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A HPLC method is described in order to separate and identify 4 phenolic compounds including lithosper-
mic acid B, 3,4-dihydroxyphenyllactic acid (danshensu), rosmarinic acid, and protocatechuic aldehyde as well as
3 lipophilic ones (tanshinone I, tanshinone II, and cryptotanshinone) from the roots of Salvia miltiorrihiza or the
herbal product containing S. miltiorrihiza available in Chinese or Japanese market. The influence of extractive
conditions, such as method, solvents and time, on the 4 phenolic marker components in S. miltiorrihiza is well
discussed. In order to investigate the stability of lithospermic acid B, the preparation samples of an injection and
a granule were analyzed after being stored at 4 °C, 20 °C and 40 °C for up to six months.
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The roots of Salvia miltiorrhiza BUNGE (Salvia Root, 71%)
are used for the preparation of phytomedicines that have
been proved to be effective in the prevention and therapy for
the cardiovascular diseases such as myocardial and cerebral
infarction, angina pectoris, coronary heart disease, hyperten-
sive disease, efc.,' > because of its multiple actions of im-
proving blood circulation,” attenuating changes in contrac-
tion and intracellular calcium in cardiomyocytes,” reducing
the area of cerebral infarct,” inhibiting the renin angiotensin
system,” elevating antioxidant defense enzymes,” scaveng-
ing free radicals and protecting for myocardial mitochondrial
membrane,” and so on. Two kinds of constituents useful as
phytochemical markers have been identified in Salvia Root,
and its preparations.'®~'> Among them, lithospermic acid B
(LAB, 1), 3,4-dihydroxyphenyllactic acid (danshensu, DSS,
2), rosmarinic acid (RA, 2) and protocatechuic aldehyde (PA,
4) are the major hydrophilic constituents, derived from phe-
nolic metabolism, while tanshinone I (Tal, 5), tanshinone 1I,,
(Tall,, 6) and cryptotanshinone (CT, 7) are the major
lipophilic constituents, structurally belonging to diterpene
quinone. Pharmacological studies have indicated that both
hydrophilic phenolics and lipophilic quinones share many
beneficial activities of Salvia Root on cardiovascular and
cerebrovascular system.">'> For example, LAB has been
found to have strong peroxynitrite scavenging activity,'® to
inhibit angiotensin converting enzyme and angiotensin I-in-
duced contraction,'” and to enhance angiogenesis in en-
dothelial cell.'®'® Unexpectedly, it has extremely low
bioavailability.”” The anticoagulative action may be predom-
inant and characteristic among the cardiovascular effects of
DSS.2Y The activity of RA on cardiovascular system should
be antioxidant mechanisms due to its polyphenolic caffeic
acid oligomer.”? PA also participated in the actions of Salvia
Root on myocytes.”> However, the knowledge of the cardio-
vascular activities of Salvia Root had begun with tanshinones
and focused on for a long time,”* 2% which resulted in that
Tall, had been used as the chemical marker for standardiza-
tion of the crude drug and its phytomedicines.

Although phytomedicines containing Salvia Root have be-
come, in recent years, the best selling herbal medicines for
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cardiovascular diseases in China, and some of them have
been used as OTC in Japan, its standardization has been un-
clear or confused yet. In Chinese Pharmacopoeia, TallA has
been used as a marker constituent for the quality control of
this crude drug, while phenolic constituents, such as LAB
and DSS, have not been respected.”” Concerning the quality
control of phytomedicines containing Salvia Root, one of the
three markers, Tall,, DSS, and PA has been used.”®* >? In
fact, the water extract of Salvia Root, which is the most com-
monly prepared for its phytomedicines, contains phenolic
constituents and tanshinones should be trace in them. Ac-
cording to the recent study, it is worth to note that Tall, may
have a potentially hazardous effect on the morphology of my-
ocardial®” and the selective inhibition of murine and human
CYP1A2.3? Such confusions on the standardization should
be ascribed to the lack of systematically chemical investiga-
tion on the crude drug and its phytomedicines, as well as to
the lag of the standardization behind the advance on its phar-
macological studies.

Several HPLC methods have been described for the analy-
sis of the hydrophilic or lipophilic constituents of Salvia
Root.** 37 These earlier studies were only focused on the
part of these chemical markers, and were especially negligent
of the stability of the polyphenolic caffeic acid polymers,
such as LAB, RA, efc., during the extraction, which resulted
in a great error of determined value.

In the present study, we investigated HPLC methods with
photodiode array detection for the simultaneous determina-
tion of hydrophilic constituents, including LAB, DSS, RA
and PA, and lipophilic constituents, including Tal, Tall, and
CT (Fig. 1). And a reliable extractive procedure was also pro-
vided on the basis of the significant influence of extractive
conditions, such as method, solvent, time, on the 4 phenolic
marker constituents. Using both procedures, we analyzed 30
samples of Salvia Root from different cultivated farms and
markets, and 21 phytomedicines from 10 manufacturers, in-
cluding injections, dripping pills, capsules, granules and
tablets. We also studied the stability of the phenolic con-
stituents in the preparations of an injection and a granule in
different thermal conditions.

© 2005 Pharmaceutical Society of Japan
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Fig. 1. Chemical Structures of Lithospermic Acid B (1), Danshensu (2),
Rosmarinic Acid (3), Protocatechuic Aldehyde (4), Tanshinone II, (5), Tan-
shinone I (6) and Cryptotanshinone (7)

Experimental

Reference Standards LAB and RA were generously provided from
Iskra Industry Co. Ltd. (Tokyo), and DSS, PA, Tal, Tall, and CT were pur-
chased from National Institute for the Control of Pharmaceutical and Bio-
logical Products (Beijing, China). The identity of these compounds were
confirmed by melting point, IR, 'H- and *C-NMR and MS, and their purity
evaluated with HPLC-UV was 97.1, 98.9, 99.2, 99.8, 99.3, 99.8 and 97.9%,
respectively.

Plant Materials Twenty-one samples (Sample No. 1—21), all of which
were identified as roots of S. miltiorrhiza by authorities, were obtained di-
rectly from 6 cultivated farms, some of which have been established by
Good Agricultural Practice (GAP) Regulations for crude drug, and 9 sam-
ples (Sample No. 22—30) were obtained from several Chinese markets
(Table 1). All samples are kept in the reference library for the medicinal
herbs in Shenyang Pharmaceutical University. For the preparation for the hy-
drophilic extract, the ground plant materials (0.5 g: passing through 500 um
mesh sieve) were extracted twice with 50 ml of MeOH-H,O (75:25) for
15 min of sonication, and then centrifuged at 3500 rpm for 10 min. The su-
pernatant was taken, and then the residue was refluxed with 50 ml of H,O for
1 h. The mixture of MeOH and water extracts was evaporated to dryness in
vacuo. The residues were dissolved in 10ml of H,O, and then filtered
through a 0.45 ym membrane filter for the analysis of 4 phenolic marker
constituents. For the preparation for the lipophilic extract, the ground plant
materials (0.5 g) were extracted with 50 ml of CH,Cl,-MeOH (80:20) for
20 min of sonication, and then centrifuged at 3500 rpm for 10 min. The su-
pernatant was evaporated to dryness in vacuo. The residue was dissolved in
25ml of MeOH, and filtered through a 0.45 um membrane filter for the
analysis of 3 lipophilic marker constituents.

Commercial Preparations Several phytomedicines containing Salvia
Root, such as injections, dripping pills, capsules, granules and tablets, which
are available in Chinese or Japanese markets, were subjected to the analysis.
Injections were directly diluted with MeOH at the ratio of 1:5, and filtered
through a 0.45 ym membrane filter for the analysis of 7 marker constituents.
The solid preparations (0.25—0.5g) were extracted with 20.0ml of
MeOH-H,0 (75:25) or with 20.0 ml of CH,Cl,-MeOH (80 :20) for 15 min
of sonication, respective for the analysis of the hydrophilic or lipophilic
marker constituents. After centrifugation, the supernatants were filtered
through a 0.45 um membrane filter.

Stability Test Salvia Root was dipped with H,O at 80 °C for 2h, and
the filtered solution was lyophilized. The water extract of Salvia Root
(7.465 mg/ml in H,0) or LAB solution (0.345 mg/ml in H,0) were heated at
100 °C, and the sample solutions were collected successively (0.5—6h). In
another test, the preparation samples of a granule (K;, EX-252330) and an
injection (X, 030409) were stored at 4°C, at 20°C and at 40°C for six
months, respectively. Samples were taken almost every month during the
trial, and subsequently subjected to HPLC analysis. The control data de-
scribed as month 0 was obtained from the samples just before the stability
trial.

HPLC Conditions Waters HPLC system (Waters Co., Milford, MA,
U.S.A.) consisting of model 717 plus autosampler, model 510 pump, auto-
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mated gradient controller, model 2996 photodiode array detector, and Mil-
lennium>? PDA software was used. HPLC analyses were carried out at 35 °C
on a Hypersil C,4 column (4.6X250 mm, 5 um, Thermo Electron Co, MA,
U.S.A.). The detector wavelengths were 280 nm for 4 phenolic compounds
and 254 nm for 3 lipophilic compounds. The injection volume was 20 ul.
The mobile phase for the hydrophilic compounds consisted of a gradient
system of solution A, H,O—dimethyl formamide—AcOH (94 : 4 : 2), and solu-
tion B, MeOH-dimethyl formamide-AcOH (94:4:2) at a flow rate of
1.0ml/min. The gradient program were as following: isocratic at solution
A-B (95:5) for 8 min, linear gradient to solution A-B (75:25) in 5 min,
isocratic at solution A-B (75 :25) for 12 min, followed by linear gradient to
solution A—B (68:32) in 10 min, finally isocratic at solution A—B (68:32)
for 5 min. For the lipophilic compounds, an isocratic system of H,O0-MeOH
(13:87) was used. For 7 reference standards, linear calibration curves were
obtained as followings: Y=1.15X107X—1.03X10° for LAB in the concen-
tration of 0.20—3.0 mg/ml, Y=5.83X10°X—1.46Xx10* for DSS in 0.0040—
0.17 mg/ml, Y=1.46Xx10X—7.39X10* for RA in 0.0080—0.30 mg/ml, Y=
4.91X10’X—2.10x10* for PA in 0.0010—0.040 mg/ml, Y=1.68x10%X—
4.64x10 for Tal in 0.00060—0.030 mg/ml, and ¥=9.90X10"X—1.05%x10°
and Y=9.32X107X—8.96X10* respectively for Talla and CT in 0.0020—
0.10 mg/ml.

Results and Discussion

HPLC Analysis Figure 2 shows two characteristic
HPLC profiles of all the reference compounds tested, i.e.,
four phenolic derivatives, LAB, DSS, RA, and PA, and three
diterpene quinones, Tal, Tall, and CT. As can be seen, all the
compounds are satisfactory separated. The UV spectra of 7
marker compounds were given by photodiode array detec-
tion, in which the UV maxima were found: 287 nm for LAB,
330nm for RA, 280—281 nm for DSS and PA, 269 nm for
Tall,, 244nm for Tal, and 263nm for CT. The detective
wavelength settings were at 280 nm for the hydrophilic com-
pounds and 254nm for 3 tanshinones by comparison of
HPLC chromatograms of sample solutions at different wave-
lengths.

The detection limits of the different components were ca.
0.68—8.11 ng. The relative standard deviation found for 10
analyses was from 0.3% to 0.7% for 7 markers. Compared
with earlier work,* the sensitivity and reproducibility were
markedly improved. This analytical procedure is suitable for
standardization of Salvia Root as well as its extract and phy-
tomedicines based on their characteristic compounds.

Extraction of Marker Components from Salvia Root
In order to optimize the extraction of the various secondary
phenolic metabolites from crude plant material, we compared
several solvents and extraction procedures. For LAB and RA,
ultrasonic extraction with MeOH-H,O (75:25) for 15min
resulted in exhaustion of raw plant material. In contrast, such
extraction did not yield a complete extraction of DSS and PA
in that period. The combination of an ultrasonic extraction
(15 min) with MeOH-H,O (75 :25) and following via Soxh-
let extraction (1h) with H,O is, therefore, preferred to the
phenolic constituents. For the tanshinones, an ultrasonic ex-
traction (20 min) with CH,Cl,-MeOH (80 : 20) is needed.

The cultivation and selection of Salvia Root should be
based on the amount of tanshinones and phenolic con-
stituents. As shown in Table 1, we found that the species con-
tained only low levels of DSS (0.03—0.2%), RA (0.04—
0.66%) and PA (0.00—0.02%), but high levels of LAB
(0.6—7.7%). The findings mean that LAB is a predominant
phenolic derivative in the crude drug material. The data are
not in agreement to those in some previous literatures,*=”)
which is attributed to the differences in extraction proce-
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Fig. 2. HPLC Chromatograms of Standard Solutions as Well as the Ex-
tracts of Salvia Root

The uppers indicate two standard solutions, the left containing lithospermic acid B
(1), danshensu (2), rosmarinic acid (3) and protocatechuic aldehyde (4), the right con-
taining tanshinone I (5), tanshinone II, (6) and cryptotanshinone (7). The middle and
the lower indicate two samples of Salvia Root from Sichuan and Shandong, respec-
tively. For HPLC conditions, see Experimental section.

dures. According to our experiments, a direct Soxhlet extrac-
tion with H,O for a long period (over 1h) could result in the
decomposition of LAB and RA and the formation of DSS, as
shown in Table 2. Moreover, we investigated the stability of
LAB in water solution by heating process to confirm this re-
sult. The decomposition of LAB was seen similar to the ex-
tract of Salvia Root, although the reaction was not quantita-
tive and DSS was not the only product (Fig. 3). The heating
process with water as solvent is commonly employed in the
extraction for not only chemical analysis but also a produc-
tion of Salvia Root extract and phytomedicines. It is specu-
lated that the DSS content must be much higher level in the
heated extract than the actual value, just like the results in
earlier literatures.*>*” In the view of the risk from the de-
composition of phenolic caffeic acid polymer such as LAB, a
pre-extraction like what we employed in this study is, thus,
reliable in an analytical procedure or a validated method.

The contents of tanshinones (Table 1) varied from 0.056%
to 0.558% for Tall,, from 0.006% to 0.107% for Tal, from
0.016% to 0.38% for CT. However, the average content of
Tall, in 30 samples were only 0.18%+0.12%, and about 66%
out of 30 samples is not suitable for the standardization of
Tall,, being more than 0.2% listed in the Chinese Pharma-
copoeia. The limit standard of Tall, for the crude plant mate-
rials should be, thus, revised in the near future, in response to
the potentially hazardous effect of Tall, on morphology of
myocardial®*” and our current analytical evidence.

Analysis of Phytomedicines Containing Salvia Root
The analytical procedures described above were also applied
to some phytomedicines containing Salvia Root available on
Chinese or Japanese market. They included the preparations
of injection, dripping pill, capsule, granule and tablet con-
taining one or more other plant extracts. Apart from the vari-
ation in crude drugs used to prepare the phytomedicines, the
obvious discrepancies were found with respect to the stan-
dardization and to the recommended dosage. Among them,
only dripping pills and injections were standardized with re-
spect to DSS or PA, while most capsules, granules and
tablets were often not standardized even if the amount of the
extract was declared.

Vol. 53, No. 5

All preparations were analyzed for their contents of the
phenolics and tanshinones, and the results are listed in Table
3 with some of HPLC chromatograms shown in Fig. 4. As to
five injections prepared by the same formula, remarkable dif-
ferences were found in the amount of the 4 phenolic con-
stituents, varying per day from 6.9 mg to 17.1 mg for LAB,
from 21.2mg to 64.5mg for DSS, from 4.2mg to 10.2mg
for RA, and from 4.6mg to 11.1 mg for PA in spite of no
clear detection of tanshinones in all of them. This data is
similar to previous studies on the analysis of the Salvia Root
phytomedicines.'” This means that DSS is, in the injection
preparations, a predominant constituent over LAB in view of
content, which is a reversal of the composition of the pheno-
lic constituents in the crude root materials. Such additional
alteration of active constituents may be owing to the manu-
facturing process according to our study, as shown in Table
2.

Among the solid preparations, such differences were also
found. For example, K series of the preparations as shown in
Table 3 from K; to K; commercially available on Japanese
OTC market, are granules or tablets manufactured with the
same formula comprised by Salvia Root (1), Safflower (4L
i), Peony Root (Aj¥£), and other three crude drugs. Despite
the same formula, the 4 phenolic constituents varied per day
from 38.8 mg to 123 mg for LAB, from 10.0mg to 16.4 mg
for DSS, from 1.6 mg to 7.0 mg for RA, and from 0.7 mg to
1.4mg for PA in 3 commercial preparations. Such composi-
tion profile of LAB and DSS in the granule is close to that in
the crude material of Salvia Root. Our test further showed
that Tall, was detected in 6 out of 16 solid preparations in a
relative low amount.

Although Tall, has been used as an active marker for
quality control, recent studies suggest that it may be a poten-
tially hazardous constituent, as mentioned above. Thus, the
standardization of the crude drug as well as the therapeutic
phytomedicines needs urgently to be revised from the stand-
point of toxicity or safety and product consistency.

According to some literature, the quality of phytomedi-
cines containing Salvia Root may be related mainly to the
presence of tanshinones and phenolic caffeic acid derivatives.
The efficacy of these Salvia Root phytomedicines should be
ascribed mainly to the multiple cardiovascular actions of
phenolic caffeic acid derivatives since none or trace of tan-
shinone was detected in the injections or in the solid prepara-
tions. It is worth noticing that, from our analytical results,
DSS content was predominant over that of LAB in the injec-
tion preparations, while an opposite composition profiles
were found in the granule. Because LAB has an extremely
low bioavailability in oral route, with DSS having a relative
good bioavailability, such composition profiles of LAB and
DSS of two preparations in different dosage forms are con-
tradictory to the bioavailability of both components.***® The
standardization of these therapeutic phytomedicines will be,
in this way, rather different and further comparative tests of
both components on the cardiovascular pharmacology will be
need.

Stability of Phytomedicines Containing Salvia Root
In order to study the stability the phenolic constituents in
Salvia Root preparations and to gain an insight into the varia-
tion in the amount of LAB and DSS, the samples of an injec-
tion and a granule prepared from Salvia Root and some other
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Solution (a) and the Solution after Being Heated for 6 h (b)

The tested water solution of lithospermic acid B is at the concentration of

0.34 mg/ml. The others are the same as indicated Fig. 2.

HPLC Chromatograms of Freshly Prepared Lithospermic Acid B

Table 2. Decomposition of LAB in Water Solution of Salvia Root Extract

and Single Standard at 100 °C

Content (mg/ml)

Heating
Samples time (h)
LAB DSS RA PA
Salvia Root extract 0 0.479 0.021 0.020 0.001
0.5 0.459 0.022 0.019 0.002
1 0.413 0.030 0.020 0.003
2 0.364 0.050 0.020 0.007
4 0.291 0.075 0.016 0.012
6 0.238 0.096 0.010 0.015
LAB standard 0 0.345 n.d. n.d. n.d.
0.5 0.211 0.006 n.d. n.d.
1 0.142 0.009 n.d. trace
2 0.048 0.013 n.d. trace
4 0.033 0.020 n.d. 0.001
6 0.032 0.030 n.d. 0.002

n.d., not detectable.

Table 3.
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crude drugs were stored at 4 °C, 20 °C and 40 °C, and subse-
quently analyzed. The representative HPLC chromatograms
of the stability trials were shown in Fig. 5. As shown in Fig.
6, only less than 10% of the original level of LAB was de-
tected in the injection after a storage period of 6 months at
40°C. After the same storage period at 4 °C or 20 °C, about
81% or 65% of the original level of LAB was still present.
The granule stored at 4 °C, 20 °C and 40 °C still contained
90%, 81% and 67% of the original level of LAB after 6
months. With the rapid decomposition of LAB at a higher
temperature of 40 °C, the increase of DSS from 24% (the in-
jection) to 37% (the granule) could be detected at the same
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Fig. 4. HPLC Chromatograms of Water or Methanol Solutions of the Phy-
tomedicines containing Salvia Roots

a, b, ¢ and d indicate phytomedicines of X,, Fy (20030608), T,; and K; (ACCA)
listed in Table 3, respectively. For 1—7, see the legend of Fig. 2.

Quantitation of 7 Marker Components in the Phytomedicines Containing Salvia Root Using HPLC

Preparation

Dosage forms

Declaration

Content (mg/g or ml) Max. recommended

samples (batch No.) (market) LAB  DSS RA PA Tall, Tal cT daily dose

XA Injection (China) PA=0.17 mg/ml 0.86  1.06 0.51 0.36 n.d. n.d. n.d. 20ml

Xp Injection (China) PA=0.17 mg/ml 0.69 2.07 0.21 0.27 n.d. n.d. n.d. 20 ml

X (0200916) Injection (China) PA=0.17 mg/ml 035 1.56 0.23 0.51 n.d. n.d. n.d. 20ml

X (030409) Injection (China) PA=0.17 mg/ml 081 149 0.28 0.23 n.d. n.d. n.d. 20ml

Xp Injection (China) PA=0.17 mg/ml 0.63  4.03 0.60 0.69 n.d. n.d. n.d. 20ml

F (20030608) Dripping pill (China)  DSS=0.08 mg/pill 1.65 7.57 1.16 1.76 ~ Trace Trace Trace  0.81g (30 pills)
F (20031101) Dripping pill (China) ~ DSS=0.08 mg/pill 277 744 1.38 2.09 0.03 0.03 0.03 0.81 g (30 pills)
Tk Capsule (China) n.i. 1.59  9.15 0.39 0.40 1.10 1.24 1.62 1.8 g (6 capsules)
Tg Capsule (China) n.i. 17.1 3.67 0.78 0.16 1.25 0.33 0.80 1.8 g (6 capsules)
Ty Capsule (China) n.i. 16.6 3.56 2.16 0.20 3.97 0.67 0.82 1.8 g (6 capsules)
K, (ACCA) Granule (Japan) n.i. 7.12  1.82 0.56 0.14 Trace  Trace Trace  9.0g (3 parcels)
K; (ADAA) Granule (Japan) n.i. 7.78  1.66 0.54 0.14  Trace Trace Trace 9.0g (3 parcels)
K, (AMDA) Granule (Japan) n.i. 7.62 147 0.52 0.13 Trace  Trace Trace 9.0 g (3 parcels)
K, (EX-252330) Granule (Japan) n.i. 15.5 1.71 0.88 0.12 Trace Trace Trace  6.0g (3 parcels)
K, (EX-402117) Granule (Japan) n.i. 20.5 1.67 1.17 0.12  Trace Trace Trace 6.0g (3 parcels)
Ky (2A2) Granule (Japan) n.i. 499 1.23 0.21 0.08 Trace  Trace Trace 9.0 g (3 parcels)
Kg BAI) Granule (Japan) n.i. 432 151 0.18 0.08  Trace Trace Trace 9.0g (3 parcels)
K¢ (3A2) Granule (Japan) n.i. 6.31 1.64 0.27 0.10  Trace Trace Trace 9.0g (3 parcels)
K, (030501) Tablet (Japan) n.i. 15.5 2.64 0.98 0.22 Trace Trace Trace 6.3 g (18 pieces)
K, (030502) Tablet (Japan) n.i. 15.3 2.37 0.93 0.17  Trace Trace Trace 6.3 g (18 pieces)
K, (030503) Tablet (Japan) n.i. 15.8 2.01 0.84 0.12 Trace  Trace Trace 6.3 g (18 pieces)

n.i., not indicated. n.d., not detectable (=20.4 ug/ml). trace (>0.4 pg/ml, and <minimum of the linear range). The formula of K-series of preparations were comprised by
Salvia Root (J1%), Dalbergia Heartwood (F%%), that of F-series ones comprised by Salvia Root, Notoginseng Root (=-t) and borneol (’k 1), that of T-series ones only comprised
by Salvia Root, and that of K-series ones only comprised by Salvia Root, Safflower (#L{£), Peony Root (#j%), Cnidium Rhizome ()11 %) , Saussurea Root (A7F) and Cyperus Rhi-

zome (FHT).
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Fig. 5. HPLC Chromatograms for the Stability Trials of the Preparations
containing Salvia Root

(a) and (c) are the chromatograms of the injection and granule contaning Salvia Root
at month 0, respectively. (b) and (d) are those of the samples stored at 40 °C for six
month, respectively. The others are the same as indicated Fig. 2.
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Fig. 6. Decomposition of Lithospermic Acid B and Formation of Dan-
shensu in the Preparations of Salvia Root in Stability Trials

The left indicate the injection sample, with the right being the granule one. All of
them are the same as those used in Fig. 5. For stability trials, see Experimental section.

time. At the lower temperature of 4 °C or 20 °C, the DSS
content, both in the granule and in the injection, decreased
from about 3% (the granule) to 10% (the injection) in com-
parison with the original level. Thus, LAB showed a temper-
ature independent instability without relation to dosage
forms, and the variation of the amount of DSS was not paral-
lel to the instability of LAB. The data were rather different
from the instability of the single LAB solution, as shown in
Fig. 3, which difference may resulted from the existence of
other, yet unknown, constituents present in the preparations.
The results from the trials at 40 °C, similar to the accelerated
stability tests, suggest that Salvia Root preparations are inap-
propriate to a long-term storage even if being stored at a nor-
mal temperature, and that a solid preparation may be prefer-
able to a liquid one for Salvia Root preparations. Thus, an
adequate stabilizing agent or preparations for injection
should be developed in the future.
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Conclusion

From the present study, we conclude that the reliable ex-
tractive method combined with the efficiency of modern
HPLC separation techniques provide a major contribution to
the analysis of phenolic caffeic acid derivatives and tanshi-
nones in Salvia Root as well as its phytomedicinal prepara-
tions. Owing to a lower stability of LAB and decomposition
products of DSS, standardization of phytomedicines contain-
ing Salvia Root with respect to these compounds should be
preferred.

Our systematically chemical investigation shows that the
composition profile of LAB and DSS in the preparations
does not seem to be relevant to that in the crude plant mater-
ial. The additional alterations of active ingredients may be
induced by the manufacturing process, and water is a prereq-
uisite for the decomposition of LAB into DSS or other com-
ponents at higher temperatures. The solid preparations are,
therefore, preferable to liquid ones from the standpoint of
stability of the active components.

Phytomedicines are complex mixtures of substances, and
the crude plant material varies largely in the content of active
ingredients. Therefore, the demands of manufacturers can
only be met by comprehensive quality control. This control
should include the crude plant material, the manufacturing
process as well as standardization of the final product.’”
With respect to the phytomedicines containing Salvia Root,
not only the identity of the plant material and the extraction
procedure should be provided, but also the amount of the
components present in the preparations by which they may
be standardized.

Acknowledgement We are grateful to Iskra Co. Ltd. for providing au-
thentic chemical compounds contained in Salvia Root.
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