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ABSTRACT

Sophora matrine alkaloids have
recently been useful .in the treat-
ment of some types of cancer.

Certain classes of macro-
molecules 1including non-ionic sur-
factants, Polyethylene glycols and
cyclodextrins have been investlgated
for their effects on the extraction
of Sophora alkaloids from the leaf,
the bark and the seed.

Increasing the non-ionic surfac-
tant solutions above CMC improved
the yield of the extracted alkaloids
calculated and quantified after TLC
separation as cytisine. Extending
the hydrocarbon chain in a homolo-
gous series of non-1ionic surfactants
containing the same polyoxyethylene
chain improved the extraction from
the leaf, the bark and the seed and
vice versa. That is why polysorbate
80 is more efficient than ploysor-
bate 20 and Brij 58 1is more effi-
cient than Brij 35. On the other
hand Eumulgin C 1500 is less effi-
cient than Eumulgin C 1000 and Myrj
59 is less efficient than Myrj 53.

PEGs improved the extraction of
Sophora leaf alkaloids irrespective
of the concentration. Increasing the
molecular weight of PEGs leads to
decrease 1in the ylield of cytisine
extracted from the leaf.

Cyclodextrins improved the ylield
of cytisine extracted from Sophora
leaf. It was found that B-cyclodex-
trin 1is more effective than a-cy-
clodextrin in this concern. In both
cases the 1inclusion 1isotherm was
found to be Ay type with no precipi-
tation of the inclusion compound.

INTRODUCTION

The use of certain macro-
molecules including non-ionic sur-
factants and PEGs for increasing the
vield of the aqueous extract of cer-

tain medicinal plant powders has
been demonstrated!. Thus the yield
of sennosides in agueous extract has
been increased by incorporating dif-
ferent concentrations of such macro-
molecules in the extraction medium.

The aim of the present work 1is
to investigate the effect of differ-
ent classes of non-ionic surfactants
including polysorbates, Eumulgins,
Brijs, Myrjs as well as PEGs and cy-
clodextrins on the extraction of

Sophora alkaloids calculated as
cytisine.

The effect of concentration of
non-ionic surfactants below and
above their respective critical mi-
cellar concentration (CMC)}) on the
extraction process has been also
demonstrated.

Sophora whole extract 18 ex-
tremely poisonous and hallucino-
genicz"'. The toxicity of the plant
is believed to be due to the alka-
loid cytieines and cytisine type al-
kaloids®. The matrine alkaloids, ex-
tracted from some genera of Sophora,
have recently been useful 1in the
treatment of some types of cancer’.

EXPERIMENTAL

Materials

Cytisine pure authentic powder
(obtained from Prof. K.F. Blinova,
Chemical and Pharmaceutical Insti-
tute, Leningrad USSR).




Sophora leaf, bark and seed com-
minuted to 400-500 um particle size,
(Aswan plant garden, Egypt).

Non-ionic surfactants

Polysorbates, polyoxyethylene
(20) gorbitan monolaurate
(polysorbate 20) and polyoxyethylene
(20) sorbitan monooleate
(polysorbate 80), (Atlas Chemical
Industries Inc., Willimington

Delaware, USA).

Eumulgins, cetyl stearyl alcohol
with (20) ethylene oxide units
(Eumulgin Cl1000), and stearyl alco-
hol with (50) ethylene oxide units
(Eumulgin C1500), (Henkel Interna-
tional, Dusseldorf, Germany).

Brijs, Polyoxyethylene (23) lau-
rylether (Brij 35) and polyoxyethy-
lene (20) cetylether (Brij 58),
"(Atlas Chemical Industries 1Inc.,
Willimington Delaware USA).

Myrijs, Polyoxyethylene (50)
stearate (Myrj 53) and polyoxyethy-
lene (100) gtearate (Myr3 59),
(Atlas chemical Industries 1Inc.,
Willimington Delaware USA).

The number between brackets de-
notes the number of ethylene oxide
groups in the surfactant molecule.

Polyethylene glycols, (PEGs),
PEG 1000, PEG 4000, and PEG 6000,
(Sigma Chemical Company St. Louis,
Mo, USA).

TLC s8ilica gel G plates (E.
Merck, Germany).

Equipment:

Thermostatically controlled
water bath with a flask shaker (karl
kolb Scientific technical Supplies
D-6072 Dreieich, Germany).

Ultraviolet self-recording spec-
trophotometer SP 1750 (Pye Unicam,

England) and Ultraviolet double beam
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spectrophotometer
Jasco, Japan).

(UV-1IDEC 320

Methods

1- Determination of the maxi-

mum absorbance of pure au-
thentic cytisine:
Known concentration of pure au-
thentic c¢ytisine was dissolved
in small amount of methanol and
completed with distilled water.
The solution was s8creened for
its maximum absorbance  wave
length using UV self-recording
gspectrophotometer. It was found
that cytisine has three maximal
absorbance wave lengths 204, 232
and 304 nm. The latter max 1is
more intense and more sensitive
in absorption Fig. 1, and thus
adopted for constructing the
calibration curve which follows
Beer's lambert law. This maximum
wave length, 304 nm, was used
also for the assay of cytisine
in the extract after TLC separa-
tion.

2—- TLC separation of cytisine

from the plant extract and
determination of its maxil-—

mal absorbance:

Known volumes of the agueous ex-
tract af the leaf as well as the
bark or the seed were spotted on
gilica gel G plates. Pure au-
thentic cytisine was dissolved
in methanol and spotted on the
same plate. Chloroform-methanol-
28% ammonia (100:10:1) was used
as a developing system. After
development the front 1line was
marked and the plates were visu-
alized under UV light. The
spots of the extracts with the
same Rf value of the spotted
pure authentic cytisine were lo-
cated (Rf value of 0.56), cir-
cled and scratched in test tubes
containing 10 ml methanol and
shaken for 30 minutes. The
methanolic extract was completed
to 100 ml distilled water and




screened for UV maximal ab-
sorbance using self recording
ultraviolet spectrophotometer.
It was found that cytisine sepa-
rated from the plant extract by
TLC is identical to pure authen-
tic cytisine with three maximal
absorbances at 204, 232 and 304
nm, Fig.2.

The last procedure was repeated
exactly but in presence of the
highest concentration used of
the investigated macromolecules
in order to check their effects
on the separation and assay of
cytisine. It was found that the
presence of the macromolecules
neither interferred with the
geparation of cytisine nor they
made any shift for its maximal
absorbance in the dilution range
used.

3- Percentage recovery deter-—

mination:

Specific concentration of pure
authentic cytisine was dissolved
in methanol and spotted on sil-
ica gel G plates and developed
using the previously mentioned
system. The spots were located
under UV light and scratched 1in
a test tube containing 10 ml
methanol and shaken for 30 min-
utes. The methanolic extract was
completed to 100 ml with dis-
tilled water and assayed for
cytisine content spectrophoto-
metrically at 304 nm. The per-
centage recovery was determined
and considered in the comming
calculations.

4- Investigation of the effect

of macromolecules on the

extraction of Sophora alka-
loids calculated as cyti-
sine:

One gm of the powdered leaf,
bark or s8seed (400-500 um) was
shaken with different concentra-
tions of the investigated macro-
molecules in stoppered conical

39

flagsks in a thermostatically
controlled water bath at 37 ¢
0.1°C over night. The macro-
molecules investigated were non-
ionic surfactants including
polysorbate 20, polysorbate 80,
Eumulgin C€1000, Eumulgin C1500,
Brij 35, Brij 58, Myrj 53 and
Myrj 59. PEG 1000, PEG 4000, PEG
6000, a-cyclodextrin and B-cy-
clodextrin were also investi-
gated. The concentrations of the
non-ionic surfactant solutions
investigated were selected to be
below and above their critical
micellar concentration. After
equilibrium was attained, the
extracts were filtered and 1 ml
of the extracts were spotted on
gilica gel G plates and devel-
oped using chloroform-methanol-
28% ammonia (100:10:1). The
cytisine zone was located under
UV light (Rf value of 0.56) and
gscratched quantitatively into 10
ml methanol in a stoppered tube
and shaken for 30 minutes. The
methanolic extract was completed
to 100 ml with distilled water
assayed and spectrophotometri-
cally for 1its cytisine content
at 304 nm. The concentration of
cytisine was found from the con-
structed calibration curve and
the percentage recovery factor
was considered.

RESULTS AND DISCUSSION

Cytisine pure authentic sample
gave 3 max in the ultraviolet re-
gion 204, 232 and 304nm, Fig. 1.
Since the latter wave length was
more distinct and sensitive 1in ab-
sorption, it was used for the assay.

Cytisine separated from Sophora
leaf, bark or seed by TLC in absence
and in presence of the investigated
macromolecules gave 3 maximal ab-
sorbance wave lengths 1identical to
pure authentic cytisine, Fig.2. This
indicates that the presence of the
macromolecules investigated neither




interferred with the separation of
cytisine nor they made any shift for
1ts maximal absorbances in the dilu-
tion range used.

The effect of the investigated
nonionic surfactant solutions in-
cluding polysorbates, Eumulginsg,

Brijs and Myrjs on the extraction of
cytisine from Sophora leaf is shown
in Table 1 and Fig. 3. The concen-
trations of the investigated surfac-
tants were selected to be below and
above c¢ritical micellar concentra-
tion (CMC) in order to investigate
the effect of micelle formation on
the extraction of the alkaloids cal-
culated as cytisine. Table 1 con-
tains the reported CMC values of the

investigated non—ionic surfac-
tants8.9?, In absence of the
investigated non-ionic surfactant
gsolutions, distilled water ex-

tracted 19.15 mg cytisine from 1 gm
powdered leaf. The 1little increase
in the extraction power of the in-
vestigated non-ionic surfactant so-
lutions, below CMC is related to the
formation of the limited association
of surfactant monomers at the local
association concentrationlo level
which assist the extraction of cyti-
sine by forming small monomer aggre-—
gates.

The pronounced increase in the
amount of cytisine extracted by the
non-ionic surfactant solutions in-
vestigated above their respective
CMC values is referred to the incor-
poration of cytisine in the formed
non-ionic surfactant micelles hence
assist sharply cytisine extraction.
Thus the increase in the extraction
power of the non-ionic surfactant
solutions toward cytisine could be
related to the solubilization! of
the non-polar cytisinel!l within the
non-ionic surfactant micelles. On
lncreasing the concentration of the
investigated non-ionic surfactant
solutions above their respective CMC
values, distinct increase in the

amount of cytisine extracted was ob-
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served, Fig. 3. This could be re-
lated to the more micelles formed
which incorporate more of the non-
polar cytisine within the micellar
core composed of hydrocarbon
chains!0, Extending the hydrocarbon
chain in a homologous series of non-
ionic surfactants containing the
same polyoxyethylene chain as 1in
polysorbates and Brijs increased the
extraction power towards cytisine.
This result emphasizing the conclu-
sion that cytisine is incorporated
within the miceller interior, the
core region of the micelle composed
of the hydrocarbon chains, rather
than the capsular region of the mi-
celle formed of the polyoxyethylene
chains'2"14, Another evidence of the
last finding is that, on extending
the polyoxyethylene chain length 1in
a homologous series of non-ionic
surfactants having the same hydro-
carbon chain, the extracting power
for cytisine was decreased. That is
why Eumulgin C1500 is less efficient
than Eumulgin C1000 and Myrj 59 is
less efficient than Myrj 6313-16
Table 1 and Fig.3. That is because
extending the polyoxyethylene chain
decreases the core/capsular ratio of
the micelle, thus decreases the ex-
traction power which attributed
mainly to the core of the micelle.
The non-ionic surfactant solutions
investigated could be arranged for
their extracting power as follows;
polysorbate 80> polysorbate 20> Briij

58> Eumulgin C€1000> Brij 35> Eu-
mulgin C1500> Myrj 53> Myrj 59,
Fig.3.

The effect of the non-ionic sur-
factant solutions investigated on
the extraction of Sophora alkaloids
calculated as cytisine from Sophora
bark is shown in Table 2 and Fig. 4.
In absence of non-ionic surfactant
solutions, 17.08 mg cytisine was ex-
tracted from 1 gm bark powder. The
increase in the quantity of cytisine
extracted below the CMC of the in-
vestigated non-ionic surfactant so-
lutions is due to the local associa-




tion of the monomers. The pronounced
increase in the quantity of cytisine
extracted above the CMC may be due
to the solubilization of cytisine
within the micellar core'®. The
quantity of cytisine extracted was
increased by 1increasing the non-
ionic surfactant concentrations as

the number of the formed micelles
increased!®. Extending the hydrocar-

bon chain in a homologous series
containing the same polyoxyethylene
chain resulted in an increasel?’14 in
the amount of cytisine extracted
from the bark. That is why polysor-
bate 80 is generally more efficient
than polysorbate 20 and Brij 58 1is
more efficient than Brij 35. The
last finding confirm the incorpora-
tion of cytisine within the hydro-
carbon chain, the core of the mi-
celle. Extending the polyoxyethylene
chain, the capsular region of the
micelle, 1in a homologous series of
non-ionic surfactants containing the
same hydrocarbon chain 1length re-
sulted in a decrease' '® in amount
of cytisine extracted as the core /
capsular ratio of the micelle de-
creased. That 1is why Eumulgin C1000
18 more efficient than Eumulgin
Cl1500 and Myrj 53 is more efficient
than Myrj) 59. The presence of the
non—-ionic surfactants in the extrac-
tion medium actually improved the
vyield of cytisine extracted spe-
cially at the highest concentrations
investigated (nearly 2.5 folds in-
crease).

The effect of the 1investigated
non-ionic surfactant concentration
on the extraction of cytisine from
Sophora seed 18 shown in Table 3 and
Fig. 5. At zero surfactant concen-
tration the amount of cytisine ex-
tracted was 19.05 mg per 1 g pow-
dered seed (400-500 um particle
size). The local association of
monomers below CMC 1is responsible
for the 1increase observed 1in the
amount of cytisine extracted.
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At 5 and 1% polysorbate 20 and
polysorbate 80 regpectively and
above, precipitation in the extrac-
tion medium took place as the high
fat content of the seed interacted
with the higher concentration of
polysorbates. Thus measuring cyti-
gine extracted 1in those solutions
was i1mpossible since the precipitate
could not be filtered. Polysorbate
80 1s more efficient 1in assisting
the extraction of cytisine than
polysorbate 20 and Brij 58 is more
efficient than Brij 35. On the other
hand Eumulgin C1000 is more effi-
cient than Eumulgin C1500 and Myrj
53 18 more efficient than Myrj 659
for the last mentioned reasons. The
non—-ionic surfactants investigated
could be arranged according to their

efficiencilies in cytisine extraction
as follows: Brij 58 > Eumulgin C1000
> Myrj 53 > Brij 35 > Eumulgin C1500
> Myrj 59. |

The effect of polyethylene gly-
cols 1000, 4000 and 6000 on the ex-
traction of Sophora alkaloids calcu-
lated as cytisine from Sophora leaf
1s shown in Table 4 and Fig. 6. The
amount of cytisine extracted in zero
PEGs concentration was 19.15 mg
cytisine per 1 gm leaf powder. PEGs
caused marked increase in the amount
of cytisine extracted even at the
lowest concentration used. Further
increase in PEGS concentration
caused little increase in the amount
extracted as PEGs are non-micellar
forming materials8.10, Hydrogen bond-
ing, Van der Wall forces and elec-
trostatic attraction may be respon-
gible for the increase in extraction
of cytisine in solutions containing
PEGs. As the molecular weight of the
investigated PEGs increased, the ex-
tractive power decreased. That 1is
why PEG 1000 was more efficient than
PEG 4000 and the latter was more ef-
ficient than PEG 6000. This may be
attributed to the increased hy-
drophilicity of the extraction

medium by increasing the number of
glycol groupsd 10 ag

the molecular




weight of PEG increased rendering
the extraction medium more hy-
drophilic thus decreased the extrac-
tion of lipophilic cytisine.

Comparing the effect of the non-
ionic surfactant and PEG solutions
investigated on the extraction of
cytisine from the leaf Table 1, Fig.
3 with Table 4, Fig. 6, it is clear
that the former class is more effi-
cient in assisting cytisine extrac-
tion specially above their respec-
tive CMC values.

The effect of a- and f3-cyclodex-
trin on the extraction of cytisine
from Sophora leaf ig shown in Table
5 and Fig. 7. It is evident that the
presence of both a- and fR-cyclodex-
trin caused marked increase in the
amount of cytisine extracted spe-
cially with B-cyclodextrin as its
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5.2 and 6.4 A° for a- and B-cy-
clodextrin respectivelyl?), although
B-cyclodextrin has limited water
so0lubility 0.1 moles/l is insoluble,
Table 5). It is supposed that the
increase in extraction caused by the
cyclodextrins is related to the in-
clusion of the hydrophobic cytisine
in the hydrophobic cyclodextrin cav-
ities composed of hydrocarbon
groups. The shape of cytisine inclu-
sion isotherm in a- and B-cyclodex-
trin, Fig. 7, supposed to be Ay
typel!” with no precipitation of the
inclusion compound.

The solubility of a-cyclodextrin
was up to 0.4 moles / L and it as-
sist the extraction of nearly 34 mg
cytisine from 1 gm leaf powder. The
use of cyclodextrins in such pur-
poses 18 preferable as they are nat-
urally occuring, non-toxic and non-

- —y

-inclusion cavity is wider than a-cy- hemolytic.
clodextrin ( Inclusion cavities are

']
Table 1: Effect of non-ionic surfactant concentration on the Table 2: Effect of non-ionic surfactant concentration on -

the extraction of Sophora alkaloids calculated
as cytisine from Sophora bark at 37:0.1°C.

extraction of Sophora alkaloids calculated as cytisine
from Sophora leaf at 37:0.1°C.

----------------------------------------------------------------

Surfactant Reported mg cytisine per 1gm powder Surfactant mg cytisine per 1gm powder
o b el L R R R L R Rt L AL A R R R R LA R R L
valuesS:? Surfactant Conc. X Surfactant Conc. ¥
om X 0.005 0.024 1 5 10 20 0.005 0.024 1 5 10 20

--------------------------------------------------------
- e B B E TS PFE SRR EREE TR SE R E SR TS RS s o oo el e b E A O B B A B B B R W B B B B

Polysorbate 20 19.20 19.51 20.59 26.35 32.25 43.99
Polysorbate 80 21.51 21.01 23.04 27.85 37.23 40.27
Eunulgin C 1000 21.08 23.81 30.89 34.35 35.2t 37.35
Eumulgin € 1500 19.53 19.59 27.27 29.90 33.97 34.28

Polysorbate 20 0.006 19.80 26.71 30.81 36.14 38.67 42.19
Polysorbate 80 0.0013 25.04 28.30 26.95 38.65 46.44 47.90
Eumulgin C 1000 0.0011 22.15 26.31 30.25 33.12 35.20 36.29
Eumulgin C 1500 0.0012 20.50 20.92 27.75 30.05 32.72 33.01

Brij 35 0.001 24.95 24.98 26.01 30.57 31.65 34.56 Brij 35 ch.12 23.26 24.30 25.89 28.82 29.02
Brij 58 0.0011 29.31 28.82 32.42 36.69 38.02 40.27 Brij 58 25.74 25.10 29.13 30.24 32.40 33.80
Myrj 53 0.016 25.99 25.90 27.30 30.06 32.08 33.72 Myrj 53 ¢2.30 22.70 25.20 27.72 29.40 30.55
Myrj 59 0.020 24.0%1 '24.20 26.50 27.00 28.23 29.47 Myrj 59 20.50 20.69 23.15 26.97 35.12 41.91

---------------------------
EEEsSELAESTESSAASASSASASAABES ST AT ASETEEAETEESESEAREREsASASERAAERERAAARALERBYY. TR TTEOAAEELRAITESSA St ALt as SR ARS S EE RSB SR SR ow e e .

* mg cytisine extracted from 1 gm bark powder at zero
surfactant concentration was 17.08.

* mg cytisine extracted from 1 gm leaf powder at zero surfactant
concentration was 19.15.

al




Table 3: Effect of non-ionic surfactant concentration on
the extraction of Sophora alkaloids calculated

as cytisine from Sophora seed at 37:0.1°C.

--------------------------------------------------------

---h-'---—--#-------‘-----ﬂ----- --------

Surfactant Conc. X

—_—_—Tr—— — .
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Table 4: Effect of PEGs concentration on the extrac-

tion of Sophora alkaloids calculated as
cytisine from Sophora leaf at 37 ¢ 0.1°C.

- aEm aF s B EE B B A B B W R W O aE g W e gum e o i i wk R e R o D e W e W R B e R W R W W B BB

0.005 0.02¢4 1 5 10 20 mg cytisine per lgm powder

.............. PEG
Polysorbate 20 26.92 28.36 29.90 PP pp PP PEG Conc. %
Polysorbate 80 27.71 30.29 pp PP PP PP 0.005 0.024 1 p 10 20
Eunulgin C 1000 19.91 20.12 26.50 28.80 30.80 31.27 e

' . 29.11
Eunutgin C 1500 19.00 19.11 24.12 25.21 27.21 PEG 1000 26.34 26.34 26.39 26.34 26.92 27.13
Bri) 35 24.68 24.84 25.08 27.06 27.80 28.98
8rij S8 24.21 25.87 26.55 29.85 32.62 34.80 PEG 4000 25.98 25.75 26.02 26.07 26.22 26.25
Myrj S3 24.25 26.39 25.20 28.30 30.38 33.63 PEG 6000 25.98 25.77 25.80 25.79 25.94 25.90
Myrj 59 23.04 23.96 24.18 25.06 26.05 27.50

i by wh wy == 4 o ep =k B B MM e A AE B B SR 9 B O O S SR B B & B B 498 ap B B B B B B B 3 R O 4 B O O O W 9 I W

-------------------------------------------------------

* mg cytisine extracted from 1 gm leaf powder at
zero PEG concentration was 19.15.

* ng cytisine extracted from 1| 9m seed powder at zero
surfactant concentration was 19.05.
* pp, precipitation in the extraction media.

tffect of cyclodextrin concentration on the extraction of Sophora

Table 5:
’ alkaloids calculated as cytisine from Sophora leaf at 37 &t 0.1°C.

-----------------------------------------------------------------------------

.ﬂﬂ----‘-------------'—"—'-'---'-#------‘--‘--‘----------------------

Cyclodextrin Conc. moles

- 0.005 0.025 0.05 0.07 0.1 0.2 0.3 0.4
a-Cyclodextrin 28.75 28.98 30.00 31.00 31.25 31.27 32.15 33.86
-8-Cyclodextrin 28.84 30.10 32.15 32.26 B-CyD B-CyD 8-CyD B-CyD

insoluble insoluble insoluble insoluble

* mg cytisine extracted from 1 gm leaf powder at zero Cyclodextrin concen-
tration was 19.15.
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29 4

24

mg cytisine per lgm powder

—.- ~gysladeniris

+ -eycelodextrin
Wt—T T 7717 7T T T T

0O 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

Cyclodextrin conc. moles/L

7: Effect of cyclodextrin concentration on the
extraction of Sophora alkaloid calculated as
cytisine from Sophora leaf at 37=40.1° C.
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