 

parallel series of tests of extracts from the anterior loDes 

of dark animals and pale animals in which on the present 

hypothesi s the anterior lobe should have be en active. One 

otner possibility emerges. In the frog the pars tuberalis 

is represented by two plaques lying quite separately from the 

pituitary as a whole on the tuber cinereum. Strictly speaking 

the operation of total hypophysectomy cannot therefore be 

performed in the frog. In Urodeles there is no separate pars 

tubera1is. It is represented by two anterior horns of basophil 

cells continuous with the pars anterior and firmly attached to 

the tuber cinereum. Sections of the pituitary gland of Xenopus 
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reTealed no trace of the separate paired tuberalis elements of 

the frog. On the other hand they elucidated a feature of the 

gross morphology of the gland already referred to in the section 

on ope rati ve procedu re. I am indebted to Mrs. Rimer for the 

preparation of a series of sections which She permitted me to 

examine. '!'hey show that the pars anterior of the pituitary 

of Xenopus is firmly attached to ~he tuber cinereum by a forward 

prolongation of basophil cells. It is difficult to escape the 

conclusion that the pituitary of X~nopus is of the Urodele type. 

In that case what has been called the anterior lobe 0 f the Clawed 

T'oad represents the pars anterior together with the :rars 

tube ral i s of the Frog. An extract 0 f the pars tuberalis 0 f the OJ! 

alone injected into a dark animal evoked complete macroscopic 

pallor. 'the difficulties of obtaining sufficiently large 

quantities of Ox pituitaries have prevented an extensive 

confirmation of this experiment. It is legitimate tentatively 

to state the conclusion that the W substance is located mainly 

in the Pars Tuberalis, and this conclusion would harmonise the 

slight discrepancy between the effects of pituitary removal in 

Xenopus and Rana recorded in a preceding section. 
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SUMMARY OF PART III. 

1. Xenopus laevis can be kept alive indefinitely after removal 

of the whole pituitary (complete hypophysectomy) or of the 

anterior lobe alone. SUch animals have been kept under 

observation in the laboratory for a period of a little more than 

two years. 

2. Removal of the whole gland abolishes the black background 

response. 

3. Removal of anterior lobe alone abolishes the white back­

ground response. 

4. 1{ormal animals after pro longed exposure to a whi te 

background are slightly paler than completely hypophysectomised 

animals in the same situation. This is explicable on the 

assumption that the W meChanism is directly or indirectly 

dependent on the activity of the anterior lobe as suggested by 3 

5. Injection of posterior lobe extracts into completely 

hypophysectomised clawed toads produces darkening as in frogs. 

'!'he removal of the whole gland renders the animal more 

sensitive and not less sensitive to the injection of pituitary 

extrac ts • 'fhi s could be explaine d on the a ssumpt ion that B 

substance introduced into circulation is not antagonised by 

the presence of W substance already there. SUch an explanation 

implies that the W. mechanism is dependent in some way on the 
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anterior lobe of the pituitary gland as indicated in 3 and 4. 

6. 'rhe primary response is independent of the pituitary gland • 
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PART IV. 

THE RELATION OF THE NERVOUS SYSTEM TO COLOUR 

RESPONSE IN XENOPUS LAEVIS. 

Lister and the earlier workers on Amphibian 

colour change concluded that the disturbances propagated from 

the receptors to the C.N.S. travelled thence by nerves 

which supply the melanophores themselves. 

The work of Pouchet (1876), Parker (1906 ), 

wyman (1924), Redfield (1918 ) and Hogben and Kirvish (1927) 

provides very definite experimental evidence for the view that 

the melanophores of fishes and reptiles are innervated. There 

is however no direct histological support for this conclusion 

as applied to Amphibia, and, as pointed out by Hogben, the 

experimental evidence is both equivocal and conflicting. On the: 
i 

other hand there is at the same time conclusive evidence that 

the pituitary gland plays an essential role in the co-ordinatio 

of colour change in Amphibia and strong presumptive evidence 

derived from analysis of the time factor to shew that the 

predominating agency or agencies are of an endocrine nature. 

~e evidence prcsent~d in parts 2 and 3 of this communication 

makes .it well nigh impossible to entertain the view that the 

pituitary secretion is a st.atic condition essential to the 

proper exercise of a dynamic nervous control, a hypothesis, 
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whiCh .ust not be overlooked. It is now proposed to bri~ 

forward direct evidence (a) to she w that the secondary or eye­

co-ordinated response in Xenopus is independent or more strictly~ 

can be exercised independently, of the peripheral nervous 

system (the optic nerves being, natur.ally excluded), (b) whether 

the peripheral nervous system, in the same sense, plays any 

significant role in the control of the primarY response. 

Before however proceeding to describe experiments 

undertaken with these objectives in view, it is peIhaps 

advisable to reiterate an essential ccndition that must be 

borne in mind in the interpretation of all such procedures as 

involve section or stimulation of nerves. 'the entire nervous 

system of a vertebrate may be looked upon as the seat of 

impulses which control the tone of blood vessels. It is 

impossible to stimulate or transect the Central nervous system 

at any level, or a peripheral spinal n'.:rve without affecting 

in some way the blood supply of the area innervated by the 

nerve stimulated or cut off from control by the section of its 

efferent fibres. It is therefore evident, as insisted by 

Langley and by Hogben, that (1) the results' of stimulation 

are only unequivocal if it is possible after cutting off the. 

circulation to produce an effect which would not occur in 

response to cutting off the circulation of itself; and (2) 

the resul ts of section may inform us that a gi ven re spollSe 
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can occur independently of the peripheral nervous system, 

but cannot ~ossibly provide conclusive evidence that a response 

is not due to the stimulus of a circulating autacoid, since 

nerve section will affect the amount of blood circulating 

through the area cut off from the C.N.S. 

(a) Relation of the lfervous System to the Primary Response. 

In striking contrast wi th the slow development and 

subsidence of the secondary or co-ordinated photic response 

for which the eye is the receptor organ, the primary response 

which is best studied in the eyeless animals occupies between 

thirty minut es and three quarters of an hour.' Yrom the time 

relations 0 f the primary response we have nothing to gui de us 

in deciding whether it is (a) a simple reflex, (b) partly 

reflex and partly endocrine, or [c) a direct reaction of the 

melanophores themselves to light. At first sight the last 

hypothesis seems the most likely; but it has been shewn by 

Parker that there are photoreceptors in the Skin of Amphibia, 

since eyeless frogs shew phototropic behaviour. Unpublished 

experiments by Zoond in this laboratory prove that this 

conclusion applies to Xenopus laevis. The second hypothesis 

may be excluded by the data presented in the preceding section 

in which it has been shewn that the primary response is manifest 

in the completely hypophysectomised animal. It is now 

aecessary to decide between the fi rst an d the last hypotheses. , 
! 
I 

can occur independently of the peripheral nervous system, 

but cannot possibly provide conclusive evidence that a response 

is not due to the stimulus of a circulating autacoid, since 

nerve section will affect the amount of blood circulating 

through the area cut off from the C.N.S. 

(a) Relation of the ]Jervous System to the Primary Response. 

In striking contrast wi th the slow development and 

subsidence of the secondary or co-ordlnated photic response 

tor which the eye is the receptor organ, the primary response 

which is best studied in the eyeless animals occupies between 

thirty minut es and three quarters of an hour.' :rrom the time 

relations 0 f the primary response we have nothing to gui de us 

in deciding whether it is (8.) a simple reflex, (b) partly 

reflex and partly endocrine, or (c) a direct reaction of the 

melanophores themselves to light. At first sight the last 

hypothesis seems the most likely; but it has been shewn by 

Parker that there are photoreceptors in the Skin of Amphibia, 
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If' there is a peripheral ne rYe supply to the 

melanophores of Xenopu s a simple reflex dependi ng upon 

photoreceptors in the skin might be the explana tion of the 

primary response. To test thi s the spinal cord was completely 

destroyed in twenty four animals. The temperature of the room 

was 19 0 C. !be webs were spread out and twelve animals were 

placed in darkness, the others being placed in white containers 

in bri ght light. At the end 0 f one hour the comi t ions of the 

webs of the two series was recorded, the figures being I 

Darkness 

Light 

2.1 

2.4 

0.14 

0.14 

~he two series were then reversed and a second record taken 

after two hours. This resul ted in the following datat 

Darkness 

:Light 

1.9 

2.25 

0.14 

0.19 

The cons istency of this result seems to yield fairly 

conclusive evidence in favour of the view that the primary 

response is completely independent of ~he C.R.S. as well as 

of the pituitary. This amplifies a previous statement that the 

primary response of Xenopus is essentially like the Reptilian" 

response to light. The photic response of Reptiles is due to 

direct acti on of the light on the melanophores wi thout the 

intervention of any system of co-ordination. 
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(b) Effects of Nerve Secti on on the Second!. ry Response. 

'!'he precautions necessary in the interpretat ion of 

experiments on nerve section have been mentioned. An 

experimental precaution too often overlooked by previous 

workers is the desirability of woiking with animals that have 

completely recovered from operative disturbances. In selecting 

Xenopus for a more extensive investig"ation of the control of 

Amphibian colour change, benefit has been derived from the 

experience of Professor .Jolly woo se work has shewn that Xenopu s 

is parti cularly well sui ted for survival experiment s involving 

section of nerve trunks. Various types of experiments were 

carried out. Three only will be described in detail. 

(1) Section of the sciatic plexus. 

The entire sciatic plexus of one side (left) was 

destroyed in six toads. After three weeks the incision had 

healed, and the circulation of the web was not noticeably 

deranged on the ope rat ed side. The fo llowing readings were 

taken, the initial time being three weeks after operation. 

Where readings were taken at midnight the fact has been noted, 

as demonstrating the wdiurnal variation- elsewhere described. 
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'rime 

.00 

2.30 
5.00 

13.00 
2t.30 

32.00 
37.00 
50.00 
61.30 
76.30 

81.30 
120.00 

216.00 

276.00 
288.00 

Left Leg Right Leg 
'Paralysed} (nonna1 } 

2.16 2.16 

Transferred to Black background (0.00) 

3.82 3.82 
4.33 4.33 

(midnight) 4.0 4.0 
4.5 4.5 

Transferred to White background (24.30) 

2.0 2.0 
(midnight) 1.6 1.6 

2.0 2.0 
(midnight 1 1.5 1.5 

1.6 1.6 

rransferre d to Black background (76.30) 

3.7 3.7 
4.8 4.8 

Transferred to White background (120.00) 

1.3 1.3 

Transferred to Black background (216.00) 

4.0 
4.16 

4.0 
4.16 

From these data it is seen that there is complete 

agreement between the behaTiou r of the two limbs even as 

regards the diurnal variation, which at first sight suggests 

a conditioned reflex. 'ro make certain that the limbs react 

at the same rate further records were taken at shorter 

intervals six weeks after operation. 
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Transferred to Black background (0 .. 00) 
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2.0 2.0 
(midnight) 1 .. 6 1.6 
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3 .. 7 3.7 
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1.3 1.3 

Transferred to Black background (216.00) 

4 .. 0 
4.16 

4.0 
4 .. 16 

Prom these data it is seen that there is complete 

agreement between the behaTiou r of the two limbs even as 

regards the diurnal variation, which at first sight suggests 

a conditioned reflex. To make certain that the limbs react 

at the same rate further records were taken at shorter 

intervals six weeks after operation .. 
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On white baokground 

'rime Right Leg Left ( operated) 

0.00 1.5 1.5 

'rransferred to Black 'tackground 

1.00 3.0 3.0 
3.00 3.8 3.8 
4.30 4.0 4.0 
9.30 [midnight} 3.8 3.8 

19.30 4.3 4.5 
22.30 4.6 4.6 
31.30 {nearly midnight) 4.0 4.0 

Six days later on Blaok 'taokground 

0.00 4.0 4.0 

Transferred to White baokground 

6.00 2.2 2.2 

Again the diurnal Taria tion is we 11 shewn in both 

legs, and there is no discrepanoy as ·regards the rate of 

reaotion. This is not surprising, sinoe the oiroulation in 

the operated limb seemed to be restored to its nonnal 

oondition maorosoopioally. 

(11) Seotion of Spinal Cord and SYMpathetic chain 

leg 

Three animals survived the operation of transection 

of the oord at the level of the 7th, 8th and 9th vertebra 

together with section of the sympathetic ohain. Their 

behaviour was unifor.m, and it is therefore permissible to 

gi ve the figure s in averages. 
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'rime (reckoned from three weeks after operation) 

0.00 4.3 

Transferred to Whi te background. 

2.30 2.0 

5.0 1.7 

13.00 (midnight) 1.7 

24.30 1.7 

32.00 1.3 

37.00 (midnight} 1.3 

50.00 1.7 

61.30 (midnight) 1.3 

76.30 1.6 

'rr&llsferred to Black background. 

81.30 3.0 

120.00 3.7 

216.00 4.0 

'rransferred to Wh.i te background 

276.00 3.3 

288.00 1.3 

Again we see the diurnal varia tion to be independen t 

of the peripheral nervous system. In this experiment which 

was carried on with repeated transference from white to black 

background, there are two features whi ch call for comment. 

The first 1s that the black lackground response is abnormally 

sluggish, the second is that though macroscopically the 
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operated animals ,rere indistinguishable from nonnal ones, 

the black mckgrwnd response never' proceeds to the limi t of 

completi on reached in normal toads. It is obvious tha t the 

sluggishness can only be interpreted in terms of circulatory 

disturbance which was evident from the dilation of the blood 

vessels. 

In observing the responses of animals in which the 

C.N.S. was cut at the level of the 2nd and 3rd vertebrae, it 

was noted that a complete macroscopic reaction to White 

background by pallor di d not occur. The melanophore index 

varied between 5 - 3.0, when the animals were transferred frcm 

black to whi te background and vice versa. 'fhe operation was 

accompanied by a considerable general disturbance of the 

circulatory system as indicated by the state of the capillaries 

in the web. Where a double endocrine mechanism exists,. it is 

impossible to predict whether a generalised condition of 

capillary dilation would re inforce the black background or 

the whi te m ckg r wnd re sponse. On the other hand am the r 

possibility must be taken into consideration. If the W. 

mechanism depends on the suprarenal cortex section of the 

spinal cord above the level, where the preganglionic nerve 

supply of the adrenals emerges, would interfere with its action. 

Removal of the pitui tary gland in tadpoles has been shewn 

by various workers to be accompanied by involution of the 
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vessels. 

In observing the responses of animals in which the 

C.~.S. was cut at the level of the 2nd and 3rd vertebrae, it 

was noted that a complete macroscopic reaction to White 

background by pallor di d not occur. The melanophore index 

varied between 5 - 3.0, when the animals were transferred fran 

black to whi te background and vice versa. '.!he operation was 

accompanied by a considerable general disturbance of the 

circulatory system as indicated by the state of the capillaries 

in the web. Where a double endocrine mechanism exists" it is 

impossible to predict whether a generalised condition of 

capillary dilation would re inforce the black background or 

the whi te ba ckg r wnd re sponse. On the other hand am the r 

possibility must be taken into consideration. If the W. 

mechanism depends on the suprarenal cortex section of the 

spinal cord above the level, where the preganglionic nerve 

supply of the adrenals emerges, would interfere with its action. 

Removal of the pitui tary gland in tadpoles has been shewn 
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suprarenal cortex. The effects of removing the anterior 

lobe might conceivably be attributed to the activity of the 

suprarenal cortex. Injection of adrenaline was found to have 

little effect on colour response in xenopus when physiological 

doses were employed. Alkaline, neutral, acid and alcoholic 

extracts 0 f fresh bovine suprarenal cortex produced no pallor 

in dark a nima.l s • 

'lhatever is the true explanation of this discrepancy, 

the incomplete responses of operated animals after spinal 

tra.nsecti on certainly cannot be used to support the vi ew tha t 

the melanophores of Xenopus are directly innervat ed like tho se 

of Amphibia and Yishes. Herve section and spinal transeotion 

in particular in Yishes and Reptiles is accompanied by purely 

segmental disturbances. The segmental phenomena have been 

recorded photographically by Hogben and Kirvish (1927). 

Tbe generalised disturbance which was observed in 

these exp erime nts might the refore be used with more cogency as 

an argument against rather than in favour of the hypothesis 

that the melanophores of Amphibia are directly innervated. 

fiii) Section of the Optic Nerves. 

In view of the recent work of Perkins (l928) on 

Crustacean chromatophores it seemed worth while to compare the 

effects of section of the optic nerve with the effects of total 

suprarenal cortex. The effects of removing the anterior 

lobe might conceivably be attributed to the activity of the 

suprarenal cortex. Injection of adrenaline was found to have 

little effect on colour response in xenopus when physiological 

doses were employed. Alkaline, neutral, acid and alcoholic 

extracts 0 f fresh bovine suprarenal cortex produced no pallor 

1n dark animal s • 

'fhatever is the true explanation of this discrepancy, 

the incomplete responses of operated animals after spinal 

transecti on certainly cannot be used to support the vi ew tha t 

the melanophores of Xenopus are directly innervat ed like tho se 

of Amphibia and Yishes. Herve section and spinal transection 

in particular in Yishes and Reptiles is accompanied by purely 

segmental disturbances. The segmental phenomena have been 

recorded photographically by Hogben and Iirvish (1927). 

~be generalised disturbance which was observed 1n 

these exp erime nts might the refore be used with more cogency all 

an argument against rather than in favour of the hypothesis 

that the melanophores of Amphibia are directly innervated. 
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removal of the eyes. The results of experiments undertaken 

with this end in view indicate that the eye exercises its 

influence on colour response in Xenopus laevis through 

impulses initiated in the retina and transmitted by the optic 

nerves to the brain. 
----

White :Black 
lio. of animals. background background. 

Irorma.l Toads. i 12 1.1 4.6 

Eyeless Toads J[ 12 3.3 3.4 

Toads wi th 
optic nerves 
severed at 
Chiasma )[i 12 3.7 3.7 

]('3 Weeks after operation. 
I 

The above record was taken at: ISOC. in di ffuse light. 

Aqueous extracts of the eye did not yield results analogous 

to tho se recorded by Perkins. 

(c) D:iiscus si on: 

In a recent communication Kropp (192?} bas reopened 

the question of nervous control of the pigmentary effector 

system of Amphibia. He describes experiments which he regards 

as incompatible with a conclusion stated elsewhere by Hogben 

(1924) to the effect that -the regulation of colour response by 

fluctuating pituitary secretion is adequate to interpret all 

the accredi ted phenomena in Amphibia-. He appears also to 

imply that Hogben denies the existence of nervous control at 
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the pigmentary effector system. As Dr. Kropp's communication 

contains no new data bearing on this problem with one exception 

to be mentioned later, it seems desirable to reaffirm somewhat 

more explicitly the position taken up by Hogben and confirmed 

by the results of thi s enqui rye 

'!he independent work of PeE. smith, HagOOn, HogOOn and 

"inton, Krogh and his pupils, lioussq and others has now 

established beyond doubt the fact that the pituitary gland is 

essential to the rhythm of colour change in adult and l.a.r¥a1 

Amp~ibia. !'he fact that the eyes are the receptors for the 

light reaction (which in the European frog is apparently less 

important than the temperature and humidity responses) is also 

established. A large literature dealing with data bearing on 

the supposed direct innervation of amphibian me1anophores 

reveals complete disagreement between the testimony of 

different workers with regard to the most vital points. Given 

the fact that pituitary secretion is necessary to the expansion 

of Amphibian me1anophores, and the direct evidence of Krogh 

and Houssay, who have shewn that the quantity of circulating 

hormone is rarely if ever in normal circumstances much below 

the necessary threshold for expansion, it follows that reducing 

the blood supply of a region of the body, when the me1anophores· 

are expanded, may evoke contraction, while increasing it in the 

pale animal may call forth expansion of the me1anophores of the 

part affected. Since the stimUlation of any nerve in the 
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vertebrate body generally evokes vasoconstriction, while 

section of nerves is usually followed by dilatation, no 

experiments can conclusively prove the direct innervation of 

the melanophores unless the effects of stimulating or of 

excluding the influence of vasoconstrictor fibres is eliminated. 

Kropp's paper like the earlier work of Hooker gives 

ample illustration of the importance vasomotor effects 

entering into the interpretation of his results. Thus he finds 

after transection of the sciatic nerve -for two days after the 

operation the operated leg reacts normally ~ept for a slight 

lag in time- (p. 293 italics inserted). On p. ?9? he notes 

that after section of the sciatic the operated leg did not 

become as pale as its fellow after injection o~ adrenaline 

into the circulation. On p. 304 he states taat -no change was 

observed following simple transection of the sciatic plexus •••• 

synchronous colour changes occurred with only a slight lag 
/- , 

comparable in every way to that which. followed cutting the 

sciatic nerve-. On p. 306 after describing tae effect of spina~ 

transection in the tail of the tadpole, he notes that the 

expansion of the melanophores -is not permanent as in Fundulus-

which bas an undoubted innervation of the pigmentary effector 

All the foregoing experiments provide suggestive 

indications that the phenomena with which Kropp was dealing are 
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capable of quite a different interpretation from that which he 

advocates. The line of evidence upon which he Chiefly relies 1s 

derived from stimulation of the sciatic plexus and its 

associated sympathetic oomponents. It 1s difficult to follow 

the reasoning on p. 306, where ~ropp states that -these cases 

shew conclusively that coordination of the melanophores occurs 

through sympathetic fibres.- In these experi~nts the sciatic 

nerve alone, the sympathetic roots associated therewi th alone, ani 

the entire plexus were stimulated. In all cases some degree 

of p.llor was obtained. When the enti re plexus was stimulat ed 

the maximal effect occurred. ~e pigment cells shewed -a very 

disorganised appearance- and -they appeared to be broken-. 'there 

is nothing to indicate that this effect was a reversible one. 

On what grounds does Kropp assume that these are not vasomotor 

effects? He tells us, ·when circulatory disturblnce was. 

unavoidable extreme care was exercised with the control leg. 

Barring the actual stimulation or cutting the control leg was 

subjected to the same operations and conii ti ons as the 

experimental leg·. From thi sit would appear that Kropp has 

entirely failed to appreciate the fundamental issue. It 1s 

impossible to cut or stimulate any peripheral trunk without 

affecting its vasomotor components. The procedure which Kropp 

~dopted could not possibly avoid the intervention of 

circulatory disturbances. These were uncontrolled however great 

the oare adopted to subject the -control- leg to similar 
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treatment. CUriously Kropp gives no indication of having made 

personal observations on the dilatati on 0 f the capillaries of the 

web such as have been recorded by Krogh and by Hogben (Pigmentary 

Effector System IT p. 264 and 265). Had he done so he would 

bave observed, one presumes, direct evi dence of the ubiquitous 

presence of vasomotor components in all peripheral nerves. 

There are two minor points in Xroppts thesis that 

demand brief comment. Referring to observations on the retinal 

pigment cells he states "it is remarkable that the melanophores 

of the operated eye do not expand with those of the control eye, 

if the adaptation to darkness is co-ordinated through the 

presence of pituitrin in the blood". As a matter of fact. 

Hogben and Winton have recorded the observation that the retinal 

pigment cells do not react to pi tui tary extract in the same way 

as the melanophores of the skin. This criticism has therefore 

no evident bearing on the question. The second point arises 

in connection with the following quotation which suffices to shew! 
I 

that Kropp has no tread with great care the serie s of papers 

which he cites in his literature list more especially one in whic 

Hogben deals specifically with every issue raised in his paper 

(Pigmentary Effector System II). -In the Frog" he writes on 

p. 312 "stimulation with a weak faradic current of the cloaca, 

lips, surface of the mouth and nictitating membrane of the eye 

causes blanching over the entire animal within five minutes. 

'these results are in entire accord with the conclusions of 
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Hogben ~4} regarding melanophore contraction under similar 

condi tions, and, like Hogben, I c cnclude that this type of 

co-ordinated melanophore reaction is definitely brougnt about 

by means of adrenalin secreted into the blood stream.- There 

are three comments which it seems appropriate to make 1n thia 

co.nnection. First that Hogben has DeTer recorded melanophore 

contraction under similar conditions. Secondly, 1t certainly 

does not occur in Rana fU8cigula or in XenoIUs laevi s the only 

two species of Amphibia that haTe been accessible for the present 

investigation, nor, it would seem does 'it occur in Rana 
II 

temporaria the species on which the work of Hogben and Winton and . 

of Hogben were 1:esed. Third, in none of his publications has 

Hogben expressed or apparently entertained the belief that 

adrenal secretion plays any significant part in the regulation of 

the chromatic function in Amphibia. On the other hand, if Dr. 

Kropp's observations were correct, it should provide him with & 

cri tical experiment which would be adequate to settle the 

question. In the chameleon stimUlation of the cloaca doe. 

reversibly produce genexalised pallor within a few minutes both 

in the intact animal and in·the posterior severed portion of the 

trunk after evisceration, so that all circulator,y effects are 

excluded. Hogben and llirvish (1928} have recorded this 

phenomenon in the chameleon with photographic reproduction of a 

typical eXJe riment • !'hot ographs of similar phenomena in the frog 

would go far to disposing of any remaining doubt as to the direct 

innervation of Amphibian melanophores. Till such are produced it 

,,. 
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suffices to reaffirm the conclusion stated by Rogben (p. 265 pt. 

cit) I -it is not easy to prove a negative, and to deny that 

amphibian melanophores are Slbject to direct innervation would. 

not be justified, rut in the light of the new evidence one CaD 

approach the question without a strong pre-disposition in 

favour of the positive attitude.-

It is a pity that Dr. Kropp bas recorded no single 

experiment in which the attempt has been made to demonstrate 

nervous intervention in the absenc'e of the influence of the 

pituitary, more especially in view of the fact that the 

technique of hypophysectomy in Amphibia is a comparatively 

simple procedure • 
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SUDART OF PART IV. 

1. The secti on of the entire nerve supply of the hind limb in 

Xenopus does not interfere with nOImal colour response. 

2. At no level is Spinal transection accompanied by segmental 

chromatic changes. 

3. Section of the optic nerves at the chiasma evokes the same 

result as removal of the eyes. 

4. The primry response is not dependent on the C.l{.S. it is 

a direct reaction of the melanophores to incident illumination. 

5. The diurnal rhythm is not dependent on the peri phe ral nerve 

supply of the skin. 

6. 'there is no need to sslllme that the nerTOUS system plqa aror 

part in Amphibian colour change other than in tranamittina: 

the st imulus from the eye to the pi tui tary glan cl. 
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GENERAL COliCWSIONS. 

The results of this illTe8ti&atiGD _y no. be 

summarised as follows. Colour change in XenO:pll8 18 ma1ql;r 

determined by photic stimuli. !he present investigation baa 

been restricted to an analysis of the behaviour 0 f the 

dermal melanophores. By the use of a quantitative method it 

has been shown that the dermal melanophores of Xenopus laevis 

have a slight ·primary· reactivity to incident light. This is 

independent of the Central Nervous System and of the organs 

of internal secreti on. It is a direct response of the 

pigmentary effector organ, and is exactly analogous to the 

rept1lian response. 'fhe ·primary- reaction is of small 

magni tude compared with the -secondary- reaction for which the 

retina is the receptor organ. !bis is determined by the light 

sca ttering 0 r Ii ~t absorbing pro perty of surfaces which GCctaP7 

the field of vision. The secondary reaction is of the same 

type as the -background- response of fishes. An analysis of 

the time facto r on the other hand shows that it is not 

primarily determined by peripheral nervous control. Impulses 

transmitted by the optic nerve to the brain bring into acti on 

two endocrine systems at different levels of intensity of 

photic stimulation. One of these is the secretion of the 
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posterior lobe of the pituitaI'7 gland whose role in amphibian 

colour response is already firmly established both for Urodelea 

and Anura. The other has not been identified or recognised in 

any previous investigation. Evidence haa been brought forward. 

from various sources to show that it can be identified with the 

-anterior lobe w of the pituitary gland. Solle umertaint1 arl.88. 

on account 0 f inadequate existing infolDlat1on concemius tae 

homologies of the anterior lobe in Xenopus laeTis. It appears 

that in Xenopus laevis the anterior lobe includes in addition 

to the pars anterior the pars tuberalis whose separate identity 
I 

bas only been recently recognised by the work of Tilney and Atwell: 

and there is some reason for believing that the pars tuberalis 

is the essential constituent which determines the ·white 

background- response. 
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