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RADIOIMMUNOASSAY OF AESCINE, A MIXTURE OF TRITERPENE
GLYCOSIDES

Timo Lehtola and Aarre Huhtikangas
Department of Pharmaceutical Chemistry
University of Kuopio
POB 6, SF-70211 Kuopio, Finland

ABSTRACT

A radioimmunoassay (RIA) has been developed for the de-
termination of picogram amounts of aescine, an anti-
inflammatory and anti-oedematous glycoside mixture from
unpurified extracts of Aesculus hippocastanum. Practi-
cally no interference is observed for various poten-
tially crossreacting compounds. This RIA covers the
range 100 pg - 50 ng, within which acceptable accuracy
and precision are obtained.

( KEY WORDS: Aescine; Aesculus hippocastanum; triter-
penoid saponin glycosides; radioimmunoassay; anti-
inflammatory agent ).

INTRODUCTION

Aescine [aescigenin-(2-methyl-3-~acetoxy-butyrate)-
(2-xylosido-4-glucosidoglucuronoside)] is a mixture of
several acidic triterpenoid saponin glycosides found in

the extracts of the horse chestnut tree, Aesculus hippo-
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castanum L. (Hippocastanaceae). The main glycoside is a

compound in which the triterpene aglycone proaescigenin
is esterified with angelic acid (C-21) and acetic acid
{C-22) and glycosidically linked to C-3 of D-glucuronic
acid which additionally binds two D-glucose units at
C-2 and C-4 (1,2,3).

Aescine shows selective anti-inflammatory and anti-
oedematous properties and is used e.g. in the treatment
of traumatic edema of the brain (4,5,6) and muscular
injuries (7,8). In clinical use, aescine is administered
orally and intravenously, and gel formulations are wide-
ly used in percutaneous therapy (9,10,11).

Thin-layer chromatography methods have been de-
scribed for aescine (1,2,3,12,) but the sensitivity of
the assays have been only 'in the range of micrograms.
For that reason the pharmacokinetics of aescine have
been studied éo far by the administration of tritiated
aescine (9,10,11).

The rather high molecular weights and the rela-
tively instable chemical structures associated with
these glycosides do not favour common instrumental
methods for guantitative analysis, but radioimmuno-
assay should, at least theoretically, allow reliable
quantification of the compounds even from unpurified

biological samples (13,14).
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MATERIALS AND METHODS

Chemicals

Aescine, aescinol, acidic hydrolysate of aescine
and total acidic and alkaline hydrolysate of aescine
were obtained as a generous gift of Dr. Madaus GmbH &
Co., Cologne, FRG. Other compounds used in crossreac-
tion tests were obtained from Sigma Chemical Company,
USA. [21,22—3H] -aescine (specific activity 27 Ci/mmol)
and the ACS-scintillation fluid were obtained from
Amersham, England. All other chemicals used were stan-

dard commercial products of analytical grade.

Plant material

Seeds of Resculus hippocastanum were obtained from

Tagerwilen, Thurgau, Switzerland. Ethanolic water ex-

tracts of A. hippocastanum plants were diluted in phos-

phate buffered saline (PBS) (pH 7,2) for the preparation

of RIA samples.

Antiserum

The aescine-immunogen for antiserum production was
prepared by direct coupling of bovine serum albumin
(BSA) to the carboxyl group of the glucuronic acid moi-
ety by using l-ethyl-3-(3-dimethylaminopropyl)-carbodi-

imide (EDC) for the reaction (Fig. 1)(15,16,17).
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TABLE 1

Immunization Procedure of the Rabbits used for Aescine-
Antibody Production

Time of Dose of antigen (mg)
injection
(weeks) Rabbit 1 Rabbit 2 Rabbit 3 Rabbit 4
0 0,50 0,50 1,00 1,00
3 0,15 0,15 1,00 1,00
7 0,15 0,15 1,00 1,00
11 0,13 0,13 1,00 1,00
15 0,13 0,13 1,00 1,00
19 0,13 0,13 1,00 1,00

BSA (0,0074 mmol, 50 mg), water soluble EDC
(0,27 mmol, 50 mg) and amorphous aescine (0,27 mmol,
300 mg) were added to 5 ml of phosphate buffer solution
{pH 6,0). The reaction was allowed to proceed for three
days at room temperature. The aescine-BSA immunogen was
dialyzed against distilled water for four days at 4%¢c.
The dialyzed and lyophilized immunogen was emulsified
in Freund's complete adjuvant (18) and given in multi-
site subcutaneous injections (19) to four New Zealand
albino rabbits according to the protocol shown in
Table 1. The rabbits were bled twenty weeks after the
start of immunization, and the serum was stored in

1 ml aliquots at -20%c.
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Radioimmuncassay

The RIA-procedure was based on polyethylene-
glycol (PEG) precipitation (20) of the antigen-antibody
complex from overnight incubation at 4OC, followed by
liquid scintillation counting of 3H—labelled free
aescine in the supernatant (14).

After addition of 100 ul of a standard solution,
a sample dilution or a solution of a compound used in
the crossreaction tests, 100 pl of a 1 % solution of
human gammaglobulin in PBS-buffer, 50 pl tritiated
aescine in EtOH-PBS-buffer and 50 ml of the PBS-buffer-
diluted aescine antiserum were added to the tubes. Anti-
serum dilutions effecting 50 % binding of labelled
antigen were used in the assay. The tubes were vortex-
mixed and incubated overnight at 4°c. Bound and free
antigen were separated by PEG-precipitation using 500 pl
of a 25 % solution of PEG 6000 in PBS-buffer. After
centrifugation (2000 g, 20 min) the supernatant was
separated by decantation, mixed with 5 ml of ACS-scin-
tillation solution and counted in a LKB-Wallac 1216

Rackbeta liquid scintillation counter (14,21).

RESULTS

Antibody production against aescine was clearly
detectable in two of the four rabbits (Fig. 2). The

present results refer exclusively to antiserum 1.
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FIGURE 2. Titres of aescine-antiserums in rabbits
1,2,3 and 4 during the immunization procedure. Anti-
serum dilutions effecting 50 % binding of labelled
antigen are indicated.

The titre, defined as the final dilution of the
antiserum needed to bind 50 % of the added 3H—aescine,
was 1:270.

The total number of antibody binding sites, A=

3,6x107°

mol/1l, and the corresponding value for the
affinity constant, Ka=4,6x1091/mol, were derived from
a Scatchard plot (22).

The standard curve for the present aescine-RIA and
the structures of the compounds used in crossreaction
tests, with amorphous aescine as the reference compound,

are shown in Figs. 3 and 4, respectively. The crossreac-

tivity data are summarized in Table 2.
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FIGURE 3. Standard curve for aescine radioimmunoassay.
B and B_ are the binding percentages in presence and
absence; respectively, of unlabelled aescine. Bars
indicate the standard deviation (n=5).

The assay sensitivity, defined as the concentration
obtained at twice the standard deviation of the zero-
binding value, was approximately 100 pg / 100 pl sample.
The measuring range of the assay extends from 100 pg to
50 ng of aescine.

Linearity was investigated by the sample dilution
method (23). The regression equation for the extract
dilutions was y=3,86+1,05x, with a coefficient of cor-

relation of r=0,997 (n=9).
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FIGURE 4. Structural features of the crossreacting
compounds. l. Aescine; 2. Aescinol; 3. Acidic hydro-
lysate of aescine; 4. Proaescigenin; 5. Barringtogenol
C; 6. Aescigenin; 7. Barringtogenol D; 8. -acetyl-
digoxin: R,=0OH, R,=COCH,; Digitoxin: R :R2:H; Digoxin:
R,=0OH, R_=H; 9. DIgitoxIgenin: R=H; DigoxIgenin R=OH;
16. Lanagoside cC.

Known amounts of aescine (1 ng/ml-200 ng/ml) were
added to a plant extract pool containing 6,75 ng/ml of
aescine. The recovery of aescine ranged from 89,8 % to
110,1 % with an average of 98,8 + 9,0 % (n=12).

Within-assay coefficients of variation for 10 suc-
cessive analyses of each of three different dilutions

(12,1 ng/ml, 25,8 ng/ml and 81,8 ng/ml) were 5,9 %

25
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TABLE 2

Crossreactivity of the aescine-antiserum

Name of compound Crossreaction (%)
Aescine 100
Aescinol 99,7
Acidic hydrolysate of aescine 0,02
Total acidic and alkaline hydrolysate 0

of aescine (63 % proaescigenin, 19 %
barringtogenol C, 14 % aescigenin,
4 % barringtogenol D)

X - acetyldigoxin
Digitoxigenin
Digitoxin
Digoxigenin

Digoxin

o O o o o o

Lanatoside C

The crossreactivities were determined at 50 % inhibition

of the binding of labelled aescine.

(n=30), 4,2 % (n=30) and 7,6 % (n=30), respectively.
Between-assay coefficients of variation for 4 analyses
of three dilutions were 7,5 % (n=12), 6,9 % (n=12) and

7,5 % (n=12), respectively.

DISCUSSION

The differences in the antiserum titres (Fig. 2}

are at least partly due to the different antigen doses
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used for the individual rabbits. Doses of 1,00 mg may
have induced tolerance in the rabbits 3 and 4.

The specificity of an immunoassay method is gene-
rally determined by the site of linkage between hapten
and protein moieties in the immunogen conjugate (24).
The hapten-antibody binding specificity is largely de-
termined by the hapten functional groups most distant
from the linkage site and thus highly exposed to the
immune system of the animal (25). The antiserum used in
the present investigation was obtained with an immunogen
in which the substituents of the triterpenoid moiety of
aescine remained essentially intact.

Aescinol, the main aescine metabolite in human
serum and urine (10,11), crossreacted 99,7 % in this
assay. Since free aescinol is not contained in the ex-

tracts of A. hippocastanum, its high crossreactivity

can be overlooked when analyzing plant extracts. With
a crossreaction percentage of 0,02 %, the diester
aglycone proaescigenin from acidic hydrolysis of
aescine does not interfere in the assay. Alkaline
hydrolysis of this compound yields proaescigenin, the
main constituent (63 %) of the total acidic and alka-
line hydrolysate of aescine. Proaescigenin and other
compounds found in the total hydrolysate, barringto-
genol C (19 %), aescigenin (14 %) and barringtogenol D

(4 %) have no affinity for the antibodies, because the
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total hydrolysate does not crossreact in the assay.
Similarly, no interference was observed for other
potentially crossreacting compounds tested (Table 2).
The present RIA-method allows an easy detection of
picogram amounts of aescine from unpurified extracts of

Aesculus hippocastanum.

Especially when considering the analytical sensi-
tivity required for pharmacokinetic investigations of
this type of compounds, immunoanalytical methods (14,
26) should offer plenty of potential. However, the
present method has only limited value for pharmaco-
kinetic applications since aescinol as the main aescine

metabolite is associated with a practically 100 ¢ cross-

reactivity in the assay.
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