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Quantitative determination of diosgenin was carried out by multi-well microplate-spectrophotometry
and high-performance liquid chromatography (HPLC) in this study. Diosgenin detection by microplate-
spectrophotometry depended on the formed yellow substance developed by perchloric acid, and
measured at 410 nm. The calibration graph was linear over the range of 2 to 10 pg diosgenin in each
well with correlation coefficient (R) as 0.9988, detection limit as 0.6111 yg, and quantification limit as
1.8518 pg. For HPLC analysis, diosgenin detection was conducted at 203 nm on an Agilent TC-Cy;
column with a mobile phase of acetonitrile-water (90:10, v/v). The calibration graph was linear over the
range of 0.0625 to 1.000 pg diosgenin with correlation coefficient (R) as 0.9995, detection limit as 0.0372
Mg, and quantification limit as 0.1127 ug of diosgenin. Both methods were characterized by satisfactory
precision and accuracy, which were then employed to detect diosgenin content in cell cultures of
Dioscorea zingiberensis. No statistical significant differences were observed between the results
obtained by microplate-spectrophotometry and HPLC (ANOVA, p < 0.05). Quantitative determination of
diosgenin by microplate-spectrophotometry should be a rapid, accurate, simple and economic
alternative method, though HPLC is more sensitive for diosgenin analysis.

Key words: Diosgenin, Dioscorea zingiberensis, cell cultures, microplate-spectrophotometry, high-performance

liquid chromatography, quantitative determination.

INTRODUCTION

Diosgenin is an important precursor of semi-synthetic
steroids such as corticosteroids, sex hormones (e.g.,
progesterone) and other steroidal drugs in
pharmaceutical industry (Oncina et al., 2002; Qin et al.,
2006), which has an estrogenic effect on the mammary
gland (Aradhana et al., 1992), and plays an important role
in control of cholesterol metabolism (Roman et al., 1995).
Sources for diosgenin production are mainly from the
plants of genera Dioscorea, Costus and Trigonella in the
form of steroidal saponins, which attach glucose or
rhamnose to aglycone by C-O glucosidic bonds (Zhang et
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al., 2006; Adham et al., 2009). Dioscorea zingiberensis C.
H. Wright. is the main resource for diosgenin production
in China (Wang et al., 2008). However, overexploitation of
natural D. zingiberensis leads to rapid decrease of this
plant resource and sharp shortage of diosgenin in
pharmaceutical synthesis. Cell culture of D. zingiberensis
has been regarded as an alternative means for efficient
and controllable production of diosgenin (Zhou and Wu,
2006). Plant cell culture is the most useful and
convenient experimental system for examining effects of
various factors on the biosynthesis of desired products
and for exploring effective measures to enhance their
production. In order to screen appropriate elicitors or
high-yield cell strains, it is very important to determine
diosgenin content of the cell culture samples of D.



zingiberensis quantitatively and rapidly.

Up to date, different analytical methods have been
developed for diosgenin determination, mainly including
gravimetric method (Morris et al., 1958), densitometric
thin-layer chromatography (Brain and Hardman, 1968),
gas chromatography (Savikin-Fodulovic et al., 1998),
spectrometric methods (Sanchez et al., 1972; Chen et al.,
2010), high-performance liquid chromatography (Huang
et al.,, 2008; Zhang et al.,, 2009), and enzyme-linked
immunosorbent assay (Li et al., 2010). Of them,
spectrophotometry and HPLC are the two usual methods
for diosgenin analysis. HPLC analysis has also been
widely employed to quantitatively determine other
compounds such as nimesulide (Hanif et al., 2011),
levobupivacaine (Liu et al.,, 2011) and sumatriptan
(Sheshala et al., 2012). Microplate-spectrophotometry is
different from the previous original single cuvette assay,
which introduced a multi-well microplate and was
automatically measured with the spectrophotometer.
Microplate-spectrophotometry has been widely applied in
various aspects such as analysis of lipase activity (Choi
et al., 2003a), detection of cytochrome P450-carbon
monoxide complexes (Choi et al.,, 2003b), and
determination of carbohydrate by phenol-sulfuric acid
(Masuko et al., 2005). To the best of our knowledge, there
are no reports regarding diosgenin analysis by
microplate-spectrophotometry with perchloric acid as
color-developing reagent. Microplate-spectrophotometry
is an improvement over the classical spectrophotometric
method. It can handle of a large amount of samples at
the same time for high-throughout analysis of diosgenin
content. Comparison studies on microplate-
spectrophotometry and HPLC for diosgenin analysis have
not been reported either. The purpose of this investigation
was to compare the methods of microplate-
spectrophotometry and HPLC in order to develop a
simple, fast and economic method for diosgenin analysis
of a large number of samples.

MATERIALS AND METHODS
Reagents and materials

Acetonitrile was of HPLC grade (Xilong Chemical Ltd., China).
Water was purified by using a TTL-30 Mililpore instrument (Beijing
Tongtailian Scientific and Technical Ltd., China). Perchloric acid (70
to 72%), sulfuric acid (98%), sodium hydroxide and petroleum ether
were of analytical-reagent grade (Beijing Chemical Company,
China). Diosgenin was purchased from Sigma (USA). Suspension
cells of D. zingiberensis were cultured in MS medium supplemented
with 1.5 mg/L of 6-benzyladenine (6-BA) and 1.0 mg/L of
naphthalene acetic acid (NAA) at 25°C in darkness. After culturing
the cells continuously at 120 rpm for 30 days, they were harvested
by filtration under vacuum and lyophilized to a constant weight
(Zhang et al., 2009).

Instruments and analytical conditions

Spectrophotometric analyses for diosgenin were carried out on a
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96-well microplate spectrophotometer (PowerWave HT, BioTek
Instruments, USA). Perchloric acid was taken as the color-
developing reagent (Slack and Mader, 1961). Detection process of
colorimetric assay was optimized in our previous work. The
diosgenin standard or diosgenin-containing crude extract was
dissolved in acetonitrile, and then an appropriate volume of solution
was transferred to each well of the microplate. When acetonitrile
evaporated completely at room temperarure, 200 pl of perchloric
acid was added to each well. Then the microplate was shaken for 2
min at 30°C. After another 10 min, the stable absorbance of the
developed yellow color solution was measured by
spectrophotometer at 410 nm against blank.

The HPLC analyses were carried out on an LC-20A system
(Shimadzu, Japan), which was composed of two high-pressure
solvent delivery pumps, an SPD-M20A photodiode array detector
(PAD), an SIL-20AC autosampler, CTO-10AS column oven, and
CBM-20Alite system controller. A reversed-phase Agilent TC-Cig
column (250 mm x 4.6 mm i.d., 5 ym particle size) was used for
separation by using a mobile phase of acetonitrile-water (90:10, v/v)
at a flow rate of 1 ml/min at 30°C. LC solution multi-PDA
workstation was employed to acquire and process chromatographic
data. Changes in absorbance at 203 nm were recorded, and
spectra from 190 to 400 nm were recorded on-line for peak
identification. The peak area was calibrated to diosgenin content
with a standard.

Preparation of standard and sample solutions

10 mg of diosgenin was accurately weighed and transferred to a
10-ml volumetric flask. Acetonitrile (about 5 ml) was added to
ensure complete solubilization with 10 to 15 min ultrasonic
treatment, and the solution was diluted to the constant volume (10
ml) with acetonitrile filtered through a membrane filter (pore size,
0.22 pm). A stock diosgenin solution at 1 mg/ml was then obtained
and ready for use.

Extraction of diosgenin from the cultured cells of D. zingiberensis
was carried out as previously described with some modifications
(Zhu et al., 2010). 100 mg of the ground and powdered cell sample
was added to each glass tube and immersed in 20 ml of 95%
ethanol, and then subjected to ultrasonic treatment for 2 h. After
that, 20 ml of 1 mol/L H,SO, was added to each tube to hydrolyze
at 121°C for 2 h. The hydrolyte was extracted three times with
petroleum ether. The combined petroleum ether solution was
subsequently washed with 1 mol/L NaOH, and then washed with
distilled water until it became colorless. After dehydration with
anhydrous sodium sulfate, the petroleum ether fraction was
concentrated to dryness under vacuum on a rotary evaporator. The
extract was dissolved in acetonitrile, and then filtered through a
filter (pore size, 0.22 ym) before analysis.

Validation

The spectrophotometric and HPLC methods were completely
validated according to the procedures described in ICH guidelines
Q2 (R1) for the validation of analytical methods (Hubert et al., 2004,
2007).

Linearity

For the method of microplate-spectrophotometry, 2 ml of standard
solution containing 1 mg/ml of diosgenin was transferred to a flask,
and 6 ml of acetonitrile was added to obtain a 0.25 mg/ml diosgenin
solution. Then aliquots of the solution were transferred to wells of
microplate, the volumes of which were 8, 16, 24, 32 and 40 pl in
triplicate, corresponding to, 2, 4, 6, 8 and 10 pg diosgenin,
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respectively. Calibration curve with diosgenin quantity (ug) in each
well versus absorbance at 410 nm was plotted and the obtained
data were subjected to regression analysis. For HPLC method,
aliquots of standard solution containing 1 mg/ml of diosgenin were
diluted with acetonitrile, to five different concentrations,
corresponding to 6.25, 25, 50, 75 and 100 pg/ml of diosgenin
gradient solutions. The injection volume was 10 pl, resulting in
0.0625, 0.250, 0.500, 0.750 and 1.000 pg diosgenin in HPLC
analysis. Calibration curve was constructed by plotting the peak
area versus the respective diosgenin quantity (ug) and the obtained
data were also subjected to regression analysis.

Precision

The intra-day precision was examined by analysis of authentic
diosgenin at levels of 3, 5 and 7 pg in each well for
spectrophotometry, and 0.1, 0.4 and 0.8 pg for HPLC, which were
prepared and analyzed on the same day. Each level of diosgenin
was detected for three repetitions (n = 3). Similarly, the inter-day
precision was assessed by analyzing the aforementioned three
levels of diosgenin on three different days over a period of one
week (n = 9). Diosgenin quantity (ug) and the relative standard
deviations (RSD) were calculated.

Accuracy

The accuracy of the methods was determined by analyzing the
mixtures which were obtained by adding known amounts of
standard diosgenin to the crude extract of cells in which diosgenin
content was known. The adding amounts of authentic diosgenin
were at low, medium and high levels, which were 3, 5 and 7 ug in
each well for spectrophotometry, and 0.1, 0.4 and 0.7 pg for HPLC.
At each level, samples were prepared in triplicate, and the recovery
percentages were determined for microplate-spectrophotometry
and HPLC.

Detection and quantification limits

The limit of detection (LOD) and limit of quantification (LOQ) were
calculated from the calibration curves as ko/S, where k = 3.3 for
LOD, and k = 10 for LOQ, o is the standard deviation of the Y-
intercept of regression line and S is the slope of the calibration
curve. Both of LOD and LOQ were expressed by the detection
quantity (ug) of diosgenin in the two mentioned methods.

Diosgenin analysis of the crude extracts samples

Diosgenin content of the crude extracts from cell cultures of D.
zingiberensis was analyzed by the validated microplate-
spectrophotometry and HPLC methods. The solutions of crude
extracts were prepared as described earlier. For microplate-
spectrophotometry, an aliquot of 200 pl sample solution was
transferred to each well of the microplate, in quintuplicate. For
HPLC, crude extract solution was first filtered through a 0.22 ym
filter, and then an aliquot of 10 pl sample solution was analyzed, in
quintuplicate. The analytical conditions for the two methods were as
previously described.

Statistic analysis
All treatments were performed in triplicate, and the results were

represented by their mean values and the standard deviations (SD).
T-test analysis in this work was conducted out at p = 0.05 level.

RESULTS AND DISCUSSION
Determination of detection wavelength

For microplate-spectrophotometry method, diosgenin
treated with perchloric acid produced a yellow color
immediately. The maximum absorption wavelength of the
reaction solution was determined by spectrum scanning
in the range of 350 to 700 nm. The spectrum of standard
diosgenin was presented in Figure 1A, which showed a
single well-defined peak at 410 nm. Figure 1B presented
the spectrum of cell culture extract treated with perchloric
acid, from which an obvious peak at 410 nm was also
observed that indicated existence of diosgenin in crude
extract of the cell cultures. Thus, detection of diosgenin
content in cell culture materials could be performed by
this method.

In case of HPLC, a mobile phase of acetonitrile-water
(90:10, v/v) at a flow rate of 1 ml/min at 30°C was
applied. The detection wavelength of 203 nm was
determined by spectrum scanning from 190 to 400 nm.
The representative chromatogram of standard diosgenin
was shown in Figure 2A, from which the typical peak of
diosgenin and its retention time could be determined. The
retention time for diosgenin was 18.064 + 0.096 min (n =
5). Figure 2B showed the chromatogram of the crude
extract of D. zingiberensis cell cultures. Compared to the
chromatogram of standard diosgenin, it was concluded
that there were other constituents except diosgenin in the
extract, but the peak of diosgenin in crude extract could
be distinguished with the retention time as 18.009 min.

Validation of
HPLC

microplate-spectrophotometry and

Linearity

Both methods were investigated for linearity with the
regression analysis data as shown in Table 1. The
linearity of the calibration graph and the adherence of the
system to Beer’s Law were validated by the high value of
the correlation coefficient of the regression equation and
by the low value of the intercept on the ordinate. The
slopes of both methods were significant as the values of
teacuated fOr both of the slopes were greater than those of
theoreicas DY Student's t-test. However, the experimental
intercepts of the two methods were not significant
different from theoretical zero value because the values
of teacuated fOr both of the intercepts were less than those
Of tiheoreica- Thus, it was concluded that the two methods
in this work possessed good enough linearity in the
assayed range.

Precision

The intra- and inter-day precisions for both methods were
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Figure 1. Absorption spectra of the mixtures of percholoric acid reacted with diosgenin (A) and cell culture extract (B), respectively.
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Figure 2. Chromatograms of diosgenin (A) and cell culture extract (B) obtained by HPLC.
Retention time (RT) for diosgenin was 18.064 + 0.096 min.
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Table 1. Analytical parameters for the calibration curve data obtained for diosgenin by microplate-

spectrophotometry and HPLC methods.

Parameter Microplate-spectrophotometry HPLC

Detection wavelength (nm) 410 203

Linearity range (ug) 2-10 0.0625-1.000

Regression equation Y =0.1218X + 0.0404 Y = 559631.1536X + 5096.0938
Correlation coefficient (R) 0.9988 0.9995

Syix 0.0215 7735.7323

S.D. of slope (n =5) 0.0034 10285.7777

S.D. of intercept (n = 5) 0.0226 6305.2845

tcalculated fOr S|Ope
tealculated fOr intercept

35.8208, significant
1.7912, not significant

54.4082, significant
0.8082, not significant

ttheoretical (n =5, p= 005) 3.182 3.182
LOD (ug) 0.6111 0.0372
LOQ (ug) 1.8518 0.1127

Table 2. Evaluation of the intra- and inter-day precisions by employing microplate-spectrophotometry and HPLC for

diosgenin determination.

Intra-day

Inter-day

Actual quantity (ug)

Quantity detected* (ug) R.S.D. (%) Quantity detected ** (ug) R.S.D. (%)
Microplate-spectrophotometry
3.000 2.900 + 0.025 0.86 2.993 +0.100 3.35
5.000 5.128 + 0.097 1.89 5.070 £ 0.135 2.71
7.000 6.978 £ 0.177 2.54 7.007 £0.207 1.95
HPLC
0.100 0.112 + 0.002 1.36 0.101 + 0.003 2.36
0.400 0.405 = 0.003 0.75 0.401 +0.011 2.74
0.800 0.795 + 0.007 0.86 0.804 +0.013 1.65

*, Values represent mean + S.D., n = 3; **, Values represent mean £ S.D.; n = 9.

summarized in Table 2. The means of R.S.D. (%) for
intra-day detection at three different levels were 1.76%
for spectrophotometry and 0.99% for HPLC respectively,
both of which were lower than 2.0% (Cesar et al., 2008).
It indicated that both methods had fairly good
repeatability. The low mean values of R.S.D. (%) for inter-
day detection by employing spectrophotometry and
HPLC were 2.98 and 2.34%, respectively, which
demonstrated both of the methods were characterized by
rather good reproducibility.

Accuracy

Accuracy was calculated by means of a standard addition
experiment. The results of recovery studies were shown
in Table 3. The mean recovery for spectrophotometry
method was 99.30% (n = 9), with low mean value of RSD
as 2.03%. The mean recovery for HPLC method was

99.85% (n = 9), with low mean value of RSD as 1.31%.
The satisfactory recoveries and low values of R.S.D. (%)
confirmed the suitability of both proposed methods for
analysis of diosgenin.

Detection and quantification limits

The limit of detection (LOD) and limit of quantification
(LOQ) were presented in Table 1. For microplate-
spectrophotometry, the LOD and LOQ were 0.6111 and
1.8518 g, respectively. For HPLC, the LOD and LOQ
were 0.0372 and 0.1127 ug, respectively.

Diosgenin detection in crude extracts of dry cells of
D. zingiberensis

Diosgenin content of the cell culture samples of D.
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Table 3. Recovery analyses obtained for diosgenin determination in the mixtures.

Amount labeled (ug) Amount added (ug) Amount recovered * (ug) Recovery yield (%) R.S.D. (%)
Microplate-spectrophotometry
2.000 3.000 3.021 £0.030 98.89 2.25
2.000 5.000 5.082 £ 0.095 99.84 141
2.000 7.000 7.107 £ 0.148 99.19 2.42
HPLC
0.200 0.100 0.100 £ 0.002 99.93 1.74
0.200 0.400 0.399 £+ 0.004 99.83 1.01
0.200 0.700 0.698 + 0.008 99.78 1.18

* Values represent mean £ S.D., n = 3.

Table 4. Diosgenin analyses in cell crude extracts of D. zingiberensis by employing
microplate-spectrophotometry and HPLC methods.

Diosgenin content (mg/g)

Sample no. -
Microplate-spectrophotometry  HPLC
1 0.154 0.148
2 0.149 0.149
3 0.160 0.150
4 0.165 0.154
5 0.158 0.151
Mean + S.D. 0.157 + 0.006 0.151 + 0.002

tcalculated fOr means

ttheoretical (V =8, p= 0.05) 2.306

2.115, no significant difference between two methods

zingiberensis was analyzed by the validated microplate-
spectrophotometry and HPLC methods. The analysis
results were presented in Table 4. The diosgenin content
determined by microplate-spectrophotometry was 0.157 £
0.006 mg/g, while diosgenin content determined by HPLC
was 0.151 + 0.002 mg/g. Student's t-test was conducted
to compare the results obtained by microplate-
spectrophotometry and HPLC. It was found that t.aucuiated
was 2.115 (p = 0.05), while tieoretica Was 2.306, which
demonstrated there no significant difference exist
between the two methods with respect to mean values.
Spectrophotometry and HPLC for diosgenin detection
were compared in this study, both of which were validated
according to analytical procedures text and methodology
Q2 (R1). The results showed the two methods were
characterized by satisfactory linearity, precision and
accuracy. When the two methods were applied to quantify
diosgenin content in cultured cells of D. zingiberensis, the
value of diosgenin content detected by
spectrophotometry was slightly higher than that by HPLC.
However, no significant difference was observed when
we conducted t-test at a confidence level of 0.05 between
the results obtained by the two methods, which

demonstrated feasibility of the two approaches for
diosgenin determination.

LOD and LOQ of the two methods were presented in
Table 1, from which it was concluded that HPLC was the
more sensitive method for diosgenin detection. However,
we cannot discharge the analyses time and cost. When
HPLC was employed to determine diosgenin content, the
analysis time of each sample was at least 30 min, and
the volume of acetonitrile with high price as mobile phase
was 27 ml for each time. Thus, when we encounter a
large number of samples detected by HPLC, too long
analysis time and too high analysis cost are two problems
that should not be neglected. Hence, it is necessary to
develop a cheap, reliable, simple and fast assay for
diosgenin determination.

The spectrophotometry for diosgenin determination
referred in our study was different from the previous
classical colorimetric assays performed with cuvettes,
which utilized multi-well microplate for realizing high-
throughout detecting. Though less sensitivity, compared
to HPLC, was observed when sepctrophotometry was
applied to analyze diosgenin, the results were in good
agreement with those obtained by HPLC. However, the



drawback of spectrophotometry still exists, which is that
the impurities in crude diosgenin extracts may interfere
with the assay. The problem may be mitigated by carrying
out control measurements. Thus it was suggested that
multi-well microplate-spectrophotometry in our work was
also suitable for diosgenin determination.

The analysis time by 96-well microplate-
spectrophotometry every time was just 12 min, which is
less than half of that by HPLC. That is to say, we can
analyze 96 samples within 12 min. And the volume of
color-developing reagent perchloric acid was just 200 pl
for each sample, which reduced the analysis cost greatly.
Thus, when many samples need to be analyzed, we can
employ multi-well  microplate-spectrophotometry to
determinate diosgenin content, which can compensate
the disadvantages of HPLC.

Conclusion

This is the first report to determine diosgenin content by
multi-well microplate-spectrophotometry with perchloric
acid as color-developing reagent. The rapidity, accuracy,
simplicity and economicality of application of this
proposed microplate-spectrophotometry assay make it an
optimal analytical alternative for high-throughout
analyzing of diosgenin content of hundreds of samples,
though HPLC is more sensitive for diosgenin analysis.
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