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are devoid of ABA-like ability. Thus, it was concluded that the presence of the lauroyl
function attached to the 1-OH group, either axial or equatorial, of the p-glucose unit is critical
for this biological effect. In view of this conclusion, the previously observed inactivity of
the sucrose- and the trehalose-monoester of lauric acid® was considered to be attributable to
inappropriate locations of the acyl function introduced: sucrose and trehalose are non-reducing
disaccharides and hence they lack free anomeric-OH groups to be acylated. This view was,
however, ruled out by the observation that maltose-laurate preparations, which, as reported
preliminarily, contained 1-substituted components,! also proved to be completely inactive.
The inactivity of the sucrose-, trehalose, and maltose-esters of lauric acid may be accounted
for by the dimeric nature of their carbohydrate units. In other words, monomeric nature
of the carbohydrate residue has now been demonstrated to be another important factor in
the ABA-like activity of 1-O-lauroylglucose.

So far, littleis known about fatty acid esters of carbohydrates with plant hormonal effects.
However, two interesting papers have been published during the course of this work. Grove
et al.” reported that an active principle of “brassin’ was a steroidal compound termed bras-
sinolide. As cited in our preceding paper,? the active components contained in ‘“‘brassin,”
which was first isolated from Brassica napus (rape) pollen in 1970 and shown to possess a
novel plant growth promoting effect, were tentatively identified as the 1-glucosyl esters of
fatty acids by Mandava ef al., though this conclusion was questioned by Milborrow ef al. In
1979, Tanaka et al.® showed that synthetic 1-O-palmitoyl-, 1-O-oleoyl-, and 3-O-linolenoyl-p-
glucopyranoses failed to exert “brassin”-type activity, but found that the last compound
had a promoting effect on the germination of pollen and the growth of pollen tubes.
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Chemical and Biochemical Studies on Carbohydrate Esters. XI.»
Antitumor Effects of Fatty Acid Monoesters of n-Glucose?
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1-0-, 3-O-, and 6-O-acyl-p-glucopyranoses carrying capryloyl, lauroyl, myristoyl,
palmitoyl, and stearoyl functions were tested for their in vivo and 4n vifro antitumor
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effects against Ehrlich ascites carcinoma in mice and a leukemia cell line L-5178Y by the
total packed cell volume method and the tissue culture method, respectively. In the
im vivo bioassay, the 1- and 3-myristate and the 6-stearate were moderately effective,
while all other compounds exhibited little or no effect. These samples inhibited the growth
of the cultured leukemia cells to various extents: relatively lower ID;, values were obtained
with the 1-laurate, 1-myristate, 1-palmitate, 3-myristate, and 6-laurate. On the basis of
these findings, the monoesters of monosaccharide appear to be less promising as antitumor
agents than the analogous derivatives cf disaccharide.

Keywords 1-O-acyl-p-glucopyranose;  3-O-acyl-D-glucopyranose;  6-O-acyl-n-
glucopyranose; total packed cell volume method; tissue culture method; antitumor
effect; Ehrlich ascites carcinoma; L-5178Y

In the previous studies of this series, various disaccharide esters of long chain fatty acids
were examined for #n vivo and i vitro antitumor effects.? Some of the samples tested were
found to possess significant antitumor activities against certain tumors such as Ehrlich ascites.
carcinoma, sarcoma 180, and L-5178Y. In the present work, we undertook antitumor bioas-
says of mono-O-acyl-p-glucopyranoses in order t¢ compare the antitumor activities of mono-
esters of mono- and disaccharides. Three series of positional isomers of p-glucosyl monoesters,
thatis, 1-, 3-, and 6-esters, of caprylic, lauric, myristic, palmitic, and stearic acids were chosen
as test samples. They were synthesized according to the procedures reported in our preceding
papers®: in the case of 1-esters, the samples used consisted almost exclusively of the a-anomers.
The % v1vo antitumor effects of these samples were evaluted by the total packed cell volume
(TPCV) method against Ehrlich ascites carcinoma in mice. Their % vitro antitumor activities.
upon a mouse leukemia cell line, L-5178Y, were determined by the tissue culture method.
Both bioassays were carried out under the same conditions as before.®

Materials and Methods

Test Samples 1-0O-, 3-O-, and 6-O-Acyl-p-glucopyranoses (acyl: capryloyl, lauroyl, myristoyl, palmito-
vl, and stearoyl) were prepared as described in our previous papers,® and their physical properties were
confirmed to be identical with those of the corresponding authentic specimens.

Bioassay Method {ij TPCV Method:®» Seven-day-old Ehrlich ascites carcinoma (about 107 cells/
mouse) was inoculated intraperitoneally (¢.p.) into female ddY strain mice (six mice were used for each test
sample). A suspension of test sample in normal saline was injected ¢.p. once daily for five consecutive days,.
starting 24 hr after the tumor implantation. The effect was evaluated in terms of the TPCV ratio (%, treated/
control) on the 7th day after the tumor transplantation. The results were expressed in terms of the same
criteria as employed before.

(ii) Tissue Culture Method:” The leukemia cells were cultured in a stoppered tube, in RPMI-1640
medium supplemented with 109, fetal calf serum at 37°. The growth inhibitory effect was determined as
the ratio of cell numbers, which were counted visually with a microscope, in treated and control groups (%,.
treated/control) after incubation of ca. 2.0 X 10° cells/ml for 48 hr with various concentrations of each test
agent ranging from 500 to 31.25 pg/ml. To express the results, the ID;, (509, inhibiting dose) value was.
calculated by a probit diagraming analysis.

Results and Discussion

The antitumor activities of fourteen p-glucosyl monoesters, as evaluated in the TPCV
bioassay by 4.p. injection at the dose of 250 mg/kg/day x5, are shown in Table I. For
comparison, our previous data® obtained with the disaccharide-monoesters under similar
bioassay conditions are also presented in Table 1.

Most of the samples examined proved to have little or no effect upon this asscites tumor,
but three specimens, that is, 1-O- and 3-O-myristoyl- and 6-O-stearoyl-p-glucopyranose,
appeared to be somewhat effective. The effects of these compounds were, however, only
moderate, and were less than those observed with some disaccharide-monoester preparations
such as sucrose-mono-stearate, -palmitate, and -myristate, and related analogs of trehalose
and maltose. Asreported already, decrease of the dose to 50 mg/kg/day x 5 did not significant-

NII-Electronic Library Service



882 Vol. 29 (1981)

TasLe I. Antitumor Effects of p-Glucosyl Monoesters upon Ehrlich Ascites Carcinoma in Mice®

Effect against Ehrlich ascites carcinoma,

Acyl moiety Monosaccharide-monoesters Disaccharide-monoesters?
1-O-Acyl-  3-O-Acyl-  6-O-Acyl- Sucrose- Trehalose-  Maltose-
p-glucose®) p-glucose  D-glucose monoester? monoester® monoester?)

Capryloyl n.d.» - ——~t H + +

Lauroyl — - — 4 1 +

Myristoyl o~ Hw —~ ;i H# +

Palmitoyl — —_ — H n.d. in

Stearoyl — + 2 Hmw H i H

a) Dose, 250 mg/kg/day x 5; Administration route, i.p.
Criteria:

TPCV ratio (% treated/control} 0—10 11—40 41—65 66

Evaluation of activity £ H + -
b) Data cited from ref. 4 : some data obtained at doses other than 250 mg/kg x 5 are included.
¢) Anomerically pure a-anomer.
d) Isomeric mixture consisting mainly of 6-,1’-, and 6’-monoesters.
e¢) Isomeric mixture consisting mainly of 6-monoester.
f) Isomeric mixture consisting mainly of 1-, 6- and 6’-monoesters.
g) n.d.: not determined.
k) The sample showed no effect at the dose of 150 mg/kg/day x 5.

ly reduce the antitumor effects of disaccharide-monoesters. In contrast, complete loss of
activity was observed when 3-O-myristoylglucose and 6-O-stearoylglucose were administered at
the dose of 150 mg/kg/dayx5. These findings suggest that monosaccharide-monoesters are
less promising as antitumor drugs than the analogous derivatives of disaccharides.

The growth inhibitory effects of the glucosyl monoesters upon the cultured L-5178Y
cells are shown in Table II in terms of the ID;, values. All the samples tested resulted in
growth inhibition, at least to some extent, at the higher concentrations. However, even
at the highest concentration (500 pg/ml), they failed to produce complete inhibition of the
tumor growth. In a similar bioassay, sucrose-monostearate suppressed the tumor growth
completely at doses of 500 and 100 pg/ml.4 Thus, the iz vitro antitumor bioassay also
suggests that the monoesters of monosaccharides are less effective than those of disaccharides
as regards inhibition of tumor growth.

TasLe II. Antitumor Effects of p-Glucosyl Monoesters upon Cultured L-5178Y Cells

ID,, value (ng/ml)
Acyl moiety

1-O-Acyl-p-glucose  3-O-Acyl-p-glucose  6-O-Acyl-n-glucose

Capryloyl 281 103 147
Lauroyl 64 >500 38
Myristoyl 57 65 >500
Palmitoyl 71 >500 >500
Stearoyl >500 444 250

The fifteen glucosyl monoesters tested gave various IDj;, values. Relatively lower IDg,
values were seen with the following specimens: 1-laurate, 1-myristate, 1-palmitate, 3-myristate,
and 6-laurate. The i vitro antitumor activities of individual compounds and their % vivo
antitumor effects described above were broadly parallel in the cases of the 1- and 3-ester series.
However, in the case of the 6-ester series ,such a relationship did not seem to exist: among the
6-ester samples, the laurate, which was devoid of ¢ vivo antitumor ability showed the lowest
ID,, value, whereas the stearate, which exerted moderate ¢ vivo antitumor effect, gave a
rather high ID,, value. Accordingly, there appeared to be no direct correlation between the
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antitumor results obtained in these two bioassays. In order to make a more direct
comparison, we intend to carry out % vivo and in vitro bioassays using the same tumor cells in
both cases.

At this time, it is not clear why the glucosyl monoesters were, in general, less effective
than the analogous derivatives of disaccharides. However, this may be accounted for, presu-
mably, by the difference in the hydrophile-lipophile-balance (HLB) between them, in view of
our previous observation that the di- and higher-substituted disaccharide esters (which pos-
sessed larger HLB values) tended to have poorer antitumor effects in both bioassay systems?®:
it is apparent that the HLB values of the glucosyl monoesters are approximately equal to
those of the corresponding diesters of disaccharides. Since the disaccharide-monoester prepara-
tions used in our previous antitumor tests were mixtures consisting of various positional
isomers, the influence of the acyl location on the antitumor activities has not yet been eluci-
dated. However, by analogy with our present findings, it seems probable that acyl location
is an important factor for the biological activities of disaccharide-monoesters.
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Dissolution Properties of Salt Forms of Berberine
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The dissolution properties of hydrochloride, sulfate, and iodide salts of berberine
were compared. The apparent solubility and dissolution rate of the hydrochloride salt
were less than those of the sulfate salt in media resembling GI fluids with respect to pH.
The common ion effect on the solubility of berberine hydrochloride was also investigated.
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Salt formation is known to influence a number of physicochemical properties of the parent
drug, including solubility, dissolution rate, stability, and hygroscopicity. These properties,
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