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ABSTRACT:

There have been very limited reports on the effects of commercial
fruit juices on human CYP3A activity. Therefore, the inhibitory
effects of readily available commercial fruit juices on midazolam
1’-hydroxylase activity, a marker of CYP3A, were evaluated in
pooled human liver microsomes. The fruit juices investigated were
black raspberry, black mulberry, plum, and wild grape. White
grapefruit, pomegranate, and orange juice were used as positive
and negative controls. The black mulberry juice showed the most
potent inhibition of CYP3A except for grapefruit juice. The inhibi-
tion depended on the amount of a fruit juice added to the incuba-
tion mixture. The inhibitory potential of human CYP3A was in the
order: grapefruit > black mulberry > wild grape > pomegranate >

black raspberry. The ICg, values of all fruit juices tested were
reduced after preincubation with microsomes in the presence of
the NADPH-generating system, suggesting that a mechanism-
based inhibitory component was present in these fruit juices, as in
the case of grapefruit. The results suggest that, like grapefruit
juice, commercial fruit juices also have the potential to inhibit
CYP3A-catalzyed midazolam 1’-hydroxylation. Therefore, in vivo
studies investigating the interactions between fruit juices such as
black mulberry and wild grape and CYP3A substrates are neces-
sary to determine whether inhibition of CYP3A activity by fruit
juices is clinically relevant.

Several fruits have been reported to cause food-drug interactions,
including grapefruit (Bailey et al., 1998) and pomegranate (Hidaka et
al., 2005). As a well known example, consumption of grapefruit juice
has been shown to increase the plasma concentration of drugs, such as
calcium channel antagonists (Bailey et al., 1993, 1998), cyclosporine
(Yee et al., 1995), midazolam (Kupferschmidt et al., 1995), HIV
protease inhibitors (Kupferschmidt et al., 1998), and HMG-CoA re-
ductase inhibitors (Lilja et al., 1998, 1999). A single glass of grape-
fruit juice has the potential to augment the oral bioavailability and to
enhance the beneficial or adverse effects of a broad range of medi-
cations.

Cytochrome P450 (P450) is a representative enzyme involved in
hepatic drug metabolism, which is crucial for the elimination of many
therapeutic drugs. Among the members of the P450 family, CYP3A is
the most important enzyme and is involved in the majority of the
P450-catalyzed metabolism (Guengerich, 1996). Studies have shown
that grapefruit juices strongly inhibited drug metabolism mediated by
the CYP3A subfamily in the gut wall (Bailey et al., 1998). Con-
versely, it has been documented that orange juice is incapable of
inhibiting the catalytic activity of CYP3A, based on the previous
results that the systemic exposure of felodipine, a CYP3A substrate,
was not affected by orange juice (Bailey et al., 1991). Taking these
results into account, the inhibitory effects of a fruit appeared to
depend on the fruit species because of the difference of the compo-
nents contained in each fruit (Guo et al., 2000; Hidaka et al., 2004).
These results prompted us to investigate the potency of fruit juices for
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a possible source of drug interactions. Under these circumstances, not
only drug interactions between drugs but also those seen with food
have attracted much attention.

So far, there have been few reports on the effects of commercial
fruit juices on human CYP3A activity. Therefore, in this study, we
investigated whether various commercial fruit juices that people drink
inhibit CYP3A activity. We have also compared the inhibitory poten-
tial of commercial fruit juices with that of grapefruit juice, a well
known CYP3A inhibitor. The ability of the fruit juices to inhibit the
midazolam 1’-hydroxylation mediated by CYP3A was examined by
using human liver microsomes.

Materials and Methods

Chemicals and Reagents. 1’-Hydroxymidazolam and midazolam were
purchased from Ultrafine Chemicals (Manchester, UK). Pooled human liver
microsomes (H161) were obtained from BD Gentest (Woburn, MA). All
chemicals and solvents were of the highest grade that was commercially
available.

Samples of Fruit Juice. Fruit juices were obtained from local commercial
sources, and their available information is shown in Table 1. The fruit juice
samples were stored at 4°C until use. All samples were tested soon after the
juice package was opened.

Assay of Midazolam 1’-Hydroxylase Activity of Human CYP3A. The
assay of midazolam 1’-hydroxylase activity of human CYP3A was performed
according to the method of Liu et al. (2004a) with minor modifications. In
brief, each incubation was performed with 0.5 mg/ml pooled human liver
microsomes (H161; BD Gentest) in 100 mM phosphate buffer (pH 7.4) at a
final volume of 250 ul. Midazolam was dissolved in methanol. The final
concentration of methanol did not exceed 0.5%. The incubation mixtures
containing microsomes and midazolam (10 wM final concentration) were
preincubated for 5 min at 37°C. After preincubation, reactions were initiated
by addition of the NADPH-generating system (3.3 mM glucose 6-phosphate,
1.3 mM B-NADP™", 3.3 mM MgCl,, and 1.0 unit/ml glucose-6-phosphate
dehydrogenase) and stopped after 15 min by placing the incubation tubes on
ice and adding 100 pl of ice-cold methanol containing internal standard

ABBREVIATION: P450, cytochrome P450.
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TABLE 1

Available information about the commercial fruit juices used in this study

Fruit Juice

Origin Maker Processing
Fruit Trade Name Species

Grapefruit (white) Sunup Citrus paradisi U.s. Maeil, Korea Squeezed
Orange Sunkist Citrus sinesis u.s. Haitai, Korea Squeezed
Pomegranate Aysu Punica granatum Taiwan Hanara, Korea Squeezed
Black raspberry Aysu Rubus coreanus Korea Hanara, Korea Squeezed
Black mulberry Aysu Morus nigra China Hanara, Korea Squeezed
Plum Maeone Prunus mume Taiwan Bohae, Korea Reconstituted
Wild grape Jirisan Vitis coignetiae Korea Doore, Korea Squeezed
Mandarin orange Jeju gamgyul Citrus unshiu Marcovitch Korea Lotte, Korea Squeezed
Carrot Nemome Daucus carota Korea Namyang, Korea Squeezed
Soymilk Sahmyook Glycine max uU.S. Sahmyook, Korea Reconstituted
Tomato Jayeoneun Lycopersicon esculentum Chile Woongjin, Korea Squeezed

(lansoprazole, 1 uM). Incubation mixtures were centrifuged at 20,000g for 10

min at 4°C, and aliquots of the supernatants were analyzed by high-perfor- £ 100

mance liquid chromatography as described previously (Liu et al., 2004a). .E

Reaction rates were linear with incubation time and microsomal protein ® 754

contents under these conditions. E

Inhibitory Effects of Fruit Juices on CYP3A Activity. The inhibitory E 50

effects of commercial fruit juices on CYP3A activity were investigated ac- s

cording to the method of Guo et al. (2000) with minor modifications. In brief, B %

an appropriate amount of commercial fruit juice was dried with a concentrator. o]

The reaction mixture described above (before the addition of NADPH-gener-
ating system) was added. The incubation was performed as described above.
The inhibitory effects of a fruit juice on midazolam 1’-hydroxylation were
expressed as a percentage of the residual activity in comparison with the
control in the absence of fruit juice. All incubations were performed in
triplicate, and the mean values were used for analysis. To evaluate the effect
of preincubation on inhibitory potency, fruit juice was preincubated for 20 min
with an NADPH-generating system, buffer, and microsomes. The reaction was
started by addition of midazolam (10 uM final concentration).

Data Analysis. The ICs,, values (concentration of the inhibitor causing 50%
inhibition of the original enzyme activity) were determined from the following
equation using WinNonlin software (Pharsight, Mountain View, CA): percent-
age of control activity = 100AX [1 — (I/(I + ICsy))], where A is the maximum
activity, / is the concentration of inhibitor, and ICs, is the inflection point on
the curve.

Results and Discussion

The opportunity for a food-drug interaction is an everyday occur-
rence. The interaction can be particularly important when total drug
disposition is altered. In the early 1990s, it was reported that coad-
ministration of grapefruit juice with felodipine or nifedipine resulted
in a large increase in the oral bioavailability of these drugs (Bailey et
al., 1989, 1991). Furanocoumarins found in grapefruit juice are now
shown to be potent inhibitors of CYP3A in humans (Guo et al., 2000;
Guo and Yamazoe, 2004). Furthermore, recent studies revealed that a
component(s) of pomegranate inhibits the human CYP3A-mediated
metabolism of carbamazepine, and pomegranate juice also alters the
carbamazepine pharmacokinetics in rats (Hidaka et al., 2005). So far,
there have been few reports on the effects of commercial fruit juices
on human CYP3A activity.

In the present study, various commercial fruit juices that people
drink have been tested for their effects on human CYP3A-mediated
midazolam 1’-hydroxylase activity as a tool for assessing their clinical
significances in food-drug interaction. Inhibitory activity of fruit
juices is shown in Fig. 1. The addition of commercial fruit juices
caused the inhibition of the microsomal CYP3A activity. The inhib-
itory potential of midazolam 1’-hydroxylase activity of human
CYP3A was in the order: grapefruit > black mulberry > wild
grape > pomegranate > black raspberry (Table 2). Orange, plum,

Grapefruit
Orange

Black raspberry
Black mulberry
Plum

Wild grape
Mandarin
Carrot

Soymilk
Tomato

Pomegranate

FIG. 1. Inhibition of human CYP3A-catalyzed midazolam 1'-hydroxylation activ-
ity by commercial fruit juices. Microsomes were incubated with 10 uM midazolam
and various concentrations [1% (black bar) or 5% (white bar)] of fruit juice. The
corresponding control activity of midazolam 1’'-hydroxylation by human liver
microsomes was 3.73 nmol min~' mg ™" protein. The concentration of fruit juice is
equivalent to percentage of natural strength. Data shown are averages of duplicate
experiments.

TABLE 2

Effects of components contained in commercial fruit juices on midazolam
1'-hydroxylase activity of human liver microsomes

Values are presented as mean *= S.D. of triplicate assays. The amounts of fruit juice
added to the incubation mixture were 0, 0.2, 0.5, 1, 2.5, 5, 10, and 20% (v/v). The control
activity of midazolam 1’-hydroxylation by human liver microsomes determined in the absence

of fruit juice was 3.73 nmol min~ ' mg ™" protein.

1Cso

Fruit Juice

With Preincubation No Preincubation

%

White grapefruit 0.09 = 0.03 0.32 = 0.11
Pomegranate 113+ 1.0 342 +7.2¢
Black raspberry 15023 253 £9.1¢
Black mulberry 2.96 +0.33 6.22 + 047
Wild grape 4.40 £ 0.77 5.92 +0.30

“ Values were extrapolated.

mandarin orange, carrot, soymilk, and tomato did not show inhibition
on human liver microsomal CYP3A activity.

The ICs,, values of black mulberry, black raspberry, and wild grape
juice were reduced after preincubation with microsomes in the pres-
ence of the NADPH-generating system, suggesting that a mechanism-
based inhibitory component was present in these fruit juices, as in the
case of grapefruit (Guo et al., 2000), pomegranate (Hidaka et al.,
2005), and Schizandra fruit (Iwata et al., 2004). Therefore, it may be
of interest to determine the identity of the chemical(s) in these fruit
juices that exhibits potent inhibition of CYP3A activity. Understand-
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TABLE 3
Reproducibility of CYP3A inhibition by mulberry juice

Values are presented as mean * S.D. of triplicate assays. The amount of fruit juice used
in assays was 12.5 ul (5.0%, v/v). The control activity of midazolam 1’-hydroxylation by
human liver microsomes determined in the absence of fruit juice was 3.65 nmol min~ ' mg~!
protein.

Purchase Date of Mulberry Juice Residual Activity

%
April 9, 2005 40.0 = 1.9
June 18, 2005 39.0 = 3.8
August 13, 2005 40.9 = 3.1
October 15, 2005 36.6 52

ing the nature of these chemicals would enable health care profes-
sionals to avoid food-drug interactions.

Among the fruit juices tested, black mulberry juice showed potent
inhibition on human CYP3A activities, and the inhibitory effects are
somewhat greater than those of pomegranate (Hidaka et al., 2005), a
known inhibitor of CYP3A. The reproducibility of the effects of
mulberry juice to inhibit CYP3A activity was examined (Table 3).
Irrespective of the timing of the purchase of the mulberry juice, the
same extents of inhibition of CYP3A activity by the respective mul-
berry juices were observed. Black mulberry is indigenous to western
Asia. It is also common to Europe. It has been reported that black
mulberry contains certain species of anthocyanins, and it shows potent
antioxidant activity (Liu et al., 2004b). Traditionally, mulberry fruit
has been used as a medicinal agent to nourish the blood, benefit the
kidneys, and treat weakness, fatigue, anemia, and premature graying
of hair. Therefore, due to its widespread use, higher mulberry con-
sumption allows for an increased possibility of food-drug interaction.
The possibility of the adverse food-drug interaction by the mulberry
juice with drugs that are cleared primarily by CYP3A-mediated path-
ways should be examined in vivo, considering the pomegranate-
carbamazepine interaction potential in rats (Hidaka et al., 2005).

In conclusion, we have shown that a component(s) of commercial
juices of fruit such as raspberry, mulberry, and wild grape is an
inhibitor or a mechanism-based inhibitor of human CYP3A activity in
vitro, and the inhibitory potency of these fruit juices was higher than
that observed with pomegranate juice. From these results, it is possi-
ble that high amounts of these juices may interact with drug that is
metabolized by CYP3A in certain individuals. It is important to note,
however, that inhibition of CYP3A activity in vitro does not neces-
sarily translate into drug interactions in vivo. Therefore, in vivo
studies investigating the interactions between fruit juices such as
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black raspberry and mulberry and CYP3A substrates are necessary to
determine whether inhibition of CYP3A activity by fruit juices is
clinically relevant.

Hyunmr Kiv
YUNE-JUNG YOON
Ji-HoNG SHON
IN-JUNE CHA
JAE-GOOK SHIN
KwaNG-HYEON Liu

Department of Pharmacology and
PharmacoGenomics Research Center,
Inje University College of Medicine,
Busan, Korea

References

Bailey DG, Arnold JM, Munoz C, and Spence JD (1993) Grapefruit juice—felodipine interac-
tion: mechanism, predictability and effect of naringin. Clin Pharmacol Ther 53:637-642.
Bailey DG, Malcolm J, Arnold O, and Spence JD (1998) Grapefruit juice-drug interactions. Br J

Clin Pharmacol 46:101-110.

Bailey DG, Spence JD, Edgar B, Bayliff CD, and Arnold JM (1989) Ethanol enhances the
hemodynamic effects of felodipine. Clin Investig Med 12:357-362.

Bailey DG, Spence JD, Munoz C, and Arnold JM (1991) Interaction of citrus juices with
felodipine and nifedipine. Lancet 337:268-269.

Guengerich FP (1996) In vitro techniques for studying drug metabolism. J Pharmacokinet
Biopharm 24:521-533.

Guo LQ, Taniguchi M, Xiao YQ, Baba K, Ohta T, and Yamazoe Y (2000) Inhibitory effect of
natural furanocoumarins on human microsomal cytochrome P450 3A activity. Jpn J Pharma-
col 82:122-129.

Guo LQ and Yamazoe Y (2004) Inhibition of cytochrome P450 by furanocoumarins in grapefruit
juice and herbal medicines. Acta Pharmacol Sin 25:129-136.

Hidaka M, Fujita K, Ogikubo T, Yamasaki K, Iwakiri T, Okumura M, Kodama H, and Arimori
K (2004) Potent inhibition by star fruit of human cytochrome P450 3A (CYP3A) activity.
Drug Metab Dispos 32:581-583.

Hidaka M, Okumura M, Fujita K, Ogikubo T, Yamasaki K, Iwakiri T, Setoguchi N, and Arimori
K (2005) Effects of pomegranate juice on human cytochrome p450 3A (CYP3A) and
carbamazepine pharmacokinetics in rats. Drug Metab Dispos 33:644—648.

Iwata H, Tezuka Y, Kadota S, Hiratsuka A, and Watabe T (2004) Identification and character-
ization of potent CYP3A4 inhibitors in Schisandra fruit extract. Drug Metab Dispos 32:1351—
1358.

Kupferschmidt HH, Fattinger KE, Ha HR, Follath F, and Krahenbuhl S (1998) Grapefruit juice
enhances the bioavailability of the HIV protease inhibitor saquinavir in man. Br J Clin
Pharmacol 45:355-359.

Kupferschmidt HH, Ha HR, Ziegler WH, Meier PJ, and Krahenbuhl S (1995) Interaction
between grapefruit juice and midazolam in humans. Clin Pharmacol Ther 58:20-28.

Lilja JJ, Kivisto KT, and Neuvonen PJ (1998) Grapefruit juice-simvastatin interaction: effect on
serum concentrations of simvastatin, simvastatin acid and HMG-CoA reductase inhibitors.
Clin Pharmacol Ther 64:477-483.

Lilja JJ, Kivisto KT, and Neuvonen PJ (1999) Grapefruit juice increases serum concentrations of
atorvastatin and has no effect on pravastatin. Clin Pharmacol Ther 66:118-127.

Liu KH, Lee YM, Shon JH, Kim MJ, Lee SS, Yoon YR, Cha IJ, and Shin JG (2004a) Potential
of pranlukast and zafirlukast in the inhibition of human liver cytochrome P450 enzymes.
Xenobiotica 34:429—-438.

Liu X, Xiao G, Chen W, Xu Y, and Wu J (2004b) Quantification and purification of mulberry
anthocyanins with macroporous resins. J Biomed Biotechnol 2004:326-331.

Yee GC, Stanley DL, Pessa LJ, Dalla Costa T, Beltz SE, Ruiz J, and Lowenthal DT (1995) Effect
of grapefruit juice on blood cyclosporin concentration. Lancet 345:955-956.

Address correspondence to: Dr. Kwang-Hyeon Liu, Assistant Professor of
Pharmacology, Inje University College of Medicine, # 633-165, Gaegum-Dong,
Jin-Gu, Busan 614-735, South Korea. E-mail: dstlkh@inje.ac.kr

6002 ‘6 JaqwanoN uo Ag Bio'sjeulnofiadse pwp wolj papeojumod


http://dmd.aspetjournals.org

