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Abstract

AIM  To propose a hypothesis defining the
absorption, distribution, metabolism and
elimination of traditional Chinese recipe
(TCR)component in blood of healthy subjects
and patients, and estimate its correctness.
METHODS  The pharmacokinetics (PK) of
same dose of drug was studied in the animal
model of traditional Chinese syndrome (S)
and healthy animals. The classification,
terminology, concept and significance of the
hypothesis were set forth with evidence
provided in the present study.  The
hypotheses consisted of traditional Chinese
syndrome PK (S-PK) and traditional Chinese
recipe PK (R-PK). Firstly, the observed
tetramethylpyrazine (TMP) PK in healthy,
chronically reserpinized rats (rat model of
spleen deficiency syndrome, RMSDS) and
RMSDS treated with Sijunzi decoction
(SJZD) for confirmation were used to verify
S-PK; secondly, the ferulic acid (FA) PK in
healthy and high molecular weight dextran
(HMWD)-induced rabbit model with blood

stasis syndrome (RDBSS) was also used to
verify S-PK; and lastly, TMP PK parameters
in serum of healthy rats afterorally taken -
Ligusticum wallichii (LW), LW and Salvia
miltiorrhiza (LW&SM) decoctions were
compared to verify R-PK.
RESULTS   The  apparent  f i rs t -order
absorption [Ka, (13.61 ± 2.56)h -1], area
under the blood drug concentration-time
curve [AUC, (24.88 ± 9.76) µµµµµg·h -1 mL-1],
maximum drug concentrat ion  [C max,
( 4 . 8 2  ±  1.23)µµµµµg· mL-1] of serum TMP in
RMSDS were increased markedly (P<0.05)
compared with those [Ka = (5.41 ± 1.91)h-1,
AUC = (5.20 ± 2.57)µµµµµg·h-1· mL-1, Cmax = (2.33
± 1.77)µµµµµg·mL-1] of healthy rats (HR). The
apparent f i rst-order rate constant for
ααααα  and βββββ distribution phase [α α α α α = (0.38 ± 0.09)h-1,
β β β β β = (0.06 ± 0.03)h-1], the apparent first-order
intercom partmental transfer rate constants
[K10 = (0.24 ± 0.07)h-1, K12 = (0.11 ± 0.02)h-1,
K21 = (0.11 ± 0.02)h -1] of serum TMP in
RMSDS were decreased signif icantly
(P<0.01) compared with those [K10 =
(0.88 ± 0.20)h-1, K12

 = (1.45 ± 0.47)h-1, K21 =
(0.72 ± 0.22)h -1] of HR. However, no
apparent differences occurred between
HR and RMSDS treated with SJZD. The
serum FA concentration and its AUC [(5.
6690 ± 2.3541)µµµµµg·h-1·mL-1] in RMBSS were
also higher than those [AUC=(2.7566 ± 0.
8232)µµµµµg·h-1·mL-1] of healthy rabbits (P<0.
05). The Ka (11.51 ± 2.82)h-1, AUC (0.84 ±
0.17)µµµµµg·h-1·mL-1 of LW & SM-derived TMP
in serum were much lower (P<0.05) than
those [Ka = (19.58 ± 4.14)h-1, AUC = (1.27
± 0.26)µµµµµg·h -1·mL-1]of LW-derived TMP in
serum after oral decoctions.
CONCLUSION  The SDS and blood stasis
syndrome state could affect significantly the
pharmacokinetic parameters of drugs and
the abnormal  SDS pharmacokinet ic
parameters could be normalized by SJZD.
The combination of Chinese medicine in
T C R  c o u l d  r e c i p r o c a l l y  a f f e c t  t h e
pharmacokinetic parameters of other
components absorbed into the systemic
circulation. These results support the S and R-
PK hypothesis.
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INTRODUCTION
Three progresses in the related subjects arouse us to
propose hypotheses defining the traditional Chinese
syndrome (S) and recipe PK (S-PK and R-PK)[1-6].
Firstly, in the field of traditional Chinese medicine
(TCM), their characteristic PK has not developed as
a consequence of what are the chemical components
absorbed into the circulation after administering
traditional Chinese recipe (TCR) is not clear yet.
Then, the progresses in successful detection of TCR-
derived component in serum from 1985 to 1989
supported the concept of above hypothesis[7,8]. Finally,
the theoretical and practical achievements of
chronopharmacokinetics are not only an example but
also enhanced our intention of presenting the
hypothesis[9-11].
         The investigation of TCR-derived compound in
vivo affords a sound basis for advancing the
hypothesis of S and R-PK[2-8,12,13] and the inspiration
f r o m  t h e  t h e o r y  a n d  p r a c t i c e  o f
chronopharmacokinetics greatly encouragesus[9-11].
The knowledge dealing with the rhythmic changes of
pharmacokinetic phenomenon in living organisms is
called chronopharmacokinetics[14], in which, PK of
administering drug at different time is not constant
and is related to its therapeutic and toxic effects[14].
Similarly, are there possible differences of serum drug
concentration and its pharmacokinetic param eters
between different TCS and different Chinese
medicines of TCR? In other words, does TCS state
and the drugs combination in TCR affect significantly
the blood drug concentration and their pharmacokinetic
parameters after oral administration? We have
postulated the above positive differences in the
previously published hypotheses[1-6].
          The four applications according to above concepts
have been supported by National Natural Science
Foundation of China since 1991. Under the support of
grants, we choose Ligusticum wallichii (LW)
prescriptions and its chemical components as the
examples to verify the above hypotheses.

MATERIALS AND METHODS
Drugs, chemicals and reagents
Tetramethylpyrazine phosphate (TMPP) intravenous
infusion in 2 mL ampule (25 g/L, lot No. 90101) and
sodium ferulate (SF) were purchased from Guangdong
Limin Pharmaceutical Factory (Shaoguang, China);
reserpine injection solution in 1 mL (1mg, lot No.
9 0 1 0 0 8 )  w a s  p u r c h a s e d  f r o m  R e d - F l a g
Pharmaceutical Factory of Shanghai Medical
University (Shanghai, China).
       LW was purchased from Dujiangyan City
Pharmaceutical Company (Sichuan, China) which
was identified by Professor Hu ZH (the Department
of Botany, Northwest University, Xi’an, China).
Salvia miltiorrhiza (SM), Panax ginseng C.A.Mey,

Atractylodes macrocephala Koidz, Poria cocos
(Schw.) Wolf, Glycyrrhiza uralensis Fisch were
purchased from Xi’an Pharmaceutical Company (Xi’an,
China). All organic reagents were bought from Xi’an
Chemical Reagent Factory. All chemicals were of
analytical reagent grade unless otherwise stated.
Methaqualonum (internal standard) was presented by
Institute of Materia Medica, Beijing Medical University
(Beijing, China). Coumarin (internal standard) was
purchased from Sigma. High molecular weight dextran
(HMWD) (Mr500 000) was bought from Tianjin Air
Force hospital (Tianjin, China).

Instruments
The following main instruments were used in the
experiment: Shimadzu LC-6A HPLC system; SPD-6A
ultraviolet detector; shimadzu QP-1000 gas
chromatography-mass spectrometer. 7650 infrared
spectrometer. RH-90 NMR meter.

Definitions of S and R-PK hypotheses[1-6]

The S-PK hypothesis indicates that the pharmacokinetic
differences between the different TCS have statistical
significance and R-PK hypothesis means that one of
TCM could influence markedly the pharmacokinetic
parameters of other TCM-derived components in blood
when administered together in same TCR. The above
two pharmacokinetic characteristics are related to the
therapeutic, toxic responses and theory of TCM.

The verification of S-PK
The preparation of SJZD (TCR): it consists of Panax
ginseng C.A.Mey, Atractylodes macrocephala
Koidz, Poria cocos (Schw.) Wolf and Glycyrrhiza
uralensis Fisch (2:2:2:1). The 7000 g of SJZD drugs
were divided into 7 parts. Each part of 1000g was
macerated with 7000 mL of distilled water (drug:
water=1:7, v/v) at room temperature for 1 h and
then boiled for 40 min. The residues were boiled
by same volume of water for 40 min once again.
Firstly, the two boiled water extracts were mixed,
then filtered through several layers of cotton gauze
to remove the coarse particles and concentrated
by evaporation, repeated  preparation of the other
parts of SJZD in the same way. The mixture of the
seven  par t s  o f  ex t rac t ion  g ives  the  f ina l
concentration of 3 g· mL-1.
        Serum TMP and FA PK in healthy and modeled
animals were studied to verify the hypotheses.
Healthy animals and animal models were divided into
five groups and the latter included rat model of spleen
deficiency syndrome (RMSDS) treated with SJZD;
and rabbit model with blood stasis syndrome
(RMBSS). Group 1 (HR-1, n = 72): healthy male
Wistar rats weighing 240 g ± 20 g afforded from the
Experimental Animal Center, the Fourth Military
Medical University were injected ip with normal
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saline (0.1 mL·kg-1·d-1, 14d). Group 2 (RMSDS,
n = 72): healthy Wistar rats were injected ip with
reserpine (0.5 mg·kg-1·d-1, 14d). Group 3 (RMSDS
treated by SJZD, n = 72): healthy Wistar rats were
prepared the same as Group 2 and treated with
intragastric admi nistration of SJZD (30 g·kg-1,
d-1, 14 d). The above three groups were given po
10 mg·kg-1 of TMPP 24 h after the final injection
of normal saline or reserpine. Group 4 (HR-2,
n = 6): healthy male New Zealand white rabbits
afforded from the Animal Center of our university
were injected intravenously with normal saline
(15 mL·kg-1). Group 5 (RMBS, n = 6): rabbits were
prepared by in travenous injection of 100 g/L
HMWD in normal saline (15 mL·kg-1). FA was
injected in travenously of 5 mg·kg-1 30 min after
the end of injection of normal saline or HMWD.
Rats  and rabbi ts  were  fas ted  12 h  before
administration.
          The 0.5 mL of serum samples of rats were obtained
by decapitation after a single oral TMPP at 0.083 h,
0.5 h, 1.0 h, 3 h, 5 h,  8 h, 12 h and 24 h, respectively.
At each time point, 6 samples were obtained. The
rabbit blood sample of 0.5 mL was directly
withdrawn and collected from the ear vein at 2 min,
5 min, 10 min, 20 min, 30 min, 45 min, 60 min, 90
min, 120 min, 150 min and 180 min after intravenous
FA. The blood samples were centrifuged (3000
r·min-1, 5 min), and 0.2 mL of the resulting serum
was used.

Chromatographic condition
Determination of serum TMP concentration[15-17]: the
chromatographic system (Shimadzu LC-6A, Japan)
consisted of two pumps (LC-6A), a sample injector
(Rheodyne, model 7125), a SPD-6AV detector
(Shimadzu)  and  a  C-R3A da ta  processor
(Shimadzu). A Shim-Pach CLC-ODS column
(particles 5 µm, 150 mm × 4.6 mm ID) was used for
quantitative analysis; AUFs was 0.04, the flow rate
was 1 mL/min, the paper speed was 3 mm/min,
column temperature was 38 , the detection
wavelength was 280 nm, the mobile phase consisted
of methanol and water (72:28 v/v). The serum
concentration data of HR-1 and RMSDS were
analyzed by the 3P87 (Chinese Pharmacological
Association) software.
         Determination of serum FA concentration[18]: the
detector was set at 320 nm (AUFs: 0.01); the mobile
phase was acetonitrile 0.1 mL·min-1 phosphoric acid (pH
2.5) (3:7, v/v); the other chromatographic conditions were
the same as those in determining serum TMP
concentration.

Sample preparation
Serum sample contained TMP: internal standard of
Methaqualonum (428 ng) was added  to 5 mL of

ground conical centrifuge tube containing 100 µL
of methanol. The mixture was oscillated on
vortex mixer and evaporated to dryness at 48
on water bath under the stream of nitrogen.
Successively added 0.2 mL of blank rat serum,
the different amount of TMPP (0.044 µg· mL-1,
0.087 µg· mL-1, 0.168 µg· mL-1, 0.336 µg· mL-1,
0.671 µg· mL-1  and 1.342 µg· mL-1), 0.2  mL 0.
05  mol /L  of  NaOH solu t ion  and  2  mL of
trichloromethane to the above centrifugate. After
the mixture was vortex mixed again for 15 s, it
was centrifuged at 3000 rmin-1 for 10 min. The
organic layer was transferred into another 5 mL
ground conical centrifuge tube contained 100 µL
of 1mol/L hydrochloric acid-methanol solution (50
mL/L) and evaporated again to dryness on water
bath at 48  under a stream of nitrogen. The
residue was dissolved with 100 µL of methanol
solution and then 20 µL was determined by HPLC
each time[15].
        Serum sample contained FA: to 0.2 mL of rabbit
serum added 0.4 mL of  acetonitrile contained 1.
5 µg of coumarin internal stand ard. The mixture
was vortex mixed and then the deproteinated
precipitate was sep arated by centrifugation
(3000 r·min-1,  5 min).  The supernatant was
evaporated at 60  water bath under a stream of
nitrogen. The residue was dissolved in 60 µL 
acetonitrile and 20 µL of solution was directly
injected into HPLC system for determination. To
each 0.2 mL of rabbit blank sera 20 to 800 µg·L-

1 of FA were added respectively. Their serum
samples  were  ana lyzed  separa te ly  by  the
corresponding method described above[18].

The verification of R-PK
The preparation of LW decoction, LW&SM (LW:
SM=3:1) decoction: the dried roots of them were
pounded to about 2 mm × 4 mm × 4mm pieces. The
other procedure was the same as those for
preparing SJZD. The final concentration of LW
decoction and LW&SM decoction were 3 g· mL-1

and 4 g· mL-1, respectively. TMP content of LW
and LW&SM decoctions were determined before
administration[17].
        Only healthy rats were used to verify R-PK.
Twelve Wistar rats were divided into two groups.
LW decoction (30 g·kg-1) was given intragastricly
to one group (n = 6) and LW&SM decoction (40
g·kg-1) was given to another group (n = 6). The
blood samples of 0.2 mL each were obtained by
cutting the animal tails at 0.083 h, 0.25 h, 0.50 h, 0.
75 h, 1.00 h,1.50 h, 2.00 h, 3.00 h and 5.00 h after
oral TCR.
          Analytical  method: al l  quanti tat ive but
qualitative detections of TMP were the same as
those  desc r ibed  above .  Chromatogra phic
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conditions: Shim-Pach CLC-ODS column (particles
5 µm, 150 mm × 4.6 mm ID) was also used for
quantitative analysis; the half-preparative column
(particles 10 µm, 250 mm × 10 mm ID) was used for
the separation and purification of LW decoction
components in serum; Nebulizer and vaporizer
temperatures were 250 . The drift voltage was
70eV.
        The identification of LW-derived component in
serum[17]:  the related component was firstly
separated, purified, enriched and then identified
by 3-dimentional HPLC, mass spectrum, and
NMR. Calibration curve and statistical analysis
were the same as the correspondings described
above.

Statistical analysis
The results are expressed as x ± s. Comparison of
serum drug concentration and pharmacokinetic
parameters between controls and studied model of LW
and LW&SM decoctions were made by t test for paired
samples. Differences were considered significant when
P<0.05.

RESULTS
The methodological results
One of the chemical components in serum after oral
administration of LW extract to rats was identified as
TMP by three- dimensional HPLC, UV, IR, MS and
NMR (data not shown)[17].
       The chromatographic retention time of TMP,
methaqualone ( in ternal  s tandard) ,  FA and
coumarin (internal standard) were 3.992 min, 6.
223 min, 3.82 min and 7.68 min, respectively
(Figure 1, A-B)[17,18]. They were separated well
under their own chromatographic conditions. The
ratios between the peak areas of the TMP and
methaqualon (internal standard) in serum of rat,
and of the FA and coumar in (internal standard)
in serum of rabbit were calculated to make the
calibration curves and the good linearity over the
range (220-6710) µg· mL-1 (TMP, r = 0.9990, n
= 6) and (20-800)µg· mL-1 (FA, r = 0.9986, n =
6) were obtained. Their equation of the curves
were Y = 0.1889+0.0440X(TMP) and Y = 0.
5826X+0.1718(FA). If the concentration of FA
was above 800 µg· mL-1, the sample was diluted.
The detection limit of TMP and FA in sera were
68 mg·L-1 and 15 mg·L-1 respectively with a
signal-to-noise ratio at 3.
         The recoveries of TMP and FA contents from
sera of rat and rabbit were determined. Their results
are shown in Table 1.
          The precision in sera with three levels (0.22
µg·mL-1, 0.8388 µg·mL-1 and 6.7100 µg·mL-1)
of TMP and (0.030 µg·mL-1, 0.450 µg·mL-1 and
0.700µg·mL-1) of FA was detected (Table 2).

Figure 1  HPLC chromatography of A. TMP (methaqualone,
IS) added to rat serum; B. FA (coumarin, IS) in rabbit
serum 1. FA (tR:3.82 min), 2. coumarin (tR: 7.68 min); C.
serum sample after oral administration of LW&SM extracts
in rats; D. sample serum after oral administration of TMPP.
1: TMP (tR: 3.992 min). 2. coumarin (tR:6.233 min). 3. methanol
(tR: 1.017); 4,5: impurities in serum (tR: 1.725 min and tR:
2.467 min); 6,7: unknown components (tR: 3.000 min and
tR: 3.201 min)
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Table 1  Recovery of TMP added to rat serum and ferulic acid
added to  rabbit serum

Drug Added(mg/L)    Found+SD(mg/L)    Recovery+RSD(%)

TMP    0.2200   0.2126 ± 0.0081 96.64 ± 3.18
TMP    0.8388   0.8294 ± 0.0181 98.99 ± 2.18
TMP    6.7100   0.6657 ± 0.1973 99.34 ± 2.96
FA    0.0300   0.0280 ± 0.0009 95.00 ± 1.60
FA    0.4500   0.43804 ± 0.0043 97.40 ± 1.00
FA    0.7000 0.6883 ± 0.0053 98.30 ± 0.80

Table 2 Precision of tetramethylpyrazine from rat serum and
ferulic acid from rabbit serum

Drug   Amount added(mg/L)    Interday cv(%)   Intraday cv(%)

TMP 0.2200 2.45   5.57

TMP 0.8388 1.25   5.67

TMP 6.7100 1.44   4.72

FA 0.030 5.5   6.1

FA 0.450 3.2   4.3

FA 0.700 2.1   3.8

The results of verifying S-PK
RMSDS:  Four  days  a f t e r  i p  i n j ec t i on  o f
reserpine, RMSDS showed decrease in activ ity,
severe muscular hypotonia, palpebral ptosis and
diarrhea, which were similar to those reported
in our previously paper[15] and accorded with the
pu  b l i shed  d iagnos t i c  s t andard  o f  sp leen
deficiency syndrome by Chinese Association of
Integrated Traditional and Western Medicine[19].
In  RMSDS, the body weights  of  ra ts  were
reduced by 40% (242 g ± 22 g vs 145 g ± 20 g)
, and in RMSDS treated with SJZD, they had
not shown any significant changes (re sults not
shown).
         The above analytical method of TMP was used to
study TMP PK fol lowing oral  TMPP. The
pharmacokinetic profiles of oral TMPP in HR-1,
RMSDS and SJZD treated RMSD S were the 2-
compartment models according to the calculation
of serum TMPP conc entration-time data (Figure
2), which was in agreement with the results obtaine
d  f r o m  h u m a n  a n d  r a t s [ 2 0 , 2 1 ] .  T h e  s e r u m
concentrations of TMP in RMSDS were higher
than those in HR-1 (P<0.01, Figure 2). The
pharmacokinetic  parameters of TMPP in RMSDS
(Table 3) with the exception of V/F(C) an d T peak
were significantly different from those in HR-1(P
<0.01); ka , T1/2 ka, AUC, absorption of TMPP;
α , β, T1/2β, T1/2α, CLs, K12, and K10 demonstrated
t h a t  R M S D S  d e c  r e a s e d  t h e  r a t e  o f  t h e
distribution, transportation and clearance of TMPP
(P<0.01). The state of the syndrome in RMSDS
affected obviously the absorption, distribution,
metabolism and excretion of TMPP.

Table 3  Pharmacokinetic parameters of TMP in serum after
oral admin istration of TMPP (10 mg/kg) to healthy rats and
RMSDS with or without SJZD treatment

Parameter                    Healthy rat           RMSDS             SJZD  

α(h-1) 2.83 ± 0.70   0.38 ± 0.09b 2.33 ± 0.65
β(h-1) 0.22 ± 0.02   0.06 ± 0.30b 0.24 ± 0.05
Ka(h-1) 5.41 ± 1.91 13.61 ± 2.56 5.28 ± 1.39
K10(h-1) 0.88 ± 0.20   0.24 ± 0.07b 0.82 ± 0.11
K12(h-1) 1.45 ± 0.47   0.11 ± 0.02b 1.39 ± 0.68
K21(h-1) 0.72 ± 0.22   0.11 ± 0.02b 0.77 ± 0.18
t1/2a(h) 0.14 ± 0.09   0.05 ± 0.04b 0.16 ± 0.10
t1/2α(h) 0.27 ± 0.11   1.92 ± 0.44b 0.31 ± 0.09
t1/2β(h) 3.19 ± 0.39 13.35 ± 5.92b 3.21 ± 0.28
AUC(µg·h· mL-1) 5.20 ± 2.57 24.88 ± 9.76b 5.11 ± 6.81
Tp(h) 0.30 ± 0.05   0.34 ± 0.03 0.33 ± 0.02
Cmax(µg/mL) 2.33 ± 1.17   4.82 ± 1.23b 2.18 ± 1.14
VFC(µg/mL) 2.81 ± 1.30   2.03 ± 0.58 2.19 ± 0.98

aP<0.01 vs healthy rabbit.

         RMBSS: the above method of detecting FA used
to study PK in healthy  rabbit and FA serum concentration
in RMBSS compartment model was fitted and then
pharmacokinetic parameters were calculated with a
MCPKP program on a COMPAQ 80 -386 computer.
Compartmental analysis yielded a two-compartment open
model. A ra pid distribution phase followed by a slower
elimination phase was observed. The mean
pharmacokinetic parameters are given in Table 4 and
serum concentration-time data in Figure 3.

The results of verifying R-PK
The results of detecting TMP concentrations in LW and
LW&SM decoctions were 574.50 g·kg-1·L-1 and 463.02
g·kg-1·L-1,  respectively.
          The chromatograms of TMP and methaqualonum,
the  la t te r  was  added in to  serum,  and then
extracted, were the same as shown in Figure
1A, 1B. The serum TMP chroma togram after
administration of LW or LW&SM decoctions
was different from that of TMP and of IS added
to blank serum (Figure 1A) as well as that of
post-adm inistrative TMPP injection solution
(Figure 1D). There were two more peaks of
un known significance in Figure 1C  than that
in Figure 1A and one more unknow n peak than
that in Figure 1D . The serum TCR-derived
component parameters of 4 spectra of UV, IR,
MS and NMR (data not shown) are similar to
tha t  o f  TMP s tan  da rd  subs tance  and  the
reference value. Thus it gives an evidence to
reveal that  this TCR-derived component is
undoubtfully TMP. The TMP PK were calculated
by 3P87 program (Chinese Pharmacological
Associat ion) .  The f i t ted f igures from two
compartment open model and their parameters a re
indicated in Table 5.
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Table 4  Pharmacokinetic parameters of FA in serum after
intravenous administration of sodium ferulate (5 mg/kg) in
healthy rabbit and rabbit with general blood stasis syndrome
(x ± s, n = 6)

Parameter                        RMBSS                    Healthy rabbit

K12(h-1) 1.01 ± 0.86 1.62 ± 1.18
K21(h-1) 1.45 ± 0.99 2.47 ± 0.99
Kel(min-1) 4.49 ± 1.10a 7.37 ± 1.40
T1/2α(h) 0.12 ± 0.10 0.07 ± 0.02
T1/2β(h) 0.62 ± 0.12b 0.36 ± 0.09
AUC(µg·h·mL-1) 5.67 ± 2.35b 2.76 ± 0.82
Cl(L·kg-1) 0.88 ± 0.55 1.81 ± 0.95
VFC(L/kg) 0.71 ± 0.03 0.95 ± 0.22

aP<0.05; bP<0.01 vs healthy rabbit. Mean ± SEM, n = 6

Table 5  Pharmacokinetic parameters of TMP in serum after
oral admini stration of LW or LW&SM extracts to rats mean ±
SEM (n = 6)

Parameter                            LW                              LW&SW

α(h-1) 1.928 ± 0.719   2.328 ± 0.719
β(h-1) 0.479 ± 0.205   0.479 ± 0.289
Ka(h-1) 19.58 ± 4.139 11.508 ± 2.821a

K10(h-1) 1.090 ± 0.502   0.788 ± 0.255
K12(h-1) 0.470 ± 0.160   0.205 ± 0.092
T1/2α(h-1) 0.354 ± 0.101   0.298 ± 0.223
T1/2β(h-1) 1.448 ± 0.880   1.447 ± 0.901
AUC(µg·h· mL-1) 1.273 ± 0.255   0.836 ± 0.168b

VC/F(L/kg) 9.665 ± 1.810   7.390 ± 1.089a

aP<0.05; bP<0.01 vs LW.

Figure 2  TMP concentration-time curve in serum after oral
administration of TMPP in healthy rat (n = 6), RMSDS (n = 6) and
RMSDS treated by SJZD (n = 6), aP<0.05 vs; bP<0.01 vs healthy rat.

Figure 3  FA concentration-time curve in serum after  intravenous
administration of sodium ferulate(5 mg/kg). aP<0.05;bP<0.01 vs
healthy rabbit.

Figure 4  TMP concentration-time curve in serum after oral
administration of boiled water extract to rats. aP<0.05 vs LW extract.

DISCUSSION
Hypothesis
The concept ,  te rminology,  essent ia ls  and
significance, especially scientific evidences, of S-
and R-PK hypothesis were firstly reported and
theoretically elab orated in our previous papers[1-

6].  These ideas were exclusively cited[22-26].
Besides the definition described in above method,
we summarized t he main elements as follows: 
TCR-derived components in vivo are possibly  to
be detected;  their number are relatively
restricted;  they could repres ent the therapeutic
effect of the parent recipe;  their concentration
and PK could be affected by the combination of
TCM in TCR;  effects  of  new bioact ive
components related with those of their parent TCR;
and  the syndrome state could affect their PK
significantly. All the ideas of S- and R-PK exhibited
the characteris tics of combination of TCM theory
and PK. The other two published papers only co
ncerned the element  1 [1-6].  So far ,  over  20
evidences in the available  published literatures[2-

8,12,13] supported the element 1.

Methodology
It is necessary to develop scientific analytical
method, mainly chromatography, for verifying the
hypothesis of S- and R-PK. In general, western drug
component (single chemical substance) in blood is
only identified by the consistency of retention time
of peak in chromatograms as compared with its
standard substance de rived from the national and
international authorized unit[27-29]. However, this
method is not sufficient in analysing the serum TCR-
derived component because the coherence of
retention time may result from two possibilities, i.e.,
only a single component peak or an overlap of two
or more component peaks according to the theory
of chromatography[17].
       We developed the above HPLC method, to
d e t e r m i n e  t h e  s e r u m  T M P  P K  a f t e r  t h e
admi nistration of TMPP or TCR-LW. When TMPP
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solution (Figure 1D) was administered, determination
of TMP qualitatively and quantitatively by HPLC is
enough corres ponding to the method for determining
ordinary western drug[27-29]. As orally administering
LW or LW&SM decoctions, the structure of TMP
was firstly id entified by HPLC in combining with UV,
IR, MS and NMR (Figure 1C) and then its
concentration and pharmacokinetic value were
determined by HPLC. Thus, it is like ly to avoid the
analytical errors in serum TMP derived from LW or
LW & SM in our present experiments[15-17]. Tables 1
and 2 indicated t hat these methods for the
determinations of serum TMP and FA concentrations
were simple, rapid, sens itive, accurate, specific and
reduplicable, with high recoveries. All these inde xes
were sufficient in studying S- and R-PK.

The verification of S-PK
S-PK hypothesis was advanced according to the theories
of TCM and PK[1-6]. To verify this hypothesis, the animal
models of spleen deficiency and blood stasis were chosen
and their pharmacokinetic characteristics of TMP and
FA were studied. One of these models, RMSDS, was
induced by injecting reserpine, which h ad been used as
an animal model for “spleen deficiency syndrome” (SDS)
in TCM [30,31] because its physical signs were similar to
those seen in the SDS .
         The “spleen” digests food, transports, distributes
and transforms nutrients and replenishes qi[32]. We
inferred from the above “spleen theory” that the
“spleen” should be also responsible for the absorption
and disposal of dru gs. So, syndrome state of “spleen”
is likely to affect the PK. The aim describ ed in the
S - P K  h y p o t h e s i s  i s  t o  d e m o n s t r a t e  t h e
pharmacokinetic differences bet ween syndrome and
non-syndrome. Our experimental design from S-PK
hypothesis i s that the poor absorption of drug in SDS
state would decrease its blood concent ration and
bioavilability. On the contrary, Figure 2 and Table 3
show the resu lts of the increases in TMP serum
concentration and AUC in RMSDS. Moreover, the
parameters of the distribution and elimination of TMP
in RMSDS (Table 3) were slowish. The SDS state
could markedly affect the absorption, distribution,
metabol ism and elimination of TMPP in rat, and the
observed results from Figure 2 and T able 3 show
that SJZD could restore the above abnormal PK of
TMPP in SDS model  rats .  All  these TMP
pharmacokinetic characteristics in RMSDS and the
normalizing effect of SJZD on PK of TMP in RMSDS
provided evidences for S-PK.
     T h e  m e c h a n i s m  o f  f o r m i n g  T M P
p harmacokinetic characteristics in RMSDS is
unknown. It was reported that the gastric and
intestinal motility[33] and the absorptivity of D-xylose
[34] were all decreased in reserpine-induced
RMSDS and the  pat ients  wi th  SDS.  These

observations are paradoxical to the increa sed serum
TMP concentration in RMSDS. This confusion should
be settled by further studies. Figure 3 shows that at
corresponding time points the FA concentration in
RMBSS increased markedly (P<0.05) as compared
with normal rabbits. From Table 4 we also found that
in RMBSS both the total volume of distribution (VB)
and total elimination rate (CLB) decreased significantly
while FA elimi nation half-life time (t1/2β) and AUC
increased signific antly. This phenomenon may be due
to the impairment of microcirculation induced by
HMWD infusion. HMWD can lead to abnormal blood
rheology (dense, sticky, aggregative, coagulative). So,
it is impossible for FA to be metabolized quickly and
distributed widely. In conc lusion, through this
experiment we found a significant difference in the
pharmac okinetic parameters between healthy rabbits
and RMBSS. This results are coincide nt with S-PK
hypothesis[18].

The verification of R-PK hypothesis
So far, the orthodox academic society has thought that
TCR-derived chemical com ponents in vivo and their
PK are not detectable and enable to study because
they or their components are too complicated, trace
in quantity or unable to rep resent curative effect of
their parent TCR[35-38]. Therefore, the article related
to above problem is rarely seen in recent years, and
resulted in hard to explore the basic pharmacodynamic
substance of TCR. The R-PK hypothesis emer ged
in literature since 1991 holds the idea that TCR-
derived chemical components in vivo and their PK
are possibly to be determined[1-6]. However, t he
qualitative and quantitative analysis of LW and
LW&SM-derived TMP in vivo from Figure 1(C) and
its PK from Figure 4 and Table 5 supported the R-PK
hyp othesis. Similarly, the determinations of over 20
TCR-derived chemical componen ts in blood/urine and
their PK[2-8,12,13,39] in published papers are consistent
with the viewpoint of R-PK hypothesis. All these
achievements help elucidate the pharmacology of
TCM and TCR[39].
         From the results provided in Figure 4 and Table 5
we found that the absorption ( Ka), transport (K21)
and distrubution (Vc/F) of LW&SM-derived TMP
in rat serum were decreased significantly compared
with those of LW-derived TMP. In Figure 4 and
Table 5 it also shows that the concentration and AUC
of LW&SM-derived TMP in rat serum were lower
than those of LW-derived TMP, which could explain
why LW and SM are rarely used alone in a TCR.
This viewpoint supported the hypo thesis that the
combination of drugs in TCR could affect
pharmacokinetic paramet ers of TCR-derived
component in vivo. It is extremely urgent to explore
whi ch component play an important role in the field
of  in teract ion of  LW or  LW&SM der ived
components in vivo.
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