P@E%I}IN*S PURINES AN@ ﬂAQ@TEN@IﬁS
IN ALPEIBIAN PIGMENTATIQE

by

Hamilton L. Stackhouse

A,Thesis Subriitied to the Faculty of the
| DEPARTHENT OF FOOLOGY - ‘

In Parﬁlal Fulflilment of the Requirements
For the Degree of

~ EASTER OF SCIENCE
. In the Graduate College
THE UNIVERSITY OF ARIZ@Hﬁ

1962



STATWNT BY &U’EH&R |

o This ﬁh951s has - heen subm1tte&,1n nartlal fulfillment
of requirements for an advanced degree at The University of
Arizona and is deposited in The University Ldibrary to be

made available to borrowers under rules of the Library.

o Brief quotations from this thesis are allowable without
special permission, provided that accurate acknowledgment of
source is made. Requests for permission for extended queta=-
tion from or reproduction of this manuscript in whole or in
part may be granied by the head of the major department or -
the Dean of the Graduate bellege when in their judgment the
proposed use of the material is in the inferests of scholar-
ship. In 211 other instances, however, perm1831@n must be
obtained from the author. -

sxéﬁm o Hormitlions £ L7 hfrerne.

* APPROVAL BY THESIS DIRECTOR

This thesis has ﬁéém approved on the date shown belewz-r

%‘;///ﬁla,

7 TOSEPE T4 FAGRARE - T UTake
Associate Professor of Zoology :




. ACKNOWLEDGEMENT

Gratitude is expressed by the author to Dr. Joseph T.
_Bagnara for his»cfitical a&vice and eﬁceurégemént'during

s _ihe'préparatibn of'tﬁis‘thesiso




'TABLE OF CONTENTS

IHTR@@EC?I@E'VQ o.; o o o ° ° ¢ o e ° ° e e o o o o
MATERTALS AND METHOBS e e e e e e e ..
EXPERIMENTS . « « o o v o oo e e e e e e e e e
Paerlélnes, Dorsal and Ventral Dlstribuilon .
Pt erldlnes and CTH ?elatlonshlps c e o o o e

Rana pipiens and Hyla arenlcclor o o & e

Pana svivatlca o o o o o v s o o o o o o

Ambystona thrlﬁum c e o o o o o 6 o @ o

Background effects on Plteridines and Purines

Aﬂt}raﬂs o o 4‘: L] o’ [ o o © .’0 ° -] ] o o o, ©

UE"O&&.}_QSQ o o e o o 0o ¢ 0 o o o o~'o‘ o

S.,Pﬁriﬂes aﬁélﬁéﬁ-?elatioﬁs’° e o ..

Carakenelésg ?arsal and Veniral ylsmrlbutlon

Farcten01d and ETH ?elationshlp s oo o oo o

@IS(‘USSI{}N e« o o © o. ° "o- o. ‘ o o ‘ o o6 o o ‘o o6 o o & e
S‘mﬁﬂi«RY ° Ho o o o. e o .o .o o o o -6 a b e o o o o o o

LITE zzmmaczma © e o @ e s e o o o o o o o o o o o

iv

v b
Jud .
SRR -

F N SRR TR

Jot



10

11

LIST OF. FIGURES |
"Fégéf

Echemamlc chromatogran comparlng ‘dorsal and Vﬂntral
skin extracts of Rana pipiens, Rana catesbelana

‘and Hyla arenlcolar R R 10

‘SCnemailc chromatggram comparlng extfacts of adult _
normal and alblno Ranaspheﬁocephala o o s s o 0.0 o A1

'Schemaflc Pﬂromaiogram,comparing extracts of Rana
pipiens dorsal black spots to the surroundlﬂg ‘ .
TIGRTET areas - o o .o o o o o -4 o o o o -0 o' o o o o 13

Schematic chromaﬁogram comaarinc darsal skin exitracts

of normal, CTH- freaied=hypopﬁy81opr1v1c and hfg@phJSleé
16

pr1v1c Rana pipiens and Hyla arenicolor larvae . . .

Schematic chromatogram compayring dorsal sk a extracts
of normal CTH-treated and untreated normal Rana :
plpl ens lalﬂvae Q o o o o o o LI O D Eed =3 o E<] T O o < o 17

Schematic chromatogram comparing dorsal skin exiracts
of noymal, CTH=treated hypophysioprivic and prGPhym
sioprivic ?aﬂa sylvatica larvae . . o o« o ° o o o o

‘Schematic chromatogram comparing dorsal skin extracts

of normal and hypophy31opr1v1c Ambystoma tigrinum

112‘?&6 o o o ] o <o © o 4 o L ° o -] -4 ° -] o ° ] o ;> ‘ 21

Schematic cnromatogram comparlag gorsal skin pLETl&lFB

~extracts of various Anuran larvae that developed on

black or white Lackgfounds o s o o 6 o o o o o o o o 24

Holecular structures of some purines and pterlclnes

- . showing struc%ural 31mu1ar1t1es of the itwo groups . . 26

' Comparison of re1at1ve total 1niegnmenca1 pteridine

and purine concentrations in normal and hypophysio-
privic Rana pipiens; Hyla arenicolor and Rana :
Sﬁ’lva t“ Ca 1&1’7&@ ] ° ° o o o o ° ° ©° o © ° o ',o o o o : 27

Schematic chromatogram corparing dorsal skin purine
extracts of normal, ETx-areaﬁednhypophJ81eprzvic

and hypophy51opr1vnc anuran 1arvae s o o s o s s o 28

P
«@

,._v



12
13

14

)

Specéram‘of%§=ﬂﬁﬁﬂfene extract in hexane ., . . .

Total carotenoid comparisons of dorsal, ventral and
yellow of legs of Rana pipiens, Rana catesbeiana
and Hyla arenicolar o o o v o v e 8 o o o 5 o o o

To;el carotenoid csncefsratlons of nafmdl CTH-
treated hypephyszopr1v1c and ﬂypophJ31apr1v1r

Rana Q_pﬁeﬂs larvae . . o ¢ o o 5 o 6 6 o s o o o

e .

9

e

31

32

35



INTR&EUCTI&E o

| Smith ané.Allen9 Wnrklﬁa 1ﬁdependenﬁly 1n 19169 showed
ithaf an agenﬁ resp0n81ble 19? color changes in amphibians is |
elaberaﬁed by the pitulﬁary gland. ?ariaus 1nvest1gatars have
siﬁce'shown %ha4 this"hdrmana1 ageht'is‘assaciated wi%h,%he
intermediate lobe of the hypophysxs (Atwell '19; Swingle “21
Smith and Smith V23, Allen '30; Atwell 136). As a result the
" hormone was named.wintérmédinﬁ (Zaﬂdek and Krohn '32) and
this‘ferm has preVailed ovér the years. For_maﬁy‘yearé.iﬂ=
%estigaﬁians concerniﬁg the funciion of this hormone have
 keen largely rés%riétéd~to melaﬁo?hares'aﬁﬁ for fhis reason
‘.-it has frequently been céliéd nelanocyte or melanophore sti-
muléting hormone (MSHY. Actually, this principle (MSH or '
"Win%ermedinwﬁvhas'a ﬁﬁc§ bfaader7func%ionffor it also acﬁs
on other pigmeﬁtary syéiems; Eagﬁa¢a ('58} showed that %his,
‘horﬁéne céases éﬁanopﬁoré'contraction-inxamuran larvae,
Later, it was shown by Bagnara and Reidleman (958) that the
"hormone markedly inhibits %he synth851s of guanlﬁe in Rana
_v sylvatica 1arvaeo. In the course of ﬁhelr 1nvesclgailoﬂs of
1ntegumenta1 guanine eéntenﬁ these auihors shawed that this
‘-pigmeﬁtary hormone is active in stimulating the formation @f

1 .



pteridines in %he'skin'of gggg g‘giens larvae. Therefore, |
this howmone causes meianaphere expan51on9 sﬁlmulates melanln:
1synxhe31s (Bagnara 958)9 causes guanophore cgnrractleﬁg in-
hibits guanine synthesis and stlmuiates the formation of |
@%eriéineso Ccnsistent with thése discéverieS‘the hormﬁﬁe

has been given %he broader deglgnailon of chfomaﬁotrophlc _

"‘h@rmane (CTh} {Bagnara “58} - The term ETH’seems preferable

and W111 be used in this papergu _

, Pterlalnes are present 1$ amphibian skin (Busnel "42;
. Hama 953;'Gﬁndef v53 and 554;:andaBagnara'961}9 and aré ;‘ 
générally ﬁoré.éreﬁalemt in”%he daﬁkly pigmen{ed'dérsal.iﬁtea“H
gﬁmEnt‘%ﬁan_in the 1ight1y’pigmgntgd ventral skino As a
reSﬁlﬁ of these facts, several investiqatofs (Busnél Y42

N zlegleraGunder 1565 Obika and Hana 160) have Shggested that '
pter ines are somehow 1nv01veé w1th dark plgmentatlong -
esyeclally with melanin. This observaﬁleng plus the fact
ﬁhat CTB 1nfluences pteridine dep031t10n? 1nd1cates that a

' relailonshlp prabably exists between p%ef1dines, the hyp@pﬁSlS’ﬁ
tand ngmentaiien (Bagnara °61). | S -
In urodeles, the black p1§men?ed integﬁmeni,appeays

- to be void of ptef dlneS° 1nstead rln both anurans and uradeies
pteridlnes appear te be assaclaﬁed Wlth yelTGW plgnenﬁatlono |
Baaaaﬂa ('61) has shown that dorsal yollow spots of ﬂnbzstama
"macvla%am ‘abound in pterldlnes whlle aagaceni black 1n%egumena
contains only smali quantitles er nonea Bagnara (961) alse

'éem@ns%rated %hat pﬁerldlnes are a58001a£ed with the yell@w

pigmented flanks and veniral 1eg surfaces mf Hyla arenlcalar
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and Fana‘syiva%icao~ These afeas are plgmen%ed alm@st exciuc.-
s:veiy by xanthephoveso Pterldlﬁes have als@ been shown to

'prevall in yellow plgmenﬁed areas af goldflsh (Hama9 Vaisumotsg,

| *and @blkq 160) .

Tﬁn QLservatlons of Bagnara ('61) on natural Eana'
El@len alblﬂﬁ larvae. indlcate that pserlalnes are no% ass0=;
‘:01a¢ed thh black plgmenﬁailono ﬁlblﬂ@ taapoles have expanded
melaneph@res but 11%%19 oY no meianln is present within them. -
The same_pﬁe idine concentraﬁlons are found in albine larvae
‘as in normél ones. Moreover, theiskln of albino larvae is l'
yellaw1shoh‘ o - , . .

Althoagh the chromat@tfopnlc hormone has a pronouhdédi;:f
effect wn melanophmres9 guaﬁophores and nﬁefldlnes, it has |
liﬁtle grzn@ apparentveffect on xanthophoreso Eelfher‘xanthoa _
pheres.nor‘the’yeilbwipigmenﬁsg presumably cardtendiﬁs (Paz‘ké'zé'i
T48 andigéﬁ f53)9 seem to be af fec%ed.mavkedly bg the hypo-
physié (Bagnara 159) . Thesc resu?tsg considered in the 11aht
of the assacwatlon between pterlélﬁes and yellew pigmenta-
tlong make 1% dszlculﬁ to understand iae felaﬁlonshlp be=

tween pteridlnesg plgmentatlon ana the hypophysis. The factfr'

- that the role of pterldlnes in the 1ntegument of vertebra%es

.18 sﬁzll unknown (Baanara v61) adds 1o the dlfflcultyo

| Bef@re any clarlflcamlon of the function of pterldlnes
‘iﬁ amphiblan skin is possible, somerof,%he preblems concerning
the xeléfi@nship hetﬁeen piteridines ané'%he pigrments should he_':

invesﬁiga%eé furiher. For instance, although it is known that
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CTH inflvences 1ntegumenta1 pmerlélnes and §u?1nes in anurans,
vshis yelaﬁlcnship has not been examlneé in ur@deleso ﬁnother
prehlem 1nv01ves the amounﬁ of . pﬁerl&xne deposition occurlng
afﬁgr CTH 1ngect1®nso Previous Wsrkers have freated hypophysio-
privia aﬂuranylar?ae With CTH ever,éheyf,periads of time..
%nriﬁg this period the restoration of pteridines never reached
%he'ﬁ@rmai leveij(Bégnara and Neidiémaﬁ.VSS; Bagnara '61}).
I%‘wauld bé interesting to knewlﬁhéﬁhér the level of ?teridinés
Vwoulé reach normal levels if Qrﬁ,lngecaiens were continued
B over a 10n3er peflﬁé Slnce caretengxas are yellow plgmen%s"
iané‘pﬁerldlnes appear to be associate&rwiih this type of @ingg
Men%atién;'if would be ofvihteresﬁ.t@(feaexamine the relation- -
ship'befween carotenoids and CTH usiﬂg better quantitaﬁive
'%nchalqueso"ﬂﬁreoverg similar preciéidn should apply to the
qaantiﬁatlen of pﬁef1d1nes and carotenaids in skin where both
appear tegethero

élthough pterldlnes do not seem to be assovla%ed with
gmanoghores and purlnes-(Bagnara~961}, 1; may be possible that
a recipr@cai relaﬁianship‘eyis%sg_in the integument be%weeh |
_ pteriéﬁnés and purines. In hypophy510pr1v1c larvae guanophores
;are expanded and4%he guanlne content 1s hxgh whzle the pteridine
cancentratlem 13 10W¢ Tﬂ1s may 1mp1y ‘a mechanlsm of dinter-
COnvérsioﬁfbetweeﬁ these compounds. |

The purpose of this investigation is to clarify some |
‘of’the.aﬁove problens With the hope.of aéding>to our under-
‘standing of the relationship betweeﬁ ptéridines9 pituitary gland,

and pigmentation.



M&TERIﬁES Aﬂﬁ I’?L@ﬁﬁ

Varlouslarval and aéult awphlhldﬁs were used in Ehls

'iﬁvestlgationo Adult Rana sylvaalcag Fana s sphenocephala,

f&mbysm@ma tigrlnum and Anbystoma macnlaﬁum were supplleé by

collectors in the eastern part of the ﬁhl&ed 3%3%@30- Adult

ﬁaﬁa‘catesbezana and some of the admlﬁ Rana pipiens were

acqaired fram a bi@i@gical supaly,heuSe in Wisconsin. The

resi @1 ﬁhe ?ana p1p18n89 along w1th Eyla aWeﬁlcelarg were

csllected in the v1c1n1ty of iucsong ﬁrlzonao Adult Amphluma

tridactylium were r@liec%ed near New Grlean59 Louisiana,

Taricha torosa were collecﬁed‘in,the~vicinity of Stanford

University, California. Pleurodeles walilii larvae were obtained
ffbmua'ﬁreeding‘colaay maiﬁiained in ﬁh§ 1abofathy of the .
ﬁhiversity éf Arizona. | | o
Hggs fr@m'sbmé Qf*%he abdve meﬁtioneé forms were |

obtained either. by. induced avulahlan oY were collected from
shelr natural eﬁVlfonment

7 Ealled iletiuce was the usual die% ﬂf the tadpoles and
| ﬁbe salamandor larvae were fed brlne shrlmpy white WOTTS

 (Bnchytraeus sp.} or small earth WOLTS o

Hypephyszepr1v1c %adpeles and salaﬁander 1&??&@ were
ohtalned by renov1ng the hjpephyseal placnde9 in ﬁhe eariy o
| 5



tallbud staae Qﬁllen V16 Smith Vlé} &peratlaﬁs Were

' ,con81dered successful if the larvae bccame iiaﬁ€ in colcrg

Some of %hese hypophy810pr1v1c larvae recel?ed 1ngeca:‘7ﬁ3f

tions of hormones contalmlng chfomatephore stlmﬁlatlng pra§er=;;if
ties; _A‘Pmmmefclai QTHI preparaﬁlan,and pitr9381a Were |
selected for injection. ‘The 1a%cer was chosen because ef
its high rontaminaﬁion with CTH. These hormones werevp@teﬁa;;
tlaced by treaiment W1th alkall (Baenara 957 958) . Hormoﬁéfz-
‘1n§ect10ns were maae Wl@h a flne neeéled (B B. 26) hy?odermlc .‘
syrlrgeo &11 1ngec€ions Were made by 1nsert1ne the neediei‘. 
through the large tall muscles 1nt0 the hedy sav&tyo The
injected volunme was .05 ml in qll eyperlmentso l

At the end ef eaéh experiment the animais Wére‘éacri;
ficed and skin from the dorsal snr;ace was removed with 4
Watchmakef s 1orce§so The skin was d?le& in a Vacuumn deszscaa
tor for approximately 24 hours and subsequen%ly Welghedo 4
| . Tissue samples to be analyzed for p%erlélﬁes and pﬁfiﬂegf"
‘were extracted wi%hhi X NH@&E fsr approximaﬁely'Zi haurs;--?ﬁe |
ffssme was separated from the extract by either ceﬁtrlfﬁgaazaﬂ
or flltraﬁlono Th he extract was evaporated to dryﬂess at a '
temperature of 30% ¢ - 35%° ¢, After drying, the extract was
dlluﬁed to a known volume ané Ghramatographed descenalﬁgly eﬂ':
ﬁhafman #1 fllter paper in a,sy5£em of ﬁ=buiyl alcohol, waie? ‘

‘and glacial acetlc acid (4 5 1)

lorh--s Commercial.ﬁrmour ESH,@reparatiéﬁsf



| @poﬁ ex@éSure,tdiultra=vi&let iiéht; the ?teﬁiéinesitt"A
- on the chromatograns fluoresced brighﬁly while the purines
appeared as dark absorption spots. An ulﬁr@=%iélet light at
apprmximatelyigéomﬂ‘ Was‘usedvia éiéclase purine'absorptimﬁ;
?he'qﬁantity'af each pteridine was estimated visually from

| ﬁhc dearee of fluovescence dnduced by ultramv1alet nght at
approximately 350my . A grading system of flaeressence was
arbitrarily chosen as followss (%%%%%}9 indicating very
Vs?rqng‘fludrescence;_(%@%%&g sﬁrdng fiaérescence;‘{%¢%}? inter-
mediate° (&+)9 dim; (+), barely identifiable. The validity |
of thls SJs%em has been reported prevxo&sly (Bagaara 61).

The absarptlcn spectra of the various pterldlﬁes and ‘
purines were obtained eitner'by_measqung the abserptlon‘@n
the chroméﬁoaram directly or on eluates af the chroma%ogfamo
A11 UQ‘V absorptlon spectra were determined with a Beckman
% U, spectrephetametero Purines Were eluted from the chro-

- matogram with 1 N HC1 whlle 1N NHAQH was used to elate the -
pteridines. In order to obtain acidic or basic spec%?a of
the véri@us pﬁrines and pteridines, from the paper itself,
the chromatogram was sprayed with eithér 01'§'E€1=0T 1 N |
Na0H. Tor spectral analysis of eluates, the piH was adjusted
. by addition of either acid or base. |

In order to deternmine Uo'vp‘éﬁec%ra from the chro-
mafegfam,directlyy the pteridine_or purine spots were Qﬁ%'
“out and placed in a modified Begkmanﬂﬁo U. cuvette ﬁoléeg

(Bradfield and Flood '52; Steelink 56).



| ﬁrisdv%issﬁeS'td be eyirac%eé f0f sér@%eneiés were

weighed and treated Wlth 10 mi, af 207 alcoholic h@ﬁ for 24
o hemrs or unﬁll the ilssme dissalved During this tlme ﬁne
tissues were kept in a dar% 0001 placeo éx%er the tissues
dlssalved 10 mlo of dlstllled Waﬁer (an arount equa to

‘ the~v01ume of E@H used} and 15;mlo‘ex patroleum.ether were
- added and the mixiure was shakeﬁ‘for‘fivé ﬁiguieso The |

}carateﬁaiés are salﬁble\iﬁ thé.égiphﬁsic-petraleuﬁ'e%her 1ayefo
- After shaxan the ngture; a 10 ml. aliquat of the'epighasic
 '1ayer was removed and ﬁhe Optlcal density read at a wave length-
of 440 mﬁqﬁﬂ a Colenan Uhlvefsal 8pectrophotamecer (Morten

and j@sen ”49}



EXPERIMENTS

A&, Pteridines, Dorsal and Ventral Bistribution. In

the course of several experiments, determinations of both

the ddfsa1 anQ ventral distribuiion of pteridines were made

for Bana pipiens, Rana catesheiana, Hyla arenicolor and Rana

vspheﬁecephaiaa The experimenial results of the latter ére

[neW'while fh@se of the former three confirm the observations

of ?ﬁevious inves%igatorsgj‘Im‘all.af these anuran species,

large quanti%ims 0f5pﬁeriéinés were ?resent’in thé doréal |

‘ skln while %helr ventral integunments contained significantly

smaller quantities of plerzdlnes (Fzgmre 1 and 2} (Bagnara 61) .
Piefldlne nomenclaﬁure adepted in this 1nves%1ga£10ﬁ

is that of §ama and his collaboratorso " The f@119W1ng pter1=

H-dines were founds ‘Biopterin, Ranachrome 3, Isox canthropterin

. and ﬁﬁ?=6wcarb0xyllc aclﬁ (Get@ and Hama V58 @aate @at&begl
f;@blkag and Hama 959 Hamagﬁaisunoto and Obika 968} The
latter %wo Wefe generaliy’preseni in greater quantlties ‘than
the f@rmer %wo compounds . '

e ”he aarkly plgmenteé d@rsai 1nﬁagument Gf all the
l_anurans ﬁested contalns con51éerab1y greaﬁer amaaﬂts of pter1=
dines than the light colored ventral sugaaoeo This disparity
in distribution of pteridines'ddesbﬂot appear o be due to

9.
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Fiqure 1 - Schematic chromatogran comparing dorsal (T) and ventral (V) skin extracts of
Rana pipiens, Rana catesbeina and lyla arenicolor. The fluorescent degree of each spot

is graded as follows: +++++, very sirong; ++++, strong: +++, intermediate; ++, dim; +, barely
identifiable,

-t
o



Z 9anbt g

O BIOPTERIN

O
O
O

~

T
T+
+
++
+ +
+
++

RANA CHROME 3

2 1O
1O

ISOXANTHOPTERIN

&
2
<

++
++

+

+
+ +
+
++

O
O
O

(::) AHP-06-CARBOXYLIC ACID

+ ¢
+
++
+
+
+ +
+
+

NORMAL ALBINO

Fhdgure 2 - Schematic chromatogram comparing extracts of adult normal and albino Rana
sphenocephala, See figure 1 for designations.

11



12

the presence of melanin in the dorsal surface; for as is
shown in figure 2, light colored skin from the dorsal surface

of an adult albino Rana sphenocepha1a1 contains significantly

greater quantities of pteridines than skin from its ventral
surface and, moreover, contains as much pteridine material
as the dorsal integument of normal darkly pigmented individuals.
This finding is consistent with the observations of Bagnara
('61) who found that the integumental pteridine concentrations
are approximately the same for both albino and normal Rana
pipiens larvae.

Although the fluorescence in skin extracts does not
seem to be associated generally with melanophores, one yellow
fluorescing compound prevails in the dorsal black spots of

adult Rana pipiens. These black spots contain more melanin

than the surrounding lighter areas, which are usually green

in color (Baker '53). Only minute amounts of this yellow
compound are extracted from the light areas while large amounts
are extracted from the black spots (figure 3). This yellow
fluorescing compound has an Rf value of approximately .04

and is probably a flavin that has also been found by Hama

(*'53) in several amphibians. This Rf value (.04) probably
corresponds to that of flavinadenine dinucleotide (FAD) found

by Hama and Obika ('58) in Bufo vulgaris formosus.

B. Pteridines and CTH Relationships. It has been

1Both the albino and normal Rana 4phenocepha1a were
collected in the same locality.
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Schematic chromatogram comparing extracts of Rana pipiens dorsal
black spots (D. B. S.) to the surrounding lighter areas (S. L. A.)
See figure 1 for designations.
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shown previously that integamental pteridines are under the
inflﬁence of CTH‘(Eagnara and Neidleman '58 and Bagnara 961}@_
These authors injected hypaphysioPriVic iarvae With‘varioﬁs
CTH pregarations; hawéver, their injections were performed
overxa'relaﬁively short period of time. The integumental
pteridine conceniraiions of’the,injeated iarvae‘iﬁoreasedg
but %hese_amcunts were somewhaf below fhase fquﬂd'in‘ﬁormai
tadpoles. En,ordér tO‘éetermine whether CTH treatments, if
giveﬁ ovef a 10ﬁger'period of time, would increase the ameén%
of integuﬁental §teridines of hypaphysioprivic,larvaé fo
‘normal‘levels, the fdllowing'exPerimenté were performed.

1. REana pipiens ‘and _yla arenicolor

Thlrtj=31x hjpopﬁy31opf1v1c Rana pipiens and twelve

hypophy31apr1v1c Hyla arenicolor 1arvae were used in the course

of”four expefimentso. These larvae were divided inﬁc iwo grﬁﬁps;
a'cenfral group and ‘2 group injected wiﬁh p@tenﬁiatéé'FTH ‘
preparatiens; The control gronp recelved 1n;ect1@ns of
Holifreter’s salu%10n° IThe Armour MSH conceﬂtratlon‘was

25 /@g/OOE mi. and the cbﬁéen&r&tioa of pitressin was .1

-pressdr units/.05 ml. ﬁ@prox1maie1y six hypapny81opr1v1c

j.hormone=&reaﬁed 1arvae were used in each experlment . Normal
ﬁaﬂpoles used as’ c@ntf@ls were n@t 1ngecﬁedo

| o In ﬁhéSé experlmenﬁs9 hafmone tfuaamenis Were glven

every ﬁhlrﬁy=81x hours for a tetal of ten 1a330&19ns°. The

: hyp@phy510pT1Vl§ conir@l gr@ap39 1njeﬂ€ed with Helmfre?er“s

sglﬁﬁiang showed no 81gns of melanln d13p9r810n or guan@mhore'
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contraction. Due to the response of both chroma%aph@re-typesy
the h@rmeneutréated gr@ups,becaﬁe'asidark as; if no%,éérker |
than, the normal control groups. At the end of the %réatﬁenﬁg
' larvae were sac?ificeé aﬁd”skiﬁneQ; %ktractsbof their skin
were chromaiographedor Visual-obserﬁafions of the chromato-
gfaﬁ exposed to”ﬁ;,¥o‘1ighﬁ9'showeé that %ﬁe normal control
group pessesseé greater flaarescenCG ﬁﬁah the hyp@physieprivib
con£r01 group (figure 4). Flu@réscénce in the hypophysic-
przvmc harmonemingeﬂted graups were 1nﬁermed1ame hawever, it
usually appraached that af %he normal cantrol groups. |

In another eyperlment, pl%r8351n itreatments were glveﬁ

to six normal Ranaqg;plens,larvae~$@ detexmlne whether their
integﬁmenf&l ﬁ%eridine c@ncenﬁrétionS'could be elevated abo?e.
- normal. Hormone injectidns were made every other'day and _
after a ﬁ@tél @f eight treatmeﬁ%39 tﬁe.ameun&s of dintegumental
ptefldlne cencentraflons of both the in%ected and the control
group were comparedo Normal, ETﬁmtreated larvae nad sl1ght1y
- more integumental pﬁerldlnes than untreated normal larvae_'
(figure 5). H

2. Rana gylvatica

" Consistent with the ab@vé‘expewimentSQ‘hypophysiee'

v‘privic'Raﬁa‘gylvatica_larvae have considerably smaller amounts
of integumental ptéridiﬁes~than normalilarvaeo It has been
demonstirated previeuslj that CTH almost c@mnleiciy depletes

1ntegnmental guanine in hyp@phs1opr1v;c Rana gglvatica 1arvae :

- as opposed to omly a sllght decrease 1n hypephyszapr1v1c Pana'
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Figure §
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pipiens larvae (Bagnara and Neidleman °'58). Since integu-

mental guanine of Rana sylvatica is:inﬁibited so markedly by

CTH, it was of interes% to detefmine what influence this

hormone had on integumental pteridine concentrations of this
species. ' ,
'ﬁith‘%his view in‘miﬁdg twenty-four hypophysioprivic

 Rana sylvatica larvae were divided into two experimental

_graups; six 1arvaé'iﬁ eabh were injected with potentiated
pitressin“v(at a concentration of .1 pressor uni%/OOE}mlg)o
The other six in each,gréup served as'conﬁrdlso ‘To one groﬁp
hormone treatmeﬁ%s were glven everj day for seven daysg while
.,the other gromp ef 1afvae were glven hormane treatmen%s everv‘ '

other day for a taﬁal ef fifteen treatmentso Ncrmal larvae

‘were used as adéiilanal conirels in both ezperlmentso At

the termina%ion'of the 1n3ect10ﬁ period, the 1ntegumental
pteridlﬂe Panceﬁt?aﬁlens Were determlned fer both hormone
treated grovps aﬁd somarolso

Larvae %hat receivea hormone treatments every day for
seven days cancalﬁea apprnxlmame]J the ‘same 1n£egumen%a1
pteridine concen%ra%zsns as the hypophy51oprxv1c control iarvaeo
Both groﬁpsrhaé considerably smalier ‘amounts of pteridines
present than {he ﬁofmal control larvae. |
| Hynonhy81aprlv1c larvae that received pltre381n

treaﬁments every other day for flfteen trea@ments had greaier
1miecumeﬁbal pt°T1dlne soncen%ra%zons than hypophJ31opr1v

. control 1arvao° ‘however, these amounﬁs were not as greas as
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those seen in the skin of normal control larvae, Thus, pro-
longed CTH treatments stinulate integunental pterlélne syn¢h9=

sis in hypophy31opr1v1c Pana sylvatlca larvae (figure 6}, just

as‘they,da in Rana Qﬁplens and in Hvla arenicolef,larvaen

3. Ambystoma thrlnun

Con51derable work has been do&e which demopstfates
 the gffectlveness of @Thvwn;aﬂuran plgmenﬁaﬁian;vhswevery
»relétively‘iittle work has been done on the effec%s of this
hormone en”ur@dele pigrentation. -ﬁhavinv(956) reydried_that

" CTH does not influence melancgenesis in hypephysioprivic or

décapitaﬁed Ambystona tigrinum‘larvaeo Hawevefg since CTH

" influences chromatophores aé Weillas the.synthesis of pteri-

dines in anuransg'iﬁ would be of iﬁteres% to deﬁerminé what

effecf CTH has on the in%egumehtal pteridines}ig'uredeleso
To determine these é’fects9 if anyg't@é iﬁte'umental

pterid1ne concentrations @f normal aﬁd,hypaphy31®gr1v1c

&mbys@ama ﬁlqunum larvae were cawpareé - As sh&wn by flgnre |

7, both groups were faﬁnd to have appf@x1matelj %ne same
comcentraﬂians of 1n£egumental plteridines. &pparenﬁly, the

_hypophy51s has no nayrked af;ect on 1ntegmmenia1 pteridines

of ﬁmbystama wlgrlnumc Thls may be 1rne for u?odeies 1n generai

Hypophy81opr1v1c Ambvs%@ma tigrinum larvae are gelaen

"yeliew in COlGTo %bserva 19ns ~of. skln meun s showed thag thls
‘caier is due9 in large parﬁ to loss @f melanino \Cnntrary
to the abservaﬁlons @f Chav1n9 it seems that the niﬁui%ary

gland does indeed influence melan@geme31s in such larvae.
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- To detéfﬂiné What7é?febt:”ﬁﬁ'hasléﬁ'lar#alibhromatophefes of
'this urod6199 hypsahy810pr1v10 1arvae were injected with CTH.
 Afﬁer 1ngerﬁ1@ns Wefe ma099 dlrect Gbservatlons showed. that

the melanop%eres exnanded and the guanaphores contractedo

c. Eackground ffes%s an Pieridines and Purines. It

is generally‘known,tha% amphibians become dark upon long ekp6=.
sure to éérk backﬁrauads and pale upon'long exposure to light
backgrounds (forAliterafure seevParkef_948)° Présumably, this
is due to an increased release of CTH under darkened condia_ g
‘ti0ﬁs and a decreased release'of the hormone under lighted
Ponditleﬁs (Bagna?a9 unpubllshed} If this is the'case9
.>hormonally eantralled plgmeniary phenonena m1ght be s%udleﬁ
sxmply by alt@rxﬂg enéagen@us CTH producclor by the use of
dlfferen% backgranmdso_

Accerdxnglyy varieus amphlbzan eggs Were allowed to_f"

.»develop in aquarma painted either white or black. The fol-

'IQWIﬁG amphlhlans were»used“ Rana Elglensy ?ana sylva%ica9 o

Pana _pheﬁecephala9 Ambysiama tlgrlnum, Ambystoxa macuia%ﬁm; .

and Pleursdeles 5wa1t1 , At least twelve larvae were mscdi,i
in each experiméﬁﬁo Fach experlment was repeated at least
-~ once and was %erﬁinaﬁeé shor%ly before the larvae reached
vmeﬁaﬂ&rphosiso o
1. .Anufans
The anurans that developed on the black backgrouad
cen51stently became dark while those on the white bac Kgroﬁnéi'

becane samewhat_pale in celarq hlte background aaantnd Iarvae
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 hada contracted melanophores and expanded guanophores while
‘the chfomaﬁophores on the black backgroané‘adapteé larvae
reacted in fhe opposite way.. These ebservaﬁlons 1adlcate

that ETH 1evels Were modified by dlfferences in backaround
Chfamategraphlc analysis of skin extracts 1ndlcaxea that anuran
1arvae on the black background ooasxs%emtly had 1afger quantlw
tles of 1ntegameﬁia1 pterldlnes @resent th@n those raised om -

a white background (flgﬁre 8). ' ihls resul% whlch wWas une

daﬂbteély due t@ 1mcreased CTH 1evels in éark background

",adag%ed an1m3159 sapp@rts the c@ﬂrcpt tha4 CTH 1nfluences

‘synthesis aﬁé éep051110n of pieildlnes lﬁ anuran larvaeo Since

M3“'ETE affects gaanaphares (Eaanara “58)9 large qwantltles of

‘ 1niegamenka1 purines WETG found in larvae that deveigped on
a ﬁhite hackgfoﬁnd and relatively small amounts of purines
ﬁeré.fommd,in,lafvaeVraiéed‘aﬁ a black background. -

a 2, Urodeles | | | R

In- general urodeles that developed on blacg backgfﬁunds

' 'became dafk While those on whlﬁe backgraunds becaﬂe ilgntw

however the marked dlfierences in coloration seenramong anurans
\ ra1sed on white backgrgﬁmds as opPosed.to those reared on biack

f baskgroun@swﬁerc»n@t seen}xn,uro@ele 1arvaeo. Aithﬁugh the
,uredelé iafvée chaﬁaéd color accor&ino to backgwauﬁd differences,
approx1ma£e1y'the same quanﬁlty ef pterldlnes and purines were
jf@and in- larvae razsed on el@hez 1lghﬁ or dark backgroundso<‘
These resmlﬁs, which 13&10&%@ that the pltultafy gland does

n@t appear mG be 1nv01ved in pﬁer1dine synthesas in ureéelesg



O WHITE BACKGROUND . BLACK BACKGROUND

‘ BIOPTERIN

+. 4+
- +
+ +

A4 F

O
@
O
®

+++ o+
+

++
++
+ +
+ +

S oanbT

S O . O ' O . ISOXANTHOPTERIN
+ + +. 4 + + + 4+ 4+ _+ + .+
+ + +Ts + + +74 i+ T
O ‘ Q . . AHP-6-CAABUXYLIC ACID
++ +,.+ + + +,+ 4+ + + .+
+ + - +
2 F ++ + + + + + + ++  + +
RANA PIPIENS RANA SYLVATICA RANA SPHENOCEPUALA

Schematic chromatogram comparing dorsal skim pteridine extracts of various Anuran
larvae that developed on black or white backgrounds. See Figure 1 for other
designations.

ve



25 -

are consistent with those obtained in experiments which com-

pared the integumental pteridines of normal Ambystoma tigrinum

'_Viarvae with th@se of hvpophy310pr1v1c 1arvaeor

D, Puflnes and CTH Relailanshlgc Pue to the siructural

sinularity between pieridines and purines (figure 9), because
both are found in skin of mest-amphibiansg and because both |
conpound grsaps'are'affec%ed»by CTH, it was of dinterest to
exanine m@fe cl@seiy'ﬁhe purine content Of amphibian skin.
Thaﬁ gaaﬁine is 1ndeeo a major component of amphibian

guanophores was shown by Bagnara and Neidleman ('58). When

these 1nves%1gatarsA%reated hypophys;opr1v1c Rana pipiens
larvée with CTH, very 1ittle decreage in fntegmmental gﬁaninej
. was abserved &ther workers (Baenara and Stackhouse '61)
hﬂve 1ﬂd1ea%ed that hypaxaﬁthine and aaenlne are alsa cansﬁla
' %menﬁs of guanophare laden 8%1n0‘~1n order to examine the
pur1ne=pﬁerxélne relaﬁlamsllp and 1n OTdBT to determine Whethef
CTE affects aéenin@ and hypoxanthlﬁe as 1t does guanme9 |
the following ehseyvailons were made.en the sane tadpoles used
in the pterxﬁlne expeflmenﬁs dlscussed previously.

Purines (guanine and hypoxanthine) were found in large

" goncentrations in hypcphysioprivic Rana pipiensg Hyla arenicolor

1and Eana‘ﬁylvatica‘than in normal larvae., The hype?hysiaprivis

CTH-treated groups, Rana pipiens and Hyla arenicoloy, had
intermediate amnuﬁts of integﬁmental'purines (fiaure 10).
The normal groups contained the smallest amount of 1ntegumen=r'

tal purines. This reswlt is just the reverse of that which
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occurs with integumental pteridien concentrations (figure 11).
As the integumental ptevidine comcentrations increase, the
integmmentalrpurine chcenfraﬁions decrease and in hypophysioc-

privic Rana sylvatica larvae treated with CTH, guaﬂine decreases

maykedly. CTH-treated hypophysioprivic Rana pipieﬁé larvae

also show a decrease in integumental guanine but not as much

as that seen in Rana sylvatica tadpoles. In general, CTH
 stimulated éll-inﬁegamental.purines to decrease ?reportiénaliy

in hpophysioprivic Rana pipiens and Hyla arenicolor larvae.

Rana sylvatica larvae respond to CTH treaiments in a

somewhat diffe?énﬁ pa%%ern‘thén.the above ﬁentioned 1ar€aeov
The guaﬂine'in hypophysioprivic larvae, %reéﬁedhwith CTH f@%
a prolonged period, completelj dlsappeared and a oanpeqnd
that is probably adenlne appeared in large quantities. Eypea;
physioprivic larvae that received CTH treatments at twenty-
four hour intervals had appraxiﬁaﬁely the same @uanti%y of
integumental guanine and adenine presen%.as %ﬁe control gfo&p;
There is a possibility that quanine is'being converted %d
adenine. Hypoxanthlne and aﬁether probahle purine (ﬁet yet -
1dent1f1ed) appeared ta de"rease very lltﬁle, 1f anyy in the
CTH-treated anlmalso oL

Integumental purlne concentraslens were xaund to be
h1gher in the venﬁral skin than in the éorsal sxln of the adult
anurans 1nvesﬁlga%ed and this seems to argue agalnst the inter-

c@nver310n of pterldlnes to purlneso

B Caro%en01d59 @orsal and Ventral Bisﬁrlbﬁtlﬁﬁo‘ It
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has béeﬁ suggested by Bagnara ('61) that pteridines are asso-
ciated with y6110W'pigmenﬁa%ion; In amphibians, along with
many other organisms, this yellow pigméntaﬁion is usuélly due
to preseﬁse of éaro%enoids (Pox .'53) . Thus, if pteridines and
yellow pigmentafion are reiatedg'tﬁé?e should be a parallelisﬁ:
between carotenoid and ptefidine distribution. In .order to

test this, total integumental carotenoid concentrations were

determined for the following amphibians: Eana pipiens, Rana

catesheianag,Hylanarenicolory Apphiuma tridactylium, Taricha

 torosa, and Ambystoma tigrinum. In addition to total caro-

%éneid deﬁefminaﬁion9 the type of oarbﬁenoids présen%'was
de%efmined'according“ta_the methods'of'Morten'and Rosen ('49).,
These authors fepartéd iﬁtegumenﬁal éa?etenoids'of Rana tempo-
,kgggig to be c0mpdsed of two major fractions:/égacarotene and

- xanthophylls, with xanthophylls being in larger quantities than
&-carotene. In the present experimentsié§=carotene (figure 12)

appearéd-ta be the major carotenoid present in both Rana pipiens '

and Fana catesbeiana. Xanthophylls are present in somewhat

‘smaller quantitieso

These total carotenoid deierminaﬁions indicate that
inﬁegumental caraiénoids‘are nore concentrated in the heavily
pigmented dorsal skin than ih the 1lightly pigmented ventiral
skin 0f anuran° This is expected, since xanthophere39 the
yellow plgment cells, are found 1n large numbers in the dorsal
skin Whlie the ventral 1ntegument has few Xanthonhoreso The

yellow flanks and ventral ‘rear: 1eg surface -of Hyla arenicolor -

are intermediate in total carotenoid concentrations compared .

with the dorsal and ventral integument (figure 13). The
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ventral skin of the bullfragiloeks rtore yellow than thaf af‘

Rana pipiens or Hyla arenicolor. Consistent with this, there

are large quantitites of both carotenoids and pteridines in
the ventral surface.

The‘ur@delés investigated presented a characteristic
pictﬁfe,of éarotenbid distribﬁtianaArébservations of whole

mounts of dorsal and ventral skin of Taricha torosa showed

large numbers of xanthsphores ta‘be‘pfesent in each area, and
Mtﬁe total carotenoid:cOncentraﬁion‘Was found to be approximately
the same in both sarfaéesd HoweVer, small quantities of
pteridines were found in either surface. Total carotenoid

determinations of the yellow ventral skin of Ambystoma tigrinum

showed it to have a higher carotenoid content than the dorsal
black,ar‘yellow;afeaso Ehé_lattéx two a?easpcaﬁ%ained;appfaxim
' mate1y the same amounts of caroteﬁoidsQ It is possible that
some yellow pigmentaﬁion;is due to pteridines (Pox and Vevers
150 Eiegléraﬁﬁnéer‘v569vand Hama personal éémmunicaticn}q
However, Bagnara (ﬁéi} shéws'by»GXtracting with fat solvents

that yellow plgmeﬂtatlon is not due ta pierlélnes in ?1

e e el @ LT mon o S LI PO ,......1.,“-4-,;..,-

The black dorsal smin and the arey veﬂtral skln of

Amphiuma trldactyllumvcontalns ew if any xanthophores. Both‘

areas are void of caro%enoids‘and Oﬁly,negllglblevquantities
areas are void of carotenocids and only negligible quantities

of. 1miegﬁmeﬂt&1 pteridlnes were. femnd thus xurtﬂer supp@rtxng 3
%he fact sha% pterlalnes are not assarlated with - black plgm'

wmentaﬁlono_
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F. Carotenoid and CTH Relationship. Bagnara“s;(”59i

observations indicate that carotenoids are not iﬁflmenceé by
CTIH, however, his experiments were-ddne on relatively few
larvae and his data showed considerable variation. It was of
interest, therefore, to re-examine this problem more thoroughly.

-Ten large hypophysioprivic Eana pipiens larvae were

divided into two groups and one of these groups ssrved as’
.controlso Five normal larvae were selected as additional
controlsQ Potentiated pitressin was injected in the larvae
ofione-hypophysiOPTivic group every other day. The experiment
was terﬁinated after seven injegfions and the total carotenoid
concgntr?%ians were determined. The resulis (figure 14) of
this experimént indicate thaﬁ carotenoids are got‘influénée@'
'by Cﬁﬁg_ahé these observations agree with the previnas,obserm:‘

vations of Bagnara ('59).
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Sever%l amphlblans have been 1nvestigated unéer various
phy31ologlcal condltlans ana the nresen%ed data 1nd10ate a
relatlonshxp between_CTF of the hypopnyszs and various skin
pigmen%sb - The. specific pljmencs involved are ra?steﬁ31dsyvr
’pterlalnes and purlnmso v

It is s1gn1ficanf_¢hat skin of mosﬁ'amphibiaﬁs which
.has-an abundaﬁ¢e of ptéridines usually has an abanééncé of
xanihephereso ,Tﬁusg integuméntal pteridines appear %alﬁe
dire¢%1y associated with yellow pigmentaﬁién and yellow pig-
'mentation isy in most cases, due to Cargtenoids (Parker 148;
Fax‘VSS}O barotenoids*were reported torﬁe present in t&é skin

of Eana temporarla by Morten and Bosen ('49). However, ihese

’auﬁﬂors dld not mention the dlStleﬁTlOﬂg dorsal or ventral,

of these pxgmen%s in this frog. Heavily pigmented dorsal

? n of nmost ampﬁlblansg esPeclélly anurans9 contains-a. greaﬁer‘
number of xanthophores than the lightly pigmented ventral
integument does. Therefore, it is not surprisihg to find large
'carqténoid coﬁcentratiens in areas of skin rich in xanthophores

and small amounts of these compounds where few xanthophores

are located. BExperiments with Rana pipiens, Rana catesbeiana
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and Hyla arenicolor substantiiate this direct relatieanship
between carotenoids and pteridines.and show that carotenocids

“are mainly distriﬁuted in %he_dorsal'integumenﬁg The canyon

iree “frog, Hyla arenicelor, in another Way'furiher emphasizes
this direst‘relatiohshipo‘ The flanks and ventral rear léa\
surfaces are yellow and these areas are intermedisate between
the dorsal and ventral skin surfaces in ba%h_ptefidine ané'
.caroten01d concentrations. | |

The above dlSCﬁSSlOﬁ 1nalca%es that ﬁté?ldlﬁes are
‘directly assoclated w1th yellow plgmentaﬁlomo This 00ﬂ81§=.
sion is supporced by - observailans on the natural albln@ %@na
sphenogcephala. This albino frog, . Wﬂluh is y9110w1sh has
mnelanophores présent, but very little, if any, relanin can
be observed; therefbre; siace’pteridines are present>iﬁ'equaz
‘qmaunts in baﬁh the normal and the albino frogg a lack of
a33001at1@n befweem melanln and pﬁerldlnes is 1ﬁdlcated - This
is in agreement Wlth the abservatloas of Bagﬁara (761) on

natural albino Rana pipiens larvae and aduli Ambysitoma magulatun.

In the laﬁﬁer aninal, pteridimés were concentrated in fthe éofsal
yellow spots, whlle the adjacent blavk 1ntegumenﬁ ﬁas void ef
these compaundso Bagnara (961) a?sa reported that little, if
any, lnaegumentai pterldlnes are present in the melanophsfe

x‘rlch skin of Amphluma trldactyilumc' It 15 sirlklng that 11

“the p?esenﬁ exnerlmenﬁs few5 1f any, care%epo s,were extracteé
' from tne 1ntegmmen% af 1hls specleso'

: The only apparent exceptlon to %he above can be :
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sbserved in adu1t ﬁmbystawa tlgflnum Whereln small guantities

of pteridines are found in the dorsal 1ntegumenx§ while caro-
ﬁeﬁdids are found only in the ventral sgin;» However, it'shdald
- be peinted out‘%hat'SQMQ of the,eXpérimentaikaﬁiwais were kept |
in captivity far’appfaximatély tWO'months‘hefafé the carotenoid
determinations Wefe‘madeo  These‘anima1s_were fed a regular'
diet of meal Worﬁs; but it is difficult to maintain a natﬁrgl'
1 diet which includes fhe‘proper amount of carotenoids in the
1aboraﬁory It should also'be pointed out that the preséﬁde 
ef cara%enolds does nat necessa rliy'mean pterldlnes will be
present but pterldlnes are always, w1%ﬂ Eae above exveptloﬁ, 
333031ated with yellow plancntatlano ‘

In general pterldlnes afe asssclated with yellow
ﬁ plgmentatlan and the above obsefvaﬁlons support th15°'hewevef9

a bright yellow fluorescing campound WaS‘lsela%ed from the

B d@réal“bléck Spo%s of Rana Qipiensg while the éufrénnding
integument contained extremely small amounts of this compound.
Thisiyellnw_fiuorescent compound is probably a flavin, and
since it is associated withvmélaniﬁ‘ii»ﬁay be functioning in~f
_melanln synthesxso | | |

| In these exPerlments ﬁotal pter1d1ne concentramloﬂs
;.wereiﬁaimea,on nore %han*ggncenﬁrations e;' individual pferldines i
’;beaauée‘ii is kn0wn (Hama Matsumoto and Mori '60) that pferia
dlne ompounds are changed ﬁpOﬁ exposure io 1lght For ezampleg
Raﬂa=chromem3 is cenverted to LHP-6= carboxyllc acid in the

‘presence of 11ght Cﬁeriy ﬁatsumo%o and Hanma VéO Matsumoiog
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Kajishina ané,H@ma °6O Hama personai caﬁmunlcailon}

‘ Tn &he cearse of this 1nvestlgailon9 the role of tk

ypopnyszs in relatlon ts pterldineSQ purlnesg and caroienaldsg,;-

was 1nves%1&a?ea by removal of hypoahyszs, replagenent therapy
‘evPerlmenisy or by stlmulaiioﬁ of eaeogenous ﬂTn release ffem
ﬁormal ‘tadpoles° In any case, %he ?Tq level Was eleva%eao

The anurans 1ﬂvesﬁzgated generally fellowed a deflniﬁe paﬁaefngif

in tha% increased CTH levels causod pteridine sgnihe51s and -

- pﬁrlne 1nh1b1t10no Eowever Rana sylvatlﬁa lafvae are an

apparent exceptlan to thls generallzatloﬂo'

HypoPhy31apr1v1c Rana sylvaslca ’farvae9 treaﬁed wit h

C?ﬁg c@mpletely 1oose thelr 1ntegum@nta1 guanlne (Eaanafa and
Neidleman °58}. ?hese 1nvestleaﬁ0rs rep0fted ihat b”ﬁ=treatea

:'hypophy310przv1c Rana pl@lens larvan did not conpletely loese

~their guanlnee Baih of ahese observ&tlans have been repeated |

and COEflfme& in these experlmentsa However as ﬁhe auanlne

-;:dlsappearsgln'CTﬁmt?eacea hypophy51oprgylc‘§ana sylvaiica
vlafvaey a new c@mp@una appeared mThis‘is'proba%1y>adéniney
- f9r both spec%ral and RE: valves sf -this "ﬁmpoand conzorm to
) ﬁhose of aaeﬁlneo .? is ii icates fhaﬂ CT? 1nflaences the

| aep]etzon of guanlme and synth931s oz adenlneo This couid
jp0581b1J nean a conver51@n of gnanlﬁe o aaenznee @ﬁly guanlné k
is &epleaed in thls animal and the 9ther purlnes do not anpear |
to be greatly 1nf1uenced EJ CTH trea%men;so' It is, apparent
.%hat the wltﬁlﬁary gland 1s 1nvolveaAnere berause nornal

'1arvae have 1afge amaun%s of pﬁeriﬁlnes aﬂd small amounis of
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Apxrines preseni in thelr 1nuegam9ns9 whwle hypophysaaprlvic
larvae have just the reverse. ' |
”he fact that pur1nes éerrease in uencentratlep as

p%erzdlnes increass leads one. 43 hypothesxze that an 1ﬂterwr'
__comver810n takes p?ace beﬁween the two grﬂups ofIOOﬂpounés,.
‘and chat this 1nuerﬂonver51on is somehow afzected by the

' pitultary gland. This hypath9518‘is cenaelvable because~af
" the similarity. of struciure bet ween the two groups, plus the
faﬂt tha* such an 1nterconver31on has been cemoastraaed in the
laboratﬁfy (A1lbert 957)

It is 1nteres;1mg to note.éhat'While pufiﬁe'and

‘<pter1d1ne cancentratlens are 1nf1uencea,%y CTH, the 1ntegua

mental caroten01ds are noto. I% 1s paraao 1ca1‘tqat pieriéinés

- are asscclated Wl%h tbe yeliow plgmen%s and they’ are the anzy
ylgnentafy substance ﬁLat is not 1ﬂ£1uenaea by %he hypophysis.

: Thls observation is in aareement Wl%h thai of Eaanara (059)

| The integumenfa1 purines are assuned to occnr in the
guaﬁophores in a free state and not 1ncorporaﬁed into nuclﬂlc>i
'a01ds bevauso %he quanﬁlﬁy extractea was propor 1onal to the
number of,guanophores presamio For example %heyventral sarfase_'

cof anuraﬁsg such as adult Qana.pipiens‘and Hyla arenicolor, is

plgmented alﬂosﬁ ey01351ve1y by gnanophares.aﬁé ﬁhe d0T331

fsurface of %hese anuraﬂs centalns few of these pigmenc cellso
(-gThe ventral skln.contains large‘comsentratieﬂsvgf»pnrlnesvwhzleg 
the_dérS&l iategument,has5smalllgaéntiiies of these compbﬁnds

present.
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’ Exmeriments ﬁith urodeie larvae indicate that in this
grsup the pllultarj glamd 1s not 1nv01ved in p%erldlﬁe synﬁhe81so
' Yafiaﬁs urade*e larvaa reafed on black or whlﬁe baccgroands
always von%alﬂed approvlmaﬁely the same anmount af integumental
pierldines and purinesol,?hese compounds. were found in the
same-aoncentrations in hypepﬁysioéfivic and normal émbystcma.
tig?inum:larvéeo These ﬁwo facts tend to ellmlnaae the pltu1=
tary glaﬁc as a pmrlne or pterldlne 1nf1menclng merhaplsm in
ﬁtﬁe aredele larvae 1ﬂves%1gaﬁeﬁéflﬁlsag Lherplﬁuitary glanﬁ
7may na% be 1nve1ved With 1n€egumenia1 purines. and @%erldlnes
‘1n uredeles in general | ‘

The faci that Aﬁbjstona tlgrlnum 1arvae deprived of

theim hypsphy81srposseSS‘littieg if any, melanin 1mp11es that

%he hypophy51s confrols melanogene31sc Horeover, when €TH

T Was. 1ngectcd 1nao ﬁhe perltoneal cav1my of these Larvaeg,

" meianagen681s occurred With the ekpa331en of- %he melanophoreso'
ﬁoweverg it has been - reported tnat the pltﬁ tary gland does

not 1n11uence melanocene31s in hypophysioprivic or &eca@ltated

&mbystama sigrlnum lafvae (Chavin '56). »

h The dlfference between che‘presen% absefvaiians and
those ef Chavxn (156) could psssxbly be due to dlfferont
experlmenial pr@cedures empl@yeé In - these experlnen£39 CTH
‘fﬁas 1n3ec%ed into thc perlﬁeneal cav'*y whlle Chavin 1mmersoc‘
the embryos in a SOlHElQn of CTH.

Thus, CTH causes melanagen331s ana melanepﬁere expans

sicn'1n~hypophy31opr1vzc Ambystoma tigrinum larvae; and it

also causes guanophore contraction. The guanophore contracting-
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reaction is a much weaker reaction than melaﬁaphere expansion..
This is the same agyebéerved in anuran 1arvaéa“§aﬁhauah”CT§ N
causes guanaphere conﬁracilon ana melanephore éypan310ﬁ 1n '
.hjpophy51opr1v1r 1arv@e9 the feactlans 1n generﬂl are much
‘W@aker‘tha% h@se gbserve@ in anuran Warvaea

The faca that anurans are more sensxtlve to fTH Lﬁ&ﬁ;
urodeles suggest that %he ﬁermone affects eaeh group in a |
different way. This may be due to specles dxf;erence in.

response to a foreign CTH preparat;ono



SUMBARY

lljvl?ﬁeriéines aye-ﬁare preValeﬁt‘in the dafkly pig=
ment ed dorsal 1ntegument ef amphibians than in the 11gha1y
plgmen%ed ventfal sklno |

2. In%egumental pcerlalmes were found in equal amounts

in either normal or albino adult Rana §phenecepha1a9_1na15atlng
a ‘lack of association between melanin and pteridines.
3. A yellow fluorescing sabs%ance probably a,flavin9

is assoc 1ated with the dorsal black spotis of adult ERana §;pleﬁsc

'40 Guanlne9 thoxanthlne aad aaenlne were present
in amphibian 1ntegument and all are p:ebably located in guano-.
phofeso | o | | |
4 "ﬂSQ CTH tfeaﬁmenﬁs b@th 1ﬁcrease 1n@egumental pterldlne‘
u_cancentlatloas and decrease 1ntegumenta1 purzﬂe roncentratlon

~dn hypoghy81epr1v1c,1arvae of Hyla arenlsolar9 Rana pipiens

 aﬁd ﬁana.sylvaticaév The émoﬁnf of pteridine insrease‘is‘proan
paftiénal to tae éuratlon of treatments., This ho rmone also
ralsed pter dine c@nceniratlons of normal 1arvae higher %baﬁ
n@rmaie |

| 6;‘ Anuran larvae reared on arﬁlack backgroﬁnd have

greater integumental pterid ine concentrations than larvae

3
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| feared on a Whlte backgramﬂd while the 1ntegumenta1 purlne

,concentratlens Were greaﬁer in skin ‘of whlte ba ckjround aaﬁpged‘“
llarvaeo | hls 15 p?obably due to endagenaus CTH lncreaseo -

‘:'7‘° CTH treai tments glven to hypophy31opr1v1c Rana

sylvﬁﬁlca larvae over an ext ended perlod 1ncr°ased 1ntegumen£a1 ‘

gteflalnes and caused by same meaﬁs9 the depletlon of ¢ Jvanxne a
and %he synthe51s of a compound which is px abahly aéenme°

8. ﬂypophysmapr1v1c Ambystoma thrxnum.larvae have

“the same concentraﬁxons of 1nmeaumenia1 pteridines as do norpai
larvae. The same is true of either dark or light aaapteé
normal larvae. The pituitary gland is not 1nvolved in pteri-
dine synthesis in these 1a$vaé and may not be in urodeles iﬁ
geﬁéralo |

9. CTH when 1n3ecied 1n&efper1ﬁonea11y 1ﬂio hymophy81o=

'pr1v1c<ﬁmhystoma tigrlﬁum,larvae caused melamoPhore expan31an

and gaancphore‘con%ractlcna
16, In anurans, integumental carotenoids afa mefe_csﬁa
centrafed in the dorsal skin than in the ventral integument
and a relaﬁloﬁsnlp exists between 1n%egumentai caroien01ds"
'aaa pterldlneso | o
1i. Iniegumenﬁal caraten01ds of hypaphy51opr1vlr ﬁana’

E’n”éns larvae are not influenced by~CTH,trea%men%so
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