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Neonatsl rat ventricuhr myocltes~--ed~ senm-free mdiua coexpra both a and 61 
~~~~~&prminedbyr~~birdirgspdies.Inoellsexposedl~senm~~48hr 

ixreasd 3.69 fold, but the nmdnuunuhr of binding sites ([ I]-Moqnanw 
pindolol) only increased 1.5 fol+ fran 12956 + 7579 to 19676 + 5181 sites/cell (n=5, pC.05) 
y&&ding a “ly” of 2.48 sites/m for cells grokn in %5mmspp~ted~canparedwith 
6.96 site&m for &Us gram in serum-free ImAiun. Thus -* hypertrophy is 
sssociated with a decrease in El receptor density relative to cell size; hnkwer, adenylate 
cycIasereqQnseisuMffected. TtlisceIlczllOxesystc5n constitutesan exceLlent lmdel for 
S~intfrventFonsthatmayMluencetheregulationofcardiac~~~~~by 
s factors, partiallarly thralghtheadreMY# receptof system. 0 1985 Academic 

Press. Inc. 

Previcus sixflies fran this laboratory have indicated that c4wwupplau.?nt~primaryallturea 

frannaonatal ratnym cells are xell differentiated (1,2) and undergo hypertrophy over 

tine in culture (2,3). As cells gram in sexum-free mdiun corrstitute a potential ideal nrdel 

system for the assewmnt of myocardial grcwth factors and other modulators of cardiac cell 

function, incw l-Kmmes and wurotransmitters (2,3), we hare report the f31-&energic 

characteristics of prkq cultures of highly purified wonatal rat ventriailar myocytea 

cultures~~~ofsingle,isolatedce~preparedf~heartsofQ~~ratsas 
describedprehxsly(l-3).Tnsumary,ceUsw?re obtsinAbybrief,skernat~q~ of 
roan-teqeraturetrypsinizaticnwdnwhsni4 ation. cells here calmned, washed, ad 
prepIated in the presence of 5% fetal bovine seruu to reduce the nudxr of ccntandnat* 
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e Ilormyccardisl cells. After3OOte.s thestill-suqmd~qmardialcelLwxe 
remwd fran the attached non+yocardM cells, counted (hmxytcmter), and diluted to 260,ooO 
viable (trypanblue-mgative) cells perml in culturemdimwith 5% fetalbovine serum. This 
cell suspension y  distributed into 100nncultu-e dishes ataplating density of approximtely 
550 cells per w. On culture day 1, after overnightattaclmmt, those cult~~e.s desigmted to 
contain serumfree mdimwzre given &nl of a semfreemedim containing l&g per ml insulin 
ardlOugpermltrsnsferrin. Mediunwas routinely changed onday 4. 

Tnestaradardse~freeculture~wasGibco~lgg(Hankssalts)suppl~t~with 
1.5uM vitamin B12 and 50 U peroil penicillin. Themzdiunthrough culture day 3 also contaizd 
0.1 ti bramkoxyuridine to prevent low-level mnnyccardial cell proliferation, as previously 
describ=ed (l-3). 

Cellyieldwas 3-5millionperheart, ofwhichover 9O%wereviable.Mlcultureswrekept 
at 37°C in hmidified air with sufficient Co (about 1%) to mintain pH 7.3. TM aiLturrs 
contained >%I% myocardial cells and cell l-n&e rs were constant over time, as determined by 
countingcellsinthedishes(1-3).Cellsizewasquantifiedby~r~tof surfacearea in 
at least 200 myoca?&al cells (2),whichwas detemimd using a Bio@ant (R&lIndustries) image 
analysis system. 
Radi&a&Btiin@udka 

Fklioligami birding studies wre carried out 5 to 8 days after plating. For particulate 
preparations, celk were lysed in situ in 1 r&R-is buffer for 45 minutes at 4°C. Dish contents 
were centrifuged at 40,OKl x g for 30 min. The pellet was resuspended in Kk&l'kis-HClbuffer, 
pH 7.4, at a concentration of O.hrg protein/ml after filtration through nylon gauze. Protein 
was determined by the mthod of Lowry et al. using bovine run albmin as stamlard (4). 
Initially, the uadxane preparations wxe incubated with Tl [ ]-dihydroalpremlol (DHA) as 
previously described (5). Additional radioligand bi,$+ studies were performed in tile cell 
preparations. For B1-adrenergic receptor analysis [ I]-iodocyawpindolol (ICYP) was used. For 

described by Kupfer et al (6). All radioligaxxl birding studies were carried cut in triplicate. 
Analysis of saturationbirdingisotherrrrswasperfo~accordingtothemethodof Scatchard(7). 
(-)-Isoproterenol cmpetiticm cume.5 wxe analyzed using the iterative curve fitting program 
"LIGAND" of Wnson and Rodbard (8). Adenylate cyclaae activity was detemined by them&d of 
Salm et al (9). 

&aracterization of the B, Receptor 

Initial studies in cells grown in serm-supplemntedmxlim Micatedthatthe B-adenergic 

receptor was characteristic of the B1 subtype as previously reported (10). Agonist canpetition 

curves gave a rank order consistent with a Bl-adremrgic receptor(l1); cells grown in serm-free 

mzdiumexhibitedasimilar respome (Fig lA). Ina3sdxanes prepared francells gromtmth in 

semlerented and in semn-free mdim a rank order consistent with a Bl-adrenergic 

receptor subtypewas aleo observed with (-)-isoprotereml(FC~=5uM,n=3, data not shown) being 

nmepotent instjnulatingadenylate cyclase activity than (-)-norepine+ine and (-)-epi- 

I-Ephrine, which exhibited equivaJ.ent activity (Ec~=&?&M, IFS). Stereoselectivity was 

titrated with (-)-propramlol (ICx=4.58M) being 124 times mre potent thm (+)-propranolol 

(I$,=569 +I) in inhibiting [31+~~~binlingto theseqmcyte~~&ranes (n=3,datanotstmn). 

In5separate~~~in~ranesfrancellsgrowninse~free~~,adenylate 

cychse activity increased after a 30 U&I exposwe to 1uM (-)-isoproterenol fran 153278 to 

365+186 prol/%nk/q protein (p<.O5). This was 24% of mximsl activity as detenn%d by l&M 
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FQurelA. PgontstccnpetiticnaJnres~arwkorder~istentwithabetal-adrenergic 
=-F-L-. lh data wre obtained in manbrane preparations prepard frm mmatal rat 
ven- lnpJcytes grown in selukfreeIidilmL Each pint is tbeaversge of 3 separate 
e?Qmhmts, each perfd in trlpl.lcate. 

Figure 1B. (-I-Iscrp rotesenolstirmlatedaderylatecyclaseactvltyinmembsanespreparedfran 
-tal rat vantricuk nycqtea gram in serm-freerdim. Isoprotered prahces a 
2.5-3-fold stlrmlation of Edmylate qdaseactlvi~which is 24% oflmxhl activilq sthulated 
byNaF.lhliits&aicedinmEldmmspreparedfrancellsgmwnln s- 
Keretxxdifferent. 

FigurelC.AtypFcal~~birdirgisothermus~[3H]~astheradiollgard. M&rams 
wereprqaredfraanematalratvent~myocytes. Aplotofqecificbid.iqis&um. 'he 
ins&depicts scatchardadysis of thesedata (K&l% -182 hml/qprotein). 

NaF stimlsted activity ad 26% of activity stirdated by 0.1 uM Gpp(NH)p (Fig 1B). Similar 

results~reobtainedin~r~obtainedfrancellsgrcxJnin~~ lenmted lIEdiuln. 

Canpetition curves utilizing [125 I]-ICIP srd (-)-isoprotereml (range 1pM - Ml) carried 

out in the presence d inthe absence of 0.l.d .guamsinetrip~hste (GP) in xw2ubrm 

Preparedfrancellsgmwninse~fr~~~revealedanaverageKiincontrolcellsofM~ 

and a rightward shift after GE exposure (294 IN pC.05, n=S). As expected, GlT increased th 

proportion of low affinity biding sites for [ 1251]-ICYP determined by caquter ndelhg (10) 

from 26211 to 55?.27% ( n=S, pC.025) 

~,ReceptorAffhity dDensity 
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senm-supplemnted mdiun under relative hypoxic conditions (5% 02) did xmt differ (Kd=1.29?0.56 

*,n=5).Kdvsluesinrmhmesfrancellsgmwnin serm-freemzdiunalsowere mtdifferent. 

Atypical.e@libriu~bMi.ngexperlnt?ntis~inFig1C. Form&moespreparedfrancel.ls 

grobminse~~ted~tbe~ nmberofbimlingsites(Rm~)using[~]-IHAas 

the rxlioligand was 260271 fuol/ng protein (nh) ami for nmbranes prepsred fran cells grum in 

the presence of serm in 5% O2 the value was 2Kl?117 fwl/q protein (~5, MS). By contrast, 

the~ranespreparedframcellsgrawninse~freemediun~itedas~icantdecreasein 

Rnsx (17636 fml/rrg protein, fl.05 vs cells gram in serlmqplemented Iredim). 

7liuse data suggested that the increase in B14renergic receptor density associated with 

se~inducedgru?tbmigtltnotbe cmmnsurate with the obssrvd increase in cell size. To test 

thispossibilitydirectly,weccnparedcellsurfaceareawiththe~of sitespercellusing 

[1251]-ICYP as the radioPig&. Ce~surfaceareawas&te~inthe~culturesusedfor 

thzradioligamlbimlhgstudies. Senmirduced a 3.69 fold increase in cell surface area fran 
n 

215& 294 to 7934 + 848 m‘(n=4, p<.ooOS) (Fig 2A). Huzver, the mdxzr of birding sites/cell 

only increased fran 12956 2 7579 to 19676 ? 5181 (n=5, p<.O5) (Fig 2B), while the Kd values did 

not change (99 2 45 vs 109 +_ 35 fl (@S). Calculaticm of receptor density for cells grcm in 

serm-free mdiun yielded a vale of 6.96 sites/un2, tileforcellsgrmlinserunthisvslue 

ws.3 imrMy reduced to 2.48 sitesh2. 

a, Lldmergic Receptors 

Cells grown in serun-free mdim also exhibited an al-adenergic binding site. Using 

['251]-IBE 2554 as the radioligard, mm-iodinated IBE 2254 (o.~ selective) was markedly nrxe 

potent than yobhbiw (a2 selective) in inhibiting birding to these cells (Fig 2C). 'these cells 

also exhibited a high capacity, 1~ affinity site for al receptors with a !kl of 5672188 @I and a 

l&x of 27,514?9451 sites per cell (x=6). 

Prior studies of the B-adenergic characteristics of rat neonatal ventricular cells have 

used whted rdium exclusively (10,12). lau et al. perfomrxl studies using 

[1251]-Icip in senmsuppkmmted cells derived fran mmatal rat ventricles (10). The Kd we 

cbserved was slmst identical while the m3xh.m mmber of bimiing sites in an- 

senmsqplmented preparation was 2.59 fold higher. &mover, we wxe able to confirm the Bl 

specificity of our isolated mycxxrdial cell preparation as noted both in neonatal (10) ami in 
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Figure 2B. Typical Scatchard plots of eqtih binding iSJthem0fce~~insenrmvs 
thosegmminsmmt-freeudm. Forthsssstudiesthsbindingreactlanwascmrisdcutin 
~~celLsvshichhad~frozenwd~,asIr,differenceinbirdingcharacteristicscould 
bederollsrrated~freshoellswerecanparedwithpreparationsfrozenin0.25Msucro~and 
5anM~,pH7.4,andkoM~at-7O0Cforupto4months.Zhe~ybufferconrainedin 
sjijy Tlzls-m pH 7.4: 10 UM &Cl; kxJvh serm aLbudn lmg/&, ad varying Emamts of 
[ I]-ICfF. Birdir\g expdments were initiated by the addition of at least 10,~ cells ad 

caducted at 37Y for 30 min. The wthm kas terrd~ted by adding 4ml of 5&M Tris-HCl at 
25’C, followed by inmediate rapid vaam filtrath thra& hhatmw GF/C glass flbex filters. 
zhe test tubes d filters wxe wahd with w additional Ed of buffer and the radioactivity 
retailed on the filter ws detemdned in a ganm cmmter at 73% efficlemy. Nm-speciflc 
bkdingwasdefiudasthatcqamt of totsl biding not inhibited by 1uM (-)-pmpranolol and 
didmtexced2O%oftotalbiding. 

Figure 22. Al-ogaht cceptition curvea 
myocytesmh 

of m&r- pe fmn -tal rat ventchh 
sw.-urrfreeodiun. ‘Iheradio~wes[ I]-IJEZ54;bindhgstdies~ 

carded cut using the u&d of kpfer et al. (6). 

purifieddultratcardiacqwytes (13). Inked, ourtivaluefor sE%ubqpbti cells is 

dust identical to that nxently reported by Buxton ad Bnmtm in adult rat qmytes (13). 

Haever, our data differ fran those of Porzig et d.(12) who were unable to utFUze [ +I ]-tRIA in 

neonatal rat uyocytes because of a large amunt of rmqecific birding, hereas our mmspdfic 

bhking was in the range of 10 to 20%. In contrast to cau- observations, they reported that GE 
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bad 1~) effect on the slope or ICw values of isoproteremlcanpetition curves. As idicatd 

above, inour studies, [%]-DHAprcmxi tobe anexcellentradioligd ad is only limited in its 

utilityby thefactthatlargemmkrs of cdlsarerequired. 

Chx data indicate a significant reduction in the m&mm mmber of 6, birding sites per 

cellinnyocardialcellsgrwninsemm-freemdim. Ha+ever,henthisvsluewascorrectedfor 

the difference in cell size between these ~ocsrdial cells ad the cells grow in 

serm-supplemnteduediun, therewas in factamrkedreduction in thenderof sitesperm‘in 

thcLells~in w-ted llEdium. Previous studies fran this laboratoxy have 

indicated ttlat exposureof~~~celLsto~~resultsinathree-foldincreaseinceY 

protein content (Z), carmensuratevitht~increaseince~~aceareaobsenredinthepresent 

study. Ihus,theB1-adrenergicreceptordoesmtappeartoshareinthegeneralizedirsreaseof 

myaxrdislcellcmstituentsacccmpanying the bypertr@ic process. k&ether this represents 

true dcm-regulation or uerely selective inhibition of receptor protein synthesis is 

qeculative, ss is the potential protective effect against agonist stidaticn that such a 

reduced receptor density might afford. Consistent with the latter inteqxetatim is the fact 

that the adenylate cyclase response to (-)-isoproterenolwas tmt different hen umhrams 

fran cells gmm in ~free~~~comparedwith~r~francellsgmwnin~- 

suppated lrediull. 

These&tadifferfranreportsindicat~that~c6~ands49l~ceuS~~ 

in~~~~~are~withcellsgrowllinse~freemed~,thereisan 

absolute decrease in @drenergic receptor nuher (14,15). Tk reasons for this decline rerrain 

tnlexp~;smalllmleculessucbasca~lanines are mlikely car&dates for producing 

desensitizatian mder these cmditions, especially ss the *late cydase response to 

catecholanims is minpired (14). Others have shown that serun my Mhmce udmne 

receptors. Thus no dcm-regdaticmby agonist of receptors for epidend growth factor in HeIa 

cellswas&servedfo~gmwthh -free mdiun by Wolfe et al (16). By contrast, a 

decrd producticn of prolactin in rat pituitary ce33.s after they wxe transferred to a 

serm-free envimmmt has been reported (17). 

The data utilizjrlg [ 125 I]-DE2254 are consistentwiththoserecentlyreportedbyKupferet 

al. (6) ad confirm3 that this radioligard is higtily selective for al receptors based (x1 

ccnpetition curve data. l+rthr,Kdand%naxvaluesinthesetkx,studiesareverycl0se 
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indicating that in whole cell preparations gram in serun-free medium the al-ademrgic 

propertiesasmEasumd by [12513-IBE2254 do mt differ iqormtly fran cells gram in senm- 

.supphted ndium (6). 

~,ourdata~icatethat~~ce~~~inse~free~~~both 

al- and Bl-admergic receptors. Furthemre, -inducedcardiarmyocytecellhypertmphyis 

associatedwithamodestabsoluteincreaseinthetotal~rof Bl-adrenergicmceptorsper 

cell,butamrkeddecr~ inthedensityof these receptors mthecellsurface;agmis.t 

coupling to adenylate cyclsse is unaffected. sincecardiac~ocytecellsizemayberegulated 

thrcu~avarietyofnaurotramnitterandhormmlmhanism (3, 18), this cell culture systm 

constitutesanexcellentmDdelforthes~ofinterventionsthat~yinfluencetheregulaticn 

ofarjocardialcellhypertroplq7by~ factors, particularly thraJgh the adrensrgic 

receptor system. 
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