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Biotransformation of aloenin, a bitter glucoside constituent of Aloe arborescens, by rats
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Summary. Aloenin has been established to be 4-methoxy-6-(2-8-D-glucopyranosyloxy-4-hydroxy-6-methylphenyl)-2-
pyrone; it shows an inhibitory activity for gastric juice secretion. Rats metabolized it to 4-methoxy-6-(2,4-dihydroxy-6-
methylphenyl)-2-pyrone, 2,5-dimethyl-7-hydroxychromone and glucose, which were excreted in the feces and the urine.
The distribution of the radioactivity originating from '*C-labeled aloenin was studied. The tracer found in the kidney and
the liver reached 60% of the amount administered 24 h after feeding and decreased rapidly in the next 24 h.

Plants of the Aloe genus have been used for various folk
remedies, for example for gastro-intestinal disturbances,
burns, insect bites and athlete’s foot> 5, and chemical consti-
tuents of the plants have been studied by many workers>>
4 A new bitter glucoside with an inhibitory activity for the
gastric juice secretion of rats® was isolated from Aloe
arborescens Mill. var. natalensis Berger and named aloenin.
We elucidated its structure as 4-methoxy-6-(2-8-D-gluco-
pyranosyloxy-4-hydroxy-6-methylphenyl)-2-pyrone  (1)*®
and also clarified its biosynthetic pathway'é, We have now
investigated the in vivo transformation of aloenin (1) in rats
b4y tracer experiments.

4C-Labeled aloenin (1) (m.p. 144.5-146.5°C; 4.52x 10°
d4pm/ mg) fed to rats was prepared by uptake of acetate-U-
¥e (8.88x 10° dpm) into Aloe arborescens Mill, var.
natalensis Berger following the reported procedure!®, The
-tats used were 2-month-old males weighing 180-230 g. A
suspension of the '“C-labeled aloenin (10 mg) in water
(1 cm® was fed to the rats through a stomach tube, after
they had fasted overnight with free access to drinking
water.

The excreta were collected 24 h or 24 and 48 h after feeding
of the labeled aloenin. The feces were extracted with
MeOH using a Soschlet apparatus. The urine was evaporat-
ed to dryness and extracted with MeOH. The radioactivity
of these MeOH extracts indicated that during the first 24 h
almost all the labeled aloenin administered was metabo-
lized and excreted in the feces and the urine, and during the
next 24 h only a very small amount, as shown in table 1.
The extracts of the excreta obtained in 24 h were, separate-
ly, subjected to a combination of thin-layer radiochroma-
tography and liquid scintillation measurement. The extract
of the feces was found to comprise 2 major radioactive
components,  4-methoxy-6-(2,4-dihydroxy-6-methylphe-
nyl)-2-pyrone (2) (1.28 x 10° dpm, 26% of the total radioac-
tivity of the crude extract)’® and glucose (1.63x 10° dpm,
33%). On the other hand, the extract of the urine was found
to be composed of pyrone (2) (2.58x 10° dpm, 33%) and
2,5-dimethyl-7-hydroxychromone (3) (1.64x10° dpm,
21%)'>Y7. The identification of these metabolites was car-
ried out by co-TLC with solvents (a) ~ (c)!® and co-HPLC
with systems (a) and (b)® for 2, co-TLC with solvents
(a) ~ (c¢) and co-HPLC with systems (a) and (c) for 3, and
co-TLC with solvents (a) and (d) and co-PPC using Toyo
No.51 filter paper and n-BuOH:pyridine:H,0=6:4:3 as a
solvent for glucose, respectively. To confirm the structures
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of the metabolites, non-radioactive aloenin (1) was fed to
rats on a scale of 200 mg a rat, and then the corresponding
metabolites were isolated by comparing their TLC and
HPLC with those of the radioactive metabolites obtained
above. The metabolites isolated were identified by compar-
ing the melting points (m.p. and mixed m.p.), the chroma-
tographic behavior (co-TLC and co-HPLC), and the spec-
tral data (IR, UV and MS) with those of authentic samples.

Next, the distribution and/or the accumulation of aloenin
(1) and its metabolites in the viscera and the blood were
investigated. The rat was sacrificed 24 h or 48 h after
feeding of 1%C-labeled aloenin; the kidney, the stomach,
and the liver were removed and the blood collected.
Portions (150 mg) of these viscera and the blood were
separately subjected to combustion by means of a sample
oxidizer to measure the radioactivity on a liquid scintilla-
tion counter. The distributions of the radioactivity in these
viscera are shown in table 2, which indicates the large
accumulation of the tracer in the kidney and the liver in
24 h and the rapid decrease in the radioactivity in the
viscera in the next 24 h. A very low radioactivity (1.42 x 10
dpm/150 mg of the blood) was observed for the blood. The
major component (1.19x 10* dpm, 85%) of the radioactive
compounds accumulated in the kidney was identified as
aloenin (1) by co-TLC with solvent (a) and co-HPLC with
system (c)!®. The extract of liver contained many unknown
components, which could not be identified.

Thus, it was found that aloenin (1) fed to rats was metabo-
lized to 4-methoxy-6-(2,4-dihydroxy-6-methylphenyl)-2-
pyrone (2), 2,5-dimethyl-7-hydroxychromone (3), and glu-
cose for excretion into the feces and the urine. It was also

Table 1. Distribution of radioactivity in the feces and the urine
after administration of the 14C-labeled aloenin (1) to rats

Exp. Compound Time after Distribution?

No. administered  administration Feces Urine
(h)

1 Aloenin-14C (1) 0~ 24 10.9 17.3

2 Aloenin-1#C (1) 0~ 24 13.0 21.5
24 ~ 48 1.7 1.1

2 Expressed as the percent distribution of the radioactivity based on
the radioactivity of the labeled compound fed to the rats.

Table 2. Distribution of radioactivity in the organs of rats after
administration of the 14C-labeled aloenin (1)

Exp. Compound Time after Distribution®

No.? administered  administration Kidney Stomach Liver
)

1 Aloenin-14C (1) 24 311 3.1 28.4

2 Aloenin-14C (1) 48 1.8 1.6 79

a Corresponds to the numbers in table 1. ® Expressed as the percent
distribution of the radioactivity based on the radioactivity of the
labeled compound fed to the rats.
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clarified that aloenin (1) and its metabolites were accumu-
lated in the kidney and the liver to a level of about 60% of
the administered sample in 24 h after feeding, and
decreased rapidly in the next 24 h.
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Summary. A fast and inexpensive method for the synthesis of mono- and dicysteinyldopas is described. Dopa is oxidized
by electrochemical techniques, and cysteine is then added to give cysteinyldopas.

5-S-Cysteinyldopa is the major metabolite of dopa under
the oxidative conditions present in the melanocyte. Quanti-
tative analysis of 5-S-cysteinyldopa in the urine is diagnos-
tically useful in cases of malignant melanoma metastases,
and today this analysis is in widespread use”. Besides 5-S-
cysteinyldopa (I), another isomer, 2-S-cysteinyldopa (II),
and a further oxidation product 2,5-S,S-dicysteinyldopa
(IIT) are excreted in large amounts in the urine of melano-
ma patients. The cysteinyldopa compounds are also the
monomers from which the phacomelanins are formed. The
observed correlation between cysteinyldopa and melanoma
has initiated extensive research in this field®, and therefore
a great demand for synthetic material has appeared.

2 methods for the synthesis of 5-S-cysteinyldopa have
hitherto been published. Prota et al.* worked out a six-step
synthesis with several sensitive steps. A simple enzymatic
synthesis has also been published>®, but with the present
great demand for 5-S-cysteinyldopa, the cost of the enzyme
is unacceptably high. For that reason we have developed a
simple and inexpensive electrochemical method which
could be applied to synthesis on the gram scale.

Materials and methods. Dopa (2.5 mmoles) was oxidized in
150 ml 1 M sulfuric acid at a 100 cm? platinum anode in the
presence of 5.0 mmoles cysteine under a nitrogen atmo-
sphere at + 10 °C. The anode potential was kept constant at
+0.8 V vs saturated calomel electrode (SCE) using a
potentiostat built in this laboratory. Due to filming on the

electrode this high potential was found to be favourable.
The platinum cathode was shielded by a porous glass
membrane to prevent reduction of the dopaquinone
formed. When a charge of 3 F per mole of dopa had been
passed through the cell (about 2 h), the reaction was
stopped. The yield of 5-S-cysteinyldopa was about 45% and
the purification was performed by ion-exchange chroma-
tography on a Dowex 50W-X4 column in H7*-form
(20x 1.8 cm)’. Under the given conditions the yield of 2-S-
cysteinyldopa was 12% and of 2,5-S,S-dicysteinyldopa 8%.
About 20% of dopa remained unreacted. The isolated
compounds were identified by spectroscopic and chromato-
graphic methods and compared with authentic material®.

Results and discussion. The mechanism proposed for the
formation of cysteinyldopas involves the oxidation of dopa
to dopaquinone, and then a nucleophilic addition of cys-
teine gives the cysteinyldopas in their reduced form* In a
recent paper preliminary experiments indicate a more
complex free radical mechanism, at least when the oxida-
tion of dopa is performed by basic ferricyanide’, Besides
the addition of cysteine a competing intramolecular addi-
tion of the nitrogen group of dopa, giving a 5.6-dihydroxy-
indoline derivative, takes place. Another intramolecular
addition of the cysteine-nitrogen of the oxidized product, 5-
S-cysteinyldopaquinone, giving a benzothiazine derivative,
makes the protection of the nitrogen groups necessary. The
simplest way to inactivate the nucleophilic properties of a
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