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Abstract

AIM: To observe the effects of Kupffer cells on hepatic
drug metabolic enzymes.

METHODS: Kunming mice were ip injected with GdCI;10,
20, 40 mg/kg to decrease the number and block the function
of kupffer cells selectively. The contents of drug metabolic
enzymes, cytochrome P450, NADPH-cytochrom C redutase
(NADPH-C), aniline hydroxylase (ANH), aminopyrine N-
demethylase (AMD), erythromycin N-demethylase (EMD),
and glutathione s-transferase (mGST) in hepatic microsome
and S9-GSTpi, S9-GST in supernatant of 9 000 g were
accessed 1 d after the injection. The time course of
alteration of drug metabolic enzymes was observed on d
1, 3, and 6 treated with a single dose GdCl;. Mice were
treated with Angelica sinensis polysaccharides (ASP) of
30, 60, 120 mg/kg, ig, qd x6 d, respectively and the same
assays were performed.

RESULTS: P450 content and NADPH-C, ANH, AMD, and
EMD activities were obviously reduced 1 d after Kupffer
cell blockade. However, mGST and S9-GST activities were
significantly increased. But no relationship was observed
between GdCl; dosage and enzyme activities. With single
dose GdCl; treatment, P450 content, NADPH-C, and ANH
activities were further decreased following Kupffer cell
blockade lasted for 6 d, by 35.7%, 50.3%, 36.5% after
3 d, and 57.9%, 57.9%, 63.2% after 6 d, respectively. On
the contrary, AMD, EMD, mGST, and S9-GST activities
were raised by 36.5%, 71.9%, 23.1%, 35.7% after 3 d,
and 155%, 182%, 21.5%, 33.7% after 6 d, respectively.
Furthermore, the activities of drug metabolic enzymes
were markedly increased after 30 mg/kg ASP treatment,
and decreased significantly after 120 mg/kg ASP treatment.
No change in activity of S9-GSTpi was observed in the
present study.

CONCLUSION: Kupffer cells play an important role in the
modulation of drug metabolic enzymes. The changes of
drug metabolic enzyme activities depend on the time of
kupffer cell blockade and on the degree of Kupffer cells
activated. A low concentration of ASP increases the activities
of drug metabolic enzymes, but a high concentration of
ASP decreases the activities of drug metabolic enzymes.
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INTRODUCTION

Drug metabolic enzymes can detoxify endogenous and
exogenous compounds and also generate potentially
carcinogenic or toxic compounds in the process of catalyzing
the metabolism of xenobiotics, and inhibition and induction of
their activities are also the key mechanisms in drug-drug
interactiond®?. The induction or inhibition of metabolizing
enzymeactivitiesby agreat deal of substances (including drugs,
foods, inflammatory factors, etc.) influencestheir toxicol ogical
or pharmacological outcomes as well as those of other
xenobiotics or drugg®®l.

Therole of sinusoidal cellsin hepatic metabolism has been
greatly underestimated until now. However, Kupffer cells,
despite their size represents 80% to 90% of all fixed
macrophages in the body and approximately 14% of the
hepatic cellular mass, the function in hepatic metabolism of
Kupffer cells is unknown. Some reports suggested that
Kupffer cellsmight play animportant rolein xenobiotic-induced
hepatotocixity, which is often dependent on their metabolism.
Although hepatotocytes are the major site of xenobiotic
metabolism, several enzymatic activities such as glutathione
stransferase, UDP-glucuronosyltransferase and cytochrome
P450-dependent oxidase have been found in nonparenchymal
cells(mainly Kupffer cells) and may play animportant rolein
the metabolism and cellular effects of paracetamol®”. Only a
small number of reports demonstrated the relationship
between drug metabolic enzymes and activities of Kupffer
cells. The aim of this work was to investigate the effects of
kupffer cell mediated metabolism as demonstrated by hepatic
drug metabolic enzymes.

MATERIALS AND METHODS

Reagents

Gadolinium chloride (GdCl5), glutathione (GSH), erythromycin,
aniline, NADPH, aminophenazone, isocitric acid, isocitric acid
dehydrogenase, 1-chloro-2,4-dinitrobenzene (CDNB),
ethacrynic acid (EA) were purchased from Sigma, USA. All
other reagents used in this study were of AR grade.

Animals and treatment

Kunming strain malemice (aged 4-6 wk) weighing 18-24 g were
obtained from the Experimental Animal Center, Wuhan
University School of Medicine. The animals were fed with a
standard diet in pellets, and allowed free access to water. The
micewererandomly divided into 9 groups, 10 per group: control
group; GdCl;10-1d group; GdCl;20-1d group; GACl;40-1d group:
micereceived ipinjection of GACI;10, 20, 40 mg/kg, respectively,
and killed after 1 d; GdCI;20-3 d group; GdCl;20-6 d group: mice
weretreated with GdCl; at asingle dose of 20 mg/kg, and killed
after 3d, and 6 d, respectively; ASP1 group; ASP2 group; ASP3
group: micewere given ASP 30, 60, and 120 mg/kg, respectively,
i.g, qdx7 d, and were then killed on the 7" d. The livers were
collected for the assay of drug metabolic enzyme activities.
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Preparation of liver sample S9 and microsomal fractions
Microsomal fractionswere preparated as previoudy described®.
Total protein concentration in mice liver microsomes was
determined by the method of Lowry et al.[¥ (1951) using BSA
asthe standard. All operationswere performed at 4 °C.

Assays for metabolic enzyme activities

Total cytochrome P450 (P450) content was based on the use
of the extinction coefficient of 105 mmol/L- cm for reduced
cytochrome P450 minus oxidized P450 with a UV-1601
spectrophotometer!2%,

NADPH-cytochrome C reductase (NADPH-C) activity was
determined with aspectrophotometer at 550 nm by monitoring the
reduction of cytochrome C (0.5 mg/mL) & 37 “C inanincubation
mixture containing potassium phosphate (300 mmol/L, pH7.7)
EDTA (0.1 mmol/L), liver microsomes (20 ng/mL) and NADPH
(2mg/L),

Aminopytine N-demethylase (AMD) and erythomycin N-
demethylase (EM D) were detected by measuring the production
of formaldehyde. Its reaction system contained Tris-HCI
50 mmoal/L, MgCl,10 mmol/L, KCl 50 mmol/L and an NADPH-
generating system (including NADP* 0.4 mmol/L, isocitric acid
10 mmol/L, and isocitric acid dehydrogenase 0.6 units).
Erythromycin 0.4 mmol/L or aminopyrine 8 mmol/L wasadded,
the reaction was initiated by the NADPH-generating system,
the supernatant was incubated with the Nash reagent at 60 ‘C
for 20 min and the color absorbance was measured at 415 nm
with aUV-1601 spectrophotometer!*?,

Aniline hydroxylase (ANH) was assessed with aniline as
substrate as previously described™,

Microsome glutathione s-transferase (mGST) and S9
glutathione s-transferase (S9-GST) activities were measured
with CDNB assubstrate(e=9.6 mmol/L - cm)i*4. Theassay mixture
contained 850 L of 0.1 mol/L sodium phosphate-1 mmol/L
EDTA (pH6.5),50 m.of 20 mmol/LGSH,50 m. of 50 mmol/L
CDNB, and 50 L of sample. The absorbance at 340 nm was
continuously recorded for 1 mini*¥, S9-GSTpi was determined

with EA and GSH assubstrates(e=5.0 mmol/L - cm)™*, Theassay
mixturecontained 850 nb of 0.1 mal/L sodium phosphate, 1 mmol/L
EDTA (pH6.8),50 m.of 50 mmol/L GSH,50 b of 50 mmol/L
EA, and 50 nL of sample. The absorbance at 340 nm was
continuously recorded for 1 minute.

Statistical analysis

The data were presented as mean+SD. Comparisons were
performed using one-way analysis of variance (ANOVA)
followed by the posteriori Student-Newman-Keuls' t-test.
P<0.05 was considered statigtically significant.

RESULTS

Influence of different dose of GAClI; on P450 content and P450
isoform activities

The content of P450 and the activities of NADPH-C, ANH,
AMD, and EMD were obvioudly reduced after 1 d after Gdcls
treatment, and no relationship was found between the enzyme
activities and the dose of Gdcl; (Table 1).

Time course of alterations of P450 content, activities of P450
isoforms, S9-GSTpi, S9-GST and mGST by Kupffer cell blockade
The content of P450 and activities of NADPH-C and ANH
were reduced by 35.7%, 50.3%, 36.8% after Kupffer cell
blockadefor 3d, and 57.9%, 57.9%, 63.2%for 6 d, respectively.
However, the activitiesof AMD, EMD wereraised by 36.5%,
71.9% after 3 d, and 155%, 181% after 6 d, respectively. S9-
GST, mGST were markedly increased by Kupffer cell
blockade. However, the changes were not related with the
time of Kupffer cell blockade. No changesin S9-GST were
observed (Table 2).

Influence of ASP on P450, activities of P450 isoforms, S9-GSTpi,
S9-GST and mGST
The content of P450 and the activities of NADPH-C, ANH,

Table 1 Influence of different dose of GACI; on P450 content and P450 isoform activities

Group P-450 NADPH-C ANH AMD EMD
(nmol/mg-pro) (nmol/min-mg-pro) (nmol/min-mg-pro)  (nmol/min-mg-pro) (nmol/min-mg-pro)
Control 1.4+0.4 14.5+2.8 0.038+0.009 0.96+0.07 0.89+0.06
GdCl;10-1 d 1.13+£0.25 10.9+1.0° 0.032+£0.016 0.76+0.07° 0.78+0.12
GdCl;20-1 d 0.87+0.28° 10.5+1.8° 0.033+0.006 0.82+0.03? 0.7440.132
GdCl;40-1 d 1.01+0.292 6.0+1.0° 0.036+0.010 0.77+0.17¢2 0.74+0.18°

GdCl;10-1 d, GdCI;20-1 d, GdCI;40-1 d: Mice were intraperitoneally injected with GdCl, 10, 20, 40 mg/kg, respectively, and
sacrificed after 1 d. The hepatic microsome was prepared to assess the content of P450 and the activities of P450 isoforms. P450:
cytochrome P450; NADPH-C: NADPH-cytochrome c reductase; ANH: aniline hydroxylase; AMD: aminopytine N-demethylase;
EMD: erythomycin N-demethylase (n=8, mean+SD, ?P<0.05, °P<0.01 compared with control group).

Table 2 Time course of alterations of P450 content, activities of P450 isoforms, S9-GSTpi, S9-GST and mGST by Kupffer cell blockade

Group Control GdClz20-1d GdCl320-3 d GdCl;20-6 d
P-450 (nmol/mg-pro) 1.4+0.4 0.87£0.28° 0.90+0.21° 0.59+0.24°
NADPH-C (nmol/min-mg-pro) 14.5+2.8 10.5+1.8° 7.2+1.0° 6.1+0.8°
ANH (hmol/min-mg-pro) 0.038+0.009 0.033+0.006 0.024+0.006" 0.024+0.006"
AMD (nmol/min-mg-pro) 0.96+0.07 0.82+0.032 1.31+0.24° 1.31+0.24°
EMD (nmol/min-mg-pro) 0.89+0.06 0.74x0.132 1.53+0.26° 2.5+0.3°
S9-GSTpi (nmol/min-mg-pro) 1.07+0.28 0.93+0.17 1.1+0.4 0.98+0.23
S9-GST (nmol/min-mg-pro) 8.3+0.91 0.2£1.52 11.4+0.9° 11.1+1.3°
mGST (nmol/min-mg-pro) 0.25+0.03 0.28+0.06 0.31+0.04° 0.305+0.015°

GdCl;20-1 d, GdCI;20-3 d, GACI;20-6 d: Mice were intraperitoneally injected with a signal dose of 20 mg/kg of GdCl;, and sacrificed
after 1 d, 3 d, and 6 d of GACl;treatment. The hepatic microsome was prepared to assay the P450 content, and activities of P450
isoforms, S9-GSTpi, S9-GST and mGST. (n=8, mean+SD, 2P<0.05, ®°P<0.01 compared with control group).
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Table 3 Influence of ASP on P450 content, P450 isoform activities and activities of S9-GSTpi, S9-GST and mGST
Group Control ASP1 ASP2 ASP3
P-450 (nmol/mg-pro) 1.4+0.4 2.1+0.4° 1.2+0.4 0.60+0.13°
NADPH-C (nmol/min-mg-pro) 14.5+2.8 19.7+2.2° 19.1+4.32 7.6+1.1°
ANH (nmol/min-mg- pro) 0.038+0.009 0.045+0.009° 0.018+0.006° 0.010+0.003°
AMD (nmol/min-mg-pro) 0.96+0.07 1.29+0.11° 1.11+0.19 0.61+0.16°
EMD (nmol/min-mg- pro) 0.89+0.06 1.30+0.21 1.1440.33 0.41+0.09°
S9-GSTpi (nmol/min-mg-pro) 1.07+0.28 1.240.3 1.15+0.26 0.7840.192
S9-GST (nmol/min-mg-pro) 8.310.9 0.5+1.9° 11.8+1.52 7.940.72
mGST (nmol/min-mg- pro) 0.25+0.03 0.29+0.032 0.35+0.08° 0.155+0.016"

ASP1, ASP2, ASP3: Mice were given 30, 60, and 120 mg/kg ASP, ig, qdx7 d, respectively and sacrificed on day 7. The hepatic
microsome was prepared to assay the content of P450, and activities of P450 isoforms, S9-GSTpi, S9-GST and mGST. (n=8, meanz SD,

3p<(.05, °P<0.01 compared with control group).

AMD, EMD were obvioudy increased by 50.0%, 35.9%, 18.4%,
34.4%, and 46.1% after 30 mg/kg A SP treatment, and obvioudy
decreased by 57.1%, 47.6%, 73.7%, 36.5%, and 53.9% after
120 mg/kg A SP treatment, respectively. Thirty and 60 mg/kg of
ASPcould increase the activity of S9-GST by 26.5%, 42.3%,
respectively. The dterations of mGST activity were similar to
those of S9-GST. The activities of S9-GST and mGST were
reduced by 4.8%, 38.0% after administration of 120 mg/kgASP,
respectively. No changesin S9-GSTpi were observed (Table 3).

Influence of different dose of GdCl; on activities of S9-GSTpi,
S9-GST and mGST

SO-GST activity wasincreased by 18.1%, 22.9% after 10 mg and
20 mg/kgof GdClstreatment, respectively, and the dterationsin
MGST activity were similar to those of S9-GST. No changesin
SO-GSTpi were observed (Table 4).

Table 4 Influence of different dose of GACI; on activities of S9-
GSTpi, S9-GST and mGST

S9-GSTpi S9-GST mGST
Group
(nmol/min-mg-pro)
Control 1.07+0.28 8.3+0.9 0.25+0.03
GdCl,;10-1d 1.16+0.0.19 9.8+1.52 0.289+0.0262
GdCl;20-1d 0.93+0.17 10.2+1.52 0.28+0.06
GdCl,40-1d 0.91+0.12 7.9+0.8 0.264+0.012

The administration of GdCl;and the treatment of animals were
the same as described in Table 1. S9-GST: glutathione s-trans-
ferase in S9; S9-GSTpi: glutathione s-transferase pi in S9; mGST:
glutathione s-transferase in microsome. (n=8, meanSD, *P<0.05
compared with control group).

DISCUSSION

Neyrinck et al.l**1" reported that Kupffer cellsmight play arole
of xenobiotic metabolism in hepatocytesin vitro, and treatment
of GdCl; could decrease the total hepatic content of cytochrome
P450. Kupffer cells were involved in some liver diseasesin
which the activities of drug metabolic enzymes changed!*819,
Few studiesuntil now have reported an effect of GdClinjection
on the activities of specific CYPisoformsand GST, and onthe
time course of developmental changes of their activities after
Kupffer cells blocked by GdCl;in vivo. The present study
showed that Kupffer cell blockade indicated a tendency to
decrease cytochrome P450 content and its isoform activities,
andtoincrease GST (including S9-GST, and mGST) activities.
However, CYP isoformsand GST activities showed different
changesfollowing different time of Kupffer cell blockade. The
total cytochrome P450 content, NADPH-C and ANH (asmarker
of CYP2E1) activities had a sustained decrease following

prolonged Kupffer cell blockade, but AMD, EMD (as marker of
CYP3A) activities obviously raised 3 d after Kupffer cell
blockade, and GST activities kept ahigh level 6d after Kupffer
cell blockade. Some authors have already reported that the
treatment of GdCl;causing inactivation of Kupffer cells could
protect liver against damage induced by sometoxic chemicals
(such as ethanol, CCl,, etc.) through inhibiting CY P2E112 24,
The present study offered further support for arelevant role of
Kupffer cells through the control of hepatocyte metabolism
mediated liver injury. CYP3A contributed significantly to the
biotransformation of xenobiotic chemicals such as drugs, and
toxic chemical§23. GSTs constitute amultigene family of phase
I conjugating enzymesbroadly distributed phylogenetically.
Detoxification of e ectrophilic compounds by GSTs may occur
viacatalytic conjugationof dectrophilicintermediateswith GSH,
via GSH-dependent reductionof organic peroxides, or viadirect
binding to lipophilic compounds. GST might have an important
cytoprotective function?®, The current study showed CYP3A
and GST activities were rapidly recovered, which might be a
self-regulated and self-protected mechanism of the body.

The changesin CYP and GST activities were related with
the state of Kupffer cells activated by Angelica sinensis
polysaccharides (ASP). Now, some new functionsof ASP have
been reported. ASP could promote ulcer hedling, protect hepatic
injury and might have antitumor effects?-2%. Immunoactivity
isthe most important function of ASP. It could enhance the
proliferative response of lymphocytesin vitro and differential
expression of genesin theliver of immunological injury micg? .,
In the present study, 30 mg/kg ASP could increase cytochrome
PA50 content , P450 isoform activities and GST activities.
However, 120 mg/kg A SP could obvioudy decreasethe activities
of these enzymes. This phenomenon might be concerned with
theimmunoactivity of ASP. Itsmechanism remainsto befurther
studied.

GSTpi, aglutathion s-transferase of placentatype, often
presented high expression in tumor tissues related with drug
resistance®!. The present study indicated that GSTpi activity
was not influenced by Kupffer cell blockade or activated,
suggesting that GSTpi activity isnot easly induced in normal
tissues.

In conclusion, Kupffer cellsand their adjacent hepatocytes
capable of regulating interactions could be demonstrated'®,
suggesting that Kupffer cells may mediate hepatic functions
including drug metabolism.

REFERENCES

1 Jarin C, Ute MK, Rachel MM, Lawrence MS, Paul FH. Mecha-
nism-based inactivation of cytochromes P450 2B1 and P450
2B6 by 2-phenyl-2 (1-piperidinyl) propane. Drug Metab Dispos
2000; 8: 905-911

2 Li AP, Maurel P, Gomez-lechon MJ, Cheng LC, Jurima-Romet



1328 ISSN 1007-9327  CN 14-1219/ R

World J Gastroenterol

May 1, 2004 Volume 10 Number 9

10

11

12

13

14

15

16

M. Preclinical evaluation of drug-drug interaction potential:
present status of the application of primary human hepato-
cytes in the evaluation of cytochrome P450 induction. Chem
Biol Interact 1997; 2: 5-16

Harris R, Jang G, Tsunoda S. Dietary effects on drug metabo-
lism and transport. Clin Pharmacokinet 2003; 13: 1071-1088
Paolini M, Biagi GL, Cantelli-Forti G. The many consequences
of chemical- and genetic-based modulation of drug metaboliz-
ing enzyme activities. Life Sci 1999; 8: 75-79

Nicholson TE, Renton KW. Modulation of cytochrome P450
by inflammation in astrocytes. Brain Res 1999; 8: 12-18
Bennis RK, Bethany K, Yuiji I, Ronald GT. Gadolinium chlo-
ride blocks alcohol-dependent liver toxicity in rats treated chroni-
cally with inytagastric alcohol despite the induction of CYP2EL.
Mol Pharma 1997; 2: 944-950

Kim SG, Choi SH. Gadolinium chloride inhibition of rat he-
patic microsomal epoxide hydrolase and glutathione S-trans-
ferase gene expression. Drug Metab Dispos 1997; 12: 1416-1423
Lake BG. Preparation and characterisatuon of microsomal frac-
tions for studies of xenobiotic metabolism. Biochemical Toxicology:
A Practical Approach. IRL Press, Oxford 1987; 189-215

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein mea-
surement with the Folin phenol reagent. J Biol Chem 1951; 193:
265-275

Badger DA, Sauer JM, Hoglen NC, Jolley CS, Sipes IG. The role
of inflammatory cells and cytochrome P450 in the potentiation
of CCl4-induced liver injury by a single dose of retinol. Toxicol
Appl Pharmacol 1996; 2: 507-519

Williams CH Jr, Kamin H. Microsomal triphosphopyridine
nucleotide-cytochrome ¢ reductase of liver. J Biol Chem 1962;
237: 587-595

Wang H, Peng RX, Zhang YH, Chen JH, Li QX, Kong R, Ding H,
Yu JP. Demethylation capacity of human fetal adrenal
mitochrondrial cytochrome P-450 in vitro. Acta Pharmacol Sin
1999; 4: 358-367

Badger DA, Kuester RK, Sauer JM, Sipes IG. Gadolinium chlo-
ride reduces cytochrome P450: relevance to chemical-induced
hepatotoxicity. Toxicolgy 1997; 2: 143-153

Kim SG, Chung HC, Cho JY. Molecular mechanism for alkyl
sulfide-modulated carbon tetrachloride-induced hepatotoxicity:
the role of cytochrome P450 2E1, P45 02B and glutathione S-
transferase expression. J Pharmacol Exp Ther 1996; 2: 1058-
1066

Sundberg K, Jernstrom B, Swedmark S. Studies on the differ-
ential inhibition of glutathione conjugate formation of (+)-anti-
benzo(a) pyren 7,8-dihydrodiol 9,10-epoxide and 1-chloro-2,
4-dinitrobenzene in V79 Chinese hamster cells. Biochem J 2000;
349: 693-696

Neyrinck A, Eeckhoudt SL, Meunier CJ, Pampfer S, Taper HS,
Verbeeck R. Modulation of paracetamol metabolism by Kupffer
cells: a study on rat liver slices. Lif Sci 1999; 26: 2851-2859

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Milosevic N, Schawalder H, Maier P. Kupffer cell-mediated
differential down-regulation of cytochrome P450 metabolism
in rat hepatocytes. Eur J Pharmacol 1999; 1: 75-87

Lee WY, Lee SM. The roles of Kupffer cells in hepatocellular
dysfunction after femur fracture trauma in rats. Arch Pharm
Res 2003; 1: 47-52

Niemela O, Parkkila S, Bradford B, limuro Y, Pasanen M,
Thurman RG. Effect of Kupffer cell inactivation on ethanol-
induced protein adducts in the liver. Free Radic Biol Med 2002;
3: 350-355

Gouillon ZQ, Miyamoto K, Sonohue TM, Wan Y], French BA,
Nagao Y, Fu P, Reitz RC, hagbjork A, Yap C, Yuan QX,
Ingelman-Sundberg M, French SW. Role of CYP2E1 in the patho-
genesis of alcoholic liver disease: modifications by cAMP and
ubiquitin-proteasome pathway. Front Biosci 1999; 4: A16-25
Badger DA, Sauer JM, Hoglen NC, Jooey CS, Sipes IG. The role
of inflammatory cells and cytochrome P450 in the potentiation
of CCl4-induced liver injury by a single dose of retinol. Toxicol
Appl Pharmacol 1996; 2: 507-519

Zhang W, Parentau Il, Greenly RL, Metz CA, Affarwal S, Wainer
IW, Tracy TS. Effect of protein-calorie malnutrition on cyto-
chromes P450 and glutathione S-transferase. Eur J Drug Metab
Pharmacokinet 1999; 2: 141-147

Choi SH, Kim SG. Lipopolysaccharide inhibition of rat hepatic
microsomal epoxide hydrolase and glutathione S-transferase
gene expression irrespective of nuclear factor-kappaB activation.
Biochem Pharmacol 1998; 11: 1427-1436

Ye YN, So HL, Liu ES, Shin VY, Cho CH. Effect of polysaccha-
rides from Angelica sinensis on gastric ulcer healing. Life Sci
2003; 8: 925-932

Ye YN, Liu ES, Li Y, So HL, Cho CC, Sheng HP, Lee SS, Cho
CH. Protective effect of polysaccharides-enriched fraction from
Angelica sinensis on hepatic injury. Life Sci 2001; 6: 637-646
Shang P, Qian AR, Yang TH, Jia M, Mei QB, Cho CH, Zhao
WM, Chen ZN. Experimental study of anti-tumor effects of
polysaccharides from Angelica sinensis. World J Gastroenterol
2003; 9: 1963-1967

Shan JJ, Wang Y, Wang SC, Liu D, Hu ZB. Effect of Angelica
sinensis polysaccharides on lymphocyte proliferation and in-
duction of IFN-gamma. Yaoxue Xuebao 2002; 7: 497-500
Ding H, Shi GG, Yu X, Yu JP, Huang JA. Modulation of GdCI3
and Angelica sinensis polysaccharides on differentially ex-
pressed genes in liver of hepatic immunological injury mice by
cDNA microarray. World J Gastroenterol 2003; 5: 1072-1076
Mayr D, Pannekamp U, Baretton GB, Gropp M, Meier W, Flens
MJ, Scheper R, Biebold J. Immunohistochemical analysis of
drug resistance-associated proteins in ovarian carcinomas.
Pathol Res Pract 2000; 7: 469-475

Milosevic N, Schawalder H, Maier P. Kupffer cell-mediated
differential down-regulation of cytochrome P450 metabolism
in rat hepatocytes. Eur J Pharmacol 1999; 8: 75-87

Edited by Zhang JZ and Wang XL Proofread by Xu FM



