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Abstract

The objective of this Phase I/ll study was to assess the
potential for green tea to be used as a colorectal cancer
chemopreventive agent. This study measured the dose-
related biological effects of administration of a single dose
of green tea on the rectal mucosa of normal volunteers.
Volunteers were admitted to the Robert Wood Johnson
Medical School Clinical Research Center for 24 h.
Baseline blood and rectal biopsy samples were obtained
before the volunteers drank 0.6, 1.2, or 1.8 g of green tea
solids dissolved in warm water. Blood samples were taken
2, 4, 8, and 24 h after the tea administration. Rectal
biopsies were obtained at 4, 8, and 24 h. Prostaglandin E
(PGE,) levels were analyzed by ELISA. Tea polyphenol
levels in the blood, urine, and rectal tissue were measured
by high-performance liquid chromatography using a
Coulochem electrode array detection system. Statistical
comparisons were made using ANOVA. Decreased levels
of PGE, in rectal mucosa were observed at 4 and 8 h
after consumption of green tea. There was no correlation
between inhibition of PGE, and tissue or plasma levels of
tea polyphenols. Ten of 14 subjects demonstrated a
response to green tea, as evidenced by at least a 50%
inhibition of PGE , levels at 4 h. We conclude that green
tea constituents have biological activity in inhibiting

PGE, synthesis. Given the 71% “response rate,” we
believe these data support the study of green tea as a
colorectal chemopreventive agent in more long-term
Phase Il trials.

Introduction

In the United States, colorectal cancer is the third most commo
cancer in men and the second most common cancer in women
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it is also the second leading cause of cancer deaths overall (1).
Although the mortality rate has been falling over the past 5
decades, the incidence of colorectal cancer has increased
slightly since the early 1970s (2). The frequency of colorectal
cancer in the American population and the personal and eco-
nomic impact of treatment and associated morbidity make it a
potentially rewarding target for preventive strategies. Although
early detection and treatment have been demonstrated to reduce
colorectal cancer mortality, primary prevention potentially of-
fers far greater benefits by reducing morbidity and the costs of
colorectal cancer treatment (3).

Tea (Camellia sinensis) has been suggested as a possible
cancer-preventive agent (4). Most tea is consumed in the form
of black tea (78%, primarily in Western countries) or green tea
(20%, primarily in Asian countries; Ref. 4). Green tea contains
a variety of polyphenols, including flavanols, flavandiols, fla-
vanoids, and phenolic acids. Flavanols (catechins) are the major
tea polyphenols. The major components responsible for the
putative anticarcinogenic activities of tea are not clearly known.
In green tea, however, the catechins EGEBGC, (-)-epicat-
echin-3-gallate, and EC are believed to be the active compo-
nents because inhibition of carcinogenesis has been demon-
strated with EGCG and mixtures of these polyphenols (4-9).
Data from animal models of carcinogenesis demonstrate a
protective effect of green tea and catechins against carcinogen-
esis in skin, lung, esophagus, stomach, duodenum, liver, and
pancreas (4—19).

Several animal studies have demonstrated a protective
effect of green tea on colon carcinogenesis (20—-23). Rats that
were chemically induced to form colon tumors were protected
by low doses of green tea polyphenols (0.01% or 0.1% in the
drinking water; Ref. 20). In another study using very low doses
of green tea (0.05%, 0.01%, or 0.002%), rats ingesting the tea
had a significantly lower incidence of colon carcinomas (21).
Yet, a more recent study using a similar model did not find
significant inhibition of colon carcinogenesis by black tea (24).

Epidemiological studies of the relationship between tea
consumption and human cancer are plagued by multiple con-
founders and are not conclusive (25). The epidemiological
evidence seems suggestive of a protective effect of tea con-
sumption against the development of colorectal, uterine, and
n gastric cancers (4, 26, 27). Factors that confound the interpre-
tation of these types of studies include influences of the tem-
'perature of the tea on the increased risk for esophageal cancer
(26), type of tea consumed (greearsusblack), variations in
methods of tea preparation, and lifestyle factors that may be
associated with tea drinking.

A variety of mechanisms have been suggested for the
anticarcinogenic effects of tea polyphenols. Tea polyphenols
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are antioxidants with the ability to scavenge superoxide anions, Analytic Methods. Blood collected for clinical laboratory
singlet oxygen, and lipid peroxy-radicals, and to bind metal studies was analyzed in the Clinical Pathology Laboratory of
ions (4, 28—30). These antioxidant functions of tea polyphenols Robert Wood Johnson University Hospital. Blood for tea poly-
are generally considered to be important to the anticarcinogenic phenol assay was centrifuged, and the plasma fraction was
activities of tea. Inhibition of tumor promotion-related en- separated and immediately frozen at —70°C. Urine was col-
zymes, including ornithine decarboxylase (31, 32), protein ki- lected with each void, pooled into appropriate time periods, and
nase C (33), lipoxygenase (34, 35), and cyclooxygenase (34,was stored frozen at —70°C.
35) by tea preparations may also be important. These activities The levels of tea polyphenols in plasma, urine, and rectal
may be particularly important when considering the potential biopsies were determined by a HPLC procedure (37). In brief,
use of tea preparations for prevention of colorectal cancer.  the plasma, tissue, or urine was incubated \gitflucuronidase
The effect of green tea on human colon carcinogenesis is and sulfatase to convert conjugated polyphenol species to the
unknown. To explore the potential of green tea as a colorectal free forms. The resulting free tea polyphenols were extracted
cancer preventative, we initiated a Phase | trial of the effect of into ethyl acetate, dried under nitrogen, and redissolved in
a single ingestion of green tea on a set of colorectal carcino- buffer. The individual catechins were analyzed by HPLC using
genesis biomarkers—basal P@Bvels, cyclooxygenase activ- @ Coulochem electrode array detection system. To determine
ity, crypt cell proliferation, and apoptosis—on the rectal mu- basal PGElevels, frozen colonic biopsy samples were homog-
cosa of normal volunteers. enized at ice temperature in 0.3 ml of 0.1 M Tris-HCI buffer
containing 5.6um indomethacin (pH 7.4) with a microtube
pestel and vortexed thoroughly for 2 min. The homogenate was
immediately analyzed for basal PGEvels by ELISA accord-

Subjects. A preliminary study to assess tissue penetration of ing to the manufacturer’s Instructions (Cayman Chgmlcal). '
After fixation, rectal biopsies were embedded in paraffin

t lyphenol ied out in 10 volunt bjects sched- . ; ; X
@a polyphena s was carmew out In - Volneet SUbJects sciie and serially sectioned at 5 mm and stained with H&E for

uled to undergo abdominal surgery with resection of a portion histological lusis. Th liferati it vzed b
of the intestine. Each of these preliminary subjects ingested |''>-0'0gical analysis. 1he proliiération pattern was analyzed by

1.2 g of standardized green tedl2 h before surgery. At the Immunostaining with anti-t67 (MIB-1) antibody according to
time of surgery, 1-10 g of full-thickness intestinal tissue (small a previously published procedure (38). The pattern of apoptotic
bowel, colon, or rectum) was harvested, flash frozen in liquid cells was also analyzed. Apoptotic cells were visualized in

nivogen,and stoed a ~70°C for subsequent determination of SPST00EE Sectons e e el chectre by
tissue polyphenol levels. y y

For the formal Phase | trial, 15 normal volunteers (ages label'pr\}lgb?gn":g?fé?t'ngmgtz:;augrzrgggz (esg)én dinterpreted b
22-57) were admitted to the Robert Wood Johnson Medical P Y P Y

School Clinical Research Center. They were instructed to start an ol:_)server bIlndgd to the treatment do_se and to the timing of
C e ; . L the biopsy (baselingersussome time point after ingestion of
a clear liquid diet devoid of fruit and vegetable juices and tea

36 h before the study and to cease all food and beverage intake, ea): . . o

except water, 12 h before the study. None of the volunteers Statistical Analysis. Percent _|nh|b|t|on_of PG_gwas analyze_d
were pregnant or lactating; had renal, hepatic, cardiac, or pul- by a Student'st test comparing baseline with the other time
monary dysfunction, or a coagulopathy; had a history of in- POINts. Time- and dose-dependent correlations and polyphenol
flammatory bowel disease or colorectal cancer; were taking ¢oncentration in tissue anld plasma to RG&vels correlations
nonsteroidal anti-inflammatory drugs or steroids at any time in Wereé determined by~ analyses.

the 4 weeks before the study; were strict vegetarians; were
abusing illicit drugs or alcohol; or had drank greater than two

Materials and Methods

Results

8-ounce portions of tea per day for 2 weeks before the study.
Written, informed consent was obtained from all subjects.
These studies were carried out with the approval of the Insti-
tutional Review Board of the University of Medicine and Den-

tistry of New Jersey/Robert Wood Johnson Medical School

Preliminary Study of Tea Polyphenol Levels in Intestinal
Mucosa. Ten subjects (ages 28-80, five females) received
1.2 g of standardized green teal2 h before laparotomy.
Grossly normal intestinal tissue was harvested from the oper-
ative specimens and analyzed for tea polyphenol content. The

(protocol number 2095). mean= SE of the polyphenol tissue concentration (ng/g wet

Treatment Protocol. After a tap water enema, baseline blood tissue) was 382 146 for EGCG, 89+ 28 for EGC, and 3%~

and rectal biopsies were obtained at 8:00 a.m. Rectal biopsies23 for EC. These data indicate that significant levels of tea
were obtained with biopsy forceps introduced through an ano- Polyphenols were detectable after ingestion of a single, mod-
scope. A single dose (0.6, 1.2, or 1.8 g) of standardized green erate “dose” of tea, equivalent to two to three cups of brewed
tea powder (courtesy of Thomas J. Lipton Co., Englewood (€@

Cliffs, NJ) containing~10% by weight of polyphenols (36)  Phase | Study. Fifteen subjects (ages 22-57, two females)
was mixed in warm water and drunk by the volunteers at 9:00 participated in the Phase | study. A total of 60 anoscopic biopsy
a.m. Pooled urine samples were collected between 0—4 h, 4—8procedures (4 per subject) were carried out. The only compli-
h, and 8—24 h (hour 0 being the time of tea ingestion). Blood cation that occurred was one episode of persistent bleeding
samples were drawn at 2, 4, 8, and 24 h, and rectal biopsiesfrom a biopsy site requiring transport of the subject to an
were obtained at 4, 8, and 24 h. Four to six rectal biopsies operating room for better visualization and suture ligation.
(10-20 mg of full-thickness samples of rectal mucosa) were Tea Polyphenol Pharmacokinetics.Plasma concentration
collected at each time point; half were snap frozen in liquid versugime curves for EGCG and EC are shown in FigAnd
nitrogen and half were fixed in 10% formalin. All rectal biop- B, respectively. Due to an interfering peak, HPLC results for
sies were obtained in a zone from 4—6 cm centimeters above EGC were obscured. Maximal plasma concentratiop, (I

the dentate line. Each biopsy specimen was obtained from freshwas clearly dose dependent. Maximum plasma polyphenol con-
mucosa not previously sampled. centrations occurred at 2 h after tea ingestion. The mean plasma
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Fig. 1. Plasma polyphenol concentratigarsustime curves. Green tea solids
were given at three different doses (0.6 g, 1.2 g, and 1.8 g). The plasma
concentrations (ng/ml) of EGCG and EC at 0, 4, 8, and 24 h are shown.

half-life for each of the polyphenols was4 h for both EGCG
and EC.
The highest EGC and EC levels were observed in urine

Table 1 Mean EGC and EC valugper green tea dose in urine over time

Time interval

Dose ) EGC EC

0.6 0-4 1310+ 561 1310= 465
4-8 552+ 392 492+ 276
8-24 189+ 154 304+ 130

12 0-4 2680+ 864 3100+ 996
4-8 300 84 480+ 147
8-24 600+ 383 660+ 320

18 0-4 4440+ 1580 7760+ 2560
4-8 600+ 205 1140+ 330
8-24 440= 93 560=* 144

2Values are mean ng polyphenol/ml of uriteSE of five subjects. EGCG is not
excreted in the urine.

Table 2 Mean EGC, EC, and EGCG valdeger green tea dose in rectal
biopsies over time

Dose Time point EGC EC EGCG
0.8 0 1.2+ 0.7 0.9+ 0.5 5.0+ 2.7
4 103+ 31 44+ 35 37.0= 30.9
8 16.0+ 6.7 5.3+ 43 25.4+ 20.3
24 0.8+ 0.5 0.6+ 0.3 3.05* 1.7
1.2 0 3.4+1.9 2.0+ 1.1 10.2+ 5.4
4 111+ 6.4 7.0+ 3.8 41.3*= 25.1
8 4.2+0.2 2.9+ 05 14.8+ 2.8
24 23+ 1.2 1.8+ 0.9 8.2+ 5.2
1.8 0 0+ 0 0*+0 0.6+ 0.6
4 78x6.9 6.8+ 4.9 31.2+ 23.9
8 4.2+ 26 22+1.2 28.5+ 18.0
24 1.8+ 15 1.6+0.8 7.1+ 4.4

2Values are mean ng polyphenol/mg protein in rectal biopsy homogen&g

of three, three, and five subjects for doses 0.6 g, 1.2 g, and 1.8 g, respectively.
®Due to problems with some samples, two subjects were excluded from the
analysis from groups 0.6 and 1.2 doses. Thus; 3 for these groups.

There was no evident correlation between the dose of tea
ingested and the time-dependent concentration of polyphenols
in the rectal mucosa.

Levels of PGE,. Ingestion of green tea decreased rectal mu-
cosal concentrations of PGEt 4 and 8 h after tea adminis-
tration (Fig. 2 and Table 3). At 24 h, the P&GEoncentrations
returned to the baseline levels. Although the high dose of tea
(1.8 g) was more effective in lowering the PGIEvels than the

low (0.6 g) and moderate (1.2 g) doses, a good dose-dependent
effect was not observed because the moderate dose did not
produce lower PGElevels than the low dose. Seventy-one
percent (10 of 14) exhibited a “response” to tea, as evidenced
by a>50% reduction in basal PGHevels at 4 h after ingestion.

Crypt Cell Proliferation and Apoptosis. Because of wide
variability in the histological appearance of immunohistochem-
ical stains of rectal biopsies, presumably reflecting the wide
biological variability in individuals (40), there was no clearly
evident effect of green tea ingestion on crypt cell proliferation
or apoptosis (data not shown).

Discussion

One strategy to reduce cancer-related deaths is through chemo-
prevention. Chemoprevention can be defined as controlling the

samples collected between 0 and 4 h (Table 1). EGCG was notoccurrence of cancer by slowing, blocking, or reversing the

excreted in the urine, consistent with the previous results (37).

development of the disease by the administration of naturally

Tissue concentration/time data for the tea polyphenols in rectal occurring or synthetic compounds. Chemopreventive com-
mucosa were variable and not clearly dose dependent (Table 2).pounds should ideally havealittle or no toxic effect; ) high

Downloaded from cebp.aacrjournals.org on February 11, 2019. © 1999 American Association for Cancer Research.


http://cebp.aacrjournals.org/

712 Green Tea for Colorectal Cancer Prevention

—{1+— 0.6 ggreentea
........ O 1,2 g green tea

1.8 g green tea

ng PGE2/mg protein

24

Hours

Fig. 2. Basal PGElevels (ng/mg of protein) at 0, 4, 8, and 24 h for three doses
(0.6 g, 1.2 g, and 1.8 g) of green tea.

efficacy against multiple types of cancec) (oral administra-
tion; (d) known mechanisms of actiore)(low cost; and (f)
human acceptance (41-44). On the basis of these criteria, it is
logical that compounds found naturally in foods and drinks

Table 3 Percent inhibition of PGEformation over time after green tea
consumption in colorectal tissue

Response
Dose 4 R 8 24 1f rate
0.6 58.3+ 12° 63.1+ 12° 17.2+ 19 4/5
1.2 49.6+ 14° 41.0+ 11° 17.0+ 43 3/5
1.8 78.2+ 1C° 60.5+ 16° 0+ 254 3/4°

2Values are the mean percent inhibition compared with the baseline (0 h) time
point = SE for four or five subjects.

b Response rate is described as at least 50% inhibition at 4 h (responsers/n).

¢ Inhibition is significantly different from the baseline time point.

9 nhibition is significantly different from the other time points, but not the
baseline point.

¢PGE, levels were not determined in one subject because of lack of biopsy
material.

tion include the effect of bowel preparation, age, gender, diet,
time of day, fluctuation over time, and biopsy location. Similar
difficulties are likely to occur with the measurement of apo-
ptotic cells, as with proliferation indices (45). Because subjects
were able to act as their own control over time, certain variables
were likely to play a role in this study’s difficulty in assessing
proliferation and apoptosis. Proliferation indices are known to
have circadian rhythm (46) that could affect our ability to
demonstrate tea treatment changes over a 24-h period.
Green tea has biological activity in the colorectal mucosa.
Because PGEinhibition in other settings is related to a lower

have bee_n_ invgstigated. Tea is thought to meet_these criteriarisk of certain cancers and the response rate among the subjects
because it is widely consumed, has no known toxicity, and has was 10 of 14 (71%), these data suggest a potential role for green
demonstrated inhibitory activity against carcinogenesis in ani- tea as a chemopreventive agent against colorectal cancer. The

mal models (4, 22-25).
Our preliminary study demonstrated that measurable
amounts of polyphenols are present in the gastrointestinal tis-

sues. Our present and previous results (37) on plasma and urine

concentrations of tea catechins indicated that these compound

are absorbed. The effect of p.o. administered tea was rapid; at

4 and 8 h after tea administration, PGIevels were signifi-
cantly lower at all doses of tea. Although the 1.8-g dose seemed
to be more effective in lowering PGEormation than the 0.6-g

data support proceeding with a longer-term Phase Il study.
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