specific activity of 7 x 10° units per mil-
ligram of protein. In addition, the sheep
plasma erythropoietin preparation used
for the experiment shown in Table 3 had
a specific activity of 5000 units per milli-
gram of protein (56 percent pure) (10),
compared with 200 units per milligram of
protein for the preparation used in all
other experiments reported here.

Several observations make it unlikely
that the suppressions of erythropoietin-
stimulated hemoglobin synthesis and
CSF-mediated colony formation were
due to nonspecific actions of the impure
preparations of CSF and erythropoietin:
(i) CSF suppressed the action of eryth-
ropoietin, and erythropoietin that of
CSF, at physiologic concentrations (ap-
proximately 107''M); (ii) heat inac-
tivation of the CSF preparation com-
pletely abolished its capacity to suppress
erythropoietin action (Table 2); and (iii)
CSF alone had no effect on baseline he-
moglobin synthesis by marrow cells.

In contrast to our findings, Mitchell
and Adamson (/1) observed no reduction
in the response by rat marrow cells to
erythropoietin after incubation of the
cells with CSF. A possible explanation
for this difference may be found in the
source and purity of the CSF. Mitchell
and Adamson used a relatively crude
material prepared from rat leukocyte cul-
ture medium. We have found that un-
fractionated serum from rats and mice,
injected with endotoxin 3 hours prior to
bleeding, is a potent stimulator of gran-
ulocyte-macrophage colony formation,
but does not suppress the response by
marrow cells to erythropoietin. In con-
trast, both human urinary CSF and CSF
prepared from L cell culture medium are
effective suppressors of erythropoietin
action.

The results of our studies in vitro pro-
vide support for what has been found re-
peatedly in vivo; namely, that competing
demands affect erythroid and gran-
ulocytic differentiation (I, 2). Our re-
sults, however, are not compatible with
a ‘‘three-tier’”” stem cell model (3) in
which inducers act only on unipotent
stem cells, unless these committed stem
cells can again become pluripotent, in
which case ‘‘commitment” has an al-
tered meaning. Our findings do fit an al-
ternative model in which pluripotent
stem cells, once they start cycling, be-
come sensitive to inducers through the
transient appearance of specific recep-
tors for the inducer during the cell cycle
). In addition, these data confirm our
previous results suggesting that eryth-
ropoietin can act at the pluripotent stem
cell level by predisposing spleen colony-
forming cells to erythroid colony for-
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mation at the expense of nonerythroid
spleen colonies (12).

An alternative explanation of these re-
sults suggests that the committed, unipo-
tent cells have receptors with specific-
ities that overlap, so that the eryth-
ropoietin receptor can bind CSF and the
CSF receptor can bind erythropoietin.
The binding of the ‘‘wrong’’ inducer will
not result in the initiation of the devel-
opmental process, but will prevent the
binding of the ‘‘right’’ inducer. These
two different models could, in principle,
be distinguished by study of the binding
of labeled inducer by means of auto-
radiography.

GARY VAN ZANT
EUGENE GOLDWASSER
Franklin McLean Memorial Research
Institute and Department of
Biochemistry, University of Chicago,
Chicago, lllinois 60637
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Liposome Accumulation in Regions of

Experimental Myocardial Infarction

Abstract. The uptake of liposomes bearing positive, negative, or no net charge on
their membrane and containing a radioactive tracer, [*"Tc]diethylenetriamine pen-
taacetic acid, was studied in 12 intact dogs 24 hours after the induction of myocar-
dial infarction, and compared to the relative regional myocardial blood flow deter-
mined from radioactive microspheres. Positively charged and neutral liposomes con-
centrate in infarcted regions against a flow gradient, while negative liposomes are
passively distributed according to regional blood flow. Because positively charged
and neutral liposomes concentrate in infarct areas and have the ability to incorpo-
rate pharmacologic agents in their aqueous or lipid phase, they may serve as vehi-
cles for drug delivery to infarct zones of low flow.

Liposomes have been proposed as ve-
hicles for delivery of therapeutic agents
into cells. Other investigators have dis-
cussed the capacity of these lipid spheres
to provide an enhanced mode of intra-
cellular entry for metabolically and phar-
macologically active substances such as
enzymes, antineoplastic drugs, chelating
agents, and hormones (/). In most stud-
ies, cell suspensions in vitro or tissue
cultures were used, and attention was fo-
cused on mechanisms of liposome-cell
interactions and characterization of elic-
ited intracellular responses. Other work-
ers have investigated the characteristics
of the distribution of liposomes in normal
and abnormal tissues in vivo. Recently,
liposomes were found to be concentrated
preferentially in certain tumors, a situa-

tion with major therapeutic implications.
In fact, the administration of liposomes
containing actinomycin D to tumor-bear-
ing mice prolonged their survival com-
pared to mice treated with the free
chemotherapeutic agent alone (2).
Acute myocardial infarction second-
ary to coronary artery occlusion is a con-
dition that might benefit from the en-
hanced delivery of pharmacologic agents.
The work of Maroko and Braunwald
(3) suggests that the degree of ischemic
injury and subsequent necrosis result-
ing from myocardial infarction is not
constant, but rather is subject to ther-
apeutic modification. The selective con-
centration of appropriate therapeutic
agents, particularly in infarct regions of
markedly reduced regional blood flow,
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Fig. 1 (left). Relation between the uptake of

negatively charged liposomes (L) [*™Tc RMBF (infarct/normal)

DTPA (Sn)] and the distribution of #3Sr-labeled microspheres in the left ventricle myocardium of dogs subjected to experimental infarction.
Activities are expressed as ratios between infarct sample and the mean of five normal samples in each study. The infarct to normal ratio ob-
tained from the radioactivity of the ®Sr-labeled microspheres is an estimation of relative regional myocardial blood flow (RMBF). A positive
correlation is shown between the liposome concentration and the relative regional myocardial blood flow (N = 58,r = 0.82,y = 0.679 x +0.25).
Fig 2 (right). Relation between the uptake of (A) positively charged and (B) neutral liposomes [***Tc DTPA (Sn)] and the distribution of #Sr-
labeled microspheres in myocardium. (A) When the relative regional myocardial blood flow decreases, the concentration of positively charged
liposomes increases (N = 94, r = —0.88, y = —2.8 X +3.8). (B) A similar increase is observed with neutral liposomes (N = 54, r = —0.80,

y=—1.37 x +2.42).

might provide the optimum circumstance
for salvaging potentially retrievable is-
chemic myocardium. We now report that
intravenously administered liposomes,
potential carriers of pharmacologically
and metabolically active agents, distrib-
ute within the canine left ventricle sub-
jected to acute infarction in a manner re-
sulting in preferential accumulation with-
in the infarct zone. This phenomenon is
also related to the net surface charge of
the liposomes such that liposomes with a
net positive charge or with no net charge
on their lipid membrane concentrate in
infarct regions, while liposomes with a
net negative charge do not.

Liposomes were prepared according
to standardized techniques that have es-
tablished that the addition of an anionic
phospholipid (dicetylphosphate) or a cat-
ionic phospholipid (stearylamine) confer
either negative or positive net surface
charge to the liposome membrane, re-
spectively 4).

Neutral liposomes were prepared with
lecithin and cholesterol (molar per-
centages 84 : 16); negatively charged lip-
osomes with lecithin, cholesterol, and
diacetylphosphate (molar percentages
70 : 10 : 20); and positively charged lip-
osomes with lecithin, cholesterol, and
stearylamine (80 : 10 : 10) (5). After
rotatory evaporation of the lipid mixture
in chloroform, the dry lipids were resus-
pended in a saline solution of [A*™Tc]A
diethylenetriamine  pentaacetic  acid
(DTPA) and sonicated for 5 minutes in a
bath sonicator at room temperature (6).
This was followed by filtration of the lip-
ids through a 1.2-um Millipore filter. The
nonentrapped radioactive tracer was re-
moved by column chromatography in
Sepharose 6B (positive and negative lip-
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osomes) or Sephadex G-200 (neutral lip-
osomes) or by centrifugation at 1300g for
15 minutes (neutral liposomes). In the
last case, the supernatant was removed
and the liposome pellet was resuspended
in saline and centrifuged again. The pro-
cedure was repeated two times, and be-
fore use, the liposomes were forced
through a 1.2-um Millipore filter (7). Ra-
dioactively labeled liposomes of approxi-
mately 1 um in diameter, with either net
positive, negative, or no net surface
charge were administered intravenously
to 12 dogs (8), 24 hours after the induc-
tion of embolic closed-chest anterior
wall myocardial infarction created as de-
scribed (9). Two hours after the injection
of liposomes, 2 X 10% to 4 X 108 %Sr-la-
beled carbonized microspheres (15 + 3
pm in diameter) (/0) were injected into
the left atrium for measurement of rela-
tive regional myocardial blood flow (/7).
Five minutes after microsphere injec-
tion, the animals were killed.

The radioactivity from the liposomes
and the #Sr-labeled microspheres was
measured in both infarcted and normal
left ventricle regions (/2). Infarct to nor-
mal ratios (I/N) for transmural segments
as well as endocardial and epicardial por-
tions were calculated for both liposomes
and microspheres. The regional myocar-
dial concentration of liposomes could
then be directly related to corresponding
regional myocardial blood flow in the
same sample.

Liposomes with negative surface
charge did not become concentrated in
regions of ischemia or infarction. In fact,
myocardial uptake of negative liposomes
correlated positively with microsphere
estimates of relative regional myocardial
blood flow (Fig. 1). In contrast to nega-

tive liposomes, both positive and neutral
liposomes became concentrated in areas
of ischemia and infarction. This accumu-
lation was routinely noted in regions
with reduced regional myocardial blood
flow, and as regional myocardial blood
flow decreased, liposome concentration
increased (Fig. 2). The transmural distri-
bution of liposomes within the infarct
zone further demonstrated this accumu-
lation against a flow gradient (Fig. 3).
Within the infarct zone, as expected, the
regional myocardial blood flow, as deter-
mined from the labeled microspheres,
demonstrated relative subendocardial is-
chemia with endocardial to epicardial
(endo : epi) flow ratios consistently less
than one. However, the endo : epi ratio
for positive liposomes (mean *+ standard
error) was 1.27 = 0.0S5, whereas the cor-
responding endo : epi ratio for the mi-
crospheres in the same animals was
0.65 = 0.09 (P < .001). For neutral lip-
osomes the endo:epi ratio was
1.36 = 0.06, with the corresponding en-
do : epi ratio for labeled microspheres
being 0.27 = 0.05 (P < .001). For nega-
tive liposomes, the endo : epi ratio was
0.75 = 0.04, whereas the ®Sr ratio was
0.53 = 0.08 (P < .05) (two-tailed signifi-
cance test). In the last case, the small but
significant difference observed between
the two endo : epi ratios is not an in-
dication of accumulation of negative lip-
osomes in areas of endocardial ischemia,
but may reflect the disparity in diameter
between liposomes (approximately 1
um) and microspheres (15 = 3 um). The
effect of size on the endo : epi distribu-
tion of microspheres has: been docu-
mented (13).

These findings indicate that the con-
centration of liposomes in ischemic or in-
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farcted tissue is related to the surface
properties of the liposomes. Liposomes
prepared with diacetylphosphate and
bearing a net negative charge do not be-
come concentrated in infarcted areas and
are distributed passively in response to
regional myocardial blood flow, whereas
positively charged and neutral liposomes
show a preferential myocardial uptake in
regions with diminished regional myo-
cardial blood flow. These data corrobo-
rate the demonstration in vitro that the
composition of the liposomic membrane
influences liposome-cell interactions
(I14). Studies in vivo also have shown
surface charge-dependent differences in
organ distribution and rate of removal of
liposomes from the circulation (15, 16).

It can be argued that by detecting the
activity of ¥"Tc DTPA we do not follow
the fate of the liposomic membrane;
since even though the free tracer was re-
moved by chromatography or centrifuga-
tion, the labeled compound contained in
the aqueous phase of the liposomes and
adsorbed on the surface of liposomes
may have been released in the blood-
stream after administration. However, it
has been demonstrated that (i) liposomes
carry their content in the bloodstream
without significant interaction with the
environment (/7); (ii) liposomes success-
fully deliver their content into the cy-
toplasm after endocytosis or fusion with
cellular membranes (/8); and (iii) posi-
tive, negative, and neutral liposomes
labeled with **"T¢ DTPA dramatically
change the organ distribution of *mTc
DTPA in normal mice and dogs (16, 19).
It is therefore reasonable to assume that
in our experiments the distribution of
9mTe radioactivity represents the distri-
bution of liposomes.

The type of cells responsible for lip-
osomal uptake in ischemic or infarcted
myocardium, the degree of cellular dam-
age needed to induce such uptake, and
the mechanisms for the selective concen-
tration of liposomes with varying surface
charges are all unknown. It is conceiv-
able that the regional uptake may be a
reflection of the prolonged residence
time of liposomes in regions of low blood
flow. Some additional mechanisms that
should be considered include (i) varia-
tions in capillary permeability owing to
direct alteration of endothelial cells or to
changes in the ionic composition of sur-
rounding tissues; (ii) phagocytosis of lip-
osomes by leukocytes followed by leu-
kocyte-liposome migration into infarcted
regions; (iii) preferential regional de-
struction owing to lysosomic enzymes
followed by release of intraliposomic
content; and (iv) direct penetration of
liposomes into the cytoplasm of ischemic
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Fig. 3. Endocardium to epicardium ratios
within the infarct zone for positive, neutral,
and negatively charged liposomes (hatched
bars) and for #Sr-labeled microspheres (open
bars). Positive and neutral liposomes accumu-
late in endocardium (endo : epi ratio > 1),
while the microsphere regional myocardial
blood flow demonstrates a relative subendo-
cardial ischemia (endo : epi ratio < 1). The
small but significant difference between the
transmural distribution of negatively charged
liposomes and corresponding microspheres is
explained by the disparity in diameter of lip-
osomes (~1 wm) and microspheres (15 = 3
um) (see text). In contrast, in normal myocar-
dium, endo : epi ratios for positive, negative,
and neutral liposomes were 1.09 = 0.04,
0.77 = 0.02, and 1.13 = 0.04, respectively.

or infarcted cells, facilitated by structur-
al alteration of the cell membrane, there-
by exposing strongly negative intra-
cytoplasmic proteins to the extracellular
compartment (20).

Irrespective of the mechanisms of up-
take, the radioactive tracer contained in
positive and neutral liposomes can reach
areas of myocardial ischemia and con-
centrate therein. In these experiments,
liposomes delivered their content to the
affected myocardial regions, thereby
demonstrating their potential use as ve-
hicles for drug delivery. The magnitude
of entrapment of water-soluble drugs in
liposomes is limited by the volume of the
aqueous compartment of the liposomes.
Although the aqueous phase volume may
be increased, the size of that com-
partment will always present a limit to
the amount of water-soluble drug that
can be introduced. In our experiments
the entrapment of *™Tc DTPA was nev-
er beyond 3 percent of the activity initial-
ly added. This limitation does not exist
when lipid-soluble substances are used
because they can be readily incorporated
into the lipid phase of the liposome. In
this last case incorporation will approach
100 percent. The effect that lipid-soluble
compounds incorporated in the lipid
membrane may have on the stability of
liposomes should be considered for each
particular case.

It is conceivable that, as carriers of an-
tiarrhythmic drugs, liposomes could en-
sure preferential drug accumulation in
severely ischemic regions which are the
anatomic site of origin of potentially le-
thal ventricular arrhythmias. The capac-

ity of liposomes to reach these myocar-
dial regions also might be utilized to de-
liver other compounds that could lead to
increased regional myocardial viability
following infarction. Several pharmaco-
logic agents have been suggested for this
purpose. The administration of hyal-
uronidase and glucose-insulin-potassium
has been shown to reduce the size of ex-
perimental myocardial infarction (21).
Similarly, the use of corticosteroids has
been reported to modify the extent of
necrosis, most probably through the sta-
bilization of lysosomal and cellular mem-
branes (22). Finally, enhanced local de-
livery of metabolically active agents
such as high-energy phosphates, B-ad-
renergic blocking agents, or intracellular
buffers to offset regional acidosis might
also be considered.
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Abstract. A group of 590 women who, 4 to 5 weeks after their last menstrual peri-
od, were confirmed to be pregnant, as measured by the human chorionic gonadotro-
pin ('hCG) by radioreceptor assay. Nine of these women had serum hCG levels ap-
proximately twofold higher than the others and were suspected of having twin preg-
nancy. When these women were tested at 12 weeks of gestation, pelvic sonography
confirmed twin pregnancies in all the nine cases. Serum hCG levels thus provide a
simple, rapid, and easy method to detect twin pregnancy.

Fetal risk in twin pregnancies are three
to four times higher than in single gesta-
tion (I). The combined effects of pre-
maturity and intrauterine retardation are
the main causes of perinatal wastage in
multiple births. Moreover, maternal
complications in twin pregnancy are in-
creased and include preeclampsia, poly-
hydramnios, anemia, and intrapartum
complications (2). The prognosis for twin
pregnancy can be considerably improved
by early diagnosis and adoption of pro-
phylactic measures. For example, in one
study, the incidence of premature labor
was reduced to 2 percent in patients with
strict bed rest, as compared to 12 percent
in the other patients with twins (3). At
present, 50 percent of all twin deliveries
are discovered only at delivery ¢). Se-
rum titers of human placental lactogen

have been shown to be diagnostic of
twins at 29 weeks of gestation (5). Pelvic
ultrasound can detect twins at 12 weeks
of gestation (/); however, sonography is
expensive, time-consuming, and not
widely available. An earlier screening
test, therefore, is needed to provide for
optimal care in twin pregnancy.

Seven days after conception, human
chorionic gonadotropin (hCG) can be de-
tected in serums of pregnant women by
radioimmunoassay and radioreceptor-
assay (RRA), which detects hCG or
luteinizing hormone (or both) (6). Dur-
ing the last 3 years, more than 5000
women were screened for pregnancy
with the RRA for hCG. There has been
nearly 100 percent reliability in the de-
tection of pregnancy at the time of
missed period. The level of hCG has

Table 1. Comparison of hCG (1 ng hCG = 12 milli-international units) levels in single and twin
pregnancies. Abbreviations: LMP, last menstrual period; LH, luteinizing hormone.

Single gestation

Twin gestations

Dagidfi)om hCG or LH (ng/ml) hCG or LH (ng/ml)
Mean* Range Meant Range
28 5.39 0.78t0 10 5.39 0.79to 10
33 37.5 25 to 50 125 100 to 150
36 125 100 to 150 1,600 200 to 300
40 300 200 to 400 4,862 725 to 9,000
45 3,000 1,000 to 5,000 10,500 6,000 to 15,000
70 10,000 8,000 to 12,000 34,500 29,000  to 40,000

*Mean from 15 women with normal single gestation.

738

tMean from nine women with twin gestation.

been a good index for the size, weight,
and function of the placenta in preg-
nancy (7, 8).

From July to November 1976, a total
of 590 serum samples obtained from
women 4 to 5 weeks after their last men-
strual period were positive for hCG by
the RRA. The hCG levels of nine of
these samples were significantly higher
than those of the other 581 samples. At
least four subsequent determinations
were obtained on each of these nine
patients during the first 70 days of gesta-
tion. Pelvic sonography was performed
in all nine of these patients. Fifteen of
the 581 women, with normal hCG titers
for 4 to 5 weeks of gestation, were fol-
lowed with weekly determinations of se-
rum hCG. All 15 delivered single infants
at full term. Therefore, their serial hCG
levels were used as the control.

As is shown in Table 1, the levels of
hCG at the time of the missed period (33
days from the last menstrual period)
were, approximately, twofold greater in
the women carrying twins than in those
carrying single infants. In the cases of
single-infant gestation, hCG rose from 1
to 1000 ng/ml within 30 days, whereas in
the women with twin gestations hCG
rose from 1 ng/ml to 1000 ng/ml, within
10 days [l ng of hCG = 12 milli-inter-
national units (mIU)]. The hCG reached
a plateau at 10 weeks in the women with
single gestations with a range of 8,000 to
12,000 ng/ml. The hCG plateau in the
women carrying twins also occurred at
10 weeks but with a range of 20,000 to
40,000 ng/ml. All of the nine women who
showed the higher hCG levels were con-
firmed by pelvic sonography to have
twins. These observations show that the
determination of serum hCG early in
pregnancy could be used as a screening
test for twins and would be useful in
patients who have a high probability of
carrying twins, such as in cases of ovula-
tion induction. Therefore, the physician
is able to take prophylactic measures at
the earliest possible time.

Lois JovaNoviC

ROBERT LANDESMAN, BriJ B. SAXENA
Cornell University Medical College,

New York 10021
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