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Abstract

Four major active saponins (ginsenosides,MRJy, Rd and notoginsenoside Rn Panax notoginsengere determined in rat urine after
oral and intravenous administration of total saponinB.afotoginsengPNS), and the urine samples were treated with solid-phase extraction
(SPE) prior to liquid chromatography. A reversed-phase liquid chromatography system with ultraviolet detection and a ZorRaoBErC
was used. The within-day and between-day assay coefficients of variation for the four saponins in urine were less than 7% and the recovery
of this method was higher than 85%. Using this method, the excretion profile of the drug in rat urine after administration of PNS was revealed
for the first time.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ing TLC method, but no report was found on the ADME
of notoginsenoside Rand ginsenoside Rd. Up to now,

The root of Panax notoginsengs an important compo- there has been little information on the degree of absorp-
nentin various prescriptions in traditional Chinese medicine. tion and excretion of saponins after consumption of PNS or
It has been used for thousands of years as an importantPNS preparations except that Xu et[dl] studied the phar-
folk medicine in China. The total saponins Bf notogin- macokinetics and bioavailability of ginsenosides;Rind
seng(PNS), phytochemically obtained from the rootsFof Rg; after administration of PNS in rat plasma by HPLC
notoginseng have been regarded as the principal compo- method.
nents manifesting the pharmacological activities of the drug  Analysis of intact saponins in biological fluids is diffi-
[1]. Currently, PNS are used to treat coronary heart dis- cult since there are a variety of single saponins and other
ease, cardiac angina, apoplexy and atherosclerosis in cliniczonstituents in PNS or PNS preparations. Methods used for
[2-4]. PNS mainly contained four active saponins, which the detection of these saponins in animal biological fluids
are ginsenosides RgRby, Rd and notoginsenoside; Re- include thin layer chromatograplj§—8], high-performance
spectively (their total content60% in PNS). Therefore, liquid chromatography[9,10] and gas chromatography
the pharmacokinetic studies of PNS were focused on the[11,12] etc. TLC method was widely used to study the
above-mentioned four saponins. A number of reports on the ADME of ginsenosides in Odani’s reports. This method has
absorption, distribution, metabolism and excretion (ADME) a detection limit higher than 500 ng, which is insufficient
of ginsenosides have been performed on animals with thefor the determination of saponins in biological fluids, espe-
administration of high doses of isolated individual ginseno- cially after oral administration of PNS but not the individual
sides. For example, Odani et §—8] studied systemati- ginsenosides. GC method is more suitable for the deter-
cally the ADME of ginsenosides Rgand Rh in rat us- mination of small molecular weight compounds with low

boiling points. Therefore, we have developed and validated

- ) a HPLC method for the quantification of ginsenosideg,Rg
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In the present report, we described a simple method water after ultrasonication for 10 min). For intravenous ex-
for the determination of four saponins in rat urine using a periments, an 8 mg/ml solution of PNS in 0.9% saline was
solid-phase extraction (SPE) technique and HPLC with UV given via the femoral vein at a dose of 50 mg/kg to fasted
detection, which proved to be simple, sensitive and specific, rats. Each rat was held in metabolic cage and the urine was
and could be applied in metabolic and pharmacokinetic collected periodically and stored atl0°C prior to analy-
studies of PNS. sis. The aqueous and saline solutions of PNS could be kept

stable for at least 1 week af’@ when not in use.

2. Experimental 2.5. Preparation of stock, working and internal standard
solutions
2.1. Chemicals and reagents
A concentrated stock solution of ginsenosideg Ry,
HPLC grade acetonitrile was purchased from Merck Com- Rd and notoginsenosidei;Rvas prepared by dissolving
pany (Merck, Darmstadt, Germany); deionized water was the reference substances in mixture of acetonitrile—water
purified by Milli-Q system (Millipore, Bedford, MA, USA); (2:1,v/v) to a final concentration of 1.0 mg/ml for ginseno-
methanol was analytical grade from Beijing Reagent Co. side Rk and notoginsenoside1R3.0 mg/ml for ginseno-
Ltd. (Beijing, PR China) and Extract-cle® C;1g (SPE) car- side Rg and 2.0 mg/ml for ginsenoside Rd. For the assay
tridge column was purchased from Alltech Company (Deer- of urine samples, working solutions were prepared by ap-
field, IL, USA). propriate dilution of the stock solution with the mixture
Ginsenosides Rgand Rh were purchased from Na- of acetonitrile—water (1:1, v/v). The internal standard solu-
tional Institute for the Control of Pharmaceutical and Bio- tion was prepared at a final concentration of u@dml in
logical Products (Beijing, PR China); notoginsenoside R acetonitrile. All solutions were stored at10°C and were
and ginsenoside Rd were kindly provided by Professor Yin- found to be stable for at least 1 month.
jie Chen (Shenyang Pharmaceutical University, Shenyang,
PR China);B-estradiol was purchased from Fluka Chemi- 2.6. Preparation of standard and quality control (QC)
cal Company (Buchs, Swizerland, puriy97%). The total samples for SPE
saponins oP. notoginsengphytochemically obtained from
the roots ofP. notoginsengwere purchased from Wanfang Standard samples for HPLC analysis and calibration were
Co. Ltd. (Wenshan, Yunnan, PR China). Injection prepared made by spiking control blank urine with working solutions
from PNS was manufactured by Kangyuan Pharmaceuticalto achieve analytical concentration ranges. The working so-

Co. Ltd. (Inner Mongolia, PR China). lution (600ul) and internal standard solution (100 were
placed in a glass tube, and the solvent was evaporated to
2.2. Apparatus dryness under nitrogen gas flow, then 2ml of blank urine

was added to the residue. The sample was vortex-mixed and
An Agilent 1100 liquid chromatography system (Ag- applied to Extract-cledY Cig cartridge column. Quality
ilent Technologies, Deutschland, Waldbronn, Germany), control samples were similarly prepared at high, medium
equipped with a quaternary solvent delivery system, an and low concentrations for the four saponins.
autosampler and UV detector, was used. The column con-

figuration consisted of an Agilent Zorbax SB¢J¥eversed- 2.7. Sample processing

phase column (hm, 250x 4.6 mm) and an Aglient Zorbax

SB-Cig guard column (fum, 20 x 4 mm). UV absorption For the assay of urinary samples, @f acetonitrile-

was measured at 203 nm. water (1:1,v/v) and 100l of internal standard solution were
added to a glass tube, and the solvent was evaporated to

2.3. Animals dryness under the nitrogen gas flow. Urinary sample (2 ml)

was added to the residue; the mixture was vortex-mixed for
Experimental animals used were Sprague-Dawley rats,5 min and applied to Extract-cle® Cyg column.
weighting 220-230g, from Laboratory Animal Center of
Peking University Health Science Center (Beijing, PR 2.8. Solid-phase extraction
China).
The 2ml standard urine sample was loaded and drew
2.4. Animal study through by gravity on a SPE cartridge (5 ml, packed with
200mg of 4Qum octadecyl silica), which was precondi-
An 80mg/ml PNS aqueous solution was administered tioned by passing through 5 ml methanol followed by 5ml
orally with gavage at a dose of 80 mg/100 g to rats deprived water before loading. The solid-phase cartridge was washed
of food but free access to water for 20 h before the exper- with 10 ml water and 4 ml 20% (v/v) aqueous methanol so-
iment (800 mg PNS was easily dissolved in 10 ml distilled lution in that order followed by elution with 5 ml 70% aque-
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ous methanol solution. The eluate was evaporated at ambi-of the nominal concentration and the relative standard de-
ent temperature to dryness under the stream of nitrogen andriation has to be within the range af20% and less than
reconstituted in 400l of 50% aqueous acetonitrile solu- 20%, respectively.

tion. A 5ul aliquot was injected into the HPLC system for

analysis. 2.10.4. Recovery
The recovery of this method was determined by compar-
2.9. Chromatographic conditions ing peak-area ratios of the extracts of spiked urine (three

different concentrations) to those obtained by direct injec-

Gradient elution of the analytes was performed using tion of standards. Recoveries were calculated as the mean
water (A) and acetonitrile (B). Initial condition was A-B  of four replicates.
(80:20,v/v), linearly changed to A-B (75:25,v/v) at 20 min.
The mobile-phase composition was 69.0% A and 31.0% 2.10.5. Stability
B at 25min. Over the next 30min, the percentage of To examine the stability in urine, pools of urine were
mobile-phase B increased linearly to 40%. The total run spiked with the reference substances to obtain high, medium
time was 55 min. The column temperature was maintained and low concentrations. These QC urinary samples were

at 35°C and the flow rate was 0.8 ml/min. stored at room temperature for 48h and analyzed. The
long-term storage stability was checked by analyzing the

2.10. Validation procedure QC samples that had been stored-d0°C for a period of
time. The freeze—thaw stability was determined after three

2.10.1. Calibration curve freeze and thaw cycles. In each cycle, the QC samples were

The four calibration curves were constructed with stan- stored at—10°C for 24 h and thawed unassisted at room
dard samples in duplicate in two separate analytical runs.temperature. When completely thawed, the sample was re-
Every calibration curve consisted of at least seven concen-frozen within 24 h. This cycle was repeated two more times,
tration levels. The linear weighted regression was performed and then the samples were analyzed after the third cycle.
based on peak area ratio (analyte/internal standard (IS)). For
every calibration curve, the calibration concentrations were
back-calculated from the peak area of the analytes. The de-3. Results and discussion
viation from the nominal concentration was equal to or less

than 9%. Ginsenosides Rg Rb;, Rd and notoginsenoside; Rire
the four major saponins contained in PNS (structures shown
2.10.2. Accuracy and precision in Fig. 1). They all show poor UV absorption. To our knowl-

The within-day precision and accuracy were calculated edge, there is no report for derivatization of these saponins
by analyzing QC samples in six replicates. The between-dayto improve their sensitivity. Therefore, it must be detected at
variability of the assay method was assessed by replicatelow UV wavelengths. In this study, the detection wavelength
analysis of QC samples on four separate days. QC samplesvas set at 203 nm. All the four saponins have sugar moieties
were prepared from the stock solutions at three different con- attached, which cannot be readily extracted into organic sol-
centrations — 78.75, 9.84 and 3,94/ml for notoginseno-  vents. High efficiency pretreatment technique was required
side R;; 247.5, 30.9 and 12.38g/ml for ginsenoside Rg to remove excessive interferences and achieve good selectiv-
52.5, 6.56 and 2.6@g/ml for ginsenoside Rb and 172.5, ity for the four saponins. This problem could be overcome by
21.56 and 8.6p.g/ml for ginsenoside Rd. These validation the use of solid-phase extraction method, which could also
criteria for precision and accuracy were used to assess thesnsure the efficient cleaning up of the urine samples. SPE
suitability of the method. method has been used for the pretreatment of ginsenoside

The precision was evaluated by within-day and between- Rb; [7,8], ginsenoside Rg[10], ginsenoside Rb[14-16]
day percent relative standard deviation (R.S.D., %): within and PNJ9] in biological fluid. In these reports, 90% aque-
+15% for all concentrations. The accuracy is a measure of ous methanol and absolute methanol were used to elute the
the systematic error or bias and is defined as the agreemenginsenosides from the SPE, and 20% aqueous acetonitrile,
between the measured concentration and nominal value. Ac-40 and 60% aqueous methanol solutions were utilized to
curacy of the method can be calculated from the expression:wash the interferences in biological samples. The retention
accuracy= measured concentration/nominal concentration, behaviors of these saponins in rat urine oy Gtationary
and should be in the range of 75-115% for all concentra- phase with methanol-water system were also investigated.

tions[13]. When the concentration of methanol was below 30%, the
ginsenosides were strongly absorbed and difficult to elute
2.10.3. Limit of quantification from the column. However, many of the interferences could

The limit of quantification (LOQ) was investigated in a be removed at low methanol concentration. After eluting
series of different diluted urine standard samples. For the with 5ml of 70% agueous methanol, the column was con-
concentration to be accepted as LOQ, the percent deviationtinuously washed with 5ml methanol and the eluent was
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Fig. 2. Representative chromatograms of the four saponins in urine sam-
Fig. 1. The structures of the four saponinsHanax notoginsengnd the ples. (A) Blank urine. (B) Blank urine spiked with (1) notoginsenoside
internal standard. R1 (78.75ug/ml), (2) ginsenoside Rg(247.5ug/ml), (3) ginsenoside Rb

(52.5pg/ml), (4) ginsenoside Rd (1725/ml) and internal standard (IS,
25pg/ml). (C) Urine sample obtained 24 h after oral administration of

detected by HPLC; no saponins and internal standard weresaponins oﬂ_’. _noto_ginseng (D) Urine sample abtained 7h after intra-
found. It was also found that 5 ml of 70% aqueous methanol Ye"0uS administration of PNS,
was optimal for the recovery of all the analytes and IS.

Internal standard is generally incorporated into an assay In this method, standard curves were linear over the range
in order to improve precision, especially in the assays of bi- of 3.9-78.8.g/ml for notoginsenoside R 12.4-4953.g/ml
ological samples. The primary requirement for an internal for ginsenoside Rg 2.6—157.5.g/ml for ginsenoside Rb
standard in a bioanalytical procedure is that it mimics the be- and 8.6—172.5.g/ml for ginsenoside Rd, with the correla-
havior of the target analytes. In this experimghsitosterol, tion coefficient>0.99. The limit of quantification was within
digtoxin andp-estradiol were compared. It was found that the range of 0.66—1.55g/ml. The results of analysis are
B-estradiol was the most suitable internal standard, which shown inTable 1
was structurally close to the four saponins and possessed In general, the assay precision and accuracy were derived
analogous behavior with the analytes during both the sam-from the QC samples. From these data, the mean standard
ple preparation procedure and the detection in the HPLC derivation and coefficient of variation at each level were

system. determined. The results are shownTiable 2 It was clear
All the four saponins and internal standard in urine were that the R.S.D. (%) was less than 6.8%.
completely separated within 55 min as showtrig. 2. The Urinary samples containing three different concentrations

results presented here showed that we have developed a sinef the analytes (low, medium and high levels) were used
ple, efficient and precise HPLC method for the measurementfor the determination of the recoveries of the four saponins.
of the four saponins in rat urine after oral and intravenous Results are shown iffable 3 The percent recoveries for
administration of PNS. The run time of this method is rela- ginsenosides Rg Rb;, Rd and notoginsenoside Rvere all
tively long in the analysis of biological samples. In order to over 85%.

optimize this method, we tried to shorten the analysis time, The stability study showed that the four saponins were
including sharpening the gradient elution condition between stable in urine at room temperature for 72 h antD°C for
ginsenosides Rgand Rl. However, urinary samples col- at least 7 days (shown ifable 4. The freeze—thaw stability
lected in different time contained many compounds which results showed that the QC samples were stable after at
would potentially interfere with the assay if the run time was least three freeze—thaw cycles. The results are summarized
considerably shorter. in Table 5
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Table 1

Calibration curves for the four saponins Bf notoginsengn urine

Analyte Standard curves r? Test range (tg/ml) Limit of quantification {xg/ml)
Notoginsenoside R Y = 0.011X — 0.0010 0.9997 3.94-78.75 0.79

Ginsenoside Rg Y =0.007X + 0.0543 0.9997 12.38-495 2.47

Ginsenoside Rp Y = 0.008%X + 0.0213 0.9999 2.62-157.5 0.66

Ginsenoside Rd Y = 0.0095% — 0.01993 0.9995 8.63-172.5 1.15

Y, peak area ratio (analyte/internal standard); X, concentration of compound in wahalj.

Table 2

Within-day and between-day variability for the assay of the four saponir’® nbtoginengn urine

Spiked concentration

Within-day precision if = 6)

Between-day precisiom(= 4)

(wg/m) Measured concentration R.S.D? (%) Accuracy (%) Measured concentration R.S.D. (%) Accuracy (%)
(g/ml) (ng/mi)
Notoginsenoside R
78.75 78.89+ 1.09 14 100.2 74.9% 45 6.0 95.2
9.84 9.75+ 0.20 21 99.1 9.59t 0.21 21 97.5
3.94 4.30+ 0.19 4.4 109.1 4.0& 0.28 6.9 103.6
Ginsenoside Rg
247.5 250.19+ 8.37 33 101.1 240.06- 12.26 5.1 97.0
30.94 29.65+ 0.67 2.3 95.8 29.16- 0.71 24 94.2
12.38 11.17+ 0.34 3.0 90.2 11.26: 0.70 6.2 91.0
Ginsenoside Rp
52.5 51.74+ 1.32 2.6 98.6 49.85% 2.29 4.6 95.0
6.56 6.89+ 0.30 4.4 105.0 6.7& 0.35 5.2 102.1
2.63 2.70+ 0.14 5.2 102.7 2.5& 0.16 6.2 98.1
Ginsenoside Rd
172.5 170.63t 2.07 1.2 98.9 163.0% 8.85 5.4 94.5
21.56 21.79+ 0.30 14 101.1 21.3% 0.50 2.3 99.2
8.63 8.85+ 0.23 2.7 102.5 8.7% 0.26 3.0 101.2

2 Relative standard deviation.
b Accuracy=[1 — (nominal concentratior- mean of measured concentration)/nominal concentratiod00.

The time variations of urinary excretions of ginsenosides respectively. Urine samples were collected periodically. The
Rag1, Rby, Rd and notoginsenoside; Rifter oral adminis-
tration of PNS are shown iRig. 3. The cumulative urinary

excretion of notoginsenoside; Rginsenoside Rg Rb; and

Rd within 48 h was 1.79, 5.14, 0.75 and 6.62% of the dose,

Table 3
Recovery of the four saponins B notoginsengrom urine
Saponins Spiked concentration Recovery-? R.S.D.
(rg/mi) (%) (%)
Notoginsenoside-R 65.25 91.8+ 2.10 2.3
26.25 91.5+ 2.00 2.2
6.56 87.8+3.01 34
Ginsenoside-Rg 206.25 93.9+ 1.97 2.1
82.50 923+ 311 34
20.63 89.4+ 401 45
Ginsenoside-Rp 43.75 90.0+ 1.26 1.4
17.50 90.0+ 2.16 24
4.38 85.0+ 3.20 3.8
Ginsenoside-Rd 143.75 92+ 1.39 15
57.50 96.5+ 3.09 3.2
14.38 88.8+ 3.73 4.2

2 Recovery=[1 — (spiked concentratioameasured concentration)/
spiked concentrationk 100.
b All values quoted are the meah S.D. i = 4).

maximum urinary excretions (the greatest percentage dose
of recovered in the urine collected in different time inter-
vals) of all the four saponins after p.o. dosing of PNS were
observed between 9 and 12 h and the results are shown in
Fig. 4. To our knowledge, there are no reports on the ex-
cretion studies of notoginsenoside,Rjinsenoside Rd and
PNS. Odani et al. reported the excretion of ginsenosides
Rg: and Rhb into urine after oral administration of the iso-
lated individual ginsenosides in 1982-8]. According to his
reports, the cumulative urinary excretions of ginsenosides
Rgr and RR within 12 h are lower than our results. The
reasons of this inconsistence might result from the follow-
ing facts. In our study, 800 mg/kg PNS (about 200 mg/kg for
ginsenoside Rg 250 mg/kg for ginsenoside Rb90 mg/kg

for ginsenoside Rd and 70 mg/kg for notoginsenosidg R
was given to rats via p.o. and the dose of oral administra-
tion in documental reports was 100 mg/kg for ginsenosides
Rg; and RRy. Under the condition of our experiment, the
enzymes and bacteria in gastric and intestinal tract of rats
might be saturated and consequently the intact ginsenosides
Rg; and Rh entered into blood and urine. Additionally, the
detection limits for ginsenosides Rgnd Rh in our exper-
iment were about 60 and 5.0 ng, respectively, which were
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Table 4
Stability of the four saponins in rat urine stored-at0°C and at ambient temperatune £ 4)
QC concentration(g/ml) Stored at ambient temperature Stored-a0°C
Before storage After storage Recovetdet) Before storage After storage Recovered (%)
Notoginsenoside R
78.75 78.48 79.30 101.0 78.03 78.48 100.6
9.84 9.82 9.34 95.1 9.99 9.68 96.9
3.94 4.14 3.84 92.7 4.23 4.45 105.2
Ginsenoside Rg
2475 254.73 230.23 90.4 252.77 254.73 100.6
30.94 29.48 28.16 95.5 29.75 29.17 98.1
12.38 11.16 11.34 101.6 11.45 11.18 97.6
Ginsenoside Rp
52.5 52.50 47.24 90.0 53.04 48.17 90.8
6.56 6.56 6.25 95.3 6.86 6.25 91.1
2.63 2.63 2.73 103.8 2.55 2.36 92,5
Ginsenoside Rd
1725 1745 155.25 89.0 173.3 171.78 99.1
21.56 20.56 20.75 100.9 21.34 21.71 101.7
8.63 8.93 8.45 94.6 8.71 8.64 99.2

2 Recovered= (after treatment/before treatment) 100.

lower than that in Odani’s reports, 500 ng for ginsenosides The time variations of cumulative urinary excretions of
Rg1 and Rd by TLC. It is likely that at the low concentra- the four saponinis after intravenous dosing of PNS to rats
tion, ginsenosides undetected by TLC could be determinedare shown irFig. 5. Urine samples were collected periodi-
by HPLC in this experiment. Furthermore, the parent com- cally. The greatest urinary excretion of notoginsenosigde R
ponents might also be transformed to their prosapogenins orand ginsenoside Rgwvere observed between 0 and 4 h af-
other sapogenins by glycosidic hydrolysis as well as other ter intravenous administration of PNS, and the results are
reactions in rat digestive tract as suggested by the resultsshown inFig. 6. The cumulative urinary excretion of noto-
from animal experimentfl5,16] After oral administration ginsenoside Rand ginsenoside Rgwithin 12 h was 37.3
of PNS, there are many interactions and changes occurringand 73.5% of the dose, respectively. Most of the urinary ex-
in rat body, which might be the reason to make the amounts cretion of ginsenoside Rloccurred within 24 h after admin-
of ginsenoside Rgand Rly excreted into urine increased.  istration, but excretion of ginsenoside Rbontinued after
that. The maximum excretion of Rd into urine was observed

Table 5 at 12 h. The cumulative urinary excretion of Rd within 12 h
Freeze—thaw stability of the four saponins in rat urine was 7.0%, but undetectable after 12 h.
QC concentration Measured concentratién
/ml
(g/mi) Before After Recoverefl
treatment treatment (%)
Notoginsenoside R g
78.75 79.45 78.62 99.0 §
9.84 9.96 9.42 94.6 ]
3.94 4.19 4.48 106.9 i;, ——
2=
Ginsenoside Rg -E% f_ﬁii
2475 252.63 234.7 92.9 o% & R
30.94 29.55 28.89 97.8 £
12.38 11.15 10.51 94.3 év
Ginsenoside Rp 3
52.5 52.66 49.28 93.6
6.56 6.86 7.01 102.2 L s % )
2.63 2.69 2.56 95.2 0 2 5 9 12 24 27 30 33 37 49
Ginsenoside Rd Time (h)
1725 173.3 167.6 96.7
Fig. 3. Cumulative excretion of notoginsenoside BA), ginsenoside
21.56 22.15 21.34 96.3 Ra (@) ai ide Rb(®). gi ide R int . ft, |
8.63 8.05 8.64 1073 o (@), ginsenoside Rp(®), ginsenoside RdO) into urine after oral

administration of saponins d&¥. notoginsendo rats. Each point with bar
@ Values are reported as mean of four determinations. represents mear: S.D. (h = 3) as the percentage of the administered
b Recovered= (after treatment/before treatment) 100. dose of PNS.
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Fig. 6. Urinary excretion—time profile of notoginsenosidg Binsenoside
Rg;, Rb; and Rd after intravenous administration of PNS to rats.

The method reported here was the first HPLC-UV assay
with which the four major saponins in PNS could be quanti-
tated simultaneously in rat urine after oral administration of
PNS. Sample preparation is quite simple and without deriva-
tization procedure. SPE preparation used in this study has
improved recovery in particular for more polar compounds
such as ginsenosides and notoginsenosides. This method
possessed adequate sensitivity, selectivity, accuracy and pre-
cision for the quantitative analysis of the four saponins in
PNS in rat urine. It can be used for the biopharmaceutical
study of traditional Chinese formulations containiAgno-
toginseng
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