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Abstracts- Guinea-pig hearts were perfused with Krebs-Henseleit (K-HI medium 3Omin for equilib- 
ration, then 4. 16. 32 or 64min with Deslanatosidc C-‘H IO-’ M in K-H medium and then again 
with K H medium alone to wash extracellular spaces at a constimt flow of 3 ml.‘min at 28 C. Deslanato- 
side C incorporated into the ventricles and atri:i increased from 4 to 64min. the ventricles invariably 
showing :I higher degree of incorporation. The concentration of Deslanatoside C also increased from 
4 to 64 min in microsome. mitochondri;ll nnd nuclcitr fractions. the microsome fraction invariably 
showing the highest specific concentration. Glvcoside in the supernatant fraction was not tightly bound 
to any macromolecular structure. A /j-adrcncrgic blocking agent SD 1601 IO-’ M. and Creatinol O-phos- 
phate IO ~’ M both increased myocardinl uptake of Dcslanatosidc C-‘H and its incorporation into 
the pellet fractions. Daunomqcin 10 5 M increased the myocatdlal uptake of the labelled glycoside 
and its concentration m both supernatant cmd pellet fractions. Neither phenobarbital sodium 10 ~’ M 
nor Ouabain IO ’ M aficcted uptake or the subccllular distribution of Dcslanatoside C. Ouabain IO-” M 
dccrcascd both uptake by the heart and the suhccllular concentrations of Deslanatoside C. 

Deslanatoside C is the cardiac glycoside obtained 
from desacetylation of Lanatoside C. which is ex- 
tracted from Digitalis lanata. It is used in the treat- 
ment of heart failure [l]. 

Deslanatoslde C , MW =943 

This paper reports the subcellular distribution of 
this glycoside in the isolated. perfused guinea-pig 
heart and modifications of subcellular distribution in 
the presence of 5 other drugs which show activity 
on the myocardium, some of which are frequently ad- 
ministered combined with digitalis. Their main phar- 
macological properties are as follows: Ouabain is a 
well-known short-acting polar cardioactivc glycosidc 
which is taken up by the guinea pig heart partly via 
an active (saturable) transport mechanism. Ouabain 
inhibits the active myocardial uptake of other cardiac 
glycosides [2 51, Phenobarbital sodium is a well- 
known barbiturate derivative. Like the similar drug 
Adriamycin. Daunomycin is an anticancer agent [6] 
which has marked cardiac toxicity. Both these drugs 
in&r trliL/ cause cardiac arrhythmias, markedly de- 
crease myocardial sensitivity to digitalis and possess 

* New England Nuclear Corporation. 575 Albany Street. 
Boston, Massachesetts 021 IX-USA. The drug was lahclled 
randomly by catalytic ion exchange and purified by chro- 
matographic processes. Its chemical and radiochemical 
purity *us ascertained bq the t.1.c. tcchniquc. 

a negative inotropic effect. Therapy with both drugs 
is normally associated with digitalis treatment [7. S]. 

SD 1601 is a new /&blocking agent [9] which has 
proved to antagonize ouabain-induced arrhythmias in 
the dog [lo]. SD 1601, propranolol and generally all 
/I-blocking agents are used in treating digitalis intoxi- 
cation [ 1 I]. 

Creatinol O-phosphate (COP) [12] decreases the 
toxic effects of digitalis in human subjects. such as 
nausea. vomiting. arrhythmias and S-T ECG changes 
[II 131. An antagonizing effect of COP on ouabain- 
induced dose-dependent arrhythmias \yas observed by 
Musso ct ~rl. [ 15) on the isolated guinea-pig ventri- 
cles. An antagonizing effect of COP on aconitine-in- 
duced arrhythmias has also been observed by Ferrini 
and Miragoli (unpublished data) in guinea pig atria. 
in addition. COP had proved able to increase contract- 
ility in both normal and cxpcrimcntally damaged rat 
and rabbit hearts [ 161. COP also showed positive 
dose-dependent inotropic erect similar to Ouabain 
on the isolated frog heart [ 17). 

1IATERIALS 4ND hlETHODS 

Male guinea-pigs (25@-3OOg), were stunned b? a 
sharp blow on the head and their hearts were rapldly 
removed for perfusion through the aorta, using the 
Langendorff technique. The methods of perfusion. ho- 
mogenization and centrifugation were those described 
by Dutta et II/. 123, slightly modified as regards centri- 
fugation procedures. They are briefly summarized as 
follows. Two perfusion media were used, one being 
the moditied Krebs-Henseleit Ringer (I) [18] and the 
othcl ti I I medium plus Deslanatoside C-“H (II) 
IO M \+lth a specific activity of IWO mC‘i:mM*. Both 
media were prcoxqgcnated with a flow of 95’!,, 02~So0 
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CO1. The perfusion tetnpcrature was 28°C and flow 
rate 3 mlmin. The hearts were perfused initially with 
K H medium (I) for equilibration. and thcreaftcr uith 
Mcdiutn II for 4. 16. 32 or 64 tnin. and then again 
with Medium I for X tnin to wash out the labelled 
glycosidc from the extracellular spaces. Conccn- 
trations of the glycoside in the perfusatc did not signi- 
ficantly differ from the 4th to the 64th min. 

Concentrations of the glycoside in the perfusate 
5 X min after the washout were tery low and con- 
stant. and again did not differ to any statistically sig- 
nificant degree. Thus, according to Dutta PI irl. [2. 3] 
and Marzo and Ghirardi [iV] who worked wilh other 
cardiac glycosides. it was assumed that the extracellu- 
lar space was completely fret of Deslanatoside C-“H 
uftcr 8 min of washout. 

A second series of experiments was carried out 
in order to obtain the subcellular distribution of Des- 
lanatoside C-‘H in the presence of the other drugs 
listed in the pr&ous section. In this case, both K-H 
Mediums I and If contained Ouabain lo-: M, or 
Ouabain 10 -’ M, or Phenobarbital sodium IO-” M, 
or Daunomycin IO-’ M. or SD 1601 lo-‘M. or 
Crcatinol O-phosphate IO-’ M. The concentration of 
each drug was selected al values between lo-” and 
IO- _ M based on a comparison of activity leveis and 
doses in previous in rir~~ and ili t+rrri cxpcriments. 
Perfusion tvith the labelled glycoside was in all cases 
carried out for a period of 64min. The other condi- 
tions wet-c the sane as those described above. The 
hearts wcrc not driven electrically. The mean heart 
rate observed after the pretreatment with Ringer 1 
was 123 & 5 (SE) beats’min while after pretreatment 
with the other five drugs it was: Ouabain 10’ M 
IO9 f 13, Ouabain 10 -’ M X6 & 9. Phenobarbital so- 
dium 10 ’ M 63 i 18, Daunomycin 10 -‘M 
133 & 10. SD;1601 IOY’M 117 4 10. and Crcatinol 
O-phosphate 10 -’ M 110 i: 5. 

At the end of the washout period, a small sample 

of the left and right atria and another of the left 
and right ventricles (5& 100 mg) were taken from each 
heart. sohtbilizcd and counted in the liquid scintilla- 
tion spectrometer. The remaining portions of the 
hearts were pooled in groups of 2 hearts each, 
weighed. minced and homogenized in 9 vols of suc- 
rose 0,32 M, EDTA(Ethylenediamino tetraacetis trcid) 
I()-” M. MgSO, IO-” M and Tris (Trih~~d~oxytncth- 
~l~irninomethanc) 5.10 ‘M buti‘ered at pH 7.2 (III) 
according to DC Robertis ef ifl. [20]. The homogenate 
was tiltercd through a sheet of surgical gauze. The 
filtered homogenate was centrifuged for 10 min at 
YOO<q. The nuclear pellet obtained was resuspended 
in Medium III and recentrifuged for 10 min at 9OOiq. 
The latter wiishing operation was then repeated. The 
pooled cupernates were centrifuged for 20 tnin at 
12.000 $1, The mitochondrial pellet was again twice re- 
suspended in Medium III and recentrifuged for 
20 min at 12.000 q. The pooled supernates were centri- 
fugcd for I hr at 166.000 $1. The tnicrosome pellet was 
resuspended in III and recentrifuged for 1 hr at 
164,~~~. hliquots of the filtered homog~natc. the 
final supernate of 166,000~~ (supernate) and each of 
the three resuspended pellets (nuclear, mitochondrial 
and microsomal) were taken to evaluate radioactivity 
content, as described previously. and protein content 
according to Lowry c’t 01. [3lJ 

A few sampics of each particukttc li.xttc~tl \ccrc 
fixed in bulfercd 2” ,, glutcraldch!dc. postlivod in ob- 
tniiim tctroxide. dchydratcd in ;I scrims ~~fah_xhols NIP 

then embedded in epox! resin. Thin hcction$ lvcrc 
poststaincd \\ ith uranyl acetate and 1~x1 cilr;ttc iiv 
clcclron microscope dxcr~ alioii. F~-;~gtnt‘~~is ol 1132 

clldopl~1stl~~1lic reticulum anti ribosomcs ~crc seen in 
the microsomc fraction Logi‘[hL‘r \% ith inatpm~r li> Icsscr 
amounts of mitochondrial li-apmcnts. On the 0thc1 
hand. both the mitochonrlt.i~II and nuilc;Ir fractions 
were contaminated by each other and ccl1 frapmont\. 
Similar lindings ha\c beet? ~~ht;iiiicd prci ioitsl> h! 
Dutta r’f cri. [_?I and Mar/!0 l'l d. riq. 

C~~nc~li~r~1t~ons of Dcslaii~1t~~si~Ie C‘-‘f-3 in :ttria and 
ventricles of guinea-pig heat% perfused with the la- 
belled gtycoside rose tn titnc. more rapidly from 4 
to 32 min, thereafter slowing do\vn from 37 to 64 mm, 
indicating continuous uptahc of the glycosido by the 
heart (Fig. I). Conccnlrations of Deslanatosidc C-‘H 
in the ventricles were higher than those in the atria 

3t all expcrimental times. in the ;rtria hting about 
ho”,, of those in the \-entricles at the 64th min. Specific 
concentrations of Dcslanatosidc C‘-“H (ng. mg pro- 
tein) in the three particulate fruclions ro\c with per- 
f&ion time from 4 to 64 min. the tnicrosomal con- 
centration being at all times higher than in the nut- 
lear or rn~tochondri~11 fractions. and bhowinp the hiph- 
est rate of increase (Fig. Il. 

When the hearts were perfused for 64 min with 
Desfanatoside C-“H in the presence of the othet 
drugs, myocardial uptake of the labellcd glycosidc 
was not affected by Phenobarbital sodium IO (’ M 



Cardiac Deslanatoside C distribution 

Fig. I. Concentrations of Deslanatoside C-jH in ventricles 

and atria of guinea-pig hearts perfused with the glycoside 

‘lo- M for 4. 16. 32 and 64min. The number of findings 
is reported in parentheses. Mean wlues + standard error. 

or by Ouabain lo-’ M. was decreased in both ventri- 
cles and atria by Ouabain IOmh (P < 0,05), and was 
increased by Daunomycin I OF ’ M (P < OGOI ). 
SD/1601 IO-’ M (P < 0.001) and Crcatinol O-phos- 
pate lo-’ M (P < 0.01) (Fig. 3). A comparison of 
the concentrations of Deslanatoside C-“H in the su- 
pernate and in the total pellet. shows that the increase 
in myocardial uptake of the glycoside caused by 
SD: 1601 and Creatinol O-phosphate was significant 
only in the pellet fraction, while the increase in the 
same parameter brought about by Daunomycin and 
the decrease brought about by Ouabain 10mh M were 
significant in both the supernate and the pellet frac- 
tions (Fig. 4). These variations in Deslanatoside C-‘H 
concentration in the pellet fraction caused by 

SD./1601 IOY’M. Daunomycin IO-’ M. Creatinol 
O-phosphate IO- ’ M. and Ouabain IO-” M were also 
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Fig. 2. Specific conccntratlons of Dcslawltosidc <‘-‘H 
(ng/mg of protein) in microsomal. nuclear and mitochon- 

drial frnctlons of guinea-pig hearts perfused 4. 16. 32 and 

64 min with the labellcd glqcosidc IO _ M. The number 

oftindings 1s reported in parentheses. Mean values i standard 
error. 

observed in each of the three particulate fractions, 
being more evident and significant in the microsome 
fraction (Fig. 5). 

When the guinea-pig hearts were not perfused. Dcs- 
lanatoside C-3H was almost entirely in the supernate 
(94-96”,,) with a S:P ratio varying between 16 and 
24. When the hearts were perfused. the labelled glyco- 
side in the supernate was only 29”,, with a S’P ratio 
of 0.43. 

The supernate of a pool of tw’o guinea-pig hearts 
perfused for 64min with Deslanatoside C-“H was 
chromatographed on a Sephadex 625 column 
(2.5 x 30cm) using NaCl 0.9”,, as the cluent. 7OOml 
of eluate were collected in fractions of 5 ml each. 
Transmittance at 780m/i and the radioactivity con- 
tents of each fraction were measured. The same chro- 
matographic process was rcpeatcd with Deslanatoside 

i 
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(20) (8) (8) (8) (8) (8) (8) 
DLC- ‘H 10-7M DLG’H IO?,4 DLC-‘H IO-‘M DLC-‘H IO-‘M DLC-3H IO-‘M DLC-% IO-‘M DLC-‘H IO-‘M 

alone + OUA IO-‘M + OUA l0-6H +PhE 10-6M +DAU lO+M +SDl601 10-7M +COP 10-5M 

Fig. 3. Concentrations of Desl~unntoside C‘-.‘H in \entriclcs and atria of @uinca-pig hearth pcrfusxl for 04 
min with the lahellcd glycoside IO-’ M alone end in the preccncc of the other drugs. Mean values i 
standard error. Number of finding5 in brackets Ps for statlsticnl comprlwn wcrc ohtaincd ulth the 
Student test. 

DLC = Deslanatoslde C 
OUA = Ouabain 

PhB = Phenobarbital sodium 
DAU = Daunomycin 
COP = Creatinol O-phosphate 
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C-%1 in NaCl WY’,, solution. The proteins of super- 
nate came off the column from 40 to hOrnI, peaking 
nt 50 ml. while the Deslanatoside C-‘11 of both super- 
nate and saline solution came off the column from 
55 to 95 ml, peaking at 7Oml. thus indicatinp that 
Deslanatoside C in the supcrn~~te (166,OoOq) of 
guinea-pig hearts was not bound. 
the proteins. 



In guinea-pig hearts perfused for 64 min with Des- 
lanatoside C-“H the ventricle concentration of the 
drug i.e.. 77 ngig (82 pmol:g). is in the range of the 
other 7 glycosides which showed the following pmoljg 
values respectively: dihydroouabain 10. K-strophan- 
thoside 134, ouabain and digoxin about I S(t-200 and 
values between 700 and 1000 in the case of convalla- 
toxol. dieitoxin and proscillaridin. This parameter 
dots in &t \ho\\ ;I marked \arintion. from IO to 
IWO pmol:g. The tissue medium ratio was about O-1 
with tiihydroollabain. about 1 with Dcslnnatosidc C 
and K-stroph~~nthoside. 1.5-2 with ouabain and di- 
poxin, and higher than 7 with digitoxin. proscillarid~n 
and ~onvall~itox~~i. All 8 cardiac giycosides invariably 
showed higher concentrations in the Lentriclcs than 
in the atria. This difference does not depend on the 
technique used in perfusing the hearts, since concen- 
trations in the ventricle higher than in the atria were 
also observed by Dutta and Marks [26] in the hearts 
of rats and guinea-pigs trcatcd i.v. with ouabain and 
digoxin. 

The S,‘P ratio of 043 obscr\,ed in guinea pig hearts 
perfused for 64min with Desla~~atoside C is in the 
range of the other 7 glycosides, which showed the 
f~~llowing values respectively: proscillaridin @17, oua- 
bain O-32. dihqdl-otluab~tin O.-l?. K-strop~l~lnthosi~ie 
0.50. digoxin O-61. ~iigitox~l~ 0.73 and ~onv~lll~~to~oi 
0,X1. In any event, this value was lower than t with 
all 8 glycosides. Deslanatoside C in the supernate of 
the guinea-pig hearts perfused 64 min with the glyco- 
side was not bound. anyway tightly. to anv macromo- 
lecular structure. in line with the ohser\ations of Dut- 
ta it rrl. [I!]. Kim (31 trl. [25]. who worked with digox- 
in. and Marco and Ghirardi [19]. working with K- 
strophanthosidc, The microsomc concentration of 
Drslanatosidc C-“H after 64 min of perfusion. i.e. 
2.67 ng/mg protein (X4 pmol,mg protein). is in the 
range of the other 7 glycosides, which showed the 
following values in pmol:mg protein respectively: di- 
hydro~~u~~b~~in 0.11, digoxin and ~~~~v~~llatoxol I-70. 
ouabain 2.20. K-stroph;lnthoside 2.64, digitoxin 2.97 
and proscillaridin 13.50. In any event, in all the 8 
cardiac glycosideh. micrnsomc concentration was 
the highest. mitochondrial and nuclear concentrations 
being lower. In the cast of Deslanatoside C, nuclear 
and mitochondrial specific concentrations were 19 
and 30”,, respectively as compared with the microso- 
ma1 concentration. assumed to be loo”,,. In the case 
of the other 7 cardiac gl!cosidcs. a similar evaluation 
leads to specifc concentrations in nuclear and mito- 
chondrial fractions varying from 30 to 60”,, as com- 
pared with the concentration in the microsomal frac- 
tion. WC thus feel that filtration of the ~iomogenate 
and re~entrifug~~tion of each pellet fraction iIitrodu~ed 
by us in the caw of Dcsl~lll~~t[~si~i~ C may possibly 
have lessened the degree of ~oiltarniil~~tion of the nuc- 
lear and mitochondrial fractions by the microsomal 
fraction and consequently may have caused some en- 
richment of the glqcosidc concentration in the micro- 
somal fraction. Of all the 8 glyoosides considered. 
only dihydroouabain is almost entirely inactive on 
myocardial contractility. Mqocardial uptake and mic- 
rosomal specific concentrations seem to reflect the in- 
acti\!ity of dihydroouabain rather than its S,:P ratio. 
In effect the S;‘P ratio of dihydrooahain (0.43) is vir- 
tt~tllly the SIITX iis that of Dcslanntoside C (O-43) and 

nearly the same as that of K-strophanthoside (050) 
whereas the ventricle uptake of these two active g!y- 
cosides was around 10 times higher and their micro- 
somal specific concentration 26 times higher than the 
values observed with dihydroouabain. 

Reciprocal inhibition in myocardial uptake of oua- 
hain and digitoxin has been observed by Godfraind 
and Lesne [5] in isolated guinea-pig atria. These 
authors observed two different transport mechanisms 
of ouabain and digitoxin, one being passive (or diffu- 
sional). Its contribution to total transport becomes 
greater than the other (active or saturable transport) 
at a ~on~ntratioli of ouabain higher than 10--h M. 
These authors observed only a passive non-saturable 
transport mechanism in d~hydroouaba~n. Both a sa- 
turable and a non-saturable mechanism for digoxin 
uptake by isolated guinea-pig atria were also encoun- 
tered by Kuchinsky ut rrl. [23]. A reduction in cardiac 
uptake of ouabain-3H in the presence of digitoxin was 
also observed by Dutta and Marks [4] in the isolated 
perfused guinea-pig heart, confirming the presence of 
a saturable component in the uptake of ouabain by 
the heart. Moreover. the latter authors observed an 
increment of this inhibitory effect when the ratio of 
digitoxin to ouabain in the perfusion medium in- 
crcascd. The reduction in rn~o~ardial uptake of Des- 
l~lliatosi~ie C by ouabain obtained by us when the 
ratio of ouabain to Deslanatoside C in the perfusion 
medium (mole:l) wzs increased from lO^‘jlO-’ to 
IO ~?lO-’ appears to be in agreement with previous 
data [il. 5,231 and also indicates the presence of an 
active (saturable) component in the uptake of Des- 
lanatoside C by the heart. SDjl601, Creatinol O- 
phosphate and Daunomycin all increase the myocard- 
ial uptake of Dcslanatoside C. SD/l601 and Crea- 
tinol O-phosphate. however, increase glycoside con- 
centration only in the pellet fractions. whereas 
Daunomycin increases both pellet and supernate con- 
~entr~~tions of the glycoside. 

The fact that drugs such as SD,3601. Creatinol O- 
piiosphate and DaLlnolny~in. which decrease the myo- 
cardial toxicity of digitalis glycosidc, can cause a 
higher degree of incorporation of digitalis glycosides, 
at any rate Dcslanatoside C. is an interesting observa- 
tion which may at first sight appear to be a contradic- 
tion. 

Our data do not clarify the mechanism in\olced 
in the higher cardiac uptake of Deslandtoside C 
brought about by SD,‘1601, Creatinol O-phosphate 
and Daunomycin. They do however indicate that: a) 
drugswhichdecreasc themyocardial toxicityofdigitalis 
glycosidcs can cause a higher degree of incorporation 
of digitalis glqcosides. at any rate Des~~~n~~t~~side <.‘: 
b) while the myocardiai uptake of cardiac glycosides 
may be inhibited by other cardiac glycosides. drugs 
also exist which increase the myocardial uptake of 
cardiac glycosides. 
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