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1. The  effects of tangeretin, green tea flavonoids, and other flavonoids on 7-ethoxyre- 
sorufin-0-deethylase (EROD; 450 1 A), 7-pentoxyresorufin-0-dealkylase (PROD; P450 
2B), p-nitrophenol hydroxylase (PNPH, P450 2E1), and erythromycin-N-demethylase 
(ERDM; P450 3A) were examined in induced rat liver microsomes. EROD, PNPH, 
ERDM, and nifedipine oxidase (NIFO; P450 3A4) were examined in human liver 
microsomes. 

2. All flavonoids tested inhibited EROD activity at higher concentrations in liver 
microsomes. Flavone and tangeretin were potent inhibitors of EROD, with ICso’s of 0.7 
and 0.8 p~ respectively in rat liver microsomes and 0.1 5 and 16 p~ respectively in human 
liver microsomes. The  green tea flavonoid ( - )-epicatechin-3-gallate (ECG) was the most 
potent inhibitor of EROD in human liver microsomes (ICso = 75 p ~ ) .  T h e  effect of the 
green tea flavonoids on EROD was complex; in addition to inhibition at high concentrations 
of flavonoid, moderate activation was seen at lower concentrations. 

3.  450 2B-, 2E1- and 3A-dependent activities in rat and human liver microsomes were 
only moderately inhibited by any of the flavonoids tested, and, in general, ECG was the 
most potent inhibitor for these activities with ICso’s ranging from 75 to 3 0 0 ~ ~ .  

4. Tangeretin inhibited EROD activity (P450 1A2) in human liver microsomes in a 
competitive manner with a K, = 6 8 n ~ .  Tangeretin inhibited NIFO activity (P450 3A4) in 
human liver microsomes in an uncompetitive manner with K, = 72 p ~ .  

Introduction 
Some naturally occurring components of fruits and vegetable have been found 

to be potent inhibitors of P450 enzymes. One family of compounds, flavonoids, are 
found in fruits, vegetables, tea, seeds, bark, leaves, nuts, and flowers of many plants. 
Many early studies on the effects of flavonoids on benzo(a)pyrene metabolism 
(Kapitulnik et al. 1977, Buening et al. 1981, Huang et al. 1981, Lasker et al. 1984), 
zoxazolamine metabolism (Kapitulnik et al. 1977, Lasker et al. 1984), and related 
enzyme activities have been conducted (Sousa and Marletta 1985, Siess et al. 19S9, 
1990). Certain flavonoids have been shown to inhibit the mutagenesis of 
diol-epoxides of polycyclic aromatic hydrocarbons by inhibiting cutaneous monoxy- 
genases and metabolism in the SENCAR mouse (Das e t  al. 1987). 

Green tea contains several flavonoids, including catechins (or cianidanols) and 
their gallic acid derivatives (figure 1). These flavanols comprise about 16% of the dry 
weight of the green tea leaf (Vuataz et al. 1959). Green, tea, black tea, and related 
preparations have been shown to inhibit chemical and UV light-induced carcino- 
genesis in many animal models (Yang and Wang 1993). 

One of the mechanisms by which flavonoids might exert their anticancer and 
other effects is through interaction with the P450 system, either by inhibition or 
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Figure 1. Chemical structures of green tea flavanols and other flavonoids used. 

activation of certain forms of this enzyme, leading to reduced production of the 
ultimate carcinogen. In  fact, certain P450 activities have been shown to be affected 
by various flavonoids (Buening et al. 1981, Lasker et al. 1984, Siess et al. 1989). In 
the present work we examined whether tangeretin, flavone, naringenin, and green 
tea flavanols differentially affected the activity of specific P450 enzymes. 

Materials and methods 
Chemicals 

E O R R t ;  PORR, and RR were obtained from Pierce Chemical Co. (Rockford, II,, USA). N A D P H  
(tetrasodium salt, 95%), NADP'  (sodium salt, 98%), glucose 6-phosphate dehydrogenase (Type IX, from 
Baker's yeast), glucose 6-phospIiate, erythromycin, formaldehyde, p-nitrophenol, 4-nitrocatechol, 
acetone, b-naphthoflavone, dexamethosone, phenobarbital sodium, EC, flavone, and naringenin were 
obtained from the Sigma Chemical Co. (St Louis, MO, USA). Tangeretin was obtained from the Florida 
Department of Citrus (Lake Alfred, FL, USA). Green tea Aavanols (EGCG,  E C C ,  ECG and G T P E )  
were obtained from Dr Z. Y .  Wang (Rutgers University), and were at least of 95% purity. Nifedipine 
and nitrendipine were obtained from Dr  James Powell (Bristol-Myers Squibb Pharmaceutical Research 
Institute). T h e  pyridine metabolite of nifedipine was synthesized by the method of Loev and Snader 
(1965). All other chemicals used were at least of reagent grade. 

t Abbreviations used are: EORR, 7-ethoxyresorufin; PORR, 7-pentoxyresorufin; RR,  resorufin; EC, 
( - )-epicatechin; E G C C ,  ( - )-epigaliocatechin-3-gallate; EGC,  ( - )-epiyallocatechin; ECG,  ( - )-epi- 
catechin-3-gallate; GTPE, green tea polyphenol extract; DMSO, dimethylsulphonoxide; ACN, 
acetonitrile; and TFA,  trifluoroacetic acid. 
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Effects of biojlavonoids on P450 577 

Table 1. Enzymological characterization of liver microsomes. 

Activity (mmol/min/mg protein) 
P450 P450 

enzymes Protein (nmol/mg EROD PROD PNPH ERDM NIFO 
Treatment induced (mglml) protein) (1A1/2) (2B1/2) (2E1) (3A) (3A) 

Untreated 
8-Napthoflavone 

vehicle 
(corn oil/DMSO) 

vehicle (HBss)' 
Phenobarbital 

Acetoneb 
Dexamethasone 

vehicle 
(waterltween 80) 

Control human 

Control human 
pool lC 

pool 2 

- 
1A1/2 
- 

2B1/2 

2E1 
3A 

- 

13.5 
19.2 
16.5 

14.9 
14.9 
13.4 
15.3 
13.5 

20.0 

20.0 

0.52 0.13 
0.76 3.8 
0.50 0.18 

1.80 - 
0.62 - 
0.76 - 
1.13 - 
0.65 - 

0.38 0,028 

0.79 - 

0.03 
0.13 
- 

0.74 
- 
- 

1.3 

- 
- 

9.8 
1.5 

0.45 

4.3 

~ ~~~ 

a HBSS, Hanks; balanced salt solution. 
The control for the acetone-induced microsomes were mlcrosomes from the untreated rats. 
EROD, PNPH, and ERDM assays were performed with human microsome pool 1, while NIFO was 

performed with pool 2. 

Animals, treatments, and preparation of microsomes 
Male Sprague-Dawley rats, weighing approximately 90-100 g, were obtained from Harlan 

Sprague-Dawley (Indianapolis, IN, USA). They were maintained in air-conditioned quarters with a 12-h 
light/dark cycle, in stainless steel cages, in groups of three to four and were allowed free access to food 
(Lab Rodent Diet #5001, PMI Feeds, St Louis, MO, USA) and water. Rats were treated with xenobiotics 
as follows: phenobarbital sodium (50mg/kg in Hank's balanced salt solution, i.p. daily for 5 days), 
p-naphthoflavone (20mg/kg in corn oil containing 5% (v/v) DMSO, i.p. daily for 5 days), dexamethasone 
(300mg/kg in water containing 2% (v/v) Tween-80, p.0. daily for 4 days), or acetone (10ml of 50% (v/v) 
aqueous solution/kg, p.0. by gavage, 20 h prior to killing). Animals were allowed free access to food and 
water throughout treatments, Rats were killed by cervical dislocation approximately 24 h after the last 
treatment. Livers from each group were pooled and hepatic microsomes were prepared by differential 
centrifugation according to a procedure by Ryan et al. (1978). Microsomes were stored at - 70°C until 
used. 

Human liver microsome pools were made by combining equal volumes of separate lots of 
microsomes. Microsomes were obtained either from Human Biologics (Phoenix, AZ, USA) (pool 1, 
consisting of lots HB2, HB3, HB7, HBlO, and HBl l ) ,  or from Keystone Skin Bank (Exton, PA, USA) 
(pool 2, consistingofmicrosomesfromdonors0525921,061 l921,0913921,0611922,andO722921). Table 
1 summarizes the enzymological characterization of the rat and human liver microsomes used. 

Enzyme assays 
Total microsomal P450 was determined from the carbon monoxide-reduced difference spectrum 

according to Omura and Sato (1964). Protein concentration was determined by the method of Lowry 
et al. (1951), EROD and PROD activities were measured by the method of Poul and Fouts (15) and PNPH 
activity was measured by the method of Reinke and Moyer (1985). ERDM was measured by the method 
of Wrighton et a!. (1985) with the modification that semicarbazide was added to the incubations, as in 
the aminopyrine N-demethylase assay from Beyeler et al. (1983). NIFO was measured by the method 
of Guengerich et al. (1986) with the following modifications to the hplc method. The  dried residues 
were dissolved in 5Opl methanol plus 1OOpl water. The  reconstitutes (1OOpl) were injected on to a 
Perkin-Elmer hplc system consisting of a Model 410 pump, LC-235 diode array detector, 1%-100 
autosampler, and 2600 data system (Perkin-Elmer Corp., Norwalk, CT,  USA). A pBondapak C18 column 
(lOpm, 3.9 X 300mm; Waters Chromatography, Milford, MA, USA) was eluted with a mobile phase 
consisting of a solvent A (HzO:ACN:TFA, 95:S:O.l) and solvent B (H2O:ACN:TFA, 20:80:0.1), 
programmed in a linear gradient from 90 to 0% A over 40 min at a flow rate of 1.3 mllmin. Samples were 
monitored at 255 nm. In this system, nifedipine was eluted at 31 min, the pyridine metabolite was eluted 
at 27min, and nitrendipine (internal standard) was eluted at 35min. The  amount of the pyridine 
metabolite formed was calculated by comparing the ratio of area units (pyridine metabolite/nitrendipine) 
in the sample to that of a standard carried through the same extraction conditions. 
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578 M .  T .  Obermeier et al. 

Statistics 
Mean 2 SEM for the rates for the various activities were calculated. The Student’s t-test was 

performed on the individual sets of data. Differences were considered significant when p < 0.05. 

Calculation of Ic50 
Up to five different concentrations of flavonoids were used for inhibition studies. The compounds 

were dissolved in DMSO, and added to the incubation mixture immediately after the microsomes were 
added. The final concentration of DMSO in the mixture did not exceed 0.5% (v/v) in any of the 
incubations. In the PNPH assay, no DMSO was used because of the sensitivity of P450 2E1 to inhibition 
by many organic solvents. The flavonoids were dissolved in acetone, added to the incubation tubes, 
acetone evaporated, and flavonoid was resuspended in the incubation medium. IC5o’s (i.e. inhibitor 
concentration that produces 50% inhibition) were calculated as below (Segel 1975): 

inhibited rate - [A i (fractional inhibition) = _- 
[A + ICsa ‘ control rate 

This calculation of IC50 is the same for the three classic types of inhibition (Segel 1975). ICso’s were 
calculated from data near 50Y0 inhibition. 

Inhibition kinetics 
For the kinetics of inhibition of tangeretin towards EROD and NIFO, care was taken to insure that 

the true initial rate (nmol/min/mg protein) was measured at each substrate concentration. Also, substrate 
concentrations were selected to be in the vicinity of K,  on the basis of preliminary experiments. 

Results 

Effects of $avonoids on P450 activities in rat and human liver microsomes 
EROD. All the flavonoids investigated were inhibitory toward EROD activity at 
higher concentrations (figure 2). However, in both species the green tea flavonoids 
were much less potent than flavone, naringenin, or tangeretin. In  rat liver 
microsomes, the ICSo’s for the green tea flavonoids ranged from 75 to 4 0 0 p ~ ,  E C G  
being the most potent (table 2). The value for flavone, naringenin, and tangeretin 
were approximately 1 PM. In  human liver microsomes, the ICso’s for the green tea 
flavonoids ranged from 530 to 2 6 0 0 ~ ~  (table 3), ECG again the most potent. 
The ICso’s for flavone and tangeretin were 0.15 and 1 6 ~ ~  respectively. The  
difference in potencies of ECG for EROD in the two species may be due to the fact 
that EROD is primarily catalysed by P450 1Al in rat liver (especially after treatment 
with /I-NF or 3-MC), whereas it is catalysed by 1A2 in human liver. 

PROD. In rat liver microsomes, all flavonoids except for EC were inhibitory 
toward PROD activity. No significant stimulation was seen. The ICso’s for the green 
tea flavonoids ranged from 119 to 217 PM (table 2), with ECG being the most potent. 
Flavone was the most potent of all the flavonoids, with an ICso = 1 4 ~ ~ .  

PNPH. With respect to PNPH activity. The flavonoids tested were inhibitory only 
at high concentrations. The  ICso’s for all the flavonoids ranged from 250 to 2333 PM, 
ECG being the most potent inhibitor in rat liver microsomes (table 2). In  human 
liver microsomes, three out of six flavonoids tested had no effect on PNPH activity 
(table 3).  ECG and naringenin were moderately inhibitory, with ICso’s = 200 and 
3 0 0 , ~ ~  respectively (table 3). A statistically significant activation of PNPH was seen 
with flavone (8lY0 at 1 0 0 0 ~ ~ ) .  

ERDM. For ERDM activity, the flavonoids tested were inhibitory at higher 
concentrations (figure 3). The  ICso’s for all the flavonoids ranged from 163 to 
4000 PM in rat liver microsomes (table 2), ECG being the most potent. EC and EGC 
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Effects of biojlavonoids on P450 579 

180/A/ 160 
EC 
ECG 
EGC 
EGCG 
Flavone 
Naringenin 
Tangeretin 

1 10 100 lo00 1 10 100 1000 

Flavonoid Concentration, pM 
Figure 2. Effects of various flavonoids on EROD activity in rat and human liver microsomes. Control 

activity was 3.82nmol/min/mg protein for rat (A) and 0.028 for man (B). A weighted average 
molecular weight for GTPE was calculated based on the molecular weights of the various flavanols 
and their % contribution to the green tea extract. Weighted quantities of green tea extract were 
corrected for the total per cent of flavonols (about 80%) (10). Each point represents a mean of 2-5 
values. Error bars were left out for clarity, but mean SEs were 5.7 and 8.1% of the mean activities 
for the human data respectively. 

Table 2. ZCso's (PM) for inhibition of specific rat liver microsomal P450 enzyme activities by various 
flavonoids. 

Activity 

EROD PROD PNPH ERDM 
Flavonoid (1A1/1A2) (2B1/2B2) (2E1) (3A1/3A2) 

~ ~~ ~~ 

GTPE 144" 21 7 887 21 1 
EGCG 24Sa 143 317 262 
EGC 400" 154 733 567 
ECG 

7'b" 
119, 250, 163 
- - 4000 

Naringenin 1.1 20 233; 226 
Flavone 0.7 14 - 222 

Tangeretin 0.8 nd nd nd 

- EC 

"These are apparent ICso's. The effect of green tea flavonoids was complex. At lower concentrations 
activity is stimulated, but at higher concentrations it is inhibited. 

No significant changes in control enzyme activities were seen. 
nd. not determined. 

affected ERDM activity only weakly. Data from inhibition of ERDM by tangeretin 
was not included because the production of formaldehyde from tangeretin 
(Canivenc-Lavier et al. 1993) interfered with that produced from the demethylation 
of erythromycin. In human liver microsomes, all flavonoids investigated were 
inhibitory at high concentrations towards ERDM activity (figure 3B). The I C ~ O ' S  
ranged from 60 to 10OOp~ (table 3 ) .  ECG was the most potent inhibitor, closely 
followed by EGCG. 
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5 80 M .  T .  Obermeier et al. 

Table 3 .  ICso's (PM) for inhibition of specific human liver microsomal P450enzyme activities by various 
flavonoids. 

Activity" 

EROD PNPH E R D M  
Flavonoid (1A2) W 1 )  (3A4) 

E G C G  117Sb nd 100 
E G C  1 ooob  1000 
ECG 530b 200 60 

1000 EC 2600h - 
Naringenin 300 300 300 

Flavone 0.15 moderate 1000 
stimulation 

nd - Tangeretin 16 

"PROD was not assayed in the human liver microsomes. 
'These are apparent ICso's. T h e  effect of green tea flavonoids was complex. At lower concentrations 

activity is stimulated, but at higher concentrations it is inhibited. 
No significant changes in control enzyme activities were seen. 

nd , not determined. 

140 
--c EC - ECG 
* EGC 

--)- Flavone 

120 

EGCG 
p 100 

9 80 

.- 
'3 ---Cl--' Naringenin 
e 

E 
; 60 

40 
e 

20 

0 

1 10 100 1000 1 10 100 1000 

Flavonoid Concentration, phi 

Figure 3 .  Effect of various flavonoids on E R D M  activity in rat and human liver microsomes. Control 
activity was 11.8 nmol/min/mg protein for rat (A) and 0.45 for man (B). each point represents a 
mean of 2-5 values. Error bars were left out for clarity, but mean SEs were 2.5 and 6.5% of the 
mean activities for the rat and human data respectively. 

Inhibition of human liver microsomal P450 1A2 by tangeretin 
The kinetics of EROD were evaluated at various concentrations of the 

substrate EORR. From the Lineweaver-Burk plot (figure 4), K, for EROD was 
71 nM, and V,,, was 24pmol/min/mg protein. The  inhibition of EROD activity by 
three concentrations of tangeretin was then determined at the same EORR 
concentrations and under the same conditions. The  pattern of lines was consistent 
with tangeretin being a pure competitive inhibitor (Segel 1975) with Ki = 68 nM 
(figure 4, inset). 
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Effects of biojlavonoids on P450 581 

I [Tangeretinl, LLM 1 

100 

50 

0 . . .  
-20 -15 -10 -5 0 5 10 15 20 

IIIEORR], FM 

Figure 4. Lineweaver-Burk plot of tangeretin inhibition of EROD in human liver microsomes. 
Tangeretin (0.05, 0.1 and 0 . 2 ~ ~ )  was added to incubations containing EORR (0.065, 0.08, 0.1, 
0.15 and 0.3 p M )  microsomes (200-pg protein). On the basis of preliminary experiments, these 
tangeretin concentrations were selected to be in the vicinity of Ki. The rate was calculated as nmol 
RR/min/mg protein. Each point represents a mean of three values. Error bars were left out for 
clarity, but mean SEs were 1.5% of the mean activities. The inset shows a replot of apparent K,’s 
Tangeretin concentrations were plotted against apparent K,’s ( f i ~ ) .  The x-intercept corresponds 
to the K, for tangeretin towards EROD. The  linear regression equation and correlation coefficient 
for the line is 1 . 0 5 ~  + 0.071 ( r2  = 0.998). 

-0.4 -0.3 -0.2 -0.1 0 0.1 

l/[Nifedipine], pM 

2 

Figure 5. Lineweaver-Burk plot of tangeretin inhibition of NIFO in human liver microsomes. 
Tangeretin (50 and 1OOpM) was added to incubations containing nifedipine (6, 7.56, 10, 1 5  and 
33 PM) and microsomes (200-fig protein). On the basis of preliminary experiments these tangeretin 
concentrations were selected to be in the vicinity of K,. The rate was calculated as nmol pyridine 
metabolite/min/mg protein. Each point represents a mean of three values. Error bars were left out 
for clarity, but mean SEs were 3.4% of the mean activities. The inset shows a replot of apparent 
1/Vmax. Tangeretin concentrations were plotted against apparent 1/ VmaX. The x-intercept 
corresponds to the K, for tangeretin towards nifedipine oxidase. The linear regression equation 
for the line is 0 , 0 0 3 5 ~  + 0.250 (r2 = 0.974). 
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582 M .  T .  Obermeier et al. 

Inhibition of human liver microsomal P450 3A4 by tangeretin 
The kinetics of NIFO were evaluated at various substrate concentrations. 

From the Lineweaver-Burk plot (figure 5), K,  for NIFO was 1 0 , 7 p ~ ,  and 
V,,, = 4.3 nmol/min/mg protein. The inhibition of NIFO activity by two concentra- 
tions of tangeretin was then determined at the same nifedipine concentrations and 
under the same conditions . The pattern of parallel lines is diagnostic of a purely 
uncompetitive inhibitor (Segell975). A replot (figure 5, inset) of the apparent 1 / V,,, 
as a function of inhibitor concentration gave a straight line, with an x-intercept equal 
to the - K, for the inhibitor ( 7 2 ~ ~ ) .  

Discussion 
Inhibition of P450 by jlavonoids 

From this survey of the interactions of flavonoids with various human P450 
activities, one of the most potent effects was elicited by tangeretin on 1A2. Since 
tangeretin had not been extensively studied in this regard, the kinetics of inhibition 
of P450 1A2 and 3A4 were investigated more extensively. Tangeretin was found to 
be a potent competitive inhibitor of P450 1A2 in human liver microsomes, whereas 
it was a moderately potent uncompetitive inhibitor of 3A4. 

For tangeretin to be a competitive inhibitor of P450 1A2, it must occupy the 
substrate binding site of the enzyme. However, in the case of the uncompetitive 
inhibition of P450 3A4 by tangeretin, the tangeretin binding site must be distinct 
from the substrate binding site since it binds only to the enzyme-substrate complex. 
It is theoretically possible for the inhibitor to bind to a site on the P450 enzyme, on 
NADPH P450 reductase, or on cytochrome bs; b5 may be involved in the catalysis 
by P450 3A4 (Guengerich et at. 1986). The present experiments, in which only the 
concentrations of tangeretin and nifedipine were varied, cannot distinguish whether 
the uncompetitive binding site is on P450, the P450 reductase, or cytochrome bs. 

Previously tangeretin has been shown to induce EROD, a P450 1A2 activity, in 
rat liver microsomes after dietary administration (Siess et al. 1989). I t  has also been 
found to enhance P450 3A4-dependent activities such as aflatoxin B1 activation and 
acetaminophen oxidation in liver microsomes (Buening et al. 1981, Li  et al. 1994). 
Since tangeretin itself is demethylated by P450, perhaps this metabolite also affects 
various P450 enzymes, but differently than the patent compound, resulting in the 
spectrum of modulation that has been seen. 

Flavone was found to be one of the most potent inhibitors of EROD. This finding 
agrees with the work of Siess et al. (1989) where flavone was found to inhibit EROD 
and PROD. Siess et al. (1990) reported that human microsomal EROD activity was 
more sensitive to the flavonoids tested than was rat microsomal EROD activity. 
In  this paper different flavonoids were examined, and no clear relationship between 
rat and human microsomes was seen in the inhibitory potencies of the compounds. 

We observed a dose-dependent inhibitory effect of green tea flavanols for EROD, 
as did Wang et al. (1988). In our experiments ECG was the most potent inhibitor, 
whereas in the studies of Wang et al. (1988) EGCG was the most potent. This 
difference may be the result of the difference pretreatments used in the two studies, 
and possibly slight differences in the way the assays were conducted. 

Naringenin was found to inhibit P450 3A4-dependent nifedipine oxidase, with 
an ICSO = 3OOpiv1, which is in agreement with previous work by Guengerich and 
Kim (1990). 
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Effects of biojlavonoids on P450 583 

Activation of P450 1 A2 by green tea %avonoids 
The effect of the green tea flavonoids was complex. At lower concentrations 

91-50 p ~ ) ,  moderate but statistically significant activation of EROD was seen, 
namely 1645% in rat liver microsomes and 57-71% in human liver microsomes 
(figure 2). At higher concentrations EROD activity was inhibited. In the 
experiments of Wang et al. (1988) no activation at lower concentrations of green tea 
flavonoi'ds was noted, although only GTPE was evaluated with EROD activity, and 
the lowest concentration used was 40pg/ml( = 100 PM, molecular weight calculated 
based only on the percentage of epicatechin derivatives). With these compounds the 
apparent ICso's, which results from a combination of activation and inhibition, are 
overestimates of the concentrations that are actually required to perturb the enzyme. 

There appears to be two binding sites for the green tea flavonoids associated with 
the P450 1A enzyme system: a high-affinity site, the occupancy of which results in 
the stimulation of the enzyme; and a low-affinity site, the occupancy of which results 
in the inhibition of the enzyme. The low-affinity site would be the catalytic site if 
the inhibition is competitive. However, if the inhibition at high concentrations is 
non-competitive or uncompetitive then there may be three sites of interaction. 
For ECG, the most potent activator of EROD, half-maximal activation can be 
extrapolated to occur at about 2 p~ in human liver microsomes, about 250 times less 
than that of the IC50, Thus, the green tea flavonoids are much more potent 
stimulators than they are inhibitors. 

These compounds could either be binding to and altering the P450 system in such 
a way that substrate binding is facilitated, or binding the reductase and either 
facilitating the transfer of electrons to P450 or facilitating the binding of P450 to the 
reductase. Huang et al. (1981) showed that 7,8-benzoflavone and flavone stimulated 
the hydroxylation of benzo(a)pyrene in liver microsomes at least in part by 
enhancing the interaction between P450 and reductase. It is possible that green tea 
flavonoids could also facilitate this interaction. 

Both tangeretin and green tea flavanols are readily available in the diet. 
Tangeretin is one of the major components of peel oils from oranges and mandarin 
oranges, found at concentrations ranging from 500 to 2800 pg/ml respectively 
(Gaydou et al. 1987), and is also found in tangerine juice (3.5 pg/g) (Veldius et al. 
1970) by ingesting foods and beverages containing orange peel, such as orange 
marmalade and orange and spice herb tea, one can be exposed to tangeretin. These 
dietary flavonoids were found to inhibit the activities of P450 enzymes. Tangeretin 
in particular was found to be a potent inhibitor P450 1A2. Quercetin, another 
flavonoid that has been shown to affect P450 (Buening et al. 1981, Sousa and Marletta 
1985, Siess et al. 1989), is also found in tea infusions at concentrations of 
10-25 mg/l (Hertog et al. 1993). Some of the effects seen with whole green tea extract 
may be due to quercetin. Some of the flavonoids, with ICso S 200 p M ,  may be 
sufficiently potent to be biologically significant. However, additional studies will be 
needed to determine whether these flavonoids can influence these enzymes in vivo. 
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