Calcinogenic Factor in Solanum malacoxylon: Evidence
That It Is 1,25-Dihydroxyvitamin D;-Glycoside

Abstract. After glycosidic cleavage of the water-soluble vitamin D-like principle of
the calcinogenic plant Solanum malacoxylon, the active lipophilic portion was puri-
fied by column chromatography and analyzed by combined gas chromatography and
mass spectrometry. It was identified as 1,25-dihydroxyvitamin D, the active form of
vitamin D. Thus this active metabolite of vitamin D exists in the plant world, and its
presence probably accounts for pathologic calcification in grazing animals ingesting

Solanum malacoxylon.

1,25-Dihydroxyvitamin D,  [1,25-
(OH),D,] is the biologically active form
of vitamin D, which is biosynthesized in
the kidney and mediates calcium and
phosphate absorption from the intestine
(1). This active metabolite, found in ex-
perimental animals (2, 3) and in humans
4, 5), has not previously been detected
in plants although cholesterol and choles-
terol derivatives have been identified in
some botanical species (6). The ingestion
of certain plants by grazing animals
causes calcinosis and pathologic features
similar to hypervitaminosis D (7). These
animals are usually hypercalcemic and
hyperphosphatemic with extensive soft
tissue calcification, resulting in stiffness
of limbs, emaciation, and possibly death.
One such calcinogenic plant species
found in South American countries is
Solanum malacoxylon (7).

An aqueous extract of S. malacoxylon
has been shown to mimic the biological
properties of 1,25-(OH),D, 8). Of partic-
ular significance was the observation
that S. malacoxylon increases calcium
absorption and induces calcium binding
protein synthesis in chicks fed strontium
to inhibit the kidney la-hydroxylase en-
zyme responsible for the formation of
1,25-(OH),D; (9). This and other findings
(8) clearly demonstrate that the vitamin
D-active substance in S. malacoxylon is
at least a functional analog of 1,25-
(OH),D;, not requiring metabolic activa-
tion in the kidney. In contrast to these bi-
ological similarities is a marked chemical
difference between the S. malacoxylon
factor, which is water-soluble (7) and has
an apparent molecular weight in excess
of 1000 (/0), and 1,25-(OH),D,, which is
preferentially soluble in organic solvents
and has a molecular weight of 416 (2, 3).
Therefore, the identification of the active
S. malacoxylon principle and its com-
parison with the animal hormone was of
considerablé interest.

Preliminary characterization of the S.
malacoxylon factor suggested that it is in
part a sterol which is very similar or iden-
tical to 1,25-(OH),D; (9). Specific chem-
ical detection reagents showed the pres-
ence of glycosidic moieties in the active
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factor and that the factor can be hydro-
lyzed in vitro (/1) by B-glucosidase (E.C.
3.2.1.21) orin vivo by the chick to yield a
biologically active compound which is
soluble in organic solvents. This lip-
ophilic substance was found to be strik-
ingly similar to the 1,25-(OH),D, hor-
mone, both in its chromatographic mobil-
ity and in its ability to compete with
radioactive 1,25-(OH),D, for binding to
the specific intestinal receptor protein
(12, 13). Additional physical character-
ization included an ultraviolet absorption
spectrum identical to 1,25-(OH),D, and a
partial mass spectrum with a parent mo-
lecular ion at m/e 416 (12).

In the present study, the active lip-
ophilic fragment of the S. malacoxylon
factor was purified by column chroma-
tography and identified by combined gas
chromatography and mass spectrometry.
Dried S. malacoxylon leaf (I4) was ex-
tracted and the water-soluble active frac-

tion was purified as described by Peterlik
and Wasserman (/7). Partial hydrolysis
of this fraction, equivalent to 45 g of the
original leaf powder, was accomplished
with a mixed glycosidase preparation de-
rived from the sea worm, Charonia lam-
pas (15). Subsequent to hydrolytic cleav-
age, the biologically active fraction was
soluble in a mixture of methanol and
chloroform (2:1 by volume). After the
addition of tritiated 1,25-(OH),D, (0.875
ng; 15,000 count/min) (/6) to this meth-
anol-chloroform-soluble fraction as an
internal marker, purification was effected
by chromatography on colurins of Seph-
adex LH-20, silicic acid, and Celite (/7).
The purified hydrolyzed S. malacoxylon
factor exhibited an ultraviolet absorption
spectrum (/8) identical to 1,25-(OH),D,
(maximum absorbance at 264 nm, mini-
mum at 228 nm). If an extinction
coefficient equivalent to the native sterol
hormone is assumed, 4 ug of active §.
malacoxylon factor were isolated. Inde-
pendent quantitation by radioreceptor as-
say 4, 5) verified the presence of 3 to 4
ugof 1,25-(OH),D.~like activity. One mi-
crogram of this material was analyzed by
direct probe mass spectrométry (19) to
yield the spectrum shown in Fig. 1A.
The compound displayed a parent molec-
ular ion of m/e 416 as well as peaks at
mle 398, 380, and 362 which are charac-
teristic of the parent minus one, two, and
three H,O, respectively. This suggests

Fig. 1. Analysis of the
lipophilic fragment of
S. malacoxylon by
gas - chromatography
and mass spectrome-
try. (A) Direct probe
mass spectrum of 1
ug of purified hydro-
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that the S. malacoxylon factor, like 1,25-
(OH), D, has three hydroxyl groups pres-
ent in the molecule. Additional frag-
ments at m/e 285, 267, 251, and 152 and
134 localize two of these hydroxyl
groups in the A ring of the sterol mole-
cule; and the strong signal at m/e 59 is
consistent with the third hydroxyl being
situated on C-25 in the side chain. This
spectrum (Fig. 1A) is very similar to pub-
lished mass spectra for authentic 1,25-
(OH),D,; @2, 3). These data, in com-
bination with the characteristic vitamin
D ultraviolet spectrum and the high affin-
ity of the hydrolyzed §. malacoxvion
molecule for the specific intestinal recep-
tor protein (/2), support the conclusion
that the active principle of S. malacoxy-
lon is 1,25-(OH),D,.

To further substantiate this con-
clusion, we analyzed the purified sample
by combined gas chromatography and
mass spectrometry (20) in the electron
impact ionization mode and compared its
mass spectrum with that of synthetic
1,25-(OH),D;. Figure 1B shows the gas
chromatographic trace obtained with 1
pg of synthetic 1,25-(OH),D, in the inset
and the mass spectrum of the major peak
of ion current emerging from the column.
This peak emerges at a time of 14 min-
utes. The fragment pattern is distinct
from that obtained by direct probe, ex-
cept for fragments at m/e 251, 362, and
380, indicating thermal cyclization of
1,25-(OH),D, (2/). The fragments with
m/e 380, 362, and 251 represent the trans-
formed parent molecular ion minus two
H,O, parent minus three H,O, and the
cyclized ABCD ring system minus side
chain and two H,0, respectively. The ac-
tual parent molecular ion is not seen be-
cause of the extreme dehydrating temper-
atures of the gas chromatograph-mass
spectrometer combination.

Figure 1C illustrates the total ion cur-
rent trace obtained from gas chromatog-
raphy of 2 ug of purified hydrolyzed §.
malacoxylon factor in the inset and the
mass spectrum of the major peak of the
ion current. Again, the major peak
emerges at a time of 14 minutes, resolved
from several minor contaminants present
in the sample. Mass spectral analysis of
this peak reveals a fragment pattern
equivalent to that obtained for 1[,25-
(OH),D,,. The coincident migration of the
active lipophilic fragment of S. mala-
coxylon factor with 1,25-(OH),D; on the
gas chromatographic column and the
identical mass spectra of the resulting
peaks provides evidence that the struc-
ture of this calcinogenic factor is 1,25-
(OH),D;.

It must be emphasized that the .
malacoxylon factor occurs as a water-
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soluble substance in the native state and,
after enzymatic cleavage with a mixed
glycosidase preparation, becomes lip-
ophilic. The same alteration of the solu-
bility properties of the active substance
by almond pg-glucosidase (/2) strongly
suggests that the naturally occurring
form of this principle is a 1,25-(OH),D.-
glycoside. More work is necessary to de-
fine the composition of the carbohy-
drates linked to the sterol and to deter-
mine the positions of conjugation. Even
if there were a family of calcinogenic
compounds with varying carbohydrate
sequences, the common active unit
would probably be the 1,25-(OH),D, hor-
mone. This is supported by the fact that
oral administration of crude S. malacoxy-
lon extract to chicks rapidly produces
significant plasma 1,25-(OH),D, (/2), a
finding which also implies that animals
possess endogenous glycosidases for hy-
drolyzing the native factor or that hydrol-
ysis is due to intestinal microbial action.
The discovery of 1,25-(OH),D,-glyco-
side in S. malacoxylon raises the ques-
tion of whether this sterol hormone is
present in other calcinogenic plants,
such as Cestrum diurnum which is in-
digenous to southeastern United States,
Jamaica, and Hawaii (5). Also, the rea-
son for the existence of such calcinogen-
ic factors remains unknown. On one
hand, they may play a role in the mineral
metabolism of the plants, while on the
other, they may serve some survival
function in the plant’s ecosystem. Re-
cently 1,25-(OH),D, has been used in the
treatment of numerous human disorders
of calcium and phosphorus metabolism
(22). The naturally occurring 1,25-
(OH),D-glycoside, such as that found in
S. malacoxylon. may offer therapeutic
advantages over the synthetic sterol.
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Radioimmunoassay for Creatine Kinase Isoenzymes

Abstract. Creatine kinase has three isoenzymes designated MM, MB, and BB,
with BB being the brain form and MM the muscle form. Antibodies to BB creatine
kinase were obtained by immunization of rabbits with human BB creatine kinase. The
antibodies demonstrated specificity for BB and MB creatine kinase (myocardial
isoenzyme), but no cross-reactivity with MM creatine kinase. With the use of this
antibody, a highly sensitive radioimmunoassay capable of measuring picomolar
amounts of MB creatine kinase has been developed. Clinical application of this meth-
od should provide a sensitive and specific test for the diagnosis of myocardial in-

farction.

Creatine kinase (E.C. 2.7.3.2) is a di-
meric molecule that exists in at least
three isoenzyme combinations [each
with a mass of approximately 82,000 dal-
tons (/)] designated MM, MB, and BB
on the basis of monomer composition, M
being the predominant form in muscle
and B being the predominant form in
brain. Plasma from normal human sub-
jects contains primarily MM, with less
than 0.005 international unit (IU) of MB
per milliliter and no detectable BB cre-
atine kinase. The only human tissue con-
taining appreciable amounts of MB cre-
atine kinase is myocardium (2), and ele-
vated MB creatine kinase activity in plas-
ma is a remarkably sensitive and specific
marker indicator of myocardial injury.
Accordingly, analysis of serial changes
in plasma MB creatine kinase activity
has been utilized to estimate the extent
of acute myocardial infarction in experi-
mental animals and patients (3, 4). Re-
sults of such estimates are directly de-
pendent on several parameters, one of
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which is the rate of disappearance of MB
creatine kinase from plasma. Unfortu-
nately, factors responsible for the dis-
appearance of MB activity from the cir-
culation in particular, and disappearance
of activity of numerous other enzymes
used as markers of organ injury in gener-
al, have not been well elucidated ¢). Fur-
thermore, it is not clear whether the dis-
appearance of enzyme activity is rate-
limited by inactivation, denaturation, or
removal of intact enzyme molecules
from the circulation. Despite the general
similarity of individual creatine kinase
isoenzymes, the rates of disappearance
of their activities from the circulation are
strikingly different and are not directly
related to their lability in solution in vitro
©).

Ischemic heart disease is the most
common cause of death in the Western
world and in the United States alone it
accounts for over 750,000 deaths per an-
num. The prevalence of myocardial in-
farction is high but the diagnosis is often

difficult to confirm. Accordingly, the
need for improved diagnostic tests with
increased sensitivity and specificity ex-
ists. The present study was undertaken
to develop a sensitive and specific assay
for quantitative detection of isoenzymes
of CK containing the B subunit based on
physical properties of the enzyme mole-
cules as well as isoenzyme activity. Anal-
ysis of profiles of creatine kinase isoen-
zymes in human tissue indicates that
brain contains only BB (2, 6), skeletal
muscle only MM (2, 6, 7), and heart, a
combination of MM and MB (2, 6). Nev-
ertheless, after brain injury, BB does not
appear in the circulation, as shown by
studies of patients with cerebral in-
farction, injury, or infection (8, 9). This
may be due to the blood brain barrier, or
lability of BB creatine kinase in cerebral
spinal fluid, or blood itself, although the
reason for the lack of appearance of BB
has not been established. After cerebral
damage, plasma MM is often elevated,
presumably because it is released from
skeletal muscle as a result of sympathet-
ic stimulation (/0). Analysis of creatine
kinase isoenzyme activity in the plasma
after intramuscular injections (/) and
surgical procedures (2) demonstrates
that plasma MM creatine kinase may be
markedly elevated as a result of these
procedures. However, neither BB nor
MM increases in concentration. Since
BB creatine kinase does not appear in hu-
man plasma after myocardial infarction
(7), the availability of such an assay for
the B subunit should be useful in charac-
terizing the rate and nature of dis-
appearance of MB creatine kinase isoen-
zyme activity from the circulation and in
facilitating detection and quantification
of myocardial infarction. Although sever-
al assays for MB creatine kinase activity
have been developed 6, 11, 12), they are
not ideally suited for quantitative analy-
sis of large numbers of samples: their
sensitivity is somewhat limited, and they
rely exclusively on detection of enzyme
activity rather than other physical prop-
erties of creatine kinase isoenzyme mole-
cules.

MM and MB isoenzymes were pre-
pared from human myocardium (obtained
at necropsy within 3 hours of death)
and BB was prepared from human brain
as recently described (13). In brief, these
tissues were homogenized in 0.05M tris-
HCI (pH 7.4) containing 0.001M 2-mer-
captoethanol, centrifuged at 31,000g,
and extracted repetitively with ethanol.
Individual isoenzymes were precipitated
with 70 percent ethanol, resuspended,
separated completely from each other by
batch adsorption and column chromatog-
raphy with diethylaminoethyl cellulose-
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