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Abstract

A stability-indicating reversed phase high-performance liquid chromatography (RP-HPLC) with photodiode array (PDA) detection method
was developed and validated for the assay of monacolin series compounds including monacolin K, L, J and their hydroxyl acid forms as well a:
dehydroxymonacolin K simultaneouslylonascus purpurestfermented rice, red yeast rice. Well-resolved peaks of seven main compounds
of monacolin family were profiled on a;greverse-phase column using a linear gradient of 0.1% trifluoroacetic acid and acetonitrile as
the mobile phase, and the detection wavelength was set at 237 nm. The method was validated with respect to specificity, chromatograph
parameters, linearity, precision, accuracy, limits of detection and quantitation. The stability stress testing for fermented red yeastrrice powde
was carried out to show the effects of high temperature @0high humidity at room temperature (92.5% RH,°29, high humidity at
high temperature (75% RH, 6C) and light (sunlight) in solid state. The results exhibited that monacolins decreased significantly under the
conditions of high humidity at high temperature (75% RH;69and sunlight. Monacolin K and its hydroxyl acid form would be dehydrolyzed
and turned to dehydromonacolin K at high temperaturé (8@vhile the monacolin K, J and L would be transformed into their corresponding
hydroxyl acid forms under the condition of high humidity (92.5% RH;@} The indication is that monacolins in red yeast rice powder
are light-sensitive and thermal-sensitive. Therefore, it has been suggested that the preparations containing monacolins be stored in the pla
of cool and lightproof. The proposed degradation pathways were discussed as well. The multi-components assay for stability of botanica
products could provide much more information than the normal marker-orientation method.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction yeast rice forms naturally occurring hydroxymethylglutaryl-
CoA reductase (HMG-CoA) inhibitors, and the medicinal
Red yeast rice, one fermented product of rice, has beenproperties of fermented red yeast rice have a favorable
used in Chinese cuisine and medicine to promote “blood cir- effect on lipid profiles of hypercholesterolemic patients,
culation” for centuries. The recent research revealed the redby decreasing low-density lipoprotein cholesterol (LDL)
and elevating high-density lipoprotein cholesterol (HDL)
. for hypercholesterolemic adul{f§,2]. Clinical trials using
N ggfgisrfgsnpdéggi‘;’]‘;tgﬁtrhlf":+86 21 51322507; fax: +86 21 51322519, 1o veast rice with hyperlipidemic elderly patierig4]
E-mail addresseszongguoli@yahoo.com (Y.-G. Li), as well as HlV-related dyslipidemic patier{ts] have also
wangzht@shutcm.com (Z.-T. Wang). demonstrated an improvement in lipid profiles. In recent
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reports, fermented red yeast rice preparation effectively been reported. Furthermore, there is no available stability
preprandial improve and postprandial endothelial function research either. The botanical or natural products normally
by its potential anti-inflammatory and lipid-lowering effects contain a group of active compounds which, as a whole,
[6]. This product possesses promising activity as a new hy- contribute to their biological activities. It is more reasonable
polipidemic drug launched worldwidg]. The HMG-CoA and acceptable to trace and measure the variation trend
reductase inhibiting activity of red yeast rice comes from a of the “group” ingredients, not only for a single one, for
family of naturally occurring substances named monacolins the quality evaluation and stability test of the analyzed
[8,9]. Monacolin K, also known as mevinolin or lovastatin, products. The objective of our present study is to develop
is the major ingredient and has been taken as a markerand validate a HPLC method for the stability indicating assay
compound for quality control in Chinese official monograph of multi-ingredients-containing natural products, taking
[10], as well as the label claim of some commercial red yeast monacolins in fermented red yeast rice as the analytes.

rice related products. The isolation and evaluation of seven  Among the total 14 monacolind2], seven main com-
monacolins from fermented red yeast rice were described inpounds, monacolin J, L, K and their corresponding hydroxyl
Ma’s reporf11]. In our recent resear¢h?], totally 14 mona- acid forms together with dehydromonacolinfig. 1) (nearly
colin compounds including monacolin K (mevinolin), J, L, 97% of total monacolins) were chosen for assay of their con-
M, X, and their corresponding hydroxyl acid forms, as well centrations in fermented red yeast rice. Other monacolins
as dehydromonacolin K, dihydromonacolin L, compactin, such as monacolin X, M and their hydroxyl acid forms exist
3-hydroxy-3,5-dihydromonacolin L were identified in red invery low concentration in the analyzed product, or showed
yeast rice, using high-performance liquid chromatography poor absorption at the detected wavelength of 237 nm and so
with photodiode array detector (PDA) and tandem mass could not be determined quantitatively. The peaks of mona-
spectrometry. Meanwhile, a chemical fingerprint profiling colins in HPLC chromatogrant{g. 2), were identified and
method was established to display bioactive monacolins for traced by not only their retention timi] but also their diag-

the qualitative analysis of target material. nostic UV spectra of mountain-like peaks acquired by using
For any product used as a drug or food supplement, a PDA detector.
stability testing is imperative in order to comply with official Two conditioned stability tests, accelerated testing under

regulations. The purpose of stability testing is to provide the condition of 40C and 75% relative humidity (RH) and
evidences on how the quality of a drug substance or drug the stress testing under high temperature®’3060°C), high
product varies with time under the influence of environmen- humidity (92.5% RH, 75% RH) and sunlight, of red yeast
tal factors, such as temperature, humidity, and light, and to rice powder in solid state were carried out in this study.
establish the recommended storage conditions and a shelf life

for the drug producfl13]. The requirement of establishing
a stability-indicating assay method (SIAM) for the stability
testing has become more clearly mandated in the official
guidelines at the International Conference on Harmonization

(ICH) [14] and United States Pharmacopeia (UER]. The Monacolin K (mevinolin, lovastatin) standard was pur-
guidelined13-15]also mentioned that forced decomposition  chased from Sigma Co. (St. Louis, MO, USA). The other
studies (stress testing) under the extreme conditions as healstandards of monacolin J, L and dehydromonacolin K were
oxidative and photolytic should be carried out on the drug jsolated and purified in our research lab, structurally eluci-
substance so as to establish the inherent stability characterisgated by MS, NMR and IR evidencgs1]. The red yeast
tics and degradqtion pathway to support the.suiFabiIity of the yice powder was kindly provided by a healthcare company in
proposed analytical procedures. More publicatifis-19]  shanghai, China. Methanol and acetonitrile (ACN) were of
reported their works of the validated stability-indicating Hp|c grade from Merck (Darmstadt, Germany). Phospho-
assay methods on synthesized chemicals and B4k8hi ric acid, trifluoroacetic acid (TFA), ethyl acetate and 95%
prese_nted a critical review on the_ com.prehen_swe. under- gthanol, were of analytical grade from ChromTech (Shang-
standing of SIAM. At present, there is an increasing interest pa;j China). De-ionized water was obtained with an in-house

in plant ingredients and their use for drugs, teas, or food Milli-Q water system (Millipore Inc., Billerica, MA, USA).
supplements, but to date, few validated stability-indicating

assay method was touched upon the botanical products. 2.2, Equipment

The conventional stability testing of the botanical prod-
ucts is to trace only the marker compound using a simple A Waters 2690 Alliance HPLC system (Waters Inc., Mil-
quantitative method like HPLC as well. For instance, the ford, MA, USA), equipped with an on-line degasser and
available publications on stability testing of red yeast rice an autosampler, was used for solvent management system.
[21-25] inclined to trace only monacolin K (mevinolin, The raw data were detected by 996 PDA, acquired and
lovastatin) by HPLC with isocratic elution. No systematic processed by Waters Millennitdchromatographic work-
and validated stability-indicating method for the assay station loaded on a Compaqg computer. Prior to each run, the
of the monacolins in this potential medicinal product has HPLC—PDA system was allowed to warm up for near 30 min

2. Experimental

2.1. Chemicals, reagents and materials
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Fig. 1. Structures of monacolin compounds.

and the baseline was monitored until stable before the sam-could extract the target compounds from the powder thor-
ples were injected. The humidity chamber for accelerated oughly, although the purified monacolins showed good solu-
testing was Binder KBF240 (Binder GmbH, Tuttlingen, Ger- bility in these solvents. It was found that adding of a proper
many), which set the storage condition of4Dand 75% RH. quantity of water to the solvent could benefit the dissolution

of the target compounds, by helping the solvent to permeate
2.3. Sample preparation in the rice powder and consequently promoting the extraction
of monacolins from the base material. Lastly, an optimized
Several organic solvents including ethanol, methanol, condition, a mixture of ethanol and water (75:25) for 90 min
ethyl acetate were chosen for extraction but none of themwas chosen for extraction.
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Fig. 2. HPLC chromatogram with UV spectra of the monacolins in fermented red yeast rice.
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About 0.5 g of fermented red yeast rice powder as accu- corrected factors of monacolin J, L and dehydromonacolin K
rately weighed and transferred into a 20-ml stopper centrifuge versus monacolin K were 1.11, 0.99 and 0.99, respectively,
tube. The preparations in triplicate were extracted with 8 ml which were generated by injecting the corresponding
of 75% ethanol for 30 min on an ultrasonic bath and sub- minimum standards in a same HPLC system mentioned
sequently centrifuged for 10 min at 3000 rpm. This extract above. The hydroxyl acid forms of Monacolin L and J were
procedure was repeated three times, and the supernatantsalibrated versus standard preparation of the hydroxyl acid
were combined and transferred into a 25-ml volumetric flask, form of monacolin K based on the same relative corrected
adding 75% ethanol to exactly 25.0 ml. The final solution was factor as their corresponding lacton forms.
kept standing for 30 min, and then filtered through a Qu4%-
membrane before being placed in vials for HPLC analysis. 2.7. Stress testing in solid state

2.4. Preparation of the standard solution About 0.5 g of fermented red yeast powder was accurately
weighed to each glass tube, then put into the controlled

) ; storage condition at different interval times of 0, 2, 5,
colin K. Tr(:e purity of the standard was foupd to be g_reater 10, 20 days. The conditions of high temperature were
than 99.0%, evaluated by HPLC—PDA with detection at given at two ovens setting at 60 and €D separately.

237 nm, by recording the peak purity index via PDA, aswell The congition of 75% RH was controlled in a desiccator
as by TLC_: chromatography_, i . containing saturated sodium chloride solution to hold the
Aworking standard solution ataconcentration ofapproxr humidity at 75% RH, while the condition of 2&, 92.5%
mately 0.1 mg per ml of monacolin K was preparedinthe fol- gy \yag maintained in a desiccator containing saturated
lowing manner. About 5mg of monacolin K was accurately o qjum nitrate to support the humidity at 92.5% RH in

weighed and transferred into a 50-ml low actinic volumetric an oven setting at 2. For light stability test, 0.5g of
flask. Seventy-five percent ethanol was added, mixed well, sample was exposed to summer sunlight for duration of 0,

then the solution was diluted to volume with 75% ethanol 2.5, 10 and 20 days with an average temperature 6£25
and used as monacolin K standard preparation. The treated samples were weighed for the calculation of

Twenty millilitres of monacolin K standard preparation aignt variation, and then sealed to store in a refrigerator for
was accurately transferred into another 25-ml actinic volu- analysis

metric flask and 5 ml of 0.5 N NaOH was added and the so-
lution was allowed to stand for 30 min, and used as standard2.8. Accelerated testing in solid state
preparation of monacolin K hydroxyl acid form.

Calibration curve was obtained from the purified mona-

Five glass tubes containing about 0.5 g of red yeast rice
powder, accurately weighed, were put into a humidity cham-

The chromatographic condition was optimized by test- ber set at the controlled storage condition of@and 75%

ing various system conditions involving stationary phase of RH- The samples were taken out at the duration of 0, 10,
column and mobile phase. On general reverse-phasedt 30,.60, and 90 days, weighed and then sealed to store in a
umn, the monacolins could be well separated with a gradient "éfrigerator for assay.

elution system using acetonitrile as the organic phase and the

acidic aqueous phase modulated by dilute phosphoric acid or ) )

dilute trifluoroacetic acid (TFA). Finally, a column of Waters 3: Results and discussion

Symmetry Gg (150 mmx 3.9 mmi.d., 5um) was chosen as

the stationary phase and a gradient of acetonitrile (eluent A) 3-1- Méthod development

and 0.1% TFA (eluent B) as the mobile phase. Linear gradi-

ent elution at 1 ml per minute from 35 to 75% A in 20 min The monacolin compounds in red ye_ast rice s_ample
and keeping 75% A from 20 to 28 min was applied. The to- preparation were traced by HPLC—PDA with the UV-index

tal analysis time was 35 min, including column stabilization, SPECtra, shown ifig. 2 Seven main monacolins peaks were

The photo-diode array (PDA) detector was set at 210-350 nmWell separated under the optimized system condition. The

and the chromatogram detected at 237 nm. The column tem-P€2ks of monacolin K, L, J and dehydromonacolin K were
perature was set at 3@, and the injection volume was identified by comparing both the retention times and the UV

2.5. Chromatographic condition

20pl. spectra with their corresponding standards. The hydroxyl
acid form of monacolin K, J, and L were similarly identified
2.6. Calibration by comparing the retention times to the corresponding

standard preparations of their hydroxyl acid forms. All
All the calibration of monacolins was conducted by using these monacolins showed a characteristic mountain-like
the relative corrected factors to the standard preparation ofUV spectrum with three maximum absorptionsnfy) at
monacolin K, as no enough reference standards of mona-230, 237, and 246 nm, respectivdli2]. The contents of
colin L, J and dehydromonacolin K available. The relative monacolins K, J, L and their hydroxyl acid forms, as well
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as dehydromonacolin K in fermented red yeast rice were determined from six replicate injections of a sample prepa-

assayed using this developed method. ration at the target concentration. Method precision was
demonstrated from the assay of four representative samples

3.2. Method validation in 1 day for within-day variation and in each of 3 days for
between-days variation. The results were summarized in

3.2.1. Specificity Table 2and acceptable repeatability of system was observed.

The chromatogram was showrfiiy. 2and the peak purity R.S.D.% of three ingredients (monacolin J, J acid and L
was assessed using the software provided in Waters Worksta@cid) with lower response was found to be less than 3%
tion Milliennium32. The index of purity angle was calculated While the other three with higher response (monacolin K,
to demonstrate the purity of peaks. According to the theory K acid and L) less than 1%. The obtained data revealed the
of peak purity in Waters software, the less value of the purity established method was reproducible.
angle obtained (nominal valued within the range of 0-99)
indicates the high purity of the peak. The purity angle values 3.2.5. Accuracy/recovery
of all the seven monacolins peaks in the chromatograms of ~ Accuracy was assessed by determination of recovery using
initial and stress tests were lower than 1.5 which illustrated standard addition method. Samples were prepared in tripli-
all the peaks were of high purity. The specificity of these cate by spiking with three different levels of monacolin K
monacolin peaks were also identified and evaluated by which covered the concentration of sample solution.

means of LC-PDA-MS in our previous rep§te]. The recoveries of monacolin K and its acid form were
calculated based on the ratio of adding amounts and obtained
3.2.2. Chromatographic parameters amounts. The sample preparation for recovery of hydroxyl

Four chromatographic parameters, i.e. tailing factor (TF), acid of monacolin was carried out with the same procedure
theoretical plate numbemj, resolution R) and relative @S Standard preparation of monacolin K hydroxy acid in case
retention time (RRT) versus monacolin K were calculated ©f the conversion between monacolin K lacton form and acid
using Waters Millenniud? Workstation and were given form happened in NaOH existing2]. The results were listed .
in Table 1 The tailing factors (TF) of all the seven peaks [N Table 3 The data showed the good recovery of monacolin
were near 1.08 0.05 except monacolin L (TF=1.15). The K and its acid as well as the mean recovery of 98.90% with
resolutions Rs) of these seven peaks with their neighbouring 1deal R.S.D. percentage of 1.2% for sum of both them were
peaks were all more than baseline separation of 1.5 excep@Ptained.
the hydroxyl acid form of monacolin LRs=1.15).

3.2.6. Limit of detection (LOD) and quantitation (LOQ)
3.2.3. Range of linearity A series of diluted sample preparations were injected for

The linearity were studied for 0.02-0.5 mg/ml of both 10pl. The LOD of monacolinsis 0.ag/ml atthe peak height
monacolin K and its hydroxyl acid form. The least-square lin- Of three times higher than baseline noise, with reference to
ear regression equations of monacolin K and its hydroxyl acid monacolin K. The data of six replicate injections indicated a
werey=3054%+ 168 withr =0.9998 and/= 27866« + 302 repeatability of 6.5% (R.S.D.%).
with r =0.9997, respectively, whesewas the concentration
of standardy was the observed response amehs the corre- 3.3, Stress testing of red yeast rice powder
lation coefficient. The data of the deviations of observed and
predicted response were equally distributed between positive  Five stress testing conditions at different sampling inter-
and negative values. The method was considered to be lineawals were conducted to indicate the changes of monacolins

in the studied range. in red yeast rice powder. The data of weight variation of the
powder {Table 4 reflected that fermented red yeast rice could
3.2.4. Precision absorb much water (up to 21.9%) in the circumstance of high

The precision was investigated with respect to system humidity (92.5% RH), and lose its weight quickly under the
precision and method precision. System precision was condition of high temperature (8C, 60°C).

Table 1

Chromatographic parameters

Ingredient Tailing factor (TF) Theoretical plate numbhj ( Resolution factorRs) Relative retention times (RRT)
Monacolin J acid D1 76020 188 056

Monacolin J 095 105908 172 068

Mona L acid 108 85235 ns5 082

Monacolin L 115 159550 189 095

Monacolin K acid 100 145568 1559 088

Monacolin K 098 180360 51 100

Dehydromonacolin K Do 170126 67 116
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Table 2
Precision
Ingredient System Within-day Between-days
Mean (%) R.S.D.% Mean (%) R.S.D.% Mean (%) R.S.D.%
Monacolin J acid m114 281 00118 185 00115 306
0.0115 210
0.0111 229
Monacolin J 00125 275 00127 231 00124 305
0.0126 212
0.0120 256
Monacolin L acid 00197 295 00193 380 00199 410
0.0208 258
0.0195 268
Monacolin L 00268 095 00262 253 00263 232
0.0270 215
0.0258 205
Monacolin K acid 01230 013 01237 101 01229 065
0.1221 135
0.1230 201
Monacolin K Q2780 020 02770 Q71 02788 Q76
0.2811 103
0.2783 080
Dehydromonacolin K 430 088 00433 223 00428 164
0.0431 205
0.0420 212
Total 05141 032 05140 156 05146 065
0.5182 108
0.5116 187
Table 3
Accuracy/recovery for monacolin K and monacolin K hydroxyl acid form
Ingredient Level (%) Adding (mg) Intra-adding level Inter-adding level
Mean (%) R.S.D.% Mean (%) R.S.D. (%)
Monacolin K 80 131 9882 112 104
100 165 9918 104 9888
120 197 9865 098
Monacolin K acid 80 ™2 9843 215 192
100 Q054 9907 182 9892
120 Q66 9925 178
Sum of monacolin K and its acid 80 .3 9863 107 9890 118
100 219 9912 084
120 263 9895 165

The effects of high temperature on red yeast rice powder using the above-developed method and the results were drawn

was conducted at a high temperature of80in dryness

in Fig. 3. The variation of monacolins in red yeast rice powder

condition, with different storage intervals of 0, 2, 5, 10 and under the condition of high humidity (92.5% RH, 25) for
20 days. The contents of the seven monacolins were assayethe duration times at 0, 2, 5, 10 and 20 days were plotted in

Table 4
Weight variation

Days 80°C (%) 60°C (%) 60°C, 75% RH (%) 25C, 92.5% RH (%) Light, RM (%)
2 —41 -25 89 99 31
5 —42 27 86 138 31

10 -45 -31 84 186 32

20 -4.9 -34 75 219 35
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Fig. 4. Fig. 5showed the effect of sunlight on the contents of
these monacolin compounds for the interval periods of 0O, 2,
5, 10 and 20 days at the average temperature 6€29he
changes of monacolin K, monacolin K hydroxyl acid, sum of
monacolin K and its acid, as well as the dehydromonacolin K
under five different conditions, 6@, 80°C, 60°C with 75%
RH, 92.5% RH at 28C, and sunlight, were summarized in
Fig. 6(a)—(d).

From Figs. 3—6 the results suggested (i) the contents of
both Monacolin K, J and L and their hydroxyl acid forms
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K and its acid).

decreased, while dehydromonacolin K increased under the
condition of high temperature (8C, dryness) Kig. 3. It
indicated that the monacolins and their hydroxyl acid form
could be dehydrated and turned into their dehydromonacol-
ins, as seen in the transformation of dehydromonacolin K
from monacolin K and its acid form under the high tem-
perature Fig. 6). (i) Under the condition of high humidity
(92.5% RH, 25C), the contents of monacolin K, J and L
descended while their corresponding hydroxyl acid forms
ascended, and the total amounts of both the lactone and the
hydroxyl acid forms keep less changésgs. 4-6. The re-
sults revealed that it was notable for the transformation of
monacolin lacton forms into their acid forms in the red yeast
powder in high humidity. (iii) Almost all individual mona-
colins and the total amounts of monacolins were decreased
in the sunlight Figs. 5 and § which illustrated the light-
sensitivity of monacolins in red yeast rice powder. (iv) The
degradation of monacolin K was relative quick under the con-
ditions of high temperature with high humidity (6G, 75%

RH) and sunlightig. 6(@)). Besides, the color of red yeast
rice powder also changed from reddish to a whitish on ex-
posing to sunlight. The light- and thermal-sensitivity of these
researched material could be concluded and a special light-
proof packaging, cool and dryness storing condition were
proposed.

3.4. Accelerated testing of red yeast rice powder

The accelerated tests in the storage conditions 6{C40
and 75% RH were conducted for 0, 10, 30, 60 and 90 days.
All samples were assayed with the developed method and
the results were shown ifable 5 The data revealed that the
contents of monacolins as K, L, J in lactone forms descended
while their hydroxyl acids ascended, and the total of them
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with about 6% loss at the end of three 3 months in terms of hydrolyzed and transformed into their hydroxyl acid forms
accelerated test condition. even in solid phase, especially in high humidity condition;
From summary of above stress testing and acceleratedthe second pathway was that both the lactone-forms and
testing data, two basic degradation pathways were proposedacid-forms of monocolins were dehydrated into dehy-
The first pathway was that the lactone-ring of monocolins dromonacolins. The pathway of degradation, photolysis and

Table 5
Variation of monacolins in fermented red rice for the accelerated testing(406% RH)
Ingredient Days [mg/g, (variation %)]

0 10 30 60 90
Monacolin J acid M55 Q06 (9.1) 0062 (12.7) 0067 (21.8) 0068 (23.6)
Monacolin J 0112 Q109 (-2.7) 0094 (-16.1) Q085 (—24.1) Q082 (—26.8)
Monacolin L acid 0078 Q086 (10.3) 0111 (42.3) 0121 (55.1) 0125 (60.3)
Monacolin L Q199 Q185 (-7.0) 0176 (-11.6) 0169 (-15.1) 0167 (—16.1)
Monacolin K acid 1048 1055 (0.7) 1064 (1.5) 1081 (3.1) 1092 (4.2)
Monacolin K 3351 3223 (-3.8) 3128 (-6.7) 3072 (-8.3) 3006 (-10.3)
Dehydromonacolin K 293 Q0494 (0.2) 049 (—0.6) 0486 (—1.4) 0481 (—2.4)

Total 5336 5212 (-2.3) 5125 (-4.0) 5081 (—4.8) 5021 (-5.9)
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