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HISTOLOGICAL AND MORPHOLOGICAL STUDIES 

OF THE ENDOCRINE ORGANS OF XENOPUS LAEVIS. 

General I ntroduction. 

Xeno pus Lae vis bas provided, during the last 

ten ye ars, the ba s is of a growing body of 

physiological e nquiri e s initiat ed by .Jelly's 

r e s e arches on r efl e x action. Its viability in 

the laboratory and amenability to operative 

pro cedure in particular, make it a pe culiarly 

suitable obj e ct for inve stigation. It is r egre ttable, 

the r efor e , tbat existing lit e rature on the anatomy 

of Xe no pus has been dire ct e d to e lucida ting those 

charact e ristics which are of e spe cial int e r est to 

the Syst ematists and Morphologists r a the r than 

d e tailed information of a type which is es s ential to 

ope r a tiv e procedure . The r e is in parti cular no 

extant account of th e endocrine s yst em of Xe no pus, 

although it is e vide nt from su pe rficial insp ection 

that the suprarenal comple x diff e rs from that of the 

mor e f amilar Anura . The present e nquiry conce rns 
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the Thyroid Gland, Pituitary and E piphyseal 

CoCTplexes with some obs e rvations conc e rning the 

p os s ible occurrence of chroma.phil cells in the 

kidney of Xenopus laevis. The data have been 

placed on r e cord specifically with a vi ew t o 

facilitating th e localization and constitution of 

these organs in physiological ope rat ions . 

The Pituitary Gland . 

De Beer in the p r eface of his monograph on 

the Pituitary Body holds that the .Pituitary being 

a complex organ any attemp t to deal with it 

expe rimentally, e ither by p r eparing extracts or by 

excision, must b e pre ceded by a knowledge of the 

morphology of the gland . He adds that "Since the 

glands of the diff e r ent classe s of vert ebrates are 

dis similar in form and to a ce rtain e x t ent in 

function also, i t i comparativ e anatomy might be 

expect e d to throw light on its comparative physiology". 

This vi ew has b ee n borne out in r e c ent work on the 

p ituitary of Xenopus I..a evis , - the S . A . Clawe d Toad . 

Hogb en and Slome in the course of some expe riment s 

on the effe.cts . of excision and injection of extracts 
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of the p ituitary, encount er ed discrepancies 

between Rana and Xeno pus. The ope r ative methods 

were identical in b oth cases , as was the t e chnique 

of making u p the extra cts a nd the p roces s of 

inj ection. In these circumst ances it was sugges t e d 

by Professor Hogb en th a t a thorough investigation 

of the morphology and histology of th e org an in 

Xeno pus should be undertake n. 

The p ituitary g land, although found in every 

class of v e rtebrat e s va ries greatly in fonn. It 

consists typically of three glandular comp one nts, 

the pars ant erior, pars int ermedia and the ra rs 

tub e ralis, derived in ontog eny from the hypophysis , 

together with the par s nervosawhich is formed by 
<""' 

a v e ntral down growth (infundibulum) of the floor 

of the embryonic forebrain . The par s ante rior 

occurs in El a s mob r a nch fish es as a s i ng l e laye r of 

epithelium thrown into loose folds , a nd only a few 

cells in thickness. In other v e rt eb rate groups 

these folds become more and more compr essed until 

in mammals no trace of the epithelial s tructure is 

apparent exce p t in the c ourse of the development of 
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the embryo . 

The pars intermedia on the other hand seems 

to lose in importance as far as size is concerned , 

as the v e rtebrate series is ascended. I t is 

separat e d from the pars ant erior by the Hypophysial 

cavity persisting as a permanent cleft. I n 

Selachians or E lasmobranch fishes the pars intermedia 
~ 

is by far the predominant glandular portion of the A . 

pituitary body . I t is forked and more conspicuous 

than the pars anterior . I n mammals it is present 

as a well - defined and still conspicuous structure , 

but in Birds it is not possibl e to distinguish it as 
a separate llorph.ological structure . The pars 

nervosa is said to be absent in Selachians . 1.hile 
it is true that the Selachian pituitary lacks a pars 
nervosa set apart and bounded in a specific manner, a 
there is definite r egion composed of neuroglia I\ 

fibres , which ext ends from the borde r of the 

infundibular cavity and penetrates the pars inter­

media . 

The pars tuberalis has on~y been r e cognised 
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for the last few years as a se parate e l emm t in the 

pituitary compl ex - chi efly due to th e work of 

' 
Tilney. I n Selachians and Cyclostomes it bas not 

so far b een adrn itte d to b e pr esent, although in 

these classes the part of the pituitary which a t 

present r emains under the ambiguous title of 

Ub e rgangstei l shows definite traces of its r e lation­

ship histologically a t a ny r a t e , to the pars 

tub e r a li s of th e hig ber v e rt ebrat es. In Amphibia 

it b egins to assume a mo r e prominent ind ividuality, 

and in mammals it 1 i e s li ke a collar round the 

Infundibular stalk - which acts as the connecting 

link b e t wee n the pars n e rvosa a nd the brain . In 

mammals and birds the pars tube ralis i s an 

imp ortant structure a rising in develo pme nt from the 

pars ant e rior and eventually becQming separ a t e d from 

it. It comes to li e in the vicinity of the tub er 

cinereum. I n birds the collar-like tub eralis is 

e v en more cons p icuous than in mammals . 

The salient feature s of the compar a tive 

histology of th e pituitary gland a r e as follows:-
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The pars anterior is highly vascular and is 

made up of both oxyphil and 1:a sophil cells. In 

SE. lachian s where the pa r s anterior consists of a 

f ew simple folds of epithelium, thE. oxyphil cells 

are f ew in numoer , a nd a r e r egularly arranged along 

one surface . This surface is bordered by blood 

vessels, a n d is furthest remove d from the hypophy­

sial cavity. The Baso phil cells lie banked up b ehind 

the oxyphil c e lls, and give ri se to and r eplenish 

the stock of oxyphil cells from time to time . In 

the higher v ert eb r a t e groups whe r e the corrugated 

nature of the pars anterior has entire ly disappeared 

there is a n apparcri tly ind is criminat e mixing of the 

oxyphil and basophil cell s , but it may be note d tha t 

the matured oxyphil c e lls usually bordere:t.i a blood 

vess el or v es icle (t ext figur e 15). An~ secretion 

or secretions formed by these c ells are provided 

with an obvious means of egress to the othe r parts 

of the body. 

The cells of the pa rs int e rmedia are con­

siderably smalle r tban those of the p:3.rs ant erior, 

and are homogeneous in appea rance. They contain 
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granules which take u p a basic stain, and often 

form ~ distinct groups, having a small vesicle con­

taining colloid in the centre of the group . Herring 

first described these vesicles as well ascertain 

othe r masses or globules of c olloid unsurrounded by 

a definite boundary, and containing traces of a 

nucleus somewhere in the .imss . I t was thought that 

the colloid material probably made its way thrrugh 

the pars nervosa into the cer ebrospinal fluid1 ":the 

f eeble vascularity of the p ars intermedia offering 

inadequat e p ortage for the ftclloid . More r ec ent 

r esearch, however, tends to show that these cysts 

and v e sicles are found principally in aged animals, 

and that the cysts show obvious signs of decay, e .g . 

the ' trace ' of nucleus . 

When Burn and Dale (1922 ) tested the mater ial 

found in these cysts they found it to b e inactive 

and while that in . it se lf cannot be taken as con­

clusive e vidence th a t the mat erial does not in actual 

fact r epr esent the active secretion or secretions (if 

any) of the pars int ermedia, still it is an 
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undoubtedly significant indication tha t th e cysts 

ar e nothing mor e than degeneration ph enomena, a 

f eature which will b e tak en into detailed considera­

tion l a ter in thi s thesis . 

In any a ccount of the comparat ive histology 

of the pars int ermcdia mention must be made of the 

structur e known as the Cone o f ll'ulzen. This 

structure so far has only been r ecognise d in the ox 

and th e pig . It is a cone-like portion of the pars 

int ermedia proj e cting into the hypophysial cavity . 

Its l e ngth v a ri es conside rably in different specimens. 

In one ox it may b e only just visible to the nake.d 

eye whi l e in anothe r it may b e 7 or 8 Il1'Il • in length . 

Althoug h it arises in the pars int ermedia it 

diff e rs from it grea tly in h istological s tructure, 

and is indeed i n many r espe cts more like th:o pars 

ant erior . It~ baso phil cells are coarse r than 

tho se found generally throughout the pa r s intermedia, 

and moreover, it c ont ains oxyphil ce lls . The cone 

is much b e tte r supplie d with blood v essels than the 

rest of the pa rs int ermedia, and a query in this 

connection immediat e ly pr ese nts itse lf . 



9 . 

The oxyphil- cells of the r:ars anterior 

are r ecruited from the baso phil cells behind them -

the oxyphil cells lie next to blood sinuses and 

blood vesse ~ ; ther e fore it might be pe rmissible t o 

s ay tha t basophil cells coming into contact with 

richly oxyg enat e d blood undergo a change in chemical 

composition, r endering them ins ensitive to ~asic 

dyes . I n this connection it would b e valuable t o 

know whether the Autqcoid or Autq-coids (if any ) 

s ecreted by the pars int ermedia differ in any . 

r espect from those of the cone (if any) . 
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Grafting of the ant erior lobe, pars 

int ermedia and pars ' tub e ~lis has me t with but 

indiff e r e nt succes s. Portions of the lobe have 

b een inpl a nt e d in various situa tions (unde r the 

skin, bone marrow, kidney, spleen and brain) but 

the grafts do not survive lo ng , and so on dis appear 

a lto gether, a fact which might be correlat e d with 

the nature of the basophil cells - an a rgument 

which will b e discussed Jat er in this pa pe r . 

The pars n ervosa cons ists p rincipally of 

neuroglia cells, glia c e lls a nd e ~ pendyma cells. 
-

The are a ; is more vascular tban · that of the :r:ars 

int er media, a nd extra cts pr e pare d from it give more 

positive r e sults t han e~tracts prepa r e d from the 

par s int er med ia (Hogb en a nd de Bee r, 1 925). There 

is a conc entra tion of blood v esse ls in the :r:a,rs 

ne rvosa on the border line of the pa r s int e rmedia. 

Thes e v e ss e ls ma y form the channe l by which the 

s e cre tion of the pars int er media is c arri e d off, 

and in such circums t a nc e s it is obviou s why extracts 

p r era r ed f rom the pa r s ne rvosa a r e more powe rful 

than those p r epa r e d from the :,;:a r s int er me dia. 
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The difficulty of separating the pars 

int ermedia from the pa r s nervosa in the majority 

of animals is grE:: at in the ext r eme , since the 

boundarie s of the two a r e irregular in outline 

and the cells of the pars int erme dia frequently 

pene trate into the pars nervosa, where they can be 

r ec ognized in v a rious stages of activity and de­

generation. The par s tub eralis is composed entirely 

of coars e baso phila r cells arranged in definite 

:p1 ttern around s:p1ces of appreciable dimensions . 

region is vascular. 

The existing ex:i;:erime ntal data on the 

localisation of active substances in the p ituitary 

gland may be summarised as follows:-

In the anterior lob e (par s anterior ) there 

are s tat e d t o be t 

The 

1.. A specific Autacoid which evokes meta­

morphosis in Am phibia (Smith 1 92 1 and Hogb en 1921) ,-, 

tw-s Autacoid being p resent in the p ituitary g land 

of Amphibia and Marnmals . 

I 

\ 
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2 . A growth promoting Autocoid (Smith, Evans & 

Long 1·925) present in the Amphibian and Mammalian 

pituitary gland . 

3 . A specific Autocoid which induces ripening 

of the1radfian follicles (Zondek and Ascheim 1927; 

Parkes 1929 and Bellarby 192 9) <lo present in the 

Mammalian Pi tu it ary gland - also in the Amphib1an 

(Hogben 1930). 

In the • posterior lobe ' (The pars intermedia 

plus the pars nervosa) of the Mammalian pituitary 

gland at least three Autacoids a re present:-

1. 

2. 

3 .. 

II ) A Presser Autacoid (Schafer 1896 

An Oxytocic Aut~coid (Dal e 1909) 
- st 1/!'n-u.J.(M, f 

A Melano phorelAutacoid (Hogben 1921) 

2 and 3 are present in all vertebrates t and 1 in 

all land vertebr a ta and bony fishes, although it is 

doubtful if it is present in cartilaginous fishes . 

In the Mammalian pituitary gland from which 

most extracts have been prepared , the anterior lobe 

is separate from the posterior lobe. Both are 

histologically complex and how far the diversity 
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of specific autctcoids in the pituit ary g land can b e 

associated with specific histolog"ical elements, is 

still largely a matte r of conj ecture . 

The pars anterior, pars int ermedia, par s 

nervo sa and pars tuberalis, a r e now all recognised 

as separate entities in Anura, Chelonia and Mammals . 

I t is temp ting to say in bird.s also, but there the 

presence of the :r:ars int e rmedia is still open to doubt . 

The r e is no pars tuberalis in Squamata . It~s 

condition in Urodeles will be r e f e rre d to at a later 

stage . 

Anatomy of the Pituitary Gland in Xenopus I.ae vi s 

I n Xeno pus laevis, the S.A . Clawe d. Toad - the 

condition of the pituitary gland is not identical 

with that which has been described in frog s and toads . 

The pars an t erior is cons p icuous and well 

developed . I t is pinkish white in colour, and roughly 

ovoid in contour (text fig 1 macroscopic drawing of 

the pituitary in situ) as in the frog or tmd. There 

is , howev er , a quite evident ma e rosco p ic difference 
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between the anterior lobe of Xenopus and that of 

other Anura which bave been described up to date . 

The anterior lobe of the Frog can be easily detached 

from the r es t of the complex by a fine jet of fluid 

or very gentle late ral pressure with a needle in 

o pe rative manipulations . lb.en the a tt emp t is made 

to detach the anterior lobe alone in Xeno pus , it is 

found that it obstinate ly clings to the s talk by 

a tapering p rocess of the a nt er ior margin, and this 

proce ss is different in hu e and t exture from the 

remainder of the anterior lobe . This process is a 

grayish trilob e d structure ( see text figu r e 1) the 

out -curving parts of ·which are l et into comp l ementary 

grooves on the ve ntral and posterior portion of the 

tub e r bine reurn. It will b e seen at a later stage , 
I 

when the si g nificance of the pa r s tub eral~is will 
'--' 

be tak en into consider ation, tha t this portion of the 

anterior process of the a nt erior lobe is histologically 

diff er ent fro m the r emainde r, and i t.t's to pographical 

r ela tions with the tub e r cin e r eurn as well as its 

chara cteristic histological peculiariti e s · ar e brought 

into prominence in sections which are cut in the plane 
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tangential to the ve ntral surface of the gland . 

(See the accompanying diagrams of the Tang ential 

series of sections) . 

Behind the pars anterior a nd towards its 

anterior e nd, the pars int ermedia and pars nervosa 

tog e ther form a compact dumbbell shaped posterior 

lob e with the constriction in the median plan e . The 

latera l · margin of the p ost erior lobe ext ends consider­

ably beyond that of the ant erior lob e . In sbape the 

post erior lobe of Xe no pus is exactly like that of 

othe r Anura. On this a ccount it appear s to b e much 

snalle r than the a nt erior lobe in median longitudinal 

sections , and much l arge r than the anterior lob e in 

transver se sections . One noteworthy diff er ence 

which is not insig nificant in ope r ative t e chnique 

distinguishes it from that of Rana or Bufo. The 

cl e ft between the po s t erior a nd a nt erior lob es is 

much l ess sharply defined . So th at the s epa r ation 

int o constituent lobes off e rs some difficulty. 

Macrosco pically it wa s not found pos s ible to ide ntify 

anything corresponding to the t wo pl aqu es of tissue 

ly ing on e ither s ide of the tube:rr ci nereum in Anura . 
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Kistology . 

The pituitary glands of Xeno pus which we r e 

s ectione d wer e fixe d in Bouin, Ca rnoy or a ceti c 

alcohol . The l atte r prove d the most satisfactory 

fixativ e of the three . I t wa s fou rid tha t fift een 

minute s fixation i n a ce tic alcohol was su f fici e nt , 

and that the bes t r e sults wer e obtained if the whole 
p rocess of f ixatio n , dehydrati on, clearing, emb edding 

e tc . was done in one day . The· s t a ins u.eed for most 

of the s ections wer e: Al kaline Me thylene Blu e a ni 

Orang e G. Thr ee minut es su f fic e in a sa turat e d 

solution of Al kaline Methylene Blue . The se ctions 

are then washed in running wat er a nd ca r efully 

diffe r entiate d under the microsco pe with Orange G. 

The major portion of t htjpars ante rior of 

Xe riopus is made up of oxyphil ce lls , arrange d to a 

large ext ent a round blood v es se l s a nd sinus e s . 

Ba. so phil c e lls a r e a l so pr es ent but are much less 

nume rous . They are found a s is the usua l condition , I 

interca lat ed among the o:xyphil ce ll s . The nucle i 

of t he t wo ty pes of ce lls do not differ very markedly 
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and the size and contour of the cells is very 

similar. The cells of the pars intermedia a re 

principally de eply staining baso phil in typ e with 

a few oxyphil cells scatte red among them. The pars 

nervosa shovra cells of the usual n euroglia and glia 

typ e . The area app ears to be almost non-vascular . 

In none of the points v1hich have b een 

mentione d does the histological structure of the 

gland differ from that of Rana and Bufo. The most 

notr.e vrorthy f eatu r e in the histology of the gland 

and one which can be readily seen in a complete 

series of median longitudinal, transverse and 

tangential sections is the definite histological 

diff er entiation of the process continued farward on 

to the stalk from the anterior margin of the ant erio r 

lobe. The histological diffe r entiation of this 

region can be quite clearly discerned in the 

accomp anying photomicrograph s , one of which is a 

median longitudinal s ection through the gland . The 

other~ a tang ential section through tbe region 

over the groove d distal extremity of the tub e r 

cinereum . 



I 
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It has been mentioned that this region seems 

to be :pec.uliar to Xenopus and tbat in Xenopus it 

was not possible to identify by macroscopic examina­

tion anything corre sponding rn-ec ise ly to the 

paired plaques of glandular tissu e which a re 

identified as the pars tuberalis of Rana and Bufo . 

On the othe r hand it has b een shown by Atwell tba t 

the latte r ar e absent in Urod ela and further that 

in Urodel es the ant erior lob e is continued forward 

over the tub e r ciner eum a s a pair of process es 

compose d of basophil cells which are not separated 

from the pars anterior sensu s tricto. This 

continuation of the ant erior lobe over the tuber 

cinereum in Urodeles has b een identified as the pars 

tuberalis by Atwell and de Beer. A study of 

transverse sections failed t o r eveal the characteristic 

tube ralis elements of other Anura in the g land of 

Xeno pus . Several compl e te sets of s eries of 

transverse s ections were studied . On the ot b.er band 

it reinforced the suspicion that the condition of 

the :p3.rs tub eralis in Xeno pus is essentially analogous 

to that which exists in the Salamanders . The process 
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by which the anterior lobe extends into the grooved 

distal extremity of the tube r ciner eum is composed 

of deeply staining basophil cells exclusively. 

It is richly supplied with blood vessels and. contains 

no oxyphil cells. It has a lobulated structure 

which can be distinctly seen in the photomicrograph 

in the longtud.inal sections of Xenopus . The deeply 

staining basophil cells are arranged around vesicles 

of appreciable d.imensions, the colonies of basophil 

cells are surrounded by connective tissue through 

which blood vessels run. 

It thus seems justifiable to conclude that 

this portion represents the pars tuberalis and that 

the pituitary gland of Xeno pus laevi s while in its 
,,,_u. 

superficial aniatomy"'is closely similar to that of 

other Anura, essentially conforms to that of the 

Salamand.rine ty pe in the incomplete separation of the 

pars tub eralis from the pars anterior. If th is . 

conclusion is justified it't importance in oper ative 

procedure , and in the analysis of the physiolog ical 

activity of the component lobes of the pituitary 

gland is of some significance . The extirpation of 



20. 

the: pituitar y gland in other Anura involves the 

removal of the pars intermedia, pars nervosa and 

pars anterior alone , hitherto carri e d out on adult 

animals.. In Xenopus laevis the operation of 

hypo physectomy would appear to involve in addition 

the removal of the pars tuberalis, since this, .is 

still :r:art of the anterior lobe according to the view 

stated above . It might, however, be expected that 

any discrepancies in the post ope rative consequences 

of hypo physectomy in Xenopus, Rana or Bufo, would 

throw light on the fundamental significance of the 

pars tuberalis. The characteristic features of the 
IN 

pituitary gland in Xenopus laevis are shevm CNa the 

accompanying Figures, the mmjor portion of which 

are drawings of lantern p roj ections from the slides. 

Text figure 1 is a macroscopic diagram drawn to 

scale and re pr esenting the pituitary gland of 

Xenopus laevis in situ . o.c. r epr esents the optic 

chiasm" ; T .c. the tuber cinereum and P . A. tbe pars 

ant erior. Figure 2 is a diagrammatic longitudinal 

reconstruction of Figure 1 . 
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Text Figure 3 indicat es the Jere ls at which 

sections A.13. and c. were cut (A.B. & . C.) being 

repr esente d by t ext figures 4, 5, and 6. 

Figure 7 is drawn from a t angential section 

while 8 r e p r ese nts a r econstrtiction of 7. 

Text figures 9 and 10 are drawn from a 

compl e t e longitudinal series of sections which 

were fixed in Ca rnoy and stained with Alkaline 

Methyle ne Blue and Orange G • . The photomicrograph 

of Mo. 9 is found in text figure 13. Figures 11 

and 12 are drawn from comple t e series of transverse 

and tangential sections respectively. Figure 14 is 

the photomicrograph of t angential sec tion No. 2 

(in text figure 12}. 

Series 11 and 12 are self-explanatory. 

Section 1 being the most v entral in p os ition anQ 

gradually proceeding backwards until in s ect ion 6 

the maxima l dime nsions of the pars ant erior are 

attained . No. 9 is the last section containing any 

trace of the pituitary gland. 



' 

' 

22. 

In the transverse series the order is from 

the p ost erior to the anterior. Section 10 repre­

senting the most anterior sec-tion. In this section 

t he r egion of the pars anterior, pars intermedia, 

pars n e rvo sa and pars tuberalis bave already been 

passed through and only the tub e r cine reum remains . 

The diff erence between the staining power of 

the cells of the pars tuberalis, and pars anterior 

is sharply brought out in the accompanying photo­

microgra ph of tangential section No. 2 while in text 

figure 13 t he lobulat e nature of the pars tuberalis 

is represe nt e d . 

In cons iclering the essential nature of the 

basophil and oxyphil cells, me ntion must be made of 

the "functional differ ence theory" discussed in 

de :Seerts monograph on the pituit.arybody (192b). 

The the ory maintains that the baso phil·. and eosino­

phil (oxyphil) a ppearance of the cells found in the 

pars anterior and pars int erme dia, is not dre: to 

the cells being of two diffe r ent types and structure 

but is to be accounted for on the ground that one 



type of cell exists in two functiOJJ.ail .;. ~tages.~ It is 

held that the oxyphil cells are responsible for the 

active secretions of the pars anterior and further 

that after the oxyphil cells have pou r e d out their 

secretions they befome basophil, a stage which is 

interpreted as a "rejuvenation pba se u, du ring whicl.J, 

the cell elaborates more secretion and r e turns to 

the oxyphil condition. In which case, of cw rse, 

intermediate stages ought to be demonstrable in 

almost e v ery vertebrate. In actual fact they have 

only b een found in the pa.rs anterior of the Rabbit. 

Here an otherwise basophil cell has a r e d border, 

which may be quite pronounced. This border is known 

as the eosinophil ring of Stewart (1922). 

Against the functional difference theory the 

condition existing in the pa.rs anterior of the ox is 

cited. There is in the pars anterior of this animal 

an area entirely composed. of basophil cells, oxyphils 

being absent . How ev er, it is not essential to as sume 

that every baso phil cell inevitably gives rise to an 

o:xyphil cell, and moreover, in support of an alter ­

native view (mentioned on page ci ) of the essential 
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natur e of the baso phil and oxyphil ce lls, th e 

condition found in the ps.rs ant erior of the ox may 

be cit e d since the basophi 1 ar ea is almost e ntire ly 

devoid of blood ve ssels. 

;.tui obje ction to the functional diffe r ence 

theory mentione d in the paragraph describing the 

eosinophil ring of St ewart , was the failur to 

discove r int ermediat e stages b e twee n basophil and 

oxyphil cells. In the ox and cat which have been 

exarained in great detail for such ph enomena, no 

transitional stages wer e found, and if such a 

transition does tak e place it must b e extremely . 
rapid, but this obj e ction arises from what is 

probably a wrong conception of the functional nature 

of th e cells. 

If the assumption advanced in this paper 

is made , the difficulties elaborate d above t end to 

disappear. Firstly, the basophil c ells are 

conside r e d as the original or parent cells and 

c e rtainly they aris e first in the deve lopme nt of the 
VYL 

pituitary gland . Since iwse Cyclostomes and 
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Sela.chians the :i;:ars anterior consists almost 

entirely of basophil cells, and oxyphil cells occur 

only on the surface borde ring the blood v es sel s. 

In Selachians no oxyphil cells ar e found 

scatte red throughout the g eneral ex:i;:ans e of the pars 

ant e rior. As the v e rt ebrat e series is ascended and 

the folds of the :i;:ars ante rior with the blood 

v e s se ls lying on the ir surface sink inwa rds -

oxyphi l cells become scatt e red throughout tbe r egion , 

although invariably arrang e d around a blood ve ssel 

or sinus . In the basophil cell can be seen nume rous 

deeply sta ine·d granul es. 'When the basophil c e ll 

come s to lie n ear a blood v e ss e l or richly 

oxygenat e d are a it is easy to conc e ive that the 

chemical compounds forming thes e granul e s are 

oxidized, and r ender the cell incapable of taking 

on a basic stain. They pr esent the n the typical 

appearanc e of OJIY phi l c ells. The pro ducts of' th ese 

c ells are taken up by the blood corpuscl es , · and 

carrie d away. The o.xyphil c e lls i mmediate ly 

bordering the v e ss e l the n "die" making room for 
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fr esh r ecruits from the baso phils lying b ehind . 

It is pe rhaps worthy of note that during 

o estrus in animals baso phil ce lls be come more 

abundant in the :p3. r s a nt erior a nd pars tuberalis . 

The £act ~~ a t the pars tub e r a lis i s highly 

va scular an d tha t it contain s only b a so phil c e lls 

mig ht at firs~ s ight s eem to p r esent an insu per abl e 

obstacle to the a r gument, but it is first ne ces s ary 

to conside r the natu re of the Golgi a ppara tus of 

these ce ll s and the ir peculiar arrang e ment . I t is 

held (Re iss 192 2} tbat the Golgi appara tus is 

a l ways found on the si de of the nucleu s which 

corr es p onds with the pol e of discharge of a 

s e cre t i ng c e ll . I n the baso phil cell the Golg i 

a pp:i.ra tu s i s said to be on the side directe d 

to wards the blood v essels, but a ccording to de Beer 

(De v . of JPit. Body pa ge 18) the Golg i appara tus 

appe ar s to d i ff e r according to the p os ition· of the 

cell . Those c e lls which a r e situate round a small 

vesicle with little or no conne ctive ti s sue lining 
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have small separate dot - like e l ements at the edge 
of the cell wbere it borders on the vesicle . The 
other cells have compact dense· masses clos e to the 
nucleus . Around -the aggregat ions of basophil cells 
lies the connective tissue and through which the 
blood v essels run. The spaces se:r:arating one 
colony of basophil cells from another are in some 
instances v e ry pronounced - this is more oft en the 
case in the r egion of a blood v e ssel . So that e ven 
although the pars tube ralis is highly vascular and 
th e cells are baso phil in type th e cells are in 
r eality prot e ct e d from direct contact with blood 
v essels by an adequate amount of conne ctive tissue . 
It has been stat e d (Re iss 1922) that th e Golgi 
a pparatus of basophil c e lls cWas , on the side directed 
towa rds blood vessels, and in oxyphil ce lls it was on 
the opposite side . That this is not a f eature of 
essential difference betwe en the c.ells seen:s to be 
indicated by the f a ct that both conditions exist in 
the basophil cells of the pars tub e ralis. 

In 1922 Ho gben and '!Tinton found tha t r emoval 

-~~---------_:_~---~~-
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of the whole p ituitary, i. e . :r:ars ant erior, pars 

int ermedia and pars ne rvosa in Rana, produces 

permanent maximal pallor. This has since b een 

shown to be true of Xeno pus by Slome and Hogbe n . 

Hogben and Winton did not find that r emoval of the 

ant erior lob e alone had any eff e ct on the chromatic 

function of Rana. Mo r e r e c ently Slome and Hogben · 

have proved that two endocrine facto rs located in 
-

diffe r ent parts of the pituitary gland are involved 

in the p igmentary effector activity of Xeno pus laevis. 

They bave also shown that r emoval of the ant erior 

lob e produc es pe rman e nt da rkening. But pr e vious work 

by Hogb en a nd Winton could not substantiat e the latte r 

conclusion in Rana. I f it is corre ct to conclude 

tha t th e pituitary of Xe no pus i s of th e Salamandrine 

type the diff e r ence b e t we en the b ehaviour of Rana 

an d Xeno ou s is easily ex plicab l e on the as sum ption 

that the 11 '711 or s e cond Melano phore principle of 

Slome and Hogb en i s locate d in the pars tube ralis. 
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T:E{g THYROID GJLAND I N XCNOPUS LALVIS . 

The id.entif ication of th e Thyroid Gland 

in Xenopus is somewhat difficult to determine by 

r e f e r ence to its p os ition in Ran a owing to 

diffe r ~nces i n the musculatu r e and vascular supply 

of the St ernohyoi d region. To locat e it, thGr efor e , 

with preci s ion it wil l b e necessary to g ive a n 

account of the muscular ana tomy of the surrounding 

:rn rt s • 

I t will b e found convenient to describe the 

structur e s enc runt er e d in ex posing the gland in the 

order in which they eme rge in the cours e of 

di ssection .. 

Aft e r defl ecting the skin of the belly 

forwards to tho head, the muscles in t ext Fig . 2 . 

wer e exposed. These are the Sub-maxillaris (1) 

and its hyoid origin (lA)., The four pectoralis 

muscle s a n d a portion of the longitudinal fibres 
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of the rectus abdominis muscle . Muscle lA receives 

the title of Sub-hyoideus from Grobbelaar (1923). 

while muscle l + lA is styled the Mylohyoid by C. von 

Bonde . Beker, Wiedershenn and other writers in 

general r ef e r to muscle 1+ lA as th e muscle sub­

maxillaris . It is · Undesi r ab l e to ad9pt the same 

title for t h is muscle as for the muscle which forms 

the floor of tbe mouth in man, and which goes by the 

name of Mylohyoideus. 

The submaxillaris bas two sources of origin 

(1) fro m the whole inne r surface of the u pper border 

of the low er jaw (except for a short distance n ear the 

angle), a nd (2) by a small portion from the anterior 

aornu of th e hyoid cartil ege . The two portions of the 

muscle unit e to fonn a thin laye r, the fibres of which 

run transve rse ly and mee t in a band of conne ctive 

tissue along the mid-l ine. Slightly in front of its 

po s t erior border the muscle i s attached along its 

whole breadth to the skin of the throat by a delicate 

laye r of conne ctive ti ssue. A fas cia a ttach ed to the 

post erior border of the muscle passes downwards to the 

deeper muscl es , and is conne cte d to them. 
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In text figure 3, the submaxillaris muscle 

ha s been cut through along the midline from the 

anterior boundary of the head to tbe anterior boundary 
of the s t ernum (or pe ct11ral girdle) and each half 

deflected . T~e s t e rnum has likewise b een cut through 
and one half deflect e d. The muscles so expose d are 
the Geniohyoid and Sternohyoid . There is in addition 
a small stout muscle underlying the Submaxillari s 

and labelled Muse le "Y" in t ext fi g . 3 .. 

The Geniohyoi d is a paired mu sole ar ising 
from the lower jaw on e ither side of the midline. In 
Rana t he places of origin of this muscle are covere d 
by the Submen t alis Muscle of which no trace could be 
discovered in Xeno pus. (The Submentalis muscle is 
described as being present in Xenopus by Grobbelaar, 
but not indicated as being pr esent by Von Bonde) • 

The Geniohyoid muscle is a long flat muscle divided 
po s teriorly into two portions. The median portion 
runs down over t be pl ace of origin of the Sternohyoideus 
muscle, and then keeping on the inner margin of the 
Sternohyoideus passes dovm the surface of the hyo i d 
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plate, and is ins erted just above where the lungs 

enter the cavity of the hyoid. plate . I n Rana the 

median portion of the Geniohyoid is i nserted into 

the inner border of the posterior c ornu of the hyo i 

plate, a position considerably anterior to the 

situation of the glottis (Text Fig . 8) . Tn 

Xenopus the i nsert i on of the median portion of 

the Geniohyoid i s posterior to the position of the 

glottis . (Text . Fig. 6) . 

The lateral portion of the Geniohyoid runs 

to the out er margin of the Sternohyoid and :passi ng 

b eneath it is i nserted on the rounded latero­

post erior portion of the hyoid plate . There being 

no secondary post erior comu pr esent in Xenopus as 

the r e is in Rana , and in which, in the latte r, the 

muscle is ins erted. 

The s t ernohyoid.eus muscle is the cervical 

:portion of the r e ctus abdominis muscle . 

I t is d.i vided up into three main portions , 

the uppermost consists of a thin layer of muscle 

fibres passing forwards from the rectus abdomini s 
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muscle over the upper surface of the Metasternum to 

the u ppe r surfaces of the aeo-xaco id and e picorac oid . 

The low er layer is divided into two portions 

the median one running forward to be inserted into 

the anterior margin of the hyoid pla te near the 

midline, and the lateral portion, consisting of 

oblique fibres is attached at its point of origin 

from the r e ctus abdominis muscle to the under-surfa.ce 

of the epi coracoid cartilage . The oblique fibres 

are inserted along the sides of the hyoi d plate for 

some di stance . 

In Rana there is a promine nt Hyoglossus 

muscle running u p the midlinc of the Hyoid plate 

between the ~t -rnohyoid muscles . In Xenopus this 

muscle, is absent . 

1lhen ' the Sternohyoid is ranovE:d and the 

ins ertions of the Geniohyoid muscle exposed, a trans­

verse muscle is noticed (Text. Fig. 5) lying on top 

of the Geniohyoid near tbe posterior margin of t:re 

hyoid plate . This muscle may be traced back to its 
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point of origin on the lateral extremity of the 

pro-ot ic bone, and it is ins erted into the posterior 

part of the hyoid plate in the redian line, "below 

the pos ition of the glottis. It would seem that this 

muscle corres ponds to the posterior Petrohyoideus 

muscle of Rana., but in the latter it is inserted into 

the out er part of the ven tral surface of the hyoid 

plate far above the p osition of the glottis . The 

three anterior pe trohyoideus muscles found in Rana 

are absent in Xenopus. There appears to be in 

Xenopus no muscle corresponding to the Omohyoideus 

muscle of Rana. 

The foregoing resume includes all the muscles 

of special significance to be encountered in the region 

of the Thyroid glands. Once the muscles are r e cognised 

it is a fairly simple matter to uncover the g lands,. 

It is b es t to work as far as text fig. 3, in the 

manner noted in the foregoing account . Once this 

stage has be en r ea ched the branches of the Gen ::.. ohyoid 

may be pulled gantly u p towards their point of origin, 
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snipr:e d through and deflected. Then by carefully 

turning aside the oblique fibres of the Sternohyoid 

the thyroid glands will be found lying on the 

longitudinal fibres, which run below the obligue 

fibres. The glands lie one on e ither side of the 

midline of the hyoid plate, very slightly below the 

level of the glottis. They are avoid in shape and 

s im i la r in s i ze t o tho se o f Rana . 

Vascular Supply . 

Three arteries are g iven off from the region 

of the carotid gland - the outermost is the carotid 

artery - the median the lingual and from the inner 

side of the carotid gland the hyothyroid artery runs 

forwaxd . I n the region of the thyroid gland it sends 

off an artery to the g land whi ch ent ers it on the 

out er lateral, surface, and halfway along the 1 ength 

of the gland. The hyothyroid having given af f this 

artery continues forward unbranched for some distance . 

The vein coming from the thyroid leaves the 

gland at its posterior extremity and a short distance 
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below the gland joins a small transverse vein which 

passes back until it unites with a vein running near 

the mid-line of the hyoid pla te. These two unite to 

give rise to the external jugular (as in text fig. 11) 

which then passes back receiving only one more vein 

before it passes into the precaval vein. 

The diagram (text figur e 11) r epresents a 

standard condition of the veins, but most of the 

animals dissected proved to have a greater or lesser 

development of one side or the other, so tr..a t the 

symmetry of the external jugular v e ins often p roved 

difficult to see clearly. Apart from the vari ab ility 

of equa l . development of the two sides, which may at 

first seem confusing, it is always poss ible to identify 

the thyroid gland of Xenopus by r ef erence to its 

vein and artery, a proceeding which might otherwise 

be tedious since nodules of fatty tissue are common 

in Xeno pus in the region of the thyroid and might 

easily be mistaken for it. 
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The histology of the gland is so uniform 

throughout the Vert eb rate s eries that it calls for no 

detailed descri p tion here . There is one noteworthy 

featur ~ , however, in the Thyroid of Xenopus. That 

is the ext r emely large s ize of the ves icle s containing 

colloid mat erial, and the absence of any small 

v es icles . A foam-li ke appearance is usually seen 

round the margin of the ves icles. Physiolog ically such 

a froam-like a ppearance i s usually associated with a 

great activity of the gland . As the toads used were 

of all siz e s and ages th e i ntens e activity of the 

gland cannot be a ccount e d for ·by taking th e stage of 

growth into con s iderat ion. 
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THL E PI PHYSE.AL CO MPIRX 

IN XEJ.\fOPUS 

I ntro du ct ion. 

AND P I N&AlL 

: VIS 

~GION 

The ep i phys eal complex and p ineal r egion 

have now b een identifi e d in ev ery grou p of 

Ve rt eb r at es . Some workers consi der the s tructure 

functionle s s a nd ves tigial, other s sugg est for it 

an i mportant role in the econ omy of the int e rnal 

s ecre tions. Aps. rt from the s i gnificance of the 

glandular function of the ep i phys eal comp l ex , the 

phylog en esis of the organ, in r:a rticular in its 

r el a tio n to the parie t a l eye, i s of g r E:: at int er est . 

In the following account an att empt will be rra.de to 

make cl ea r the morphology a nd hi s tology of the pineal 

r eg ion in Xeno pus laevi s. 

Before procee ding to tbat task howev er, a 

b rief r esume' of wbat is known about the compar ative 

morphology of the gland will b e g iven. The separ at e 

co nstituent s of the ep i phys eal compl ex a r e u sually 

r ecognized to b e : 
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1 . The pineal organ consisting of (a) an end 

vesicle (b) a stalk (c) a proximal portion (d) 

a p€duncle . 

2. The :r:arapineal organ consisting of (a) a n end 

ves icle (b) a stalk and (c) a proximal portion . 

The foregoing enumeration of the constituent 

parts applies only to the epiphyseal complex pror:e r 

but.it is misleading to consider the e p i physeal 

complex apart from the ad jacen t parts of the brain . 

The roof of the third ventricle give s rise to several 

st ructures. Some of th ese a r e to b e identified 

throughout the Vertebrate series while others are 

less constant appearing in a f ew classes only but 

accumulated evidence shows that all bave an 

impo rtant bearing on the epiphyseal complex in it~ 

r e lation to the histo:cy- of the phylum. As 

sugg es t ed by Minot the structures forming the roof 

of the inte rbra in are t e rmed collectively (by the 

majority of workers) tbe pineal r egion . 

Minot defined the limits of the pineal 

r egion as beginning at the lamina t erminalis and 
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ending at the commencement of the midbrain. The 

region is comprise d of (1) the r,araphyseal arch. 

( 2) the v elum transversum , (3) the dorsal sac (4) the 

epiphysis (pineal ' body ' ) ~ (5) the post erior comm issure. 

The paraphysis. is an e vagination following upon the 

lamina terminalis and continuing backv;ards to meet t.ae 

v e lum transversum. The glandular appearance of the 

paraphysis indicat~s a secretory significance . The 

paraphysi s is more highly specialized and developed in 

AmrJhibia than in any other class of Ve rtebrat es , being 

but poorly r epresented in the highest and lowes t 

memb ers of the phylum . I t ba s been i dentified in man 

but· s o far only in the embryo. 

The v e lum transversum is a transverse groove irnmediaely 

behind dl.J? following on the paraphysis. I t may be 

single in form or assu me a folded and highly vascular 

co ndition or again it may be entirely absent . 

The dorsal sac. is a sacculated balloon like e vagination 

which is usua lly most consp icuous, like most of the 

e vaginat e d structures of this region there is a tendency 

to high vascularity . I n some forms the dorsal sac 
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comes to r esemble a choroid plexus. The same 

observation holds tru e for the nature of the V(f:lum 

transversum. 

The pars int ercalaris ·ant erior. appears as the 

thickened post erior e nd of the dorsal sac and usually 

consists of neuroglia cells. It has only been r ecog­

nized in a f ew ty pe s. 

The cornmissura habe nularis include s the two gangli a 

habenulae in its general mas s and in those forms in 

which the para.pineal organ is p r esent the nerve from 

the organ p roceeds downwards , e nding finally in this 

r egion. 

The epiphysial comI?lex is made up of two e lements, the 

pineal and pa r apinea l organs . As a lready state d the 

pineal organ consist s of an endve sicle , a stalk, a 

p roximal portion and a pe duncle ; the p roximal p ortion 

togc·ther with tbe peduncle a r e usually t e rmed the 

e p i physis. The ep i physis is supposed to giv e rise 

to the endve sicle . The s t a lk connectiri.g the two is 

oft en t ermed the p ineal nerve . 
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The parapineal ore;an when present consists 

of an e nd.vesicle, a stalk and a proximal po rt ion and 

is usually well developed in the simpler types of 

Vertebrates e .g. Cyclostomes, Selachians, Ntc. 5 in 

factt in those forms in which the parietal eye r eaches 

it's highest develo pme n t , a circumstance which will be 

taken into account later in this pa.per. 

The i:ars int ercalaris posterior. The posterior 

portion of the epiphysis is oft en considerably 

thickened, fanning a r egion with r ecognizable 

f ea tu res b e tween the e piphysi s proper and the 

commissura post erior. Fibres of the pineal stalk have 

been de scrib e.d as Emt er ing this region and ending i n 

the mass described as the commissura post erior . This 

latt er structure is the final element involved in the 

pineal region . The midbrain fallows immediately 

behind it . 

Comparative Morphology: A detailed s tudy of the 

comparative morphology of the pineal r egion is 

outside the sco:pc of the present paper. The following 

table will present at 1 east a rough idea of the 
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d.egr~e of develo pment of the v arious cons ti tu c: nts 

of the pineal region in the main classes of 

vert ebrat es . For the pu r pose of clarity p lu s a nd 

minus s ymbols have been adopt e d t o denot e tre 

degiree of develo ::;iment. + r epr e senting an a v e rage 

amount of deve lo pment in the adult a nd +-t- a 

maximal. -- indicates a minimal amount of develo pment 

and - - a trans itory appe a rance of the s tructure 

i n the embryo only >while O indicat es e ntire 

absence both in embryo and adult . 
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TeJrosts- r Constituents of ~ycloe- Sela-

Pineal Region tomes r-ehians ( including 
Dipnoi) 

.Amphibians Reptiles Birds Mammals 

I I 

Pa. r aphysis - + +- ++ +- + - 0 

Velum Transversum - + + ++ + + -
I Dorsi::il si:=i c - + -\- + + ++ ++ + 

I 
Commissura + -+- I 

H::i hPn1 1 l P. r ;.~ - - - - - 0) 

I 

1\'.) 
I 

Pars Intcrcalaris l I 

Anterior - - - - - - - I 

rpiphys ~al Complex 
r 

I 
I 
I 

1. (R.) end-vesicle ++- + -\- _:t- -- I") 0 -
(h) ~t.::illr +- + _ + + + r -- 0 {') 

- - - -r - --
( c) },roximal 

+ + + + I + -+ ±_J 
'1'"\f'\"Y'+; l"\YI ---- -\::_ - - --

(d) peduncle ±:_._ - 4=- + - . -- --- + ----i -- j-: __ + + - -
2. :Parapinal , . ++ 

I (a end -Vl 2i c le ~ +-+- -- -- 0 ~ 0 
(b ~ ++ --- 0 -

stalk -- -- I 0 . ++ 0 - (c proximal r I 

I ior ti on --4 ~ +- _ - - -- + 0 0 

I 
-- - ..- - I 

Pars I ntercalaris I Posterior No data No data No data _+ . - I +- + + 
I 

at- ----- -.-

Commmssura Poster io r do . do . do . + _L_ ± + ++ 
- ---•.-----· - - - I 
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• 
Comparative Histology . 

I n Cyclostomes the end-vesicles of both the 

p ineal af- parapineal evagina ti ens develop visual 

organs . Each has a more or l es s well developed ~ e tina 

showing rod-like cells and vari ous other e lements 

of a distinctly nc uro-me chanic al nature . Ne rve fibres 

are pr e se nt in the stalks of both , those coming from 

the pineal end-vesicle t erminating in the posterior 

comm is sure while those of the parapinea 1 end- v es icle 

t erminate in the comrnissura hab e nulare . These facts 

taken in conjunction with a ma s s of additional 

histological detail indicat e a s trong t endBnc y to 

develop or r enounce a se cond pair of eyes. So far 

no glandular organis ation has b een identified in the 

epiphyseal comp lex of cyclostomes . As between 

S e lachians and Cy9lostomes the r e is a noticeable 

absen c e of any t e ndency towards a development of the 

end v es icles as visual organs and indeed the para ­

pineal makes a transitory appearance in thes e animals . 

The e vidence at pr esent available points to the 

pre sen ce of g landular e l ements i n the end-ve sicle of 
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the pineal evagination . I n teleostians there i s 

generally a considerable ~;r. at development of the 

epiphyseal complex. The end - vesicle of the pineal 

evagination presents the appearance of a tubular 

gland and its lumen is in communication with the 

thir d ventricle by means of the long and in this case 

hollow stalk . 

I n Amphibia the parapineal is absent or at 

best developed as a vestige is the embryo . The end­

vesicle of the pineal evagination in the young animal 

presents the primitive elements of retina and lens 

but these t end to degenerat e rapidly as age advances . 

The stalk is made up very largely of nerve fibres 

terminating in the posterior commissure . The 

proximal portion of the complex i s well developed and 

distinctly glandular. The other constituents of the 

pineal region in Amphibia are also of a very 

pronounced glandular nature and there is a noteworthy 

development of the paraphyseal arch . There are 

therefore some indications in favour of the view that 

the epiphyseal complex bas an int Ernal eecreto ry 

significance . 
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In Reptiles the parapineal at ta ins it~ 

maxima l d ev e lopment as a visual stru cture. The end 

v esicle of the p ineal on the othe r hand does not 

exhibit diff e r entiation as a visual organ and the 

p roxima l portion is d efinitely glandular . 

The histology of the r egion in Ophidia and 

Chelonia is e specially worthy of not e since the 

proximal portion of the pineal e vagina tion has the 

appearance of a much branched and highly vascular 

gland. In Sphenodon the parietal e ye r eaches its 

highest develo pment. The mor e modern r eptiles e vince 

no t e ndency to develo p vi sual s tructure s in conne ctiam. 

with the epi physea l complex nor in fact to the 

developme nt of any n eural me chanism what e v e r in this 

connection . 

In Birds the pa rapineal is abs ent and no 

t end ency is exhibit e d by the ep i ~ ys eal comp l ex to 

deve lo p visual organs, all diff e r entiation so far 

obs e rved being in favour of glandular forma tion. The 

c e lls are granular in chara ct er and are arrange d 

round o lve oli • The r egion is highly vascular . 
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The development of the proximal portion of the 

epiphyseal complex to form a gland may r e sult in 

the formation of any one of thre e main types of gland 

(a ) the tubular type in intimat e r e lation to the 

v entricular sy s t Em (b) a v a scula rised type (c) a 

type combining the characteristics of (a) and (b) . 

Tilney and 'larren cons ider the fore go i ng evi dence 

afforded by birds to b e in f avour of the glandular 

nature of the epi phys ea l complex. 

I n Mammal s the a ccount s of the histology of 

the gland a r e conflicting as like wise are the 

concl usions drawn by the v a rious ob s erver s . Acco r ding 

to Tilney a nd 7arre n, who s eem to off e r the b e st 

evidence for the ir c onclusions~ the main f eatures in 

the early r- t age s of differ enti a tion ar e tha t the nucle i 

of th e e pendymal c e lls a r e so l a r ge and the cyto plasm 

s o scanty tha t t hey g ive the im pr ess ion of lymphoid 

ti s sue (he nc e p robably the lymphoid nature a ttributed 

to the gland by Schwa lbe, Henl e , Lord and othe r s ) but 

l a t e r on the c y to plasm increa ses s o considerab ly in 

a mount tha t the cells can no longe r be thought 

lymphoid in charact er . They soon come to have all tbe 
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a ppearances ~ usually a ssociat e d with glandular cells . 

~hat the epiphys eal complex may contain n e rve cells 

and fibre s is admitt e d as probable, but the r e is no 

e vidence in mammals of the existe nc e of any n eural 

mechanism in the pineal body. 

':r"ilney and Wa rre n conclude that the 

epi phys eal compl e x possess e s a pluri~otentiality -
whrn e inher ent t end ency is towards glandular 

diffe r entiation a nd that in a f ew instances ••• " ~ s 

in cyclostome s, amphibia and in primitive reptiles , 

the parapi ne al or pine al organ may be come further 

diff e r entiated in the int e r e st of a highly s pe cialized 

s ensory mechanism which has or has had visual funct i on" 

THE MbRPHOLOGY OF THE PI}JI:.AL REGION I N 

XENOPUS LAEVIS CORRE.LA.TED WITH OBST:iRVATIONS 

MADE IN RANA FUSCIGULA . 

So far as is known to the writ er no account 

has y e t b een r ender e d of the pineal region in Xeno pus . 
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A numb er of accounts have been made of the region 

in Rana but such confusion in t e rms exists in re the 

epiphyseal comp lex that many of the e xisting ac counts 

are exc eedingly difficult to follow. For instance 

when it is stated that degene rative change s occur in 

the pineal gland after the adult condition is r e ached, 

the r eader is at a loss to know whether the end­

v e sicle is r e f e rred to or the proximal portion of the 

epi phys eal evagination or both. Schafer (Ess entials 

of Histology) states that in .Amphibia the 'Pi neal 

Gland' li e s beneath the skin and outside the skull 

and that its position is marked by a clear spot in 

the skin on a line and midway b e tween the eyes . He 

furth e r states that deg ene r a tive changes occur in the 

gland in the adult . It is obvious that the end­

vesicle is ref e rre d to. In the embryo of Rana fuscigu­

la (Jin. stag e not including the tail) the end-

v e sic le is well developed, sphe rical in shape and 

' made up of deeply stain~ basophil c ells with 

spherical nuclei. 
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The end-vesicle is attached by a long stalk 

passing through the roof of the skull to the proximal 

portion of the gland which is highly vascular and 

comp os e d of two main types of cells. namely cells with 

oval nuclei and fine oxy phil gra nul es and cells 

with s ph erical nuclei and coarse basophile staining 

granules . The o.xy phil cells are arranged round 

alveoli and the baso phils occur in clumps . Ne rve 

cells appe ar to be pre s ent in the stalk . In the 

adult specimens examined macroscopically the sk i n 

in the r egion of the clear spot (ve ry cons p icuous in 

Rana fuscigula) was deflect e d and on its undersurface 

was discove red a p inkish whit e , g e latinous looking 

-body, ovoid in sba pe . It1 imme di a t e environment. was 

richly vascular. A long d elicat e stalk a ttache d to 

the body could b e traced back to a Emall outl et in 

the skull just above the r egion of the 3rd v.entricle 

of the brain. On cutting sections through the skin 

in the r egion of this body the write r was only able 

to discove r a mass of tissue showing obvious signs 

of d eg en e ration. e . g . nucle i we r e scatt e red throughout 
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th~ mass a nd the majority of the c e lls lacked any 

d e finit e boundaries in the way of c e ll walls or 

ma rginal demarcationc . Se c tion s through this r egion 

wer e made in at l east s ev e n adult frogs (Rana 

fuscigula) of v a riou s s iz e d . The· r esults were s imilar 

in each cas e . The charact eristics of the pinea l compl e~ 

in Xeno pus a r c e ss entially simila r to thos~ of Rana 

except that the end-vesicl e in the adult animal is 

much sma lle r and more flatt en e d than in Rana . 

Longitudinal sections through the e ntire brain 

of Xeno pus r e v eal the morphology of the p ine al r egion 

v e ry cl early . When r emoving the brain it is n e ce s s a ry 

to exercis e great fare in order not to injure the 

prox imal p ortion of the epiphyseal complex . This 

part is attached by me an s of th e stalk, which passes 

through the skull , to the e nd v e sicl e -and ther e is a 

strong t ende ncy for the proximal p ortion to r emain 

attached to the s talk rathe r than to the pe duncle witih 

the r e sult that only the torn e nd of the proximal 

portion will b e visibl e in sections . 
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The paraphysis i s obs erve d to be a we ll 

deve lo ped structure but as a rul e not so conspicuously 

vascular as in Rana. The v e lum transve rsum takes the 

form of a s ingle fold and is followe d by the wel l 

deve lo ped dorsal sac . The walls of the dorsal sac 

are much folded and the whole structure is highly 

vas cular. The mass r e presenting the corpus Jla benula r e 

is also exc eptionally vascular and is followe d by 

the e longat e pars int ercalaris anterior c ertain 

portions of which (in some of the specimens examine d) 

have an almost plexi form a ppearanc e owing to the ir 

exceeding vascularity. The proximal portion of the 

e p iphys eal comp l e x take s the fonn of a sac lying close 

to the int e rbrain. Its lum en is divided into a 

number of branche s which project downwards into the 

third v entricle. The vascula r syst em of the proximal 

portion appears to b e in part sinusoidal . This 

condition clo se ly r e sembles tha.t describ e d by de Graaf 

as found in Urode l e s. Following the e p i physis can be 

s een the thick pars int e rcalari s pos t e rior and the 

commissura post e rior. A more det a i1c d study of the 
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histology of the end v esi cle r e v eals the c e lls to be 

somewhat elongate and the appearanc e of one or ~vo 

n e rve fibre s may be detected (in the young animal) 

The cell s of the end vesicle cons titut e the structure 

described by se v e ral obs e rve rs as the frontal sub ­

cutaneous gland. It"1 · r eal r e l a tionshi p to the 

e p iphyseal complex was elucidated by Goet:te who 

studied the epiphysis developmentally and demonstrated 

that the subcutaneous frontal gland was the detached 

distal extremity or end-ve sicle of the epiphyseal 

comp l ex. 

The s tal k contains traces of :nerve fibres 

and these appear to t erminate in the commissura 

post erior :r:assing down the posterior wall of the 

ep i physeal compl ex to r each it . 

The proximal portion is a sac like s tructure 

with its walls much branched and its lume n in 

communic a tion with the third v entricle . The cells 

of which it is compri sed a r e of t wo main ty pe s 

oxyphils with oval nucl e i and baso phils with spherical 
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nucle i . The oxy phil c ell s a re arrange d round a lve oli 

a n d the baso phils occur in colonie s or clumps . The 

entire structure i s highly vas cula r . In co nn ection 

with the b as o phil a n d OJYPhil c ell s of t h i s r eg ion it 

is of int e r e s t t o consi de r t h e b a sophil- an d oxy phil 

c e lls compris e d i n the p ituita ry complex which l i e s 

immedi a t e ly b e low thi s r egion on the unde rsurfa ce of 

the bra.in . I n hi s Monog ra. p~ on the p ituitary de Beer 

give s an a cc ount of the tFunctional d iffe r e nce 

The ory ' put forward to e luci dat e the na ture and 

origi n of t h e bas o phil a n d oxy phil c ells . According 

t o t his t h e ory the t wo ty pes a r e but t wo c onditions 

or pha se s of one c ell . That t h is is not tru e a t any 

r a t e of the b aso phil a n d oxyphil c e ll s of the pine al 

se ems to b e indic a t ed b y t h e definite ty pe s o f nuc le i 

wh ich a r e cha r a ct e r is tic of the t wo ty pes of c e lls 

( s ee a b ove ) . The r e i s of course no pr e sent 

jus tific ation for as swning tha t the oxyphil and 

b a so phi l c e ll s of the ep i physeal compl ex a r e in a nyway 

simi l a r in n a tur.e to those of the pituitary or inde ed 

tha t they a r e r e f e rrabl e t o the s am e l aws or f ac tor s 

of d et e rmination . I t i s t empti ng ho we v e r to suggest 
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the comparison although it mu s t b e mentioned tbat 

in certai n pathological conditions of tbe e_piphys eal 

complex in which cells from this r egion are observed 

to migra t e down into the pituita ry r egion they can 

at once b e di s tinguishe d, both as r egards size and 

appearanc e , from those of the pituitary. 

CONCLUSIONS . 

I. In c ertain r e spe cts the ,ineal r egion in 

Xeno pu s laevis r e sembles that found in Urodeles. e .g 

the proximal portion of the ep i physeal complex i s a 

sac like outgrowth with much branched wall s and the 

pa raphysis is not as a rul e so we ll develop ed as in 

othe r Anura . Furthe r the flattened and d eg e n e rat e 

end-vesicle i s more charact e ri s tic of Urodelc s ( eg . 

the Salamander) than of most Anura . 

II. The r e is in the embryo a well d e fined e nd- v e sicle 

which lat e r shows obvious signs of dege n e r a tion 

histologically . 

III. The proxima l portion is highly deve lo pe d and of 

a d efinit e ly glandular nature . 
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IV. The proximal portion continu es in a functional 

and active s t a t e indefinit e ly i . e . it s hows no 

visible signs of deg en e r a tion afge advanc es . The 

same appears to be tru e of Rana fu s cigula . 
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- GENERAL DISCUSSION-

Se v eral points have to be taken into 

conside ration in any discussi on on the nature of the:· 

pineal r egion and epiphyseal complex. The first is 

wh~th er the epiphy seal complex is to be considered 

as a v e stigial structure or as an organ having an 

important glandular function. Se tting aside for 

the moment the comparative morphological evidences 

in f av our of s ignificance of the g landul a r functions 

of the complcx, some int e r e sting data have be en 

desdribed by Tilney and Wa rren and put f or1-rard by them 

as corroborative e vidence. They analysed a s eries 

of obs e rvations made by Cutore on the ontogenesis 

of the epiphyseal complex in man. In these 

obs e rva tions the weight s of the ep i physis, hy pophysis 

and b rain wer e r ecorded for five mor e or l es s well 

defined epochs of life . They found that of the three 

structure s studied the a v e r age weight of the 

epi phys ea l compl ex alone t ends to incre ase c onstantly 

as age advanc e s (up to 70 years) .. The brain and 

hypophysis show a constant increment ·in weight up to 

6 0 ye ars and af t e r that a marked decrease. 
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Tilney and 11Varren hold that an organ in the 

process of r egress ion would not be like ly to keep pace 

so constantly in weight increment with tbat of the 

hypophysis, an organ proved to be conc erned with 

int e rnal secretions) and further that obs e rvations, 

indicat ~ that the activity of the epiphyseal complex 

is not arrested at puberty . 

Since although physiological and clinical 

e videnc e t ends to show that the gland manifests its 

gr•:=: atest activity bl:'.: tvr cen the ages of 3 and 15 (in man} 

ther e is y e t ev i dence indicating that the activi ty of 

the g l and does not c ease e ven in extreme age . 

A factor against the view of the v e stigial 

naturG of the epiphyseal complex is that in thee e 

animals which develop a corpus callosum the 

epiphyseal compl ex r esists in a marked manner the 

encroachment of this structure and adapts its e lf in 

a numb er of ways to the encroaching commissural fibres 

of the callosurn. The paraphysi s a_nd dorsal sac may 

becorne flatt ene d but the pineal r egion continues to 

exist in i ts entirety and the epiphys ea l complex 
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accommodates its e lf in a numb e r of ways to meet the 

new conditions imr) os e d u p on it. It is r easonably 

thought that if the comp l ex we r e ves tigial far 

from a ccommodati ng itself to new and decidedly 

adve r se conditions it would t enQ to r egres s e ven 

furth er . 

Histological evidence also t ends to show 

th a t the epiphys eal compl ex is not ves tigial s ince 

it shows a n increasing degree of spe cializa tion 

t awa rds glandular format ion as th e ve rt ebrate -
-~ lr.> Qr.,~. 

~ deve lopment has b e en studied in both man and F elis 

domes tica and it has b~e n s hown that the complex 

fallows the general proc e dur e charact eristic of 

glandular fonnation. Furthe r the histology of the 

complex gives e vidence that the s tructure poss e sses 
r-

a pluripoi(t entiality, with a bias towa rds gland 

fonna tion and only in one or tvro instances (eg . 

cyclostomes and the older r eptiles) giving ris e to 

structure s with a neuro-mechanical function. 

The secre tions ( if any ) to which it gi v e s 

rise are in all probab ility in s ome cas e s passed 
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into the cerebro spinal fluid but in eve cy group 

after the Amphibia the histological evidence t ends 

t o show tha t the organization of the complex is endo ­

crin e in ty pe and it~ s ecre tions lw ~mg presumably 

taken u p by the blood stream~ 

The nature of th e secre tion or secre tions 

{if a rty) forme d by the complex is not y e t known since 

it has not y e t b een found possible to isolate from 

the gland a ny substance giving ris e to the conditions 

·which a r e r e cogniz ed, by a numb er of workers , to be 

associated with the gland. The evidence t e nds to 

show that the secretion of the e p i phys eal comp lex 

bears a par t icul ar r e lation to the development of 

.the gonads and e xerts considerable influe nce on the 

time of appearance of the secondary sexual characte r .$ .. 

A great deal of cli n ical data is now available which 

t ends to demons trate that ce rtain well defined 

:pathologic a l cond i tions are caused by a bnor:mal 

condition s of the complex (eg . pine al tumour, injury 

etc") • 

Mello rd a nd Allen in 1917 found that by f e eding 
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tadpol es with ' pineal ' (which part of th e pineal 

region or · epi phys eal complex not cl ear) both growth 

a nd diff e r entiation we r e hastened . They r ecorded 

that a melanophore controlling factor was as sociated 

with the gland since tadpole s f e d with pineal sho.ved 

distinct contraction of the memanophore s J r endering 

them paler than norma l animals . McCord a lso found 

that Pa rarao e cia f e d with ' pi n eal' divide twice as 

rap idly as controls, and F e athc:: r (19 1 9 ) r e corded that 

"Pineal" extra ct s incre as e the pulsat ion frequency 

of the contractile vacuole in the same org anism· • • 

In this conne ction the a ction of th e pineal extracts 

would seem to beha ve ~ e ry like e xtracts of adrena line 

or epinephrine and c ertain p r eparati ons deriv ed from 

the pitu itary complex . 
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SUMMARY 

No definit e conclu s ions as to the 
..,; 

v es tigial or glandular nature of th e epiphyseal 

comp lex can y e t be formed but the evidence at p r esent 

availabl e t ends to be in favour of the complex having 

a glandular s ignificance . 
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CONCERNING 'THE; POSSIB Jr.E OCCUR.BENCE OF 

CHROMAPHll CELI.S IN TH.21 KIDN&Y OF 

XE:NOPUS LAF,;VIS. 

It has b een stat ed by von J3onde and others 

that ther e is no su prarenal complex present in 

Xenopus laevis. They ar e s ilent as r egards the 

occurrenc e of chromaffin tissu e in the animal and no 

de scri p tion has ye t been made (so far as knovm to the 

writer) of su prarenal cort ex tissue occurring in -

Xenopus. If adrenaline fanning cells and cortical 

c e lls wer e a bsent in the animal it would b e exceed.ing-­

ly strange since chromaffin ti s su e occurs universally 

in ve rt ebrat es. 

COMPARATIVE. MORPHOLOGY OF THC ADRLNAL COMP.LEX 

There appears to b e good. evidence of the 

pre sen c e of adrenaline fanning tissue in s ome 

inve rt ebrat es as for ins tance in the l eech as 

demonstrat ed by J3i edl and by Ga ske ll. 

In Cyclostomes the adrenal compl ex is 
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r epr es ent e d by two s e ries of bodies - cortical and 

chromaphil. The cortical is associat e d with the 

post erior card inal ve ins, r e na l art e rie s and arteries 

of the dorsal r egion. The chroma phil by thin s trips 

of tissu e running along the large art e ries and their 

branches from the r ~gion of the second gill cleft 

to the tail. 

In Rlasmobranchs th e paired chromaphil bodies 

ar e in clos e r e lation to the• ganglia of the 

sympathetic chain. The suprare nal cort ex is a rod­

like structure pair e d or unpaired lying .near the 

posterior margin of th e kidney. 

In Te l e osts the cortical adr enal bodies are 

usually pa ired and lie embedded in the ventral surface 

of the kidney. In addition, cortical adrenal tissue 

is found associated with the head kidney , so that in 

t e l o ostian fishes the r e ar e cranial and c a udal 

cortical bodi es . The chromaphil tiss u e is dist ribut ed 

in groups of cells along th e lymphoid tissu e of the 

head kidney. 
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In ganoid s the cortical re presentatives 

ar e small yellowish bodies scatt e red throughout 

the substance of the kidne y , chromaphil · elements 

. are found in the walls of the cardinal v eins. 

The condition of the com pl .ex in Dipn oi 

is not clear a s y e t. The p eculiar nature of the 

perirenal tissue ha s still to b e thoroughly investiga­

t e d but an epithelial and glandular a p pe arance has 

alre ady been ascribed to it. 

In .Amphibia the adrenal complex is int e r­

mediat e in many r e sp e cts b e twe en that - of the lowe r and 

higher v e rte brat e s . 

In Urodel e s the adrenal is broken up into a 

s e ries of isle ts which ext end the whole length of the 

kidne y and often as far forward a s the subclavian 

art e ry. 

In Anura the complex is r e present e d by a broad 

yellow band running down the ventral surface of the 

kidney. In the majority of Amphibia this band on 

s e ction p roves to consist of two elements - the c ort ical 
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and chromaphil.. The cortical cells are elongate 

and arranged in columns and a t the e nds of the 

columns masses or clumps of chromaphil cells occur. 

The latter are how ev e r not confine d to the r e gion 

of the cortical cells. Colonie s of chromaphil 

cell~ ofte n occurring ant erior to the .kidne y ( e special 

ly notic eable in c ertain Urodeles ). This condition 

is analogous to the paire d suprarenal bodies of 

Ylasmobranch fishes . Again in othe r .Amphibia 

chromaphil cells may occur scatt e red on the outer 

surface of the kidney or disposed throughout the 

entire substance of the kidney in tnests t. 

In every class aft e r the ·Amphibia the 
v.>r-

adrenal complex is built A of cortical and medullary 

elements which are always found associate d in the one 

structure. Acc ess ory chromaphil e l e ments may 

how e ve r occur wherev er the sympathetic nervous 

system penetrat e s . r xtracapsular cortical elements 

a r e also found not infre qu ently but the s-e usually 

occur in th e r egion of the chief adrenal or in the 

g enital r egion. In a ddition to the extra.capsular 
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cortical and medullary 

Amniota true accessory 

e l ements found separat e ly in 
~ 

adrenal composed of both 
J. 

elements may also occur. The se are said to be found. 

in the neighboufh ood of the abdominal sympathetic ~ 

~ and in the r egion of the bod.y wher e the cortical 

ele ments first a ris e . 

From the foregoing data it may be seen that 

tbe adr enals-are far from cons t ant in arrangement 

and position throughout the phy lum but are more so 

in the Amniota tl1an in the Anamnia. 

Xenopus Iaevis: 

In a pape r published in the ~uarterly Journal 

of ,xperimental Physiology (Vol XX No. 1) on the skin 

secretion of Xenopus, Gunn described a s e ries of 

experiments undertaken to elucidat e the nature of the 

mueus like substance which Xenopus exudes in such 

profusion from it1s skin. Gunn dried the substance 

which he collected from the skin and subs equ ently 

made s olutions of it, noting its eff e ct on blood 

pr essure, respira tion, the excis ed ut e ru s (pregnant 
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and non pregnant) and int estine. As a result he 

came to the conclusion that there was present in the 

skin secretion o:f Xenopus a substan ce v ery similar 

if not identical with Ad.renaline or ep inephrine. It 

would be of int e r est to know if an animal having such 

an abundant source of adrenaline would b e in ne ed of 

a furthe r supply from a suprarenal source . This 

consideration may in part account for the condition 

of the kid.ney about to b e described by the writer but 

in any e vent the question of the e l ements usually 

as sociated with the suprarenal cort ex would still 

r emain unanswer ed. 

As is well knm~n, the r e is on the ventral 

surface of the kidney in Rana a conspicuous yellow · 

streak running down the middle line of each kidney. 

This yellow strea k r epresents the su prarenal compl ex. 

On s ection it pr av es to consist of the two chief 

eleme nts associat ed with tha t gland, namely the 

charact eristic cort ex cells and the cells of the 

medulla. On treating with potassium bichromat e the 

cells of the medulla give evidence of their 
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chromaphil nature by staining from yellow to da:xk 

-brown. 

In Xenopus far different conditions obtain. 

In some individuals a well defined yellow stre ak is 

to be s ee n running down the v entral su.rface of the 

kidne ys but in many it ·is e ith er very faint or so far 

as the naked eye i s able to det ermine, compl et ely 

absent . The writer has found that in large females 
. 

well <U.sten ded with eggs , the streak t ends to b e most 

conspicuous and cons iderably broader than in small 

f crrales. In males the stre ak is usually but f eebly 

developed and in young males ofte n appears to be 

absent . Sections through the kidney r eveal the fact 

that the cells of this region approximate v e ry closely 

in appearance to the typical cells of the suprarenai 

corte x. They do not stain with potassium bichromate . 

They stain light blue with safra nin and water, blue 

and blue to blue viole t with Giemsas s tain. These 

are the correct colour r e actions for the suprarenal 

cortex. The cells of the s treak differ in appearance 

. from tho se covering the surface of the r est of the 
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kid..ney and they are definitely localized to the area 

of the streak. It must be said that the appearances 

are in favour of them b e ing the r e presentatives in 

:&enopus of the suprarenal corte x . 

Sections through the kidney of Xenopus 

tre at e d with bichromate r eveal small yellowish brown 

cells scatt e red on the outer surface of the kidney . 

These cells are indistinguishable in appe arance from 

the chromaffin cells associat ed with the suprarenal 

complex in other Vertebrates and .more ove r they agree 

with the description of the cond..ition found in 

certain othe r amphibians. where the chromaffin cells 

occur scattered over the outer margins of the kidneys. 

As further histological work proved unavailing in 

definitely deciding the question of the identity nf 

these cells ·- an attempt was made to investigate the 

matter biochemically . 

Through the courtesy of Professor Gunn it 

was possible for the necessary tests to be made in a 
.Pharmacology Department in this University . The 

kidneys were taken from ten animaJs [Xenopus) and 
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fre e d of urine by washing in normal saline solution, 

they were then put into acetone and cut up into pie ces. 
' These pieces were allowed to dr~ for a short time (15 

to 2 0 minutes) in the acetone and were then removed 
l-and placed ~n a des4i't'tor to b e dried in vacuo. They 

vvere remov ed afte r two days (still smell ing strongly 

of acetone ) and g round up i n a mortar with a few ccs . 

of ordinary Ringer solution to which a drop of 1/N HCL 

had been added . This solution when inject e d into a 

large c a t at first produc ed a decided slowing of the 

cardiac and r e spiratory rhythm followed by a v e ry 

slight rise above the former nonnal l evel. A rise 

which was almost equalled wben an equal quantity of 

ringer was injected. The great drop produced in the 

fir s t instance was attributed to the presen ce of 

acetone in the inject e d s olu ti on. irume rous other 

tests conduct ed on the same lines were made with other 

extracts from the kidney but all with very indefinite 

r esults until with one preparation (made up from the 

tissue of 72 kidneys and fr eed as much as possible 

from acetone) the r esults recorded in the accompanying 

tracings were obtained. These, although far lirom being 
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undeni bly conclusive,favour the theory of 

drenaline being :present in the ~idney . It will he 

noticed in Tracing I. th ,t :perfu ~ion of the isolR 

- .ted he rt of the c t with solut ion extracted 

from Xeno:pus kidney ( freshly made)res, lted in a 

gre .t incre se in the cardi c rythm . The bre k in 

the tracing occnrred when the fs · 1t:«r lever rose 

so high it went above the :paper . The rise of 

:pressure was followed by heart b1ock.T~is tr c-

-ing is characteristic of adrenaline tracings but 

simi l ar tracings are obtaim,,ble for a number of 

other subst nces . 

Tracing 2 is a record of the effect of a 

solution of the extr ct on the isol ted :pregn nt 

uterus of the cat.It will be observed that it 

ha.s an effect typical of a drenBline but ,g in 

other substances might :produce a like effect . 
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Tracings 3 and 4 made with a solution at 

least six hours old. show a slight in1:,ibi tary effec t 

on a s trip of rabbit int estine. This effe ct is far 

from being as definit e as the pre sence of adrenaline 

might be expected to render it, but still the fact 

r emains , slight inhibition was induced. 

Tracings 5, 6 and 7 show the effect of a 

conc entrat ed solution of kidney extrac t (It kidneys 

pe r O.t cc of solution ) on the isolated rabbit intestine 

Again the effect is slight but is neve rthe less of the 

adrenaline type. 

In a fresh preparation made from 36 kidneys 

by grinding u p with powdered glass and extracted 

with 10 ccs. of warm distille d wat er to which a drop 

of glacial acetic acid was added a pink colouration 

was obtaine d on tre a ting a portion of the solution 

with weak iodine and a green colouration was obtained 

with a f ew drop s of weak ferric chloride. These colour 

r eactions faint though they wer e , ar e characteristic 

of adr enaline. Colour r eac t ions be ing infinitely more 

crude than biochemical t ests it seems justifiable to 
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conclude that adrenaline is pr e sent in the kidney of 

Xenopus bu t it wotild appear to be so in exceedingly 

small quantities since for the expe riments which 

yielded the accompanying tracings the kidneys of large 

numb ers of animals were used to make a few ccs. of 

solution . 

Taking into consideration Professor Gunn's 

findings re the nature of the skin secretion in Xenop.us 

the small quantity of adrenaline obtained from the 

int ernal organs is l ess surprising than it might 

oth erwise be . Whether the chromaphil complex of the 

kidney in Xenopus J.a evis is to be considere d as 

rudimentary or vestigial furthe r investigation must 

be le ft to det ermine . 



100 . 

BIBLIOGRAPHY 

Abel & Macht . Journ. Pharm E.xper . Thes .. 3, 1912. 

Botazzi • .Pubbl. Staz. Zool. Napoli, 1919 . 

Cushny. J ourn . Physiol, 35, 1906. 

Dale and Richards. Journ. Fhysiol, 35, 1906 . 

Edwards Am . J ourn . Physiol , 33, 1914 . 

Elliot . JouFn• Physiol, 32, 1905, 44, 1912 . 

8~skell. Phil . Trans. Roy. Soc. 205, 191~; 
Journ. Gen. Physiol . 2 . 1 91 ;:J . q 

Q:.UNN J. W-C. ~- ~ -~-~~ \Jo't xx 0\-o I • ~ 3.o 
Hartman, Kil born & Lang . ndocrinology, 2, 1918 . 

Henze Zeit . Physiol . Chem . 87, 1913. 

Hogben & Hobson. Brit. Journ. =-::xp. Biol 1, 1924. 

I.rogben & Schlapp . Quart . Journ. Physiol, 14, 1924. 

Itagaki. Q,uart . Journ. Exp • .Physiol, J , 1 917. 

Langle y . J ourn. Physiol, 27, 1 901. 

Livon & Br i s t . Jo urn. de Physio l c:; t de Pathol . 
Gen ., 8, 1913. 

Macdonal. Quart . Journ. Physiol, 15, 1925 . 

Oliv er and Schafer •. Journ. Physiol, 27 - 8. 1894-5 

Paton . Journ. P.hysiol, 44, 1 91 2. 

Swal e Vinc ent Pas. Roy . So c. 61, 62, 1887. 



Io I . 



i o~ .. 

.. 



,o~. 







I 0'1. 

, · 7. 

~~~-




