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Major bioactive components in various Calculus Bovis, including natural, artificial and in-vitro cultured
Calculus Bovis, were comparatively studied. An approach of high-performance liquid chromatography coupled
with ultraviolet and evaporative light scattering detections (HPLC/UV/ELSD) was established to simultaneously
determinate six bioactive components thereof, including five bile acids (cholic acid, deoxycholic acid, ursodeoxy-
cholic, chenodeoxycholic acid, hyodeoxycholic acid) and bilirubin. ELSD and UV detector were applied to detect
bile acids and bilirubin respectively. The assay was performed on a C,; column with water—acetonitrile gradient
elution and the investigated constituents were authenticated by comparing retention times and mass spectra with
those of reference compounds. The proposed method was applied to analyze twenty-one Calculus Bovis extrac-
tion samples, and produced data with acceptable linearity, precision, repeatability and accuracy. The result indi-
cated the variations among Calculus Bovis samples under different developmental conditions. Artificial and in-
vitro cultured Calculus Bovis, especially in-vitro cultured ones, which contain total bioactive constituents no less
than natural products and have the best batch-to-batch uniformity, suffice to be used as substitutes of natural
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Calculus Bovis.

Key words

Calculus Bovis, as a commonly used Chinese medicinal
material, was first recorded in ‘Shennong Bencao Jing’ and
has been used clinically in China for 2000 years." It is the
dry gallstone of Bos taurus domesticus GMELIN and, accord-
ing to the theory of traditional Chinese medicine (TCM), has
the effects of sedation, anti-hyperspasmia, relieving fever, di-
minishing inflammation and normalizing function of the gall-
bladder.?’ Because of its scarcity of natural resource and high
price, many studies have been carried out in order to find
substitutes for Calculus Bovis, and some fruitful progresses
have been achieved.>—® For instance, artificial synthesized
and in-vitro cultured Calculus Bovis have already been devel-
oped and recently used in clinic and medicine preparations.
However, due to the different developmental conditions,
chemical constituents of substitutes might be different from

Calculus Bovis; evaporative light scattering; simultaneous determination; quality control

those of natural Calculus Bovis, which thus may lead to the
variation of therapeutic effects. Therefore, to ensure the qual-
ity of Calculus Bovis and its substitutes, efficient quality con-
trol approach is urgently needed. Previous studies have also
proven that the most important bioactive constituents in Cal-
culus Bovis are bile acids and bilirubin”® (see the chemical
structures in Fig. 1), and hence the quality control of Calcu-
lus Bovis and its substitutes should depend on the concentra-
tion of bile acids and bilirubin. So, it is necessary to compar-
atively study these major bioactive constituents in natural, ar-
tificial and in-vitro cultured Calculus Bovis.

Several techniques are available to analyze bile acids and
bilirubin in Calculus Bovis, such as thin layer chromatogra-
phy (TLC), capillary electrophoresis (CE), high-performance
liquid chromatography (HPLC).” '? These methods gener-
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ally include a UV detection system, which has, however, in-
herent disadvantage of low sensitivity for bile acids owing to
their markedly low absorbance. A number of pre-column or
post-column derivatization methods have also been employed
for the HPLC/UYV analysis, in particular to increase the sensi-
tivity and selectivity, but it is often undesirable due to its
time-consuming and lack of reproducibility and robustness.
Recently successful use of HPLC coupled to an evaporative
light scattering detector (ELSD) would be expected to offer a
universal response to all solutes having lower volatility than
the mobile phase. The system has already been applied for
the high-sensitive and simultaneous analysis of non-chro-
mophoric compounds in TCM.'*'¥ Recently, we have re-
ported the determination of bile acids in several traditional
Chinese medicines using HPLC/ELSD method.'>'®

Bilirubin is another structural type of bioactive component
in Calculus Bovis, whereas, by ELSD detection, it has weak
response and very poor sensitivity, which might be due to its
instability under light and heating conditions.'” ' There-
fore, bilirubin is often analyzed by UV detection, and to eval-
uate the quality of Calculus Bovis, bile acids and bilirubin
have to be determined by different detection techniques, and
thus duplicated analyses are often required. To the best of our
known, no approach has been developed to simultaneously
determine these two kinds of components. In this study, a
combative solution of high performance liquid chromatogra-
phy coupled with UV and ELSD (HPLC/UV/ELSD) was
proposed, which made it possible to simultaneously analyze
different structural types of compounds.

Using the proposed method, five bile acids, including
cholic acid, deoxycholic acid, ursodeoxycholic acid, chen-
odeoxycholic acid, hyodeoxycholic acid, and bilirubin in nat-
ural, artificial and in-vitro cultured Calculus Bovis are com-
paratively determined, and it indicates the variations of
chemical constituents in Calculus Bovis and its substitutes.
This study is significant to ensure the quality of Calculus
Bovis and to protect rare natural medicinal sources.

Experimental

Reagents and Materials Authentic standards, including cholic acid
(CA), deoxycholic acid (DCA), ursodeoxycholic acid (UDA), chenodeoxy-
cholic acid (CDA), hyodeoxycholic acid (HCA) and bilirubin, were pur-
chased from the National Institute for the Control of Pharmaceutical and Bi-
ological Products (Beijing, P. R. China). Acetonitrile, methanol and formic
acid were of HPLC grade (Merck, Darmstadt, Germany). Ultrapure water
was prepared from Millipore water purification system (Millipore, Milford,
MA, U.S.A.). Other reagents were of analytical grade.

Twenty-one batches of Calculus Bovis samples were purchased from local
drug stores, among which, six were natural (marked as sample 1—6), and
five were artificial (marked as sample 7—11), and others were in-vitro cul-
tured (marked as sample 12—21). Natural and artificial samples were from
various districts in China, including Hebei, Anhui, Gansu, Guangxi, Shanxi,
Shandong and Shanghai, and in-vitro cultured Calculus Bovis samples were
produced from Wuhan Jianmin Dapeng Pharmceutical Co., Ltd. (Wuhan, P.
R. China). Voucher specimens were deposited at Herbarium of School of
Pharmacy, Second Military Medical University, Shanghai, P. R. China.

Chromatographic System Chromatographic analysis was performed
on a Shimadzu LC2010A liquid chromatograph system (Shimadzu Co.,
Japan) consisting of a quaternary pump, a column oven, an autosampler, a
UV detector and a Sedex 75 ELSD detector (Sedere Co., France). Analytical
data was acquired on a CLASS-VP workstation. ESI-MS-MS analysis was
performed on an Agilent-1100 HPLC system with a LC/MSD Trap XCT
mass spectrometer (Agilent Corporation, MA, U.S.A.).

Analytical Conditions A C,3 RP-ODS column (4.6 mm X250 mm, 5 u,
Agilent, US.A.) and a C,5 guard column (4.6 mmX7.5mm, 5u, Merck,
U.S.A.) were used. The mobile phases were composed of methanol/water/
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formic acid (70/30/0.3, v/v, A) and acetonitrile (B). The gradient was as fol-
lows: O min, 100% A, 0% B; 30—45min, 0% A, 100% B. Elution was per-
formed at a solvent flow rate of 0.8 ml/min. The column compartment was
kept at the temperature of 25 °C, and the sample injection volume was 10 ul.
The drift tube temperature of ELSD was 40 °C, and the gas pressure was set
as 3.5 bar.

For HPLC/ESI-MS-MS analysis, 0.2 ml/min portion of the column efflu-
ent was delivered into the ion source of mass spectrometry. The ESI-MS
spectra were acquired in both the positive ion mode and negative ion mode.
The conditions of electrospray ionization source were as follows: drying gas
N, 10 I/min, temperature 350 °C, pressure of nebulizer 30 psi, capillary volt-
age 2500V and scan range 200—1300 .

Sample Preparation Six standards, including CA, DCA, UDA, CDA,
HCA and bilirubin, were accurately weighted, and were dissolved with ace-
tonitrile in a 5 ml volumetric flask (to dissolve bilirubin, 1 ml dimethyl sul-
foxide was added) and then diluted to appropriate concentration. A mixed
stock solution of standards, containing CA 5.432 mg/ml, DCA 1.322 mg/ml,
UDA 1.098 mg/ml, CDA 0.436 mg/ml, HCA 0.498 mg/ml, and bilirubin
0.424 mg/ml, was finally prepared. The stock solutions were further diluted
to make working solutions.

Twenty-one batches of Calculus Bovis samples were ground into fine
powder and 30 mg of each was accurately weighted, and with 3.5 ml mixed
solvent (chloroform : methanol : formic acid=4:2:1, v/v) added, the sam-
ples were ultrasonic extracted (15 minX2), then centrifuged and filtered. All
solutions were stored in the refrigerator at 4 °C, and filtered through a sy-
ringe filter (0.45 um) before HPLC analysis.

Calibration Curves The calibration curves were constructed by analyz-
ing at least five different concentrations of standard solutions. For the com-
ponents by UV detection, their regression equations were calculated in the
form of Y=A*X+B, where Y and X were peak area and sample amount re-
spectively, while by ELSD detection, their regression equations could be de-
scribed as Y=aX", so the calibration curves should be obtained in double
logarithmic coordinates.>”

Results and Discussion

Chromatographic Analysis Bile acids can be easily ex-
tracted out in common solvents, such as in water, methanol
and alcohol, while in these solvents, bilirubin can’t be ex-
tracted out. From the literature reported,”” appropriate sol-
vents to extract bilirubin include chloroform, DMSO or
acidic solvents. In this study, mixed solvent of methanol,
formic acid and chloroform was thus used, and both bile
acids and bilirubin can be acquired in acceptable yields. By
the method of standard addition to a sample, the extraction
recovery of UDA, HCA, CA, CDA, DCA and Bilirubin, re-
spectively, were calculated as 87.2%, 91.5%, 94.3%, 82.7%,
81.6% and 70.7%.

Under the proposed condition, HPLC/UV/ELSD chro-
matograms of various Calculus Bovis were acquired. Just as
Fig. 2 shows, in ELSD chromatograms, the peaks of bile
acids are eluted within 15min, and at time of 37 min, the
peak of bilirubin appears but is rather weak; while in UV
chromatogram, no peaks of bile acids but only that of biliru-
bin can be seen. Peaks of these components are observed by
their retention times in comparison with those of reference
standards, and also by the method of standard addition to the
sample. The peak of each component is further confirmed by
HPLC/ESI-MS-MS analysis. Figure 3 lists the TIC mass
chromatograms of Calculus Bovis and the mixed reference
chemicals. Bile acids, except CA, are all isomers and show
similar mass spectral properties, especially in the spectra of
MS!, and bilirubin nearly shows no quasi-molecular ion,
which is might due to its instability. The mass spectral study
of Calculus Bovis is going on in our laboratory and to be re-
ported elsewhere.

Validation The linearity study was carried out by
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preparing calibration curves described above. Aliquots of
standard solutions, ranging from 0.106 to 3.580 yg/ml, were
analyzed to obtain LOD values, which was determined when
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the signal-to-noise ratio of the testing peak of analyte was
greater than 3. Table 1 shows the regression data and LODs
of the components determined, and each has a regression co-
efficient over 0.995.

The intra-day and inter-day precisions were determined by

T ' T ' T ' T analyzing calibration samples during a single day and on 3
o A | different days, respectively. To confirm the repeatability, five
E 5 | different working solutions prepared from the same sample
were analyzed. The accuracy tests were carried out by spik-
N 71 ing known contents of standard samples into a Calculus
b . A . . L : 5 Bovis sample and comparing the determined amount of these
E ' ' ' ' ' ' standards with the amount originally added. The relative
% ? & standard deviation (R.S.D.) was taken as a measure of preci-
st 1 sion, repeatability and accuracy. Table 2 lists the validation
results of precision, stability and accuracy tests. It shows
! u’i_ . that, most bile acids have R.S.D.s less than 5%, while valida-
g : : : . . . . . tion tests on bilirubin achieve a higher R.S.D. (but no more
i F ¢ than 8%). It is reported that bilirubin would be stable in
% 4r 1 4h.'"® Therefore, if the analysis is not delayed too long, the
Sl | method is still acceptable.
J ' Sample Analysis Using the proposed method, 21 Calcu-
0 R . . : : : lus Bovis sample were analyzed. Table 3 lists the analysis
' 3 ' ' ' ' ' ' data, from which, we find that there are great variations for
o 2T o P 1  the content of each investigated constituent in Calculus Bovis
i 1s5¢ 1 1  and its substitutes, and it indicates the developmental condi-
Tr 1  tion is closely related to the quality of Calculus Bovis. More-
05 d 1  over, even for the same kinds of samples with the same
3008 . . . . . . . : sources (for instance, sample 1—3), contents of the con-
=2 | 6 F i Table 1. Linear Regression Data and LODs of the Compounds to be Qual-
< 2000 o
10 Compound Linear function Regressior; Linear range = LOD
. ) . . . . . . coeffient (<)  (ug/ml) (ug/ml)
o5 w0 os ;BB M 4 gpy y=05126x—3.7726 09960  54.9—1098  2.745
Retertion Time [min] HCA y=0.5424x—3.7853 0.9953  24.9—498 1.245
Fig. 2. HPLC/UV/ELSD Chromatograms of Various Calculus Bovis and CA »=0.5557x—3.8688 0.9960  271.6—5432  3.580
Reference Chemicals CDA y=0.4985x—3.6239  0.9984  21.8—436  1.090
1. ursodexsycholic acid; 2. hyodeoxycholic acid; 3. cholic acid; 4. chensodeoxy- D,C_A . »=0.6899x—4.8845 0.9980 66.1—1322 3.305
Bilirubin ~ 4=0.9317—6.4982 0.9985 0.170—42.4 0.106

cholic acid; 5. deoxycholic acid; 6. bilirubin. A, B and C are representative profiles of
natural, artificial and in-vitro cultured Calculus Bovis; D and E, respectively, are
HPLC/ELSD and HPLC/UV (435nm) chromatograms of the mixture of reference
chemicals.

a) y and x, respectively, denote the logarithmic value of content and peak area,

while 4 and B directly denote the content and peak area.

Fig. 3.
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TIC Profiles of Calculus Bovis (A, Artificial) and Reference Chemicals (B)

1. ursodexsycholic acid; 2. hyodeoxycholic acid; 3. cholic acid; 4. chensodeoxycholic acid; 5. deoxycholic acid; 6. bilirubin.
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Table 2. Precision, Repeatability and Accuracy Data of the Proposed Method
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Precision
Repeatability Accuracy”
Peak Intra-day (n=5) Inter-day (n=3) (n=5) (n=5)
No. Compounds
Mean R.S.D. Mean R.S.D. Mean R.S.D. Mean R.S.D.
(ug/ml) (%) (ug/ml) (%) (ug/ml) (%) (ug/ml) (%)
1 UDA 113.4 2.59 101.8 2.47 112.5 3.05 97.16 2.68
2 HCA 357.1 428 347.1 436 3552 0.84 93.76 1.82
3 CA 390.0 0.70 327.7 5.09 375.7 3.73 101.8 1.26
4 CDA 118.2 5.75 88.43 3.28 101.5 3.10 104.3 453
5 DCA 147.8 2.98 152.0 4.90 159.4 0.59 95.82 3.84
6 Bilirubin 86.10 5.94 77.11 7.60 85.65 522 84.57 592
a) Accuracy (%)=[1—(mean concentration measured —concentration spiked)/concentration spiked] X 100.
Table 3. Quantitative Analysis Data of Various Calculus Bovis Samples (ug/ml)
Sample No. Source Lot No. UDA HCA CA CDA DCA Bilirubin
Natural
1 Hebei 050705 0.907 0.130 0.420 0.002
2 Hebei 050706 0.015 0.064 0.186 0.160 0.046 0.308
3 Hebei 050720 0.023 0.103 0.069 0.034 0.206
4 Gansu 050415 0.242 0.414 0.021 0.001
5 Guangxi 050804 0.018 0.021 0.126 0.118 0.017 0.149
6 Shanxi 050512 0.501 0.092 0.270 0.056
Artificial
7 Anhui 050707 0.386 1.240 1.383 0.486 0.027
8 Shandong 060301 0.061 0.241 0.308 0.051 0.023
9 Shanxi 051004 0.267 1.202 1.097 0.199 0.215 0.005
10 Shanghai 050606 0.244 1.072 1.178 0.237 0.291 0.003
11 Zhejiang 050810 0.226 1.001 1.234 0.228 0.227 0.003
In-vitro cultured
12 Wuhan 060501 0.110 1.393 1.208 0.113
13 Wuhan 060502 0.106 1.385 1.201 0.114
14 Wuhan 060503 0.101 1.293 1.148 0.122
15 Wuhan 060504 0.114 1.363 1.171 0.102
16 Wuhan 060505 0.102 1.096 1.578 0.108
17 Wuhan 060506 0.091 1.060 1.545 0.112
18 Wuhan 060507 0.102 1.077 1.536 0.108
19 Wuhan 060508 0.093 1.075 1.507 0.109
20 Wuhan 060509 0.047 1.074 1.470 0.114
21 Wuhan 060510 0.050 1.118 1.528 0.095
stituents are also different from each other. In the currently \ @ Total Bileacids 0 Bilinbin
employed quality control system, only CA is required to be
. T 35 F
quantitatively analyzed, which is, nevertheless, not capable of
representing the quality variation in various samples. There- ’
25

fore, to efficiently ensure the quality of Calculus Bovis, si-
multaneous determination of multiple components is ur-
gently needed.

Among three kinds of Calculus Bovis samples, in-vitro
cultured ones have the most abundant of CA, DCA and
bilirubin, but contain no HCA and CDA, which could be em-
ployed as the most important characteristic to identify or dis-
criminate cultured Calculus Bovis. Although it is usually ac-
cepted that natural Calculus Bovis having the best therapeutic
effects in clinic, the contents of bioactive components are not
the highest, and some integrants (e.g., UCA and HCA) are
even much lower than those of its substitutes.

In this study, total bile acids and bilirubin were compared
to evaluate the quality variance of different samples. Figure 4
shows the average contents of total bile acids and bilirubin
and their standard deviations. It shows that natural Calculus

ug/mL

L5

1+
05 r
0 L

Natural

Fig. 4. Contents of Total Bile Acids and Bilirubin in Three Kinds of Cal-
culus Bovis

Artificial In vitro cultured

Bovis contains bilirubin the most, but the content of total bile
acids is rather low; in artificial samples, less bilirubin are
contained; in-vitro cultured samples have almost equivalent
bilirubin as natural products, but the content of total bile
acids is much higher, even though HCA and CDA are absent.
Standard deviation, to a degree, represents the batch-to-batch
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uniformity of TCM samples. From Fig. 4, it is clear that in-
vitro cultured samples have the least standard deviations, and
hence its batch-to-batch uniformity is the best. Over all, arti-
ficial and in-vitro cultured Calculus Bovis, especially in-vitro
cultured ones, which contain total bioactive constituents no
less than natural products and have the best batch-to-batch
uniformity, suffice to be used as substitutes of natural Calcu-
lus Bovis.

Conclusions

The proposed method allows simultaneous determination
of bile acids and bilirubin. The method has been applied to
comparatively study the variations of bile acids and bilirubin
in natural, aritifical and in-vitro cultured Calculus Bovis sam-
ples. The results demonstrate the variations in three kinds of
samples. Natural Calculus Bovis is often considered having
the best therapeutic effects, but the major bioactive compo-
nents thereof are actually lower and the batch-to-batch uni-
formity is poor. Artificial and in-vitro cultured Calculus
Bovis, especially in-vitro cultured ones, which contain total
bioactive constituents no less than natural products and have
the best batch-to-batch uniformity, suffice to be used as sub-
stitutes of natural Calculus Bovis.
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