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Background: Rhizoma dioscoreae nipponicae is a perennial herb and its roots have been widely used in
Traditional Chinese Medicine (TCM). Objective: To develop and optimize the extraction and hydrolysis
technology of diosgenin from Rhizoma dioscoreae nipponicae. Materials and Methods: 1-methyl-3-
(3-sulfopropyl)-imidazolium hydrogen sulfate (IPSMIMIHSO,), as a kind of functional ionic liquid,
replaced inorganic acid, and was used in a one-step ultrasonic extraction and hydrolysis for the
preparation of diosgenin (the aglycone of dioscin and an important precursor chemical in the
pharmaceutical industry) from Rhizoma dioscoreae nipponicae , for the first time. The effects of
various factors were evaluated. The obtained product was studied using high performance liquid
chromatography (HPLC). Results: About 6.35 mg of diosgenin could be obtained from 2.0 g of
raw material. Reusability and recycling of the ionic liquid were validated with fairly good results.
The ionic liquid solution was reused four times, and the final extraction efficiency only decreased
by 5%. Conclusion: In virtue of the obvious advantages of the green extraction and catalytic
solvent, with further study, it is believed that this new one-step preparative method promises to
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replace the traditional methods.
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INTRODUCTION

Diosgenin, a steroid sapogenin, is the product of
hydrolysis by acids or enzymes of saponins from the plants
of the Dioscorea species. As a kind of important industrial
precursor chemical, it is popularly used for the commercial
synthesis of cortisone, pregnenolone, progesterone, and
other steroid products in the pharmaceutical industry.
U1 Rhizoma dioscoreae nipponicae is a Traditional Chinese
Medicine (TCM) for expelling wind, removing dampness,
promoting blood circulation, diffusing the lung, and
suppressing cough in cases of angina and chronic
bronchitis.! The bioactive constituents in Dioscoreae
nipponicae are mainly steroidal saponins. Among them,
as a major water-insoluble saponin, dioscin is usually used,
to prepare diosgenin by the hydrolysis process.

The most common extraction and preparation method
of diosgenin from natural raw materials is hydrolysis with
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inorganic acid, such as sulfuric and hydrochloric acid, in
laboratories and actual production.! As is well-known,
these traditional techniques are increasingly failing to keep
up with the pace of the new era. As a kind of novel green
solvent, ionic liquids (ILs) have many unique properties,
such as, negligible vapor pressure, good thermal stability,
and an easily dissolvable and extracting ability.”! These
advantages are highly attractive to the present academic and
industrial circles related to the natural functional resources,
so many more applications are realized. "l The traditional
hydrolysis process, catalyzed by inorganic acids, always
suffers from environmental pollution, energy-inefficiency,
corrosion hazard, recycling difficulty of acids, as well as,
carbonization of the product under high temperature, and
so on. Considering these occurring disadvantages, the 1L
is a promising alternative or replacement for conventional
inorganic acid catalysts. Furthermore, the ultrasonic-
assisted process could obtain higher extraction and catalytic
efficiency, and consume less solvent, which has been greatly
popularized in recent years.!'”

On the basis of the above-mentioned background,
([PSMIM]JHSO)) in aqueous solution was selected and
used as a solvent to extract dioscin from Rbizoma dioscoreae
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nipponicae in this study, and at the same time it could
catalyze acid hydrolysis of dioscin, to prepare diosgenin.
Additionally, the effects of the key hydrolysis conditions
were investigated. This new one-step ultrasonic extraction
and hydrolysis method is greener and more efficient, and
is expected to replace the traditional methods with further
study and application.

MATERIALS AND METHODS

Materials

Rhbizoma dioscoreae nipponicae was purchased from a local
drug store, and then milled and dried. Standard diosgenin
used for HPLC was obtained from Tauto Biological
Technology Company (Shanghai, China). All chemicals
involved in this study were at least of analytical reagent
grade. All the ILs were synthesized according to the
procedures mentioned in the literature.>!

Preparation of diosgenin from Rhizoma dioscoreae
nipponicae

Dried and ground raw plant material of 2.0 g was mixed
with IL solution in a flask and sonicated for 30 minutes.
Next the suspension was extracted and hydrolyzed under
reflux at 100°C, while the ratio of material to -liquid ranged
from 1:7.5 to 1:25. After the appointed reaction time, the
reactor was cooled down to room temperature and the
obtained mixture was filtrated using a Busher funnel. The
filtrate was collected and reused for the next extraction,
and the residue was washed with redistilled water until its
pH was neutral. Following this the residue was dried at
60°C under vacuum and treated with 40 mI. hexane, under
reflux, for one hour. After extraction, the suspension was
filtrated and the filtrate was distilled under vacuum. The
obtained substance was dissolved with 5 mI. methanol, and
then filtered through a 0.45 um microporous membrane
prior to HPLC analysis.

Analytical method

The yield of diosgenin was analyzed on a Shimadzu LC-
20A high-performance liquid chromatography system
(Tokyo, Japan) with an SPD-M20A PDA detector and a
Welchrom symmetry C18 column (250 mm X 4.6 mm,
5 pwm). During this process, the column temperature
remained constant at 30°C, while the mobile phase applied
was 100% methanol, at the flow rate of 0.8 mI. / minute,
with ultraviolet (UV) detection at 209 nm, and the volume
for each injection being 10 pL. The concentration of
diosgenin was calculated based on the standard curve
obtained with the standard substances. Moreover, the
extraction efficiency was expressed as the observed value
of diosgenin and the maximum amount in the curve was
taken to be 100%.
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RESULTS

Comparison of the performance of ionic liquids

The acidity of ILs is one of the most important factors in
the hydrolysis of natural glycosides. Meanwhile, excellent
solubility is also needed when ILs are used as extraction
solvents. Thus, eight BrOnsted ionic liquids ([HMIM]
[HSO,], [HMIM][p-TSA], [HMIM][T{fO], [HMIM]
[MeSO ], [BMIM][H,PO ], [BMIM][HSO ], [PSMIM]
[HSO,], and [PSMIM][H,PO]) were first selected in our
experiment. Their pH values were measured in a 20 mmol /
100g aqueous solution at 30°C, via a pH meter. They were
1.2, 5.6, 5.7, 49, 6.1, 1.6, 1.0, and 1.5, successively. The
performance of the selected ionic liquids was compared
under the same molar concentrations (2 mol / L aqueous
solution) by the yields of diosgenin at 100°C, for five
hours, and the results are shown in Figure 1. It was obvious
that the ionic liquids [PSMIM][HSO,] could obtain the
highest yield, which had higher acidity and solubility for
target steroidal saponins, at the same time. Moreover,
compared with other anions, [H,PO,] and [HSO ] could
achieve a better performance. [PSMIM]" had a sulfonic
group that might cooperate with the anion, to provide a
stronger catalytic effect, and the aliphatic side chain in the
cations was also found with obvious contribution to better
solubility for dioscin in our study. Thus, [PSMIM][HSO |
solution was chosen as the optimal solvent to perform
extraction and hydrolysis of dioscin.

Effect of ionic liquid concentration on diosgenin yield
The concentration of ionic liquid was an important factor,
which should be studied to ensure high extraction and
hydrolysis efficiency of diosgenin. In this study, 40 mL of
different concentrations (0.5 mol / 1., 1.0 mol / T, 1.5 mol /
L,2.0 mol / I, and 2.5 mol / L)) were chosen, to investigate
their effect on the extraction efficiency of diosgenin. As

A: [HMIM][HSO,]
C:[HMIM][TfO]

E: [BMIM][H,PO,]
804 G: [PSMIM][H,PO ]

B: [HMIM][p-TSA]
D: [HMIM][MeSO|

F: [BMIM][HSO)

H: [PSMIM][HSO] —

100

Ralative yield of diosgenin (%)

D E F G H

Tonic liquids

Figure 1: The effect of IL types on the yield of diosgenin (2 g material
mixed with 2.0 mol/ L ionic liquid solution at a material to liquid ratio of
1:20 was extracted and hydrolyzed under reflux at 100°C, for five hours)
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shown in Figure 2, no significant improvement was found
when it was increased to 2.0 mol / L. Thus, 2.0 mol / L of
([PSMIMJHSO,) was selected in present study.

Effect of time on diosgenin yield

To investigate the effect of the reaction time on the
extraction efficiency of diosgenin, comparative experiments
were cartied out at one, two, three, fout. five, and six hours,
respectively. The result is shown in Figure 3. The yield of
diosgenin increased sharply within five hours, while after
five hours, its yield began to decrease. This could be due
to the fact that diosgenin was unstable in the acid solution
for a very long time. Therefore, in the optimization process,
five hours was selected as the optimal reaction time.

Effect of the ratio of solid to liquid on diosgenin yield
To optimize the solid—liquid ratio, comparative
experiments were also carried out with 2.0 mol / L of
([PSMIMJHSO,) at a five-hour reaction time, when the
solid-liquid ratio changed. Figure 4 shows the related
result, and it was noticed that the yield of diosgenin
reached maximum when the ratio of liquid to material
was 20:1. However, there was a little reduction when the
ratio improved. In view of the fact that more time and
energy were required to condense the extraction solution
in a later separation process, the material / liquid ratio
of 1:20 was chosen, to contribute to the high yield of
diosgenin.

Effect of particle size on diosgenin yield

Finally, the influence of particle size on extraction efficiency
was evaluated, as this parameter was often overlooked by
researchers and frequently not well-defined. In general, a
smaller sample particle size can produce relatively higher
extraction efficiency, because a great specific surface area
is more beneficial for the mass transfer between sample
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The concentration of ionic liquid (mol/L)

Figure 2: The effect of the concentration of ionic liquid on the extraction
efficiency (2 g material mixed with ionic liquid solution at a material
to liquid ratio of 1:20 was extracted and hydrolyzed under reflux at
100°C for five hours)
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particles and solvent. However, more coexisting impurities
will be extracted together with the target constituents,
which may bring great troubles to the subsequent
processing. In this study, partially ground parsley flakes have
been passed through three different stacked standard-size
sieves (20, 40, and 100 mesh), respectively. Four different
particle size fractions have been collected (> 0.83, >
0.38 and < 0.83, < 0.38 and > 0.15, < 0.15 mm) and
extracted, respectively. The results are shown in Figure 5,
which indicate that when the particle size is larger than
0.83 mm, the extraction efficiency will obviously decrease.
The particle size fraction (< 0.38 and > 0.15) may basically
meet the requirement of the extraction.

Recycling and recovering of ionic liquid

In the principle of green pharmaceutical techniques, catalyst
recycling is always significant. In the study of recycling, the
filtrate is reused directly four more times under optimized
conditions. The results are satisfactory as shown in Figure
0. The extraction efficiency only decreases by 5%. Then in
the process of recovering, the filtrate residue that comes
from the hydrolysis process is washed with water, and then
the cleaned mixture is distilled under vacuum to remove
the water. The residual is diluted by anhydrous ethanol and
filtrated to remove water-soluble impurities. As per the results
shown in Table 1, it can be found that the particle size of raw
materials also play an important role in the recovery of IL.
When the particle size is larger than 0.83 mm, the amount
of IL absorbed by the raw materials is the largest. That is,
the larger particle size, the more IL absorbed. It proves that
the related mechanism is micropore adsorption rather than
surface adsorption, although small particles have a greater
specific surface area, it will only absorb less IL. Finally, the
IL is concentrated in vacuum, and subsequently added in
the filtrate, which comes from the hydrolysis process. Then
it can be directly used for the next extraction.
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Figure 3: The effect of time on extraction efficiency (2 g material

mixed with ionic liquid solution at a material to liquid ratio of 1:20 was
extracted and hydrolyzed under reflux at 100°C)
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Figure 4: The effect of solid-liquid ratio on the extraction efficiency

(2 g material mixed with 2.0 mol / L ionic liquid solution was extracted
and hydrolyzed under reflux at 100°C for five hours)
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Figure 6: The effect of recycling times on extraction efficiency

CONCLUSION

In this study, a new and efficient IL.-based method has
been developed for preparation of diosgenin from Rbizoma
dioscoreae nipponicae. In this one-step method, ([PSMIM]
HSO,) was not only an extraction solvent for dioscin, but
also a promising catalyst for the hydrolysis of dioscin.
Based on comprehensive and comparative studies, the
hydrolysis conditions were investigated and optimized.
Under optimal conditions, the II.-based method could
obtain good extraction efficiency (about 6.35 mg from 2.0
g of raw material). It was more significant that these ILs
were easy to be synthesized on a small and industrial scale.
Compared to the traditional methods, this method was more
efficient and green. Moreover, reusing and recovering of
the ionic liquid were also studied, with fairly good results.

It is believed that this preparative method has great
potential and broad prospects for further utilization of
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Figure 5: The effect of particle size on the extraction efficiency
(2 g material mixed with 2.0 mol / L ionic liquid solution was extracted
and hydrolyzed under reflux at 100°C, for five hours)

Table 1: The effect of particle size on the recovery
of lonic Liquids

Particle size IL after IL after Water-
water ethanol soluble
treatment treatment impurities
(9) (9) (9)
<0.15 mm 0.8135 0.7421 0.0714
0.38 mm ~ 0.15 mm 1.0036 0.9186 0.0850
0.83 mm ~ 0.38 mm 1.0041 0.8998 0.1443
>0.83 mm 2.3092 2.1372 0.1720

Rbigoma dioscoreae nipponicae and other plants of the
Dioscorea species.
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