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1. Introduction

~ The in witro perfusion of 1at livers has proven to be
avaluable tool for the investipation of the mechanism
of action of glucagon, spinephrine and insulin on intact
Tiver cells {1—7). Their effects on adenylate eyclase
and the soncomitant changes in ¢yclic AMP {adenosine
3°,5"-cyrlic monopkosphate) production play an im-
portant role in the sequence of events from the hor-
mone-Teceptor interaction to the metabolic response
of the cell {1, 17]. Asit has been shown that cyclic
AMP is released by liver cells in response 1o glucagon
and epinephrine [3, 7—10], a detailed sindy of the
‘kineties of this response wonld allow 1o correlate it
‘more propesly with the kinetlcs of subseciumt meta-
boliz events. :
 Recirculation of m}mmﬂy small vm]um@s of per-
fusate through the liver makes it impossible to keep
hormone concentrations constant and may therefore
blunt or alter honmonal effects by feed-back mechan-
“ism. Switching from recirenlating to nonzscircalating
perfusion just before the addition of hormong aiters
‘the concentration of metabolites in the perfuzate
before they were modulated by the hormone itssif,
- These difficultiss may be overcome by the non-
recircuiating perfusion. With this system, the time

course of cyclic AMP output by 1he liver was followed

~in the presence of h@mc-nes mﬂu Bm:mg aﬁ&nylale
;cyu':ﬂaﬁe faux:um‘.ty ' :

E 2 Mmenals anﬂ meﬂmdn

Lwers :.)f feﬂ ma]e mis (20@—221! g) were perﬁ-:,eﬂ .

ina numemmnlatmg sysieém, a modification of the

"i-eclnnque by Scholz 1111 1 was pi‘&vlous]y usedin

3 mher pezfumcn smdies [12 13] Bma:rbunata buffez

; »Nm?h HuiJnndPubhshmg Company

ﬂmmrdam ST T SN

' containing 119 mM Nall, 25 M NaHCOj, 4.7 mM
KL, 1.2 mM KH,P0,, 1.2
‘but no albumin or erythrocyies, was pumped through

mM BgS0,, 1.3 mM CaCla,

the Hvers at a rate of approx. 3.5 ml/minfg liver. The -
perfuzate was saturated with 0, /CO, (95%/5%) in 2

~ temperature regulated disc @xyﬂzmaim (35" on the

Hiver surface).

Hormone 20ditions were started after 25 min of
perfusion and continued to the end of the experiments.
Sampies of the perfusate leaving the liver were collected
for measurement of cyclic AMP at a‘ppmpriaﬁe time -
intervals. ,

Cycitc AMP was determined by the cempetme
protein binding sssay of Gilman [14}], Walton and
Garen [15] modified by Brown [16].

Each assay iube contained: 0.2 ml of 100 mM Tris-
HCI buffer contalining 16 mM theephyiin and 20 mM
MgCly 6 H,0; 0.05 ml of [*H]cyclic AMP 30 nTi,
specific aciivity: 20.7 Cifmmole, The Radiochemical

Centre Amersham, Bucks., U.E.); 0.2 ml of perfusate

o1 Krebs—Ringer-bicerbonate buffer; 0.01 ml of cyclic
AMP-standard (0 30 pmales, Bﬂehmuﬂezrhﬁanﬁhew)
o1 0.01 miof Kmbs—nger—b&caIbonmfe bm‘fen
0.05 mi of binding proteir solution..

* After zn incubation timg of 40 min at 4” 0.5 mﬂ

- of a charceal—-albumin suspension {5 g of Norit A,

Séiva, + 1.9 g of human serum alburain + 100 ml of |
potassium phosphate-buffer, pH 6, 20 mM) were added

" to sach tube angd the incubation continued for another -
.40 min. After centrifugation of the wbes {3000 g for
S 20 smin at 4’“} 2 0.2 ml portion of the supemsa‘lani g
. wasadded to’3 m} of seimillation mixturs {Instagel,
- Packard) snd counted for radioactivity in a laqmﬁ
: frscmnllmmn rcmmtter {Unfix, Nuglear C}nmgn)

‘To prepare cyclic AMPnbmﬂmg pmiam fresk rat |

o ,. ‘ ]wers Were hcmngemzed in 2 vol of Tris-ZDTA hhffﬁ}
- {SD mM Tn&HCl 21 mM EDTA); The hr. a.m_genaie was

o 3’3
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~ centrifuged at 30,000 g for 15 min. 1 mi aliguots of
the supematant were lyophilized and nsed after 1:4
- dilution with Tris-BCI-EDTA boffer for the assay.

- Glueagon was = gift from EL Lilly. Company, insnlin
was kindly supplied by NOVO (Dr, Schiichikmli),
-epinephrine was from Noehringer/Mannhsim.

3. Resnits and discussion

A typical standard curve as well as a curve showing -

the secovery of varicns amounts of eyclic AMP added
" to perfusate are presenied in fig. 1. 85% to 115% of
the added cyclic AMP were recovered.

0.2 10 0.3 pmoles/D.2 mil perfusatz of cyclic AMP
were the minimal amounts that were measurable in the
assay.

In 1he absence of hormones the ;release of gyclic

AMP.by the perfused liver was low {1.15# 0.5 nmaoles/.

100 g rat weight/hr, sorresponding to 0.35 + 0.15
pmoles/0.2 ml perfusate, mean = SEM of 9 perfusions),
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- Fig. 1. "I‘ypmal stamia:ﬂ curve f(D—D—w) and cumz shbwmf, :
| the recovery w(h—'——-} of varions amounts of ‘cye]u: AMP-
A0.2; 0.8; 1.6 4; 10 [pmnlesftube} added to the ::Iﬂuent :f:bm

mliver perfused with insulin (7.5 X IlD"“ M) Assa:r mnﬂmans ‘ ‘-, :

- a8 descﬁbad in Mahma] 5 and methnds
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,g"lucagen :
. o7 was always observed, “bm 11 m:enmﬂ earlhar ;ai lower
- "Fj*g]ucagon x:oncenfrane' R L :

May 1573

" Table ]

' Srimulation ’.ﬂf rcy@lm AMP cemtent znd s:yrclm AMP Rlﬁase 'by '
3 ﬁlffﬂtmt g]@:ca_gim cnnb&:ﬂim‘lmns

_Gﬂncagon Maximsi levels Maximal
: {:cnm::matmns : - of cyclic AMP level of
- (M} . ' accmmnlaton, tysls
L relative to . AMP release,
basal Tevel reiative to
(Exton 13} - bazsal 18lease
C - -f{own data) .
1xip® 26% , B5%
3%1p-2 &3 : 30

1.7 ®10-° .3 o3

Tissue r;:yc]irc AMP lzvels were taken from 1i%

thus comﬁmﬁh&g the resnlis of another group {7}
working with a different perfusion system.
The time course of cyclic AMP ouiput in response

,‘ to 3 different concentrations of ghicagon is shown in '
fig. 2. Increasing ghacagon concentrations resulted in a

prozressive enhancement of cyclic AMP elease by the
Tives. The dose response relationship was best seen at
glucapon concentrations between 1 X109 M and .

1 X 10-3 M. In the presence of glucagon concentra.

tions of 1 X102 M or lower the stimulation of cyclic

AMP release appeared 1o be too small to be reliubly

measured in this system, however glycogenolysis was
sigr oficantly increased {unpublished). The first rise of
eycnc AMP conceniration above base-line was usnally

-observed 60 sec afier the beginning of glucagon in-

fusion, Infusion of 1-X 10-% M glucagon resulied in .
& vrogressive Tise of cyclic AMP ontput with maximal

valpgs of 90—100 nmoles/100 g rat weight/hr after

- 8 miu. This represents an 85-fold increase of basal
- production rates. During ths next 20 min, the -

. nuclestide -conmntrmmn did not :mgmﬁcanﬂy a:hanga
.'anﬂ then sﬂowly declined (not shown).

' Addition of ; glucagon ina mm:&ntranmm of -
3X10-? M to the prrfnsa‘le led 10'@ transient

L fma:x.lmal 'c,yc];m AMP release {35 nmoles/100 g rat

wm@t]br) after 6 min, which represents a 30-fold

. inereass of the basal productien rate. After- 10 min
.7 = steady State Was § ;eac‘me& at abom 20 mm:-les;’ ]D{Il g
= :: Tat weight/hr, .- |

' Despite the- conﬁnunus exposu:‘rs fo thnB lvars 10
-5c_cnndary detrease of cychic ﬁMP soutpm
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Fig, 2, Time comrse of cyclic AMP 1elease inte the perfusion medimm in responss to 3 different cnncs-nmaﬁmns of gluzagon. Gloea-
£On 'was InTused mmhnm.m]y into the medinm entering the Kver (final cons.: (5-—#—A) 1.7 X107 M; (o0—o—c) 3 % M}'g M;

{o—o—n) § X10~2 My, The effiuent was coflectod for the measorement of cyclic AMP at time intervals from 20 to 60 see. Furthe:
experimental detsils ave given in Materials and methods.
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an. 3. Compamnn of the ei‘feactis m‘ gmeagtm (3 1 1{3‘9 MJ anﬂ apmephnne 1(5 Xfﬂ}‘? M} on cym:i]r A’HP nLase mip 1he pe:fmmn =
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o 'absence of hm:mmes cyclic AMP release was ve:y Ilow

o AMP, w]uch aloze is: ihoughi 1 ‘be meta“t.ﬂllcﬂb’ Ef
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an 3. Interaciion fuf g]lm:agon ami insulin in the contzol of
cyclic AMP release by the perfused livers. {fpper parel: After -

" a 20 min equilibration peried insulin infusicn {7 3 x107F M) -

and 10 min later glucagon infusion {3 X 10~7 M) were stavied.

- Points are means {2 1ange) of cyclic AMP release in two per-
fusions. Lower pmel: After 20 min of perfusion glucagon in--
fusion {1 X 10~ M) and 20 min jater insulin infusion (7.5 X -
1@'3 ) were started. Por furthar ﬁemﬂ& mexzs: im Mﬂttanals
and meﬂhnds : : .

_ A 'mmparison of the percent increase. of cyciic AMP K
. ip response to glucagon between the data obtained by
- Extor st al. []] for tizsne eyclic AMP leveis and our '_ .

_:resuhs LIJ cyelic AMP teleasz is shown in m‘m}e 1.In. .
Espmmie 16 inereasing doses of phicagon. cyelic AMP. |
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As shawn m fig. 3 ieven a]arge dnse of epmephrme T

15 X107 M) was much less effective than low doses
- of gimagnn (3%10-9M). ‘There may be a short fran-

sient increase of cyclic AMP release at first and a ﬁh;g‘m

- gradual rise during the following 10 min ‘of the infusion.

"The low rate of eyclic AMP release into the per-

" fusion medivm mne&p@nﬂs to the observation of

Exton {17, that even high doses of epmep}mne {:zusé

- only a small inerease of intracelhntar cyclic AMP. .

- Insulir was found 1o lower e glacago n—mﬁmm:’

. cyclic AMP release (fig. 43, if it was infused 2 at mlamvg-‘ )
Iy high concentrations {7.5 X 10—3 M), this is in agree-

meni with the findings of Park et al. {5]. Insulin alone

“had no effect on basal cyclic AMP release {fig. 4).

It was of pmncular interest to check whether insulin
might change the kingtics of the response to glhecagon, |
When the infusion of insulin was started 10 min prior
to that of phicagon the time course appga:eﬁ 1o be
identical o the one Iy the absence of insulin. The
C’yszlllc AMP ouipit in response o ghicagon was reﬁuced -

‘by approx. 50% in the presence of insulin.

I conclusion, isolated rat livers perfused in the .

- absence of albumin and erythracytes wers found to

rzspond 10 hormones as do livers in more complex:

~ perfusion systems. The et that the perfusate is not

recirculaied through ihe liver allows to preveni feed- -
back effeets of metabolites released into the perfusate,
a simple and sensitive aszay for cyclic AMP in the per:
fusate offers the additional possibility 1o monitof the

time conrse of eyclic AMP release at intérvals of 20
“sec. This was of interest since the cyclic AMP released

into the medium is thought o be in close relation to

-, the intracellular concentr zation of the ““fmf: or mjeia-, |
, bn]ln.aliy active nucleotid . '

T ]115 ‘expenmﬁmal mﬂnel appems m Ib*e of aﬁvamage -
for further stirdies on the mf:r:hzmsm of m:.tmn m‘ -

: ]hmmones on ‘L‘h.e Ima't.

-release increased more ﬂnmancally than the tissus cychc—'-

- AMF content, This may be due to the faci ihai in the

. wheraas' s;vmﬁcarli amourts-of cyclic AMP were still -
- measured in the tissue. Tiis obiservation supports the: *
- suggestion that the cyclic. AMP release cotrelates we]]
" with the mirace}lular conczntration of free’ rcychc

- fective (Exton), -
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