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(57) Abrege(suite)/Abstract(continued):
therapeutic or nutritional purposes. The Invention also relates to a process for the preparation of a compound having general

formula () as defined above characterized in that a cellular culture I1s obtained from an Ajuga reptans plant, said culture being
subsequently subjected to cultivation under aerobic conditions, In a liquid medium containing assimilable carbon and nitrogen

sources, and mineral salts.
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ABSTRACT

The present invention relates to the use of a compound
having general formula (I) as described hereunder

N /\VJ[:JGH
HOH
| 0 C OH (1)

wherein | . R = CH3s (FPB compound)
for the preparation of compositions with an antioxidant
activity for administering to human beings for therapeu-
~tic or nutritional purposes. | |

The invention also relates .to a process for the prepara-
tion of a compound having general formula (I) as defined
above characterized in that a cellular culture is ob-
tained from an Ajuga reptans plant, said culture being
subsequently subjected to cultivation under aerobic con-
ditions, in a liquid medium containing assimilable carbon
and nitrogen sources, and mineral salts.
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COMPOUNDS WITH AN ANTIOXIDANT ACTIVITY, COMPOSITIONS USE-
FUL AS FOOD INTEGRATORS CONTAINING THEM AND PROCESS FOR
THEIR PREPARATION

10 The present invention relates to compounds having

the formula

/\QOH
| HOH.C (T)
HO‘O\/\ <‘—0 O OH
O
RONA N co0

HOHLC

OH

wherein R can be H or CHs.
Hereinafter in the present description, compound (I)
whereln R = H is called FPA.
15 Compound (I) wherein R = CH3, is called FPB.
FPA (phenylpropanoid glucoside) has been previously
described and called teupolioside (Chem. Nat. Compd.

1991, 27:5 556-559), as secondary metabolite, having an
1
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antimicrobial activity, present in the plant Teucrium
polium. The presence of FPA however has never been de-
scribed 1in other different plants or in "in vitro" cell
cultures of any plant.

FPB, on the other hand, 1s a compound which has
never been described in literature and as such is there-
fore an object of the present invention. According to a
first aspect of the present invention, a production proc-
ess of FPA and FPB compounds (jointly called FPs, or raw
FPs), 1s proposed.

This consists 1in cultivating cells of a cellular
line taken from a plant of Ajuga reptans. For this vege-
table species, bibliographical reference can be made to
Cantino-Sanders, Syst. Bot. Vol. 11 (1986), pages 163-
185.

According to the invention, parts of this plant
(leaves, shoots and roots) are sterilized by means of se-
quential washings with ethanol at 70% for 5 minutes, so-
dium hypochlorite at 2% for two minutes and mercuric
chloride at 0.2% for 45 seconds. After each washing with
the sterilizing agents, the parts treated are rinsed with
sterile distilled water.

The leaves, shoots and roots are cut into portions,
sterilely planted in Gamborg B5 medium [O.L. Gamborg et

al. Exp. Cell. Res. 50, (1968), page 151] containing 1

nei—
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mg/L of naphthalene-acetic acid, 1 mg/L of kinetin, 0.2
g/L of 2,4-dichlorophenoxyacetic acid (G5 medium) and 7
g/L of agar and are kept in the dark at 28°C.

After 10-15 days an undifferentiated tissue (callus)
develops which, after a further 20-30 days, 1is trans-
ferred onto agarized slants of the same medium. 20 days
at 28°C in the dark are normally required for obtaining
well grown cultures. After 2 or 3 transfers, stabilized
cultures are obtained which are used as inoculum for cul-
tures 1n suspension.

The cultures grown on solid medium (undifferentiated
callus cultures) consist of small masses of colourless
and easlly disaggregable cells. The elliptic-spherical
shaped cells have a diameter of 50-100 um. Under the
above conditions, the calluses undergoing cultivation do
not show any signs of organogenesis or any differentia-
tion process. When exposed to light with an intensity
equal to at least 2000 lux, the calluses become green due
to the Dbiosynthesis of the chlorophyll. Exposure to
light, however, does not influence the biosynthesis of
the phenvylpropanoids.

When cultivated in liquid mediums, the undifferenti-
ated callus cultures of Ajuga reptans grow in small ag-
gregrates made up of 5-50 cells. The cells have the same

shape and size as those grown on solid mediums.
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About 1-2 grams of callus (fresh weight) can there-
fore be transferred to a 300 ml Erlenmeyer flask contain-
ing 50 ml of liquid G5 medium. After 28 days of incuba-
tion at 28°C in the dark on a trolley with orbital stir-
ring rotating at 120 revs/minute, the dry weight of the
culture is about 15 mg/mL, and 5 mL of vegetative culture
are 1noculated into Erlenmeyer flasks each containing 50
mL of liquid G5 medium. These cultures are incubated at
23°C in the dark on a trolley with orbital stirring at
120 revs/minute for 10-14 days.

According to the process of the present invention,
the cells are cultivated in a ligquid medium. Flasks or

fermenters made of glass or other materials generally

used, such as, for example, stainless steel, can be

adopted. The liquid medium can be a nutritive solution
containing an assimilable carbon source, an assimilable
source of organic or 1inorganic nitrogen, inorganic salts
and, optionally vegetable hormones and/or vitamins. The
assimilable carbon source may consist of carbohydrates
such as sucrose, fructose, glucose, starch, dextrin,
glycerol, mannitol and mannose.

The assimilable source of organic or inorganic ni-
trogen can consist of aminoacids or their mixtures, pep-
tides or proteins or their hydrolyzate, casein hydroly-

zate, a hydrosoluble fraction of cereals such as the dis-
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tillation residue of maize or wheat in the production of

alcohol, or yeast and also inorganic nitrates and inor-

ganic ammonium salts.

The process of the invention is typically carried
out in a culture in suspension, for example in a flask-
under stiiring or in an aerated fermenter with a pH rang-
ing from 5 to 7, preferably 6.5 and at temperatures rang-
ing from 18 to 36°C, preferably 23°C.

The best culture conditions' are generally in the
dark at a pH of 5.5 to 6.5 and at temperatures ranging
from 18 to 32°C, for a duration of 8 to 16 days. The pro-.

duction of raw FPs begins after 2-3 days of growth and

reaches its maximmm.éfter 10-14 days.

The‘extraction of the raw FPs can be effected start-

ing either from cells or from the culture medium or from

| the.culture.ib toto.

The raw FPs are extracted from the filtered cells or
from the culture in toto with a solvent miscible with wa-
ter, such ‘.as methanol, ethanol or' acetone. The raw .FPs
are extracted from the culture medium separated from the

cells, by means of extraction in solid phase.

- The purpose of the following examples is to illus-

trate the invention, without 1imiting-its scope.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows antioxidant activity of phenylpropanoid A (FPA) and of
phenylpropanoid (FPB) compared with TROLOX?concentration 2UM);

Figure 2 shows antioxidant activity of serum of rats treated with raw extract of
Ajuga reptans (Treated 1 and 2) with respect to a non-treated control serum.

EXAMPLE 1

The process is carried out in 300 mL Erlenmeyer

5a

*Trade-mark
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flasks containing 50 mL of G5 medium whose pH is brought
to 6.5 with diluted KOH. The flasks were stirred in a ro-
tating stirrer at 120 revs/minute with an eccentric of 4
cm. The optimum incubation temperature was 28°C. The
flasks were inoculated with cells of a cellular line of
Ajuga reptans, abbreviated CM75, 14 days old, grown on
solid G5 medium. After 7 days, 5 mL of the cultures were
sterilely transferred to flasks containing 50 ml of the
same medium. After a further 14 days, the production of
raw FPs determined in HPLC, was 2.2 g/L.

An equal volume of methanol was added to 5 L of cell
cultures 1in suspension obtained from 100 flasks, which
were then homogenized and centrifuged.

The sediment was resuspended in 1 L of water and 2 L
of methanol and re-extracted twice. The supernatants were
joined and concentrated at reduced pressure to 5 L, and
the aqueous suspension was passed on an XAD resin column.
After washing with 3 L of water and 2 1L of methanol at
20%, the material adsorbed was eluted with 3 L of metha-
nol.

The organic solvent containing 10.8 g of raw FPs,
determined by HPLC, was evaporated at reduced pressure.
The residue was diluted with water and charged onto a
column in inverse phase of Cis resin.

Elution with acetonitrile at 10% in water gave 7.1 g
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of FPA and further elution with acetonitrile at 20% gave

‘2.2 g of FPB, both determined in HPLC. The organic sol-

vent 'was evaporated at reduced pressure aﬁd the agqueous

residues of both products were lyophilized giving '7.9 g
5 of FPA and 2.5 g of FPB.

. The phenylpropanoid FPA was finally purified by
means of chromatography on an RP18 Lobar* pre-packed col-
umn, eluted with water and ihcreasing quantities of eﬁha—
nol. ﬁ‘he fractions containing pure FPA were joined and

10 'lyophilized giving 6.6 g of pure FPA with a titer of over
98%. The phenylpropanoid FPB was purified analogously
giving a yield of 1.9 g of pure product with a titer of
over 98%.

EXAMPLE 2

15 10 g of undifferentiated callus of Ajug'a reptans
grown on solid G5 medium were inoculated into a 2 L flask
containing 50 mL of ligquid G5 medium. The flask was incu-
bated in an orbital stirrer at 120 revs/minute at a tem-
perature\of.28°c. After 7 days, the whole culture was in-

20 = oculated into'a 10 L fermenter containing 6 L of the same

medium sterilized at 120°C for 30 minutes.

The culture in suspension was left to grow for 10
days at 20°C under stirring at 100 revs/minute and aer-

ated with a stream of air of 0.7 L/L of tnedium/minute.

25 When the growth had reached a dry weight of about 15 g/L,

*Trade-mark
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the culture was collected and extracted as described in
example 1.

The yield to FPA corresponded to 1.15 g/L of culture
and to 0.36 g/L of FPB.

With respect to the process of the invention, it can
generally be seen that the high production vield, the
simplicity of the process, which can be effected in nor-
mal 1ndustrial fermenters, and the fact that structures
of phenylpropanolds A and B are almost exclusively pro-
duced, form the main advantages of the present invention.

An additional aspect of the present invention con-
sists 1n the identification of an antioxidant activity
for FPA and FPB compounds.

In particular, the antioxidant activity of FPA and

FPB compounds extracted from Ajuga reptans according to
the process defined above, was tested.

The antioxidant capacity "in vitro" of FPA and FPB
compounds, extracted from Ajuga reptans, and "in vivo" of
the serum of rats treated with these substances, was
evaluated by means of a chemiluminescent method and com-
pared with that of an analogous hydrosoluble product of
vitamin E.

The chemiluminescent reaction of luminol was used,
which 1s oxidized by hydrogen peroxide (H202), generating

unstable radicals which degenerate to their basic state
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emltting light. This reaction is catalyzed by peroxidase

enzyme. A signal potentiator is also present in the sys-

tem: p-iodophenol which increases the 1light emission,

producing 1n turn radicals which degenerate emitting pho-
5 tons.

The presence of substances with an antioxidant ac-
tivity i1nterrupts the chain of radicalic reactions, tem-
porarily preventing light emission. The time and extin-
gulshing degree of the emission of photons are in rela-

10 tion to the antioxidant capacity and concentration of the
substances being tested.

Reagents

ECL reagent (luminol/H202/p-iodophenol) of Amersham In-
ternational (Amersham, UK).

15 Radish peroxidase (type VI-A, 1100 U/mg) of Sigma (St.
Loulis, MO, U.S.A.).
Trolox: (+/-)-6-hydroxy-2,5,7,8-tetramethylchroman-2-car-
bonsaeure Sigma (St. Louis, MO, U.S.A.).

Samples

20 Samples relating to FPA and FPB molecules extracted

from Ajuga reptans, were prepared in aqueous solution at

different concentrations (5.0, 2.0, 1.0 and 0.5 uM) and

compared wlith solutions, at equal concentrations, of
Trolox, an analogous hydrosoluble product of tocopherol.

25 The serum of rats treated with raw extract of Ajuga rep-
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tans by intravenous administration at a doSage of 200

mg/kg were diluted 1:20 with water and compared with the

serum of a non~treated rat.

Distilled water was used as control.

.Evaluation of the antioxidant capacity

The dosage was effected in black polystyrene cylin-
ders (Dynatech Laboratories, Chantilly, VA, U.S.A.). The
chemiluminescent mixture was prepared by adding 100 pl of
a dilution 1:10,000 v/v (0.11 U/ml) of a stock solution
of peroxidase (1 mg/ml in a Tris-~HCl 0.1 M .buffer, pH

8§.6) to 5 ml of ECL reagent. The various dilutions of the

samples were distributed in quadruple i,ntc the cylinders
(S50 ﬁl/cy’linder) and 100 pl of chemiluminescent mixture
were added to each. The iight emission was measured imme-
diatelﬁr using a Luminograph* LB980 (EG&G Berthold, 'Bad
Wildbad-, Germany) and the chemiluminescent reaction Kki-
netics was moniltored for about 60 minutes. The 1light
emission was measured in photons/sec/pixel and the data
obtained are indicated in Table 1 and the graph of Fignre
1 enclosed, compared with the control (water) and refer-

%
ences (Trolox or serum of a non-treated rat).
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The FPA and FPB samples proved to have an extremely

high antioxidant activity in vitro, significantly higher
| . _

than that of Trolox. The extinguishing time of the light

emission with the same concentration is, in fact, much

25 higher, as can be seen from the enclosed graph which in-

b
b

*Trade-mark
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dicates the chemiluminescent test kinetics. It can also
be observed that the FPA compound has a slightly higher
activity with respect to the FPB compound. Table A below
shows the antioxidant activity of the compounds under ex-
amination and of Trolox, expressed as time in minutes
necessary for obtaining a photon emission equal to 50% of
the water control.

TABLE A

Time (min.) necessary for reaching 50% of the control

light emission

Concentration - Trolox I FPA FPB ]
 5uM 15 — 560 T 60
2 UM 6 * >60 >60

It can be observed for example that with a dosage of
1 UM the FPA activity 1s almost 12 times higher than that
cf Trolox.

The antioxidant activity "in vivo" was evaluated by
the intravenous administration of a raw extract of Ajuga
reptans at a dosage of 200 mg/kg. The sei:um of rats
treated showed a higher antioxidant activity with respect
to the serum of control rats, as can be observed from the
following Table 2, and from the corresponding graph of

Figure 2 enclosed.

12
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TABLE 2
Time | Treated 1 | Treated 2 | Control |
L Sexruln
e —— — -
6 Bl 0 0 0 1
10 T 0 ] 0 1
13 | 0 0 1
B 15 L__ 0] 0 28
24 0 0 65
- 26 ] 0 R 0 ” 73 |
28 0 T 0 76 |
30 H D T
32 0 ] 0 1 74
35 0 0] 72 |
T 37 ] 0 I 0 ) 69
45 T 5 0 | 68
47 BB 11 0 67
49 | 20 1 65
51 33 I 63 |
54 T 43 T 9 } 63 ]
reer——— | e e i — I R
56 0 18 62 |
58 | 62 T 2 | 61
60 64 R 35 - 60 |
62 B 66 | 43 58
64 67 44 57 T
67 | 68 | 45 ] 57 ]
70 T 67 T 46 I 56
RE 66 T 49 55 |
81 65 | 49 | 54

In conclusion, these derivatives, and in particular
FPA, have proved to have a surprising antioxidant activ-
ity both in vitro and in vivo, much higher than that of
the strongest known antioxidants (vitamin E) and in par-

ticular preferentially directed towards the radicalic

13
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species of oxygen.

On the basis of the experimental indications speci-
fied above, an object of the present invention therefore
relates to the use of FPA and FPB in the preparation of
pharmaceutical, or nutritional compositions, or composi-
tions which can be used as food integrators, for adminis-
tering to human beings, in which an antioxidant activity

1S requilired.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE |
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A compound having the formula (1)
OH
X
P
H
HOH,C
wherein R 1s CH,.
2 . A composition useful as food integrator comprising a
compound having the formula (I)
OH
/\/[ D
HOH,C
P
HO 00 N OH
O
RO Zcoo
HO 0 OH
CH,
HO O
HOH,C
HO }—0o
OH
OH

wherein R is CH;.

15
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3. A pharmaceutical composition comprising a compound
on .
| N ‘
HOH l
| OH

H

having the formula (I)

OH

wherein R 1s CH;; in association with a pharmaceutically

acceptable carrier.

4 . A process for the preparation of a compound having

the formula (I)

16



CA 02331471 2006-06-30

wherein R is H or CH;, comprising obtaining a cellular

culture from a plant of Ajuga reptans and subjecting said

culture to cultivation under aerobic conditions 1in a
liguid medium containing assimilable carbon, a nitrogen

gource and mineral salts.

5. The process according to c¢laim 4, wherein said
cultivation under aerobic conditions 1s carried out at a
pH ranging from 5 to 7, at a temperature ranging from 18

to 32°C and for a time ranging from 8 to 20 days.

17
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