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Abstract Regulation by various hormones and agents of ndenosinc-3’.S’-monophosphat~ 
(cyzlic AMP) lcvcls in intact islets of rat pancreas was studied. employing cithcr the prclnhel- 
ing technique or the protoin kinnsc catalytic method. ManI agents were found to incrcasc 
islet cyclic AMP Icwls. These include cortwotropin. glucagon. isoprotcrcnol. prostaglandins 
(E,. E2. A, and F,, I. secrctin. thyroid-stimulating hormone. /&odrcnergic agonists. tolhuta- 
midc and GTP. Epincphrine caused ;I slight decrcasc in islet cyclic AMP level. hut in the 
prcscncc of T-adrcncryic blockers. the!; convcrscly increased the cyclic AMP Icvels. Isopro- 
tercnol. on the other hand. incrcusod cyclic AMP lovcls and its clkct NXS aholishcd by /j- 
adrcncrpio hlockinp ngcnts. The cvidcncc prcscntod further suhstantiatos the contention that 

in rat islet plasmu mtx~hrnnos thcrc exist both x- and /j-ordcncrgic rcccptors and that cyclic 
AMP levels in islets arc closely modulated h! r- and /i-ndrcncrgic roccptor activation. 

WE HAVE reported earlier’ an improved method for the isolation of islets of Lnnger- 
bans from rnt pancreas. The key step in this method. which routinely yielded up to 
500 islets per pancreas. involved prctreatmcnt of rats with pilocarpine. This :lllowcd 
depletion of zymogens from the cxocrinc pancreatic tissue and thus minimized the 
destruction of islet membranal structure which could otherwise occur during the 
collagcnasc digestion of the tissue. WC have shown’ that many agents. including 
those show-n to stimulalc insulin sccrction i/l riro and i/l rilro. activate adcnylntc qc- 
last in the homogenates of islets prepared by this method. 

In the prcscnt study. we have examined the efTccts of various hormones and agents 
on the adenosine-3’S’-monophosphatc (cyclic AMP) levels in the incubated intact 
islets. employing either the prelabcling technique’.” or the protein kinasc catalytic 
method’ for the measurement of changes in the cellular cyclic nucleotide lcvcls. The 
results obtained with the present stud& confirm our findings previously made with 
the broken cell system.’ clcurly suggesting ii role for the cyclic AMP system in the 
action of certain insulinogcnic agents. 

* This work H;IS supported hy :L grant from the G. A. Manol~a~~ Trust Fund. hq Grants RR-053bd ;md 
HL-15blb from the 1Jnitcd States Public Health Scrvicc and hx ;I grant from Georgia Heart Association. 

This is also publication No. I Ibl from the Division of Hasic Health Scicnccs of Emory University. 
+ Prcscnt address: Dcpartmcnt of Pharmncolog. Emor! l:nivcrsit!. htlnntn. Gx 30322. 
: Rccipicnt of :I Recnrch C’arccr Dcwlopmcnt hunrd (1 K3 GM-50165) from the l’nitcd SI;IICS Public 

Health Scrvicc. 



MA’I’ERI,\LS ;\NI) MI:TtlODS 

~~~~i~~~~j~1i.s. Adcninc-7-[“H] . 3 f‘i:m-mole. was purohascd from S~~~~~~~~~M~~~~~~ 
and AGLOW-XX (I (10 200 mesh. hydrogen form) was obtained from BioRad. The fol- 
lowing compounds wcrc gifts of the cotnpnnics n~cntionctl: tothutamidc tOrin:lsc) 
and prostaglandins(~,. El, A, and F, _) wcrc from Upjohn; E7hcnosyb~n;raminc was 
from Smith. Kline & French; Kij 595 was from C. H. Boehringcr Sohnc (Italy): 
phcntolaminc was from C’iba : NJ 1999 was from Mead Johnson. Cyclic AMP-dc- 
pcndent protein kinase from bovine heart was prcparcd uccording to the proccdurc 
dcscribcd elscwhcrc5 Other m:rterials used wcrc the samt ;ts rcportcd carlicr. ’ 

I.s&rior~ mrl pdtrh~4it~~~ of r/w i.s/rt.s. Pancreatic picccs pooled from three to live 
rats previously treated with pilocarpine wcrc incubated with cott;lg~‘n;~sc and the free 
islets wcrc collected as previously described. ’ About I200 2000 islets wcrc usualI\: 
collected and the)- were suspended in 4 ml of Krebs--Ringer hicarbonatc buffer con- 
taining glucose (2 mgml) and 50 mCi of adeninc-2-” H. The islets were iti~llb~l~~d for 
20 min z~t 37 . with shaking. At the end of the pretabcling period. 30 ml of Lx-cold 
bufyer was added. the islet suspension centrifuged bricfl y. and the supcrnatant Iluid 
rcmovcd by aspiration. The washing procedure was rcpcntcd five timca. and 1111: 

islets wcrc finally transferred to an appropriate volume of the same bufliir to \:icld 
a suspension containing 25-30 islets’ml. 

In experiments (see Table 3) in which the absolute levels of intr~~celll~l~r cyclic 
AMP were measured by the protein kinasc catalytic method.’ the isolated islets were 
LISXI directly for incubation. as described below-. with the omission of the prclabeling 
step. 

fncuhlrrirat o$i.sl~l.s trrlrl I~~~‘LIsIII’~‘~II(‘I~~ f!f’c~y/k AMP. For cspcri men ts involving the 
studies of the rclativt’ lcvcls of cyclic AMP. aliyuots (2.5 ml) of the suspension of the 
prolubclod islets Fycrc incubated at 37 for IO min in the prtsencc of IO mM thcoph~l- 
tint and vitrioLIs agents as indicetcd. At the end of lhc incubation period. the ralttion 
mixture was centrifuged and the supcrnntant rcmovcd. One-half ml of ice-cold Y,, 
trichtoroacetic acid and 04t ml of 1 mM cyclic AMP (as cnrricr) wcrc then added 
to the islets. The islets wcrc tticn quickly sonicutcd for 0.5 min. the prccipitatc was 
removed by ~~ntriflt~lti~)n. and the sup~rti~it~ili~ fluid was n~utr~~li~~~i with I M Tris. 
The radiouctivc cyclic AMP in the supernatnnt fluid was purified bq‘ the BaS04 
method” and the prccipitatcs wcrc rcmovod lq ccntrifugation. The supornatant tluid 
was lyophilizcd. the residue \vas taken up in 0.5 ml water. ilnd thy entire vo1~1mc of 
the sotu~ion was loaded onto columns (0.5 x _ _ ‘-5 cm) ol’ AGSOW-XX: the colun~t~s 

wcrc then &ted with water. C‘vctic AMP was colleotcd in the third and fourth ml 
fraction. One-ml :ttiyuots of the pooled fructions wtx counted for r~~di~~~i~~ivit~. 

In experiments (see Table 2) in which thu absolute amounts of cylic AMP we’re 
assayed. atiquots (usually 0.1 to 04 ml) of the ctuntc from the column as dcscrihcd 
above wcrc lyophilized and the amount of cyclic AMP \ViIs assnpxl b\; the protein 
kinasc catalytic method.4 No carrier cyclic AMP was added to the istct samples in 
these csptximents. The islet protein from the trichloroacctic :tcid prceipitatc was 
mcnsurcd by the method of Lowry c*f Q/..’ using houinc strum ~~1btlInin 3s ii st~IIid~lr~1 
pro&in. 

Kl’SI:l.l‘s :ZNl) I~IS(‘I~SSIO~ 
Corticotropin. glucagon, prostaglandins (E,, El, A, and F,?). srcrctin. thyroid- 

stimulating hormone. GTP and rolbutamide (an oral hypoglycemic drug) were all 
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TAHI Ii I. Rtrca LA~rION IlY VAKIOl‘S AGENTS 01: THI: KI.LATIW LliVliLS 01. CY(‘I.1,‘ AMP 
IN IS,)I.ATlil~ I’AN(‘KEATI( 1SLL:TS AS I)liTI:KMINlil> KY T”li I’KliLAlllil.liX,i MI:.I.H,)I)* 

Additive 
Cyclic AMP 

(cpm x IOm2:mg protein) 

None (conrrol) 
Corticotropin (3. /tM I 
Glucagon (5 I’M I 
Prostaglandin E, (3) /rg ml) 
Prostaplandin E2 (30 /cg ml) 
Prostapl;indin .A, (30 jcg ml) 

Prostaglandin F, (20 &ml) 
Sccrctin (20 jcg;mf) 
Thyroid-stimulalin% hormone 
GTP (7 /IV I 
Tolbutamidc (0.1 mM I 

Phcnformin (0 I mM) 
Glucose ( IO rllM) 
Lcucinc ( IO mM I 

203 * I.5 
61.X * 3.xt 
42.6 + 3.y 

70.5 7 -V5+ 
x I a f 6. I f 
62.X f 65’i 

92.5 + x.2-i 
45.2 + I.6.t 

: (20 pg: ml) -IO+ * .:..I+ 
s5.0 f IO.3 
42.6 + -Ia+ 
21.2 * 3.5: 
306 + 1.X’ 

21.1 + 3.9; 

* Ahout 60 70 islets were incubated at 37 for IO min. with shaking. in the prcs- 
cncc and alwx~cc of various additives. in 2.5 ml Krcbs Ringer bicarhonatc hutl’cl 
containing IO mM theophyllinc. The values prescntcd are the mwns f standard 
errors of thrw lo live scparale experiments performed on ditfcrent days. 

t Signilic;intl> dilrercnt from the control IP < 0.01). 
: Not signilicantly dilferent from the control. 

found to increase the lcvcls of radioactive cyclic AMP in intact pancreatic islets incu- 
bated in the presence of 10 mM thcophylline (Table 1). The formation and accumu- 
lation of radioactive cyclic AMP were linear, at least up to 13 min under the incuba- 
tion conditions. Theophylline (10 mM). when present alone. increased slightly (10 

T:\BI.I 2. RI (;I’I.A I‘IOX HY AIN NI:K(~IC‘ ~A,IONISI‘S :AsI) ,\N rA,;oslsxs OI r,n: wl.ATIu 

LI:VLLS ,)I- ,‘~(‘I.I~‘ AMP IN IWLATI~I) I’AS(‘KI:A,‘l,‘ ISl.hIS AS I)I:~II-KLIINI:I) KY ~1111. 

lw.~..~~~t I.IS(; wrwi)* 

Additive 
Cyclic AMP 

(cpm x 10~~’ mg protein) 

None (control) 
w-lsoprowrcnol (0.05 mM) 
1,1.-Propranolol (0.05 mM 1 
M.I. 1999 (20 j+:rnl) 
KO 592 (0.1 mM) 
I,l.-lsoproterciiol plus I)i.-propranolol 
I)L-lsoprotcrwol plus MJ 1999 
m.-lsoprotorcnol plus Kij 592. 
w.-Epincphrinc (WOJ mM) 
Phenoxybcnzaminc (0.05 mM) 
Phentolaminc (0.05 f mM 1 
In.-Epincphrinc plus phcnox! hcnzaminc 
I)I.-Epincphrinc plus phcntolaminc 

19.x = I.2 
x2.5 + 6.3 
IY.1 f 2.6: 
1x.x * 3.6: 
10.2 * 3 I : 
31.5 + 

35.2 7 

5.2s 

6.85 
36 f 3.36 
12.5 = 3.<l 

lY.6 * 3.x: 
wx f 1.6: 
S6.X :f f&t 
Xl.9 f 2.x+ 

* Incubation conditions were the si~mc as in Table I crtcept for the variation in 
kinds and ~~nwunts of additives. as indicalud. The wlucs prcscntcd arc rhc means + 
stnndard errors of three soparotc cxpcrimcnts performed on dil-fcrcnt days. 

t Signilicontly diH&ait from lhc control (P < 001). 
$ Not significan!ly different from the control. 
t; Significantly dlllcrcnt from isoprotcrcnol ulonc (P < 0.01 ). 
1 Significantly dillizrcnt from the control (P < 0.05). 



15”~ the cyclic AMP Icvcls. These agents. with the cxccption of GTP. have been 

shown to stimulutc insulin sccrction irl !‘ifr’o or i/r riro. or both (SW Ref. I Ibr :I survey 
of the litcrnturc). Phcnformin. another class of oral anti-hyperglycemic drug bclicvcd 

to cxcrt its ctTcct through ;I mechanism dilfcrent from that of tolbutamidc. was not 

cfTcctivc. Glucose illld Icucinc. both known to stimulate insulin sccrction clli’ctivcly. 

did not elcviltc islet cyclic AMP. suggesting thilt cyclic AM I’ may not bc in\olvcd 

in their ilCtil~llS. 

Isoprotcrcnol cticctivcly increased islet cyclic AMP levels and this stimuliltion wils 

antngonizcd h; 41 three of the /I-ndrcncrgic blockcrs tcstcd (propranolol. M.l IWO 

and K6 591) (Tilble 2). Epincphrinc. on the other hilnd. cilllscd a slight reduction 
in cyclic AMP Icvels. III the prcsrncc of the y-adrcncrgic blockers (phenox~bW/il- 

mine and phcntolaminc). howcvcr. the inhibition 1~~ cpincphrinc was ovcrcomc. and 

conversely. pronouncud incrcascs in cyclic AMP wcrc noted. Neither the %- nor the 
/Ladrcncrgic blockcrs have an\: signilicant clTcct \++cn prcscnt illonC. The prcscnt 

results confirm the findings of Turtle and Kipnis’ mudc in iI similar S~LI~X using in- 

tact islets and our own tindings’ using islet homogcniltcs. Thcsc results also support 
the contention that ritt p:lncrciltic islets contilin both %- and /I-adrcncrgic rcc~p- 

tars.’ .‘.‘I 
Most of the ilgcnts W~OSC clfccts on the rclntivc ICVCIS d cyclic AMP wcrc IIIGI- 

surcd with the prclnbcling method (Tables 1 and 3) were rc-cxilmincd for their cfyccts 
on the ~thsolutc cyclic nuclcotidc lcvcls in the islets. The results arc prescntcd in Table 

3. It is clear that the cticcts of the agents dctcrmincd by thcsc two methods ;lrc CIOSCI> 

similar. 
Although :I rigid relationship bctwccn the clrects of many hormones und ugcnts 

on intrilcclluli~r qclic AMP Icvcls of islets and their ctrccts 011 insulin sccrction 1,~ 
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the organellc remains to be fully established. several lines of experimental evidence. 
including our own. appear to support the concept that cyclic AMP may mediate the 
action of certain insulinogenic agents. It is interesting that the islet cyclic AMP levels 
are increased by a wide variety of substances. perhaps reflecting a central role of insu- 
lin in many homeostatic mechanisms. Increases in islet cyclic AMP levels brought 
about by those agents are due to their direct stimulation of islet adenylate cyclasc 
activity,’ since none of them. at the same concentrations tested. had any significant 
effects on islet phosphodiesterase activity tither in the prescncc or absence of IO mM 
theophylline.’ 
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