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plasma, the release of radioactivity is very small. The release of 
radioactivity is rapid at the beginning but after 5-10 min, not- 
withstanding the concentrations of conjugate, it slows down and 
practically stops when the protein-bound radioactivity is about 
50 % of the initial value. If after 60 min of  incubation of L30- 
HSA-ara-[2, 8-3H]AMP6.4 in mouse plasma (750 p.g/ml), new la- 
beled conjugate is added, the release of radioactivity from the 
conjugate starts again, following the same curve as in the first 60 
min (experiment not shown in fig. 1). 
These in vitro experiments indicate that some (40-50 %) of the 
conjugated ara-AMP molecules remain linked to L-HSA in 
mouse plasma. The inhibition of D N A  synthesis, produced by 
L-SA-ara-AMP conjugates selectively in the liver of mice with 
Ectromelia virus hepatitis, is very probably caused by these drug 
molecules which are not released freely in plasma and can be 
transported by L-SA selectively into the hepatocytes. 
It is probable that the ara-AMP molecules which remain linked 
to L-HSA are protected by a steric hindrance from the enzymes 
which cleave the linkage between the drug and the carrier pro- 
tein. However, it is not possible to exclude the possibility that 
different drug-protein bonds are formed during the conjugation 
and that the ara-AMP molecules which remain linked to L-HSA 
are coupled by a bond which is not enzymatically cleaved. 
Experiments in vivo. In contrast to previous results 6 the values of 
protein-bound radioactivity in mouse plasma after injection of 
the conjugates labeled in the ara-AMP moiety are lower than 
those after administration of an equal dose of L30-[3H]HSA-ara - 
AMP6. 2 (fig. 2). In the latter the radioactive label is linked to 
protein by a bond which is very strong and not enzymatically 
cleaved 14. A splitting of the bond between the drug and the 
protein (or between ara-A and the phosphate) accounts for this 
finding as has been demonstrated by the experiments in vitro 
(fig. 1). 
Figure 3 shows the curve of  disappearance from plasma of 
conjugated ara-AMP as identified by RIA. Deoxycoformycin, a 
drug which when administered i.p. to mice at the dose of  2 ~tg/g 
completely inhibits ara-A deamination for more than 5 h/l, does 
not increase the plasma levels of coupled ara-AMP (fig. 3). This 
suggests that ara-AMP conjugated to L-HSA is not deaminated 
in mouse plasma in contrast to free ara-A and ara-AMP which 
are very rapidly metabolized to the hypoxanthine derivative 18-2~ 
Coupled ara-AMP, detected by RIA, is present in plasma in 
percentages of the administered dose (fig. 3) which are lower 
than the percentages of protein-bound radioactivity after injec- 
tion of the conjugates labeled in the drug moiety (fig. 2). This 
may occur because those ara-AMP molecules which are pro- 
tected by steric hindrance from the enzymes which cleave the 
bond with L-HSA (as was suggested above) may be the same 
which are not accessible to antibodies and consequently are not 
detected by RIA (see 'materials and methods'). 
In conclusion, the present experiments show that in plasma of 
mice some ara-AMP molecules are enzymatically released from 
L-HSA conjugates whereas some of them remain linked to the 

carrier, probably because they are protected by steric hindrance 
from the activity of enzymes. Evidence has been obtained that 
ara-AMP is not deaminated when it is conjugated to L-HSA. 
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Calcium accelerates cholesterol phase transitions in analog bile 
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Summary. Analog bile supersaturated with cholesterol was constituted, filtered and divided into equal portions containing no 
calcium or calcium, 2.5-15 mM. Aliquots were removed over the next 48 h and filtrates analyzed for cholesterol, bile acid and 
lecithin. Calcium accelerated cholesterol loss from solution in a dose-related fashion. 
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Cholesterol supersaturation of bile is always present in patients 
with cholesterol gallstones 1. However, since cholesterol super- 
saturation also occurs in healthy man, lithogenicity is probably 

best defined as an inability to maintain cholesterol in solution in 
a supersaturated state 2-3. In spite of  supersaturation in both 
groups, cholesterol microcrystals are consistently present in bile 
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of subjects with cholesterol gallstones, but absent in subjects 
without gallstones 4. The processes responsible for maintenance 
of cholesterol supersaturation are poorly understood. Super- 
saturation is not maintained in in vitro bile analogs with total 
lipid concentrations similar to gallbladder bile, nor in most sub- 
jects with gallstones. It is, however, maintained in bile of normal 
subjects. Both inhibitors and accelerators of cholesterol have 
been reported to be present in human bile 5-s. 
Studies have shown that calcium interacts with components of 
the cholesterol-solubilizing system and it has been suggested that 
this provides a mechanism to prevent precipitation of  insoluble 
calcium salts and the subsequent formation of gallstones 9-11. We 
speculated that the interaction of calcium with the cholesterol- 
solubilizing system might perturb maintenance of cholesterol 
supersaturation and previously reported preliminary findings 
suggesting that this occurred ~2. 
Methods and materials. Analog bile was composed by coprecipi- 
tation of 135 mM sodium glycodeoxycholic acid (Calbiochem, 
San Diego, Calif.), 35 mM purified crude egg lecithin (Sigma 
Chemical Co., St. Louis, Mo.) and 10 mg/ml cholesterol (Stera- 
loids Inc., Pauling, N.Y.) and reconstitution with deionized 
water at pH 7 and 37~ u. 30 min after reconstitution, 10-ml 
samples of analog bile were filtered (0.45 pm Millipore, Milli- 
pore Corp., Bedford, Mass.) and divided. One half of the sam- 
ples were added to vials containing CaC12. The CaC12 had been 
placed in the vials in liquid form to proxdde concentrations 

varying from 0.005 to 0.030 mEq/ml (2.5-15 mM) upon addition 
of the bile, and had then been dried. It appeared as a thin film on 
the bottom of the vials and upon addition of bile immediately 
entered solution. The remaining half of the solution served as 
controls. All samples were flushed with nitrogen, tightly sealed 
and continuously rotated in the dark at 37 ~ At 1, 2, 3, 5, 7, 24 
and 48 h, 0.5-ml aliquots were removed, filtered, and analyzed 
by high pressure liquid chromatography. The HPLC instrument 
(Model ALC 200, Waters Associates, Milford, Mass.) was 
equipped with a U G K  Loop Injector, a Model 6000 A Pump and 
a Model R-400 Differential Refractometer. The chromatog- 
raphy employed a ~tBONDAPAK Phenyl Column (Waters As- 
sociates, Milford, Mass.), 30 cm long, with an internal diameter 
of 0.33 mm and a solvent system of methanol-water in a ratio of 
98.2 (v/v) at pH 2 and a flow rate of ~ 1.5 ml/min. Standard 
curves of peak response vs concentration were linear. Peak areas 
were determined by the triangulation technique. Reproducibility 
was + 10% for bile salt and • 15% for both lecithin and 
cholesterol. Additionally, unfiltered aliquots of bile were period- 
ically examined by light and polarizing microscopy prior to 
filtration. 
Cholesterol supersaturation varied modestly among original 
(0.5 h) bile filtrates, but not between paired samples. Therefore, 
lipid concentrations and cholesterol saturation indices (CSI) 
present in the 0.5-h solutions were assigned values of 100 % and 
subsequent compositional changes related to it. For each sam- 
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Figure 1. Comparison of mean logarithmic cholesterol saturation indices 
(CSI) and cholesterol mole percentages (CH mole%) best-fit curves for 
calcium-treated (solid line, closed circles) and control (dashed line, open 
circles) bile analogs, n = 6 separate studies for 0.005, 0.010, 0.020 and 
0.030 mEq/ml Ca +2 concentrations; n = 8 for 0.0 ! 5 mEq/ml Ca +2. 
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Figure 2. Comparison of mean logarithmic percentage change from basal 
(0.5 h) cholesterol saturation indices (CSI) and cholesterol mole percent- 
age (CH mole %) best-fit curves for calcium-treated (solid lines, closed 
circles) bile analogs, p values indicate significance of differences between 
areas under the curves. 
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pie, best-fit curves of the logarithms of CSI and cholesterol mole 
percentages were generated. Since the curves were not linear, 
areas beneath them were calculated by triangulation and used to 
compare differences between groups. 
Results. Cholesterol supersaturation was present in all filtered 
bile analogs at 0.5 h: cholesterol concentration was 8.56 + 0.14 
mg/ml ( m e a n + S E M ) ;  cholesterol mole percentage was 
12.1 :t: 0.24; lecithin/bile acid + lecithin ratio was 0.198 • 0.020; 
total lipid concentration was 9 .4•  g/dl and CSI was 
1.929 • 0.053. Figure 1 compares the best-fit curves of the mean 
CSI and cholesterol mole percentages of bile analogs with and 
without calcium. Figure 2 compares best-fit curves of mean 
percentage change form basal for CSI and cholesterol mole 
percentages. Significant differences between control and cal- 
cium-treated samples were present at calcium concentrations of 
0.010 or greater, and were almost achieved at the 0.005 calcium 
concentration for CSI. Observed differences of areas beneath the 
curves increased as the calcium concentration increased: 
r = 0.93 for percent change of cholesterol; r = 0.76 for percent 
change of  CSI. Similarly, plots of the percentage change of CSI 
between 0 and 7 h revealed a progressive steepening of the slope 
with exception of the 0.015 calcium concentration which was 
more acute than the 0.02 concentration. The latter finding may 
be due to the fact that the initial CSI was higher in the 0.015 than 
in the 0.02 calcium-treated group. Differences between control 
and calcium-treated groups were most prominent within 24 h. 
Microscopic examination of bile samples following filtration at 
0.5 h revealed neither cholesterol crystals nor liquid crystal 
mesophases. However, within 1-2 h liquid crystal mesophases 
were commonly seen. Cholesterol crystals were noted as early as 
3 h, were more apparent at 5 and 7 h and thereafter steadily 
increased in number. It appeared that both the liquid crystal 
mesophases and cholesterol crystals were more prominent in 
calcium-treated samples than in their paired controls, but quan- 
titation was not attempted. 
Discussion. In the current study it was found that periodic filtra- 
tion of highly supersaturated analog bile solutions removed cho- 
lesterol more rapidly in samples with calcium than in those 
without calcium. Filtration would be expected to remove all 
cholesterol crystals and most liquid crystalline material but not 
microaggregates below the filtration limits. If filtration had pre- 
dominantly removed liquid crystalline material, the concentra- 
tion of lecithin would have substantially declined and differences 
between the calcium-treated and untreated samples should have 
occurred. Over the 48-h period lecithin concentrations declined 
by 7.5 % and significant differences between control and experi- 
mental groups were not present (Student's t-test). Thus, it is 
deduced that cholesterol removal resulted primarily from filtra- 
tion of cholesterol crystals or possibly aggregated species of 
cholesterol below the limits of  microscopic detection. 
The mechanism by which calcium accelerated cholesterol loss 
from solution is not known and remains speculative. It is possi- 
ble that it influenced phase transitions by 1) altering micelle 
formation and/or distribution of bile constituents, 2) promoting 
the development and/or growth of liquid crystal mesophases or 

multilamellar vesicles and 3) by facilitating nucleation and/or 
growth of cholesterol crystals. For example, calcium may have 
altered the aggregation of bile salts 14, influenced the species and 
microdomains of structures which stabilize cholesterol such that 
liquid crystal formation was augmented is' 16 and promoted liquid 
crystal mesophase or vesicle growth in a fashion similar to that 
reported for nonbirefringent aggregates (liposomes) in dilute 
model bile 17. In turn, these effects may have diminished the 
cholesterol nucleation time. 
To date, none of the clinically relevant studies of calcium in bile 
have demonstrated significant differences between subjects with 
and without cholesterol gallstones 3, 8, 9,19. However, these studies 
have neither examined potential differences in lithogenicity be- 
tween specimens with high and low calcium concentrations nor 
evaluated the effect of calcium on lithogenesis in a dynamic 
fashion. Thus, while it is recognized that the behavior of choles- 
terol in analog bile solutions is different from that in human bile, 
the current study suggests that further definition of the effects of 
calcium on cholesterol phase transitions in human bile is war- 
ranted. 
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Summary. Proteins immunologically related to Rhynchosciara americana larval protein 10 occur in the hemolymph and ovaries of  
five different fly species of the genus Rhynchosciara. Electrophoretic analyses showed these proteins to have a mol.wt similar to that 
of the R. americana protein 10 (43,000), e.g. the R. hollanderi protein 44,300, the R. milleri protein 45,500. 
Key words. Rhynchosciara; hemolymph proteins; ovary proteins; Sciaridae. 


