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introduced methylene group is as in structure (I), its NMR
pattern would be expected to be more complex than that
of an AB spin system, and more in keeping with an ABC,
ABX or AMX system?®. Third, the ketonic group of lunar-
ine is not necessary for the reaction to take place since the
epimeric lunarinols I (VII) and II (VI)1:$ also form con-
densation products with formaldehyde.

Lunarinol I (VII), formaldehyde and dilute acid at’
room temperature gives N!, NZ2methylenelunarinol I
(VIIT); m.p. 195-197° (methanol-ether), [o]f +251°
(c 0.086, methanol), M+ peak at m/e 451 (1009,),and the
introduced methylene group appears in the NMR-spec-
trum as a broadened two-proton singlet at ¢4.08. Lunar-
inol I1, in like manner, gives N1, Nz—methylenelunarinol
11 (V); m.p. 200-204° (methanol-ether), [«]}f+162°
(c 0.15, methanol), M+ peak at m/fe 451 (100%), and the
methylene protons in the NMR-spectrum are now just
visible as an AB quartet with da 4.00 and dr 4.15 (] =
12.0 Hz). This compound corresponds to alkaloid LBZ, the
minor product of sédium borohydride reduction of N2,
N2-methylenelunarine (IV)?!. Fractional crystallization of
the epimeric alcohols (V) and (VIII), obtained on sodium
borohydride reduction of N!, N2-methylenelunarine (IV)
gave pure N1, N2-methylenelunarinol I (VIII) as the ma-
jor product. Examples of similar Mannich-like condensa-
tions, as reported here, in which amides are.the reactive
hydrogen-containing components can be found in HeLL-
MANN?.

The configuration of the alcoholic carbon in lunarinol I
and IT was established from the NMR-spectrum by the
W1/, (width at half- helght) values for the a-proton. For
lunarinol I, the proton is at § 4.15 with W1/, = 11.5 Hz,
and at § 5.06, W'/, = 9.5 Hz for the diacetate derivative;

while in lunarinol II it is found at 6 4.00, but the W1/, va-

lue is only reliably calculated from the diacetate where it
appears unobstructed at ¢ 5.07, W1/, = 22 Hz. These fi-
gures, according to HassNER and HEaTHCOCKS®, indicate

that, with the assumption that the cyclohexane ring is in "
thé chair conforniation, lunarinol I and IT have the hydro- .

xyl group placed axial and equatorial, respectively. Fur-

.Polyacrylamide Gel Disc Electrophoresis‘of Rat
64CuCl,, 2HgCl,, and 2°Pb(NO,),

. Copper! and manganese? are excreted rapidly and in
quite large amounts into the bile, whereas lead ® and mer-
cury? in small quantities only. We were interested in the
possibility of explaining these differences by binding these
individual metals to different bile components.

In biological systems quite a number of proteins are
known to bind metals. Mercury in plasma is bound almost
exclusively to- proteins®®, manganese to transferin? or
transmanganin 2. In rats, approximately 909, of copper is
incorporated into ceruloplasmin® and most of the remain-
ing copper is loosely bound to albumin ® 10, The protein iso-
lated from rat liver having a molecular weight of 13,0001t
may be concerned with excretion of copper into the bile.
The separation of bile components showed that there
might be a relationship between lead and proteins in bi-
liary excretion3.

Using polyacrylamide gel disc electrophoresis, we com-
pared the protein spectrum of rat bile with location of
210PD, 52Mn, %4Cu and 2°°Hg on the electrophoreogram.

Materials and methods. Wistar rats (mean weight 200 g)
with external biliary fistula were used in the experiments.
Solutions of salts of metal radioisotopes were injected into
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thermore, examination .of a Dreiding model of lunarine
shows the bottom side (opposite the aryl-ether oxygen) is
less hindered, and consequently, hydride attack from this
side would produce the axial hydroxyl isomer as the pre-
dominant product? —a result we and others?® ¢ have found
experimentally.

Our evidence does not rule out the possibility that the
reaction of formaldehyde and lunarine (and the lunarinols
as well) may give the seven-membered ring system (per-
hydro-1, 3-diazepine) instead of the perhydropyrimidine.
However, examination of models shows that the six-mem-
bered ring forms easily without strain, whereas the larger
ring system is under strain. We are seeking experimental
proof to settle this question?®.

Zusammenfassung. Fiir die Lunaria-Alkaloide LBX und
LBZ werden die revidierten Structurformeln IV und V
vorgeschlagen.
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Bile after Intravenous Administration of 52MnCl,,

the tail vein (0.075 mg of 3MnCl,, 0.080 mg of #CuCl,,
0.162 mg 2%%HgCl,, and 0.198 mg of *1°Pb(NO,), per rat;
10-20 pCi per rat in a volume of 1 ml). The bile was collect-
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ed 1h before the injection (control bile) and 3 h after appli-
cation of the respective metal. The control bile and the
metal-containing bile were each collected from individual
rats and then placed on polyacrylamide gels'2. Each gel
was cut into 12 5-mm slices which were then dissolved in
0.2 m! of 309, H,O, during 12 h at 60°C. To the dissolved
sample, 6 ml of scintillation solution, 3 ml of absolute etha-
nal, and 0.5 ml of hyamine hydroxide were added. The
samples containing #2Mn, $4Cu and 20®Hg were measured
with a Tri-Carb Liquid Scintillation Spectrometer, Pack-
ard, Model 3365. The samples containing 2**Pb were mea-

. sured y-spectrometrically with the peak at 47 keV (scin-
tillation crystal Nal/Tl: 5 x4 inches).

Results and discussion. The Figure demonstrates the
spectrum of proteins in the control bile (below the dia-
grams). The electrophoretic separation of biliary proteins
was similar to that found in human bile!3. The 4 zones,
which we numbered above the electrophoreogram, corres-
pond to the zones named by ENGLERT et al.1® for human
biliary proteins. The column diagrams (Figure) represent
the percentage of the total radioactivity placed on the gel.
Each column in the diagram was obtained as a mean of
6 to 7 individual determinations.

‘With mercury, the radioactivity existed predominantly
in the prestacking gel zone containing high-molecular bile
specific protein 3. In the case of both Mn+*+ and Cu*™, the
radioactivity appeared mostly in the region of the pigment
zone. A very small amount of manganese was found in the
stacking gel near the start. Although the main quantity of
Cutt was found at the front of the electrophoreogram,
smaller parts of it were identified in the prestacking, the
albumin and the postalbumin zones, too. The maximum

%“CUG“ -
wof
20t
e T [H
80:;1”52 —
60
Lor
201
r ]
L.[]:Hgm
20 )
ok M
I pp2e
| r»_l_f—l_ﬂ})—._:—\
u e
QN 32 1
NN
! !
sor front

Fig. 1. Distribution of radioactivity detected on electrophoreogram
of rat bile after i.v. administration of *2MnCl,, $4CuCl,, 203HgCl, and
210Ph (NO,),. The values are expressed in percent of the total amount
determined of studied metal radioactivity. Regions of specific bile
proteins!®; 1, pigment-prealbumin; 2, biliproalbumin; 3, biliprotein;
4, high molecular bile-specific protein.
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amount of Pbtt was found in the postalbumin zone, de-
creasing toward the front as well as toward the start. A de-
tectable amount of lead was also measured in both the
prestacking gel and the pigment zones.

We observed no important changes between the electro-
phoretic protein profile of the control bile and that of the
metal-containing bile. After administration of 293HgCl,,
blood could be detected macroscopically in the bile in se-
veral cases. Changes in the central part of the electropho-
reogram that could be observed in these cases cannot there-
fore be discussed, since these changes may be caused by
the presence of plasma proteins13,

It is evident that all four metals are bound in various
extents in the prestacking gel zone, Hgtt possesses the
greatest affinity. Passow et al.® stated that mercury was -
mainly bound to SH groups with favourable spheric posi-
tion. Thus, it may be assumed that biliary proteins of such
a type appear mostly in the prestacking gel fraction under
our experimental conditions. :

The cations of Cutt and Mn*+ are bound to several
types of substances. Although Mn™*+ is known to be bound
to proteins!* or built into porphyrin rings 3, it is necessary
to consider its binding to bile pigments and cholic acids.
This possibility is in agreement with the correlation
shown !¢ between the amount of bilirubin in the bile and
the amount of applied Mnt+. Cutt cations are predomin-
antly bound to proteins of small molecular weight (preal-
bumin zone), or possibly form complexes with bile pig-
ments, porphyrins or bile acids as well. The binding of
CutT to proteins of higher molecular weight occurs to a
small extent. In this connection OWEN’s!? finding is rather
interesting. He ascertained a slow ¢Cu incorporation into
ceruloplasmin. This could be the reason for our observing
low radioactivity of #Cut+ in the corresponding zones.

The more rapid excretion of Mnt++ and Cut+ into the
bile in comparison with that of Pb*+ and Hg++ could be
explained by the formation of relatively small complexes
of Cutt and Mn*+. These may penetrate through mem-
branes more rapidly than complexes of Hg*+ and Pb++
which are predominatnly bound to proteins of greater mo-
lecular weight. The distribution of the cations among the
individual electrophoretic fractions of the bile is probably
related to different metabolic pathways of the metals as
well as to stability constants of the complexes.

Résumé. Aprés avoir administré i.v. & des rats les solu-
tions des sels Pb++, Hg*+, Mnt+ et Cutt, on a divisé leur
bile par des1’élécrophorése de disque sur gel de polyacryl-
amide. Les cations Hgt+ se sont montrés surtout dans la
fraction contenant des hauts polyméres d’albumine spéci-
fique pour la bile; les cations Mnt+ et Cut+ furent obser-
vés surtout dans la zone pigmentée .Le maximum des ca-
tions Pb*+ attachés s’est trouvé dans la zone de postalbu-
mine.
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