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- ABSTRACT

Catecholamines stimulate secretion from granular
~glands of the amphibian integﬁménte The in vitro response

(secretion) of the integumentéi.granular_giands of Rana

pipiehs and XenopuS}laevisxto sympathomimetic stimulation
Wésistudiéd in order to characterize the nature of the
adrenergic receptors possiblyvcontrolling this respdnse.
The in yiggg'respohse of skih'glands to the following sym-
pathomimetic agents was studied: epinephrine (E), nor-~
‘epinephrine (NE), phenflephrine (PE), and iso?roterenol
(1s0). .Epinephrine.and norepinephrine caused secretion
from the_granulaf:glands,thereaé phenylephrine was effec~
tive in'causing secreﬁidn only at higher concentrations‘
Isoproterenol could not elicit secretion at any concen-
tration used. These agonists could be‘ranked in the |
following order ofirelative effectiyeness: E and NE >
~—PE D IS0, This is thevclassical.ranking for an Elﬁﬁé
ad;enérgic receptor mediated response. .The aipha adren%'
‘ergic antégonists, Dibenamine; phentolaminé, and ergotamine
biocked the response of skins té NE and E. In Qontrast;
this response was not blockéd'by elther dichlofoisqproterenolm
(DCI) or propraholol, both potent beta adrenergic blocking
agents;
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Smobth muscles envelop the‘granular;giands of
amphibians. The methylxanthine,_theophyllihe, a smooth
muscle relaxant, blocked the response of'granulariglands
to thevglggg_agonists in both frogs. Granular gland
secretion in response to catechdlamineslis mediated by
smooth muscle contraction resulting‘from alpha adrenergic

stimulation.




CHAPTER I
INTRODUCTION

Skin_glands_are common to the'intggUﬁent éf‘most
amphibians. These glands are of two types, mucousgand
~granular (poisoh, serous; Noble, 1931). Surpounding the
~granular glands ié a layer of smooth muscle, the contrac—
tion of Wthh apparently results in glandular secretlon.

Injected Catecholamlnes are known to. stlmulate Secretlon

from these dlands (in Xenopus'laevis; Burgers, 1956: in

Rana pipiens; Bastian and Zarrow, 1954). ‘At present it

is not known whether the source of endogenous catecholamine
control derives from adrenomedullary sources or from
adrenergic nerve terminals directiy innervating these
Aglands. Although granular gland secretion may be stimu-
.latéd>by catecholamines, there is at present little or

no definitive information as to the natﬁre of adreneréic,
receptors possibly mediating this response. Recently,‘
Watlington (1968) has suggested that secretion from mucous
~glands may be regulated by beta adrenergic receptors. - The
'pieseht study was undertaken to determine the nature of
the édrene:gic receptors that may control secretion of

the granular glands,




CHAPTER IT
METHODS AND MATERIALS

Two species of anurans were used in this study.

The’leopard'frpg( Rana pipiens, Was obtained.from‘the
Lemberger Company, OshkoSh, Wisconsin.. Both male and
female adult specimens were utilized in approximately"
equal numbers in each experiment. South African.clawed

toads, Xenopus laevis, were obtained from South Africa.

Oniy females of this species were utilized in the ex-
periments described here.

Animals-were sacrificed by decapitation followed
by spinal pithing. Dorsal (back), ventral (abdominal),
and leg skins were utilized in our expérimenfs with X.
laevis because of the apparent uniform distributién of
skin glands in all these integumentalAaréas. Oﬁiy'ther
back skin of R. pipiens was used because of the predomi~- -
nance of.graﬁular glands located within thé dorsal pl_iéae°
After removal,~skiné weré immersed immediately in amphib-
ian Ringer solution (pH 7.4), and were then cut into
smaller pieces, usually four of five in humber. Each
piece of skin was theh placed in a 50 ml beaker contain-

ing 20 ml of Ringer solution. Skins were usually allowed
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to reside in the Ringer solution for approximately 30.
minutes before addition of hormonal or- pharmacological
ageﬁts°
To characterize the nature of possible adrenergic

récepﬁors mediatinq'glandular secretibn from the skin of
X. laevis and R. pipiens, the "l"'isdmers of the following
sympathomimetic agents were used: epinephrine (E), |

—-norepinephrine (NE), -phenylephrine (PE),;and-iSQproterenol
(iSO).A These agents wére used as bitartrates éxcept PE |
which was obtainable only as a hydrochloride.  The-dru§s
were obtained from the Winthrop Laboratoriés (Special

: Chemicals Department), The following alpha édrenergic
blocking agents, Dibenamine hydrochloride (K and K Labo-
ratories), phenfdlamine hydrochloride (CIBA Pharmaceutical
COmpany), and ergotamine tartrate (Sigma Chemical Company)
‘were used as antagonists to sympathomimetic stimulation.
The beta adrenergic blocking agents, dichloroisoproterenol
(DCI), and propranolol, both obtaihed from Aldfich Chemical
Company,"were*similarlyjutilized, The methylxanthine,
theophylline (Nutritionai Bibéhemical Company), was used
as a smooth muscle relaxant (Ritchie,.l966). - Except fof
‘theophylline; the hormonal and pharﬁacological agentsvwere_
added in 0.2 ml amounts to the 20 ml of Ringer solutipn
bathing the skins. Due to the low solubility bf the

methleanthiné, Ringer solution containiﬁg this agent was
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,substituﬁéd for the‘original Riﬁger solutioh in which the
sking'had‘béén placedraftef‘e§ciéion. 'All concentrationsf
of the agents used in theserexperiments are expressed as
the fihal'mélar concentrations of the agéﬂts after addition
to the skins. |

Skin gland responses to sympathomimetic stimulatich
were evaluated uhder a dissecting microscobe; The presence
of alwhite,exhdate from the glands was considered a posi-
tive (+) response, while thé absence of such a secretion
was mohitored as a negative (0) respdnse. in all cases,.
positive responses were énly considered valid when the
skins remaining in Ringer solution, as controls, did not
themselves réveal secretion. In those experiments involv-
ing the use of ad;énergic blockinglagents,,blockade was
only considered valid when other Ringer contrbl skins from
the same animal were_ablevto secrete in response to cate-

cholamine stimulation.

!




CHAPTER III
RESULTS

Sympathomimetic Stimulation

The first experiments weré'designed to evaluéte the
response of_gfanular_glandé to sympathomimetic stimulation.
Three X. laevis‘were sacrificed and their skins Subjeéted
to the following sympathomimetic amines: epinephrine (E),
norepinephrine (NE) , phenylephrine (PE);.and isoproterenol
(ISO). 1In Table 1 are shown the'results 6f these.experiﬂ
ments; ‘Whéreaé IS0 was ineffective in stimulating secretion
at any concentration used, both NE and E were effectiVe
even atrfairly low concentrationso Phenylephrine elicited
~glandular secretion only when highér concentrations were
used. The sympathomimetic agents could therefore be
ranked as to their ability to evoke glandular secretion in
the following order of relative éffectiveness:> E ahd NE >
PE) ISO. The glands of the dorsal skin had a much lower
‘threshold to stimulation than did those of the ventral
skin. |

| Similar experiments with R. pipiens gave comparable
results, Béth E anleE causéd.secretion} again, PE was
only efféctive at the higher concentration used (and then,

not all skins responded) and ISO was totally ineffective
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Tableé

L.

,Respdﬁse of Iﬁtegumental Glands of Xenopus laevig to Sympathomlmetlc

Stimulation

Three toads each supplied five pieces _of skin, four of which were
subjected to a low concentration (10~ 5 M) of the sympathomimetic

agents, one piece of skin for one agent. The fifth or remaining

piece of skin was maintained in Ringer solution as a control (A).
Those skins that did not respond at this concentration were then
subjected to a higher concentration (107* M) of these agents (B).

Frog

Ringer

Number Solution Phenylephrine Norepinephrine Epinephfine Isoproterenol

Total

Total

OO O
[N el
+ + +
+ 4+ +
O OO

+ + +
OO O
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’(Tablé-Z). Thus, the sympathomimetic agents could again

' be similafly:ranked as to their ability to induce glandular.
secretion in this second species of anuran. As is evident
from the totals, the_glands of some skins Wére nof réacti?e;

at the concentration used in these experiments.,

Effect of Adrenergic Antagonism

- Although the characterization of adrenergic re-
ceétors.based oﬁ their ?hysiological response to agonists
was demonst;a£ed, oné can more clearlj differentiate be-
tween élgﬁg and Qg;g receptor mediated iesponses by the uSev
of adrenergic antagonists. Therefore, in the next experi-
ment,vl8 R. pipiens wefe’sacfificed aﬁd‘part of their skins
were preincubated in ergotamine. After one hour preincu-
batioﬁ in this alpha adrenergic blocking agent, NE (10“4 M)
was added to the skins. Norepinephﬁine induced secretion
from those skins residing in Ringer solution (control re;
sponse) , but the alpha aarenergic blocking agent, ergota-
mine, blocked the response of‘granularAglands to nor-
.epinephrine stimulation (Table 3).

| A similar experimeﬁt-utiliiing Dibenamine as the
‘alpha adrene?gic antagonist provided analogous results‘to
thosé obtéined in Tabie.3; Twelve R. pipiems wére sacrificed-
and anportién of their skins were preincubated in Dibenamine
(lO'f4 M) while the remaining pieces of skin were maintained

in Ringer solution. After one hour,.NEV(lO—4 M) was added




Table 2. Response of integumenta; Glands of Rana pipiens to Sympathdmimetic
Stimulation :

Twenty-seven: frogs each supplied five pieces of skin, one each of
which was subjected to a 1074 M concentration of one of the sym-
- pathomimetic agents. One skin from each frog was maintained in
Ringer solution as a control.

Frog Ringer ’
Number Solution Phenylephrine Norepinephrine Epinephrine Isoproterenol

© 0~ Oy Ul N

'_I

’_—l
ek =ReR=RsR=ReReRekeReleRe ke ReloRe ReReRa e
F+++++o0+O0+++ O+ +++++ 44+
eleleleleXoReReleReReleReRe ke ke de ke ke Re e e R
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Table 2 (Continued).

Frog Ringer . - ‘
Number Solution Phenylephrine Norepinephrine Epinephrine - Isoproterenol

23 0 0 + + 0
24 0 0 + + 0
25 0 0 -+ -+ 0
26 0 0 4 + 0
27 0 0 + + 0
Total 27 0 2 24 25 0




Table 3., Blockade of Sympathomimetic Induced Skin Gland Secretlon by Ergotamlne
in Rana pipiens
Eighteen frogs each supplied four pieces of skin, two of which were in-
cubated in ergotamine (10~ =4 M) and two pieces. from each animal were
untriated and were maintained in Rlnger solution. After one hour NE
(L0™* M) was added to one group of skins incubated in ergotamlne and to
one group of skins residing in Ringer solution. The remaining two
~groups of skins were maintained as controls. '
Frog Ringer ' ' - Ergotamine &
Number Solution Norepinephrine Ergotamine Norepinephrine
1 0. + 0 0
2 0 + 0 0
3 0 + 0 0
4 0 + 0 0
5 0 + 0 0
6 0 + 0 0
7 0 + 0 0
8 0 + 0 0
9 0 +. 0 0
10 0 + 0 0
11 0 + 0 ~ 0
12 0 + 0 0
13 0 +. 0 0 !
14 0 + 0 0
15 -0 + 0 0
16 0 + 0 0
17 0 + 0 0
18 0 + 0 0
Total ~ 18 -0 18 0 0
‘ -
O
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to the skins. Again, NE induced secretion from the glands
of those skins residing only in Ringer solution; this re-
sponse was blocked in those skins preincubated in Diﬁena~
mine (Table 4)..

One further eXperiment‘was done utilizing the alpha
adrene:gic antagonist, phentolamiﬁe, and similar results
were obtained to those in Table 3 and 4. Fourteen B,','
_pipiens weré sacrificed énd part of their skins were pre-
incubated in phentolamine (l0“4,M) while the remaining
portions of skins were allowed to reside inrRinger solu-
tion during the incubation period. After one hour, NE
(10"4 M) was added to the skins. Again, complete secre-
j'tion was observed from granular glands . in those skins main-
iained in Ringer solution whilejphentolamine totally blocked-
this secretory response in those‘skinS'Which were preincﬁé
bated in this agent (Table 5).

The next experiments were desighed to determine the
effect of the beta adrenergic receptors, if any are present.
Therefore, -six X.-laevis Were«sacrificéd and their skins.
preincubated in either prbpranoiol or DCI (both potent
beta adrenergic antagonists).anafpheﬁtolamine, After one
hburipreinCUbation in these blocking agents, E (lOf4 M)
was added to ‘the skins. Epinephrine induced secretion
from those skins resiﬂﬁpg.in Ringer solution (control

response) as well as from those skins incubated in the




Table

40

'Blockade of Sympathomlmetlc Induced Skin- Gland Secretlon by leenamlne

in Rana plplens

Twelve frogs each supplled four pieces of skin, two of which were in-
cubated in Dibenamine (10‘4 M) and two pieces.from each animal were
untreated and maintained in Ringer solution. After one hour, NE
(10"4 M) was added to one group of skins incubated in Dibenamine and
to one group of skins residing in Ringer sclution. The remaining two

groups of sklns were malntalned as controls.

Frog Ringer . Dibenamine &
Number - Solution Norepinephrine Dibenamine Norepinephrine
1 0 + 0 0
2 0 + 0 0
3. 0 + 0 0 \
4 0 + 0 0
5 0 + 0 0
6 0 + 0 0
7 0 + 0 0
8 0 +. 0 0
S 0 + 0 0
10 - 0 + 0 +
11 0 + 0 0
12 0 + 0 0
Total ‘12 0 12 0 1

ZT




Table 5. Blockade of Sympathomimetic Induced Skin Gland Secretion by Phentola-
» mine in Rana pipiens _ )
Fourteen frogs each supplied four pieces of skin, two of which were
incubated in phentolamine (1074 M) and two pieces from each animal
were untreated and maintained in Ringer solution. After one hour,
NE (10~%4 M) was added to one group of skins incubated in phentolamine
and to one group of skins residing in Ringer solution. The remaining -
two groups of skins were maintained as controls. '
Frog Ringer _ ‘ ' Norepinephrine
Number -  Solution =~ Norepinephrine Phentolamine & Phentolamine
1 0 o+ 0 0
2 0 + 0 0
3 0 + 0 0
4 0 + 0 0
5 0 ’ + 0 0
6 0 + 0 - 0
7 0 + 0 0
8 0 -+ 0 0
9 0 + -0 0
10 0 + 0 -0
11 0 + 0 0
12 0 + 0 0
13 0 + 0 0
14 0 o+ 0 0
Total 14 0 14 0 0

€T
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beta adrenergic blgckipg agenﬁs,_DCI-Or prOpranolbl, The
alpha adréne;gic blocking agent,-phEntolamineg,in contrast,
bldckgdrthe response;of4skins to E stimulation (Table 6).

| Similar éXperiments with‘g;'pibieﬂé'provided'resulté
comparable to thOSe'obtained with §;ﬁléé§ié. Here the
glggg'adrenergic blocking agent, phentolamine, again pre-
vented glandular secretion inbresponse to E stimulatibn
_4Tabie 7). Both pr0préholol andiDCI failed to prevent
_glahdular secretion in response to catecholamine stimula-

tion,

Effect of Methylxanthines

Methylxanthines, e.g., theophylline and caffeine,
are known to be smooth muscle relaxants and thérefore were
Lgsed to try and block the response of.skin>glands to cate~
cholamine stimulation'aé the granular glands of anurans
are encapsulated by smooth muséleé (ﬁdble, 1931). There~
. fore, in the hex£ expériment;'skins from'g, pipiens were
preincubatea in,theophyllinerfor one hour and then NE was
added. Whereas NE stimulated secretion from skins in
‘Ringer solufioﬁ (control responsé), those skinsrincubated
in theophylline failed to éecrete (Table 8).

Microscopical obsefvétions of Croés sections of
histological preparations of the dorsal plicée of R. piplens

skin previously succeszully stimulated with B (5 x 10'_"4 M)




Failure of Beta Adrenerglc Antagonlsts to Block Sympathomlmetlc

Table 6,
‘ Induced Skin GL Gland Secretlon in Xenopus laevis
Six § “laevis each supplied five pieces of skln, one group of which
 was preincubated in the beta blocking agent DCI (107% M), another
.groug was preincubated in another beta blocking agent, propranolol
(10™% M), and a third group of skins were prelncubated in the alpha
. antagonist, phentolamine (10~ 4 M). The remaining two groups of skins
-were maintained in Ringer solution. After one hour, ‘eplnephrine
(1074 M) was added to one group of skins residing in Ringer solution
and to the three groups prewncubated in the adrenergic antagonists.
The remaining group of skins in Ringer solution was untreated and
served as a control for the experiment.
Frog ‘Ringer : DCI & . ‘Propranolel & Phentolamine
Number . Solution . Epinephrine Epinephrine Epinephrine & Epinephrine
1 0 + + + 0
2 0 - + + 0
3 0 + + + 0
4 0 + + + 0
5 0 + + + 0
6. 0 + + + 0
Total 6 6 6 ) 0

ST
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Table

7.

Failure of Beta Adrenerglc Antagonlsts to Block Sympathomlmetlc

Induced ‘skin Gland Secretion in Rana plplens

Twelve frogs each : supplled flve pleces of skln, one 2roup of which
was preincubated in the beta blocking agent DCI (107%* M), another

_group was preincubated in another beta blocking agent prooranolol

(107= M), and a third group OT skins were prelncubated in the alpha
antagonist, phentolamlne (10~4 M). The remaining two groups of

skins were maintained in Ringer solution. After one hour, eplnephrlne
(L0™* M) was added to one group of skins residing in Ringér solution
and to the three groups preincubated in the adrenergic antagonlsts

The remaining group of skins in Rlnger solution was untreated and’
served as a control for the experiment.

Frog

Number - Solution Epinephrine = Epinephrine  Epinephrine & Epinephrine

Ringer - DCI & Propranolol &  Phentolamine

Total
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Table 8.

Effect of Theophylllne on Skln Gland Responses to Sympathomlmetlc
Stimulation in Rana pipiens

Ten frogs each supplied'four pieces of skin, two pieces of which

were allowed to remain in Ringer solution while the other two pieces
were preincubated in theophylline (lO‘4 M), After one hour, NE

(10~ -4 M) was added to one of the Ringer .and to one of the theophylline
groups of skin. The remaining two groups of skins were maintained as

~ controls.
Frog | Ringer ‘ ' ' 4 o Theophylline &
Number Solution Norepinephrine - Theophylline Norepinephrine

. Total
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xéygaled ﬁhé'preSencg of many cgllapséd}_émpty,granular |
~glands wiﬁh'their surrounding sheath of smooth muscles in
a chtragted’state,,as qompared to adjacent unstimulated
control sections of skin from the same animal. The mucous
~glands of ‘the stimulated skins, in contraét;_appeared un«
affected by catecﬁdlamine stimulation; in both experimental
and control skins thesé glands contained a similar amount -
of étainable secretory material and these glands were not
jcollapsed in either case.

Both our. mlcroscoplcal investigations of cross
sections of histological preparations of the dorsal plicae
of R. pipiené and the studies of Bovbjerg (1963) wutilizing.
hlstologlcal pleparatlons of the dorsal plicae of thlS
same species reveal no sheath of smooth muscle surrounding
the mucOushglands of this anuran. The observations that
no sheath of smooth muscle-enéapsulates the_mucous glands
and that these glands are unresponsive to E at a high cqn%
centration (5 x 1074 ﬁ) of‘this cafecholamine are in op-
position to ﬁhose findings of.Bastian and Zarrow (1954).
These wbrkeré, reporting results.df in yitro experiments,
claim to have observed mucous glands in R. pipien§ sur“
réundéd by>a smooth muscle-sheath which appeared contracted,
eVidéﬁcing Secretion, after E stimulation. The concentra-

‘tion of E utilized in the experiments by Bastian and Zarrow
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was similar to the concentration of this agonist used in
our -experiments for microscopical investigations of histo-

logical preparations of the dorsal plicae of Bg'pipiensg




CHAPTER IV

DISCUSSION

v\
" These results have clearly demonstrated that the

response of the granular glands of the skin of both Xenopus

laevis and -Rana pipiens are responsive to sympathomimetic

stimulation. Agonistic.ranking’siudiesrhave'éstablishgd
that fhe relative effecfivenesé of éympathomimé£ic agents
in inducing glandular secretion could be ranked in the
following order: E and NED PE:>ISO. Such a ranking is
characteristic of an alpha adrenergic receptor mediated
response. This is further confirmed by the observations
that PE, a specific, but weak, glgﬁé‘agonist, inducesuv
egranular_gland secretidn in both species, but that ISO,
a specific beta agonist, is without such effect.
“In-addition, the faét"thatﬁthe-glgﬁi'adrenergic'
blocking agents, Dibenamine, phentolamine.and ergotamine,
are éffective in blocking the response of skin glands to
sympathomimetic stimulation, while the beta adrenergic
antagonists, dichloroisoprpterénol.and«propranolol, are
without such effect,iié further evidence that secretion
- is mediated through alpha adreﬁe:gic receptors. These data
also reveal that Qggg‘adrene;gic receptdrs are not similarly
infolved in regulating this same resppnse.

20
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As it has been demonstrated by a number of workers
that the granular glands of amphibians are enCapsﬁlated by‘
,smoéth muscle, it isrquite 1ikély,.théfefore;_that_the
alpha adrenergic receptors thét subserve the secretory
response are'pOSSESSea by these ‘smooth muscles. The fact
-that the mefhyxahthine, theophylline, known to relax sﬁooth
mugélé;(Rit@hié; 1966) blocks the response of théSe_glahds
_to_sympathomimetic Stimulation lends further support‘to
such a suggestion. There is at present no definitive in-
formation regarding the normal source of cateCholamines
which stimulate secretion from the granular glands in yiyo
under conditions of stress. N
Besides the granular glands normally present in the
integument of amphibians, jucous glands are also found.

hese glands are hot ensheated by smooth muscles and there

. T

=

is at present 1ittlé data as to ‘the nature of the hormones
or ©ther'agehis~thatimighi?be:réépbnsible for regulating
the release of their mucous éeérétion, except for the re-
port by Bastian wnd Zarrow (1954) proposing mucous gland
éeérétionyinﬁqbéﬁFby E. These data are completely contrary
to results of out experiments. TIn a recent communication
byiwatlingﬁon (1968) it’was‘suggested thét the response

of muéous_glaﬁas to gympathomimetic stimulation is mediated
bYHEEEEJHGTEhéZQiCfrébéptbrﬁu ©ur data, on the'othér hand,

has shown that alpha adrenergic receptors regulate secretion
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from granulay (serous) glands. To our knowledge there has

been no previous obgservations on the secretion of amphib-

- ian integumental mucous glands, It is possible, therefore,

that the secretions obseryved by'Watlingtoh (1968) and by

Bastian and Zarrow (1954) were from granular glands.
Furthermore, it has been well.doqﬁmentéd (Koelle, l966§
thaf EEEé adfenergic receptors do not'mediate'the con-
traétile reSponse of smooth'muScle but, rather, if they
are presenf, then, they may relax the muscle if stimulated.
In contrést, giggi adrenergic feceptors, when present, are

usually responsible for médiating smooth muscle contraction.

" The granular glands fit into this pattern whereby secretion

is controlled by alpha adrenergic stimulation causing

smooth muscle contraction. In addition, there is eyidence

(Lloyd, 1968) that alpha adrenergic receptors may regulate,
in part, the control of mammalian sweat glands; these glands
have been considered as being possibly homologous with the

amphibian serous glands (Smith, 1960),
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