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Fig. 1 Structual formulae of Epigallocathechin gallate and Teaflavin digallate.
a) (—) Epigallocatechin gallate (EGCg), b) Teaflavin digallate (TF3)

a)

OH

OH
HO. O~ ..

OH

OH
"o -
¢ H
OH °

oM

RRPSEFMEE  5B66% $55



X, »FFVOHERI%ER 601

U TF3D £ b REICHFR, 2.0, 0.4, 0.1mg/
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R, V= LADIEFRMILBRE LR D NISh 5 T,
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Fig. 2 Bactericidal activity of tea and coffee
against B. pertussis. 5X108/ml bacteria were
cultured in a 100gl/well of S & S medium
containing a) green tea, b) black tea, ¢) pu-erh
tea or d) coffee at 37°C. Viable cell numbers were
counted at 0, 1, 3, 24 and 48 hr. Each point shows
geometric mean of at least 3 repeated experi-

ments.
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T4 CRERBEICEY, AHOBEER
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WiCEHEE T HHIED AR Z RS oo,
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WTHIRRAT ERERRANTc & & A, Table 1 KX O
Table 2 TR LI & 51T, 4% L ¥L41%, Hela
fats XL O'CHO fifan Wi+ 2 HEAEL b
L ME L7z, —7, EGCg 6 X ' TF3D B4,
Ui & T ik, HeLa, CHO D\ h oMl
~DBEMFCH LT, BEELIHEZR S fed -
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TEDOFEEL, BOCHERECKELTZAE
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Fig. 3 Bactericidal activity of EGCg and TF3 against B. pertussis. 5X10%/ml
bacteria were cultured in a 100x1/well of S & S medium containing a) EGCg
or b) TF3. Viable cell numbers were counted at 0, 1, 3, 24 and 48 hr. Each point
shows geometric mean of at least 3 repeated experiments.

a) O ;1mg/ml EGCg, A ; 200xg/ml EGCg, © ;50ug/ml EGCg, @ ; Control.
b) © ; Img/ml TF3, & ;500ug/ml TF3, o ; 100ug/ml TF3, @ ; Control.
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Table 1 Inhibitory action of green tea, black tea,
EGCg and TF3 on adherence of Bordetella per-
tussis to HeLa cells

Table 2 Inhibitory action of green tea, black tea,
EGCg and TF3 on adherence of Bordetella per-
tussis to CHO cells

Bacteria Bacteria
Treatment Adherent Cé\{[jefrﬁln %recovery Treatment Adherent C%ﬁrﬁl” %recovery
Control + 1,147 70.3 Control + 1,402 83.4
- 485 29.7 — 280 16.7
Green tea, 1% + 1,301 97.5 Green tea, 1% + 1,261 95.7
— 33 2.5% - 57 4.3%
Black tea, 1% + 1,482 95.8 Black tea, 1% + 1,529 93.2
- 65 4.2% - 111 6.82
EGCg, 100ug/ml + 1,179 83.6 EGCg, 100ug/ml + 1,133 86.8
- 232 16.4 - 172 13.2
TF3, 100xg/ml + 1,416 80.7 TF3, 100xg/ml + 1,277 89.2
- 338 19.3 — 154 10.8

1D : Geometric mean

2) : Significantly different from control (p=0.05)
105CFU/ml of B. pertussis were treated with 1% green
tea, 1% black tea, 100xg/ml EGCg, 100¢g/ml TF3 or
1%CA (control) and were diluted 100 times. The dilu-
tions were co-incubated with HeLa 229 cells in wells at
37°C for 45 min. The viable number of bacteria in the
supernatant and adherent to the cells was counted and
expressed as a geometric mean of two or four wells.

HobDEELLRATWS, 2T, RENLE
BHEREREO—DOTH A LPIEEXEEL L
T, %, K%, EGCg KX O TF3ik>\¢, &
BRI T A RNE OB T, £D

1) : Geometric mean

2) : Significantly different from control (p=0.05)

The experiment was carried out in the same manner as
in Table 1. except for using CHO cells.

f&8, Table 31/RL% X 5 1cbug/ml @ PT i@
KUT, 1%8HK, HREESNEUFEREYRE
Tehvote, Zhiest LT, 100ug/ml © EGCg ¥ X
O'TF3% & b IcBE R NEIERERL, FiIC
TFICHWANELIER RS bhte, &2 A0,

1ug/ml @ PT & A\ 1cBE, BRIE2H KRG
VBB %R & e o Te by, KL TR ¥ %

NEAER AR LI, —7, EGCg 35ug/ml ®

Table 3 Inhibitory action of green tea, black tea, EGCg and TF3 on the leuco-
lymphocytosis promoting activity of pertussis toxin

Leuco-lymphocytes count/gl

Treatment
PT 5.0 ug/ml

PT 1.0 pg/ml Saline

]

47,395
Control (45,395—49,896)2

61,228
Green tea, 1% (58 , 927_63,620)

52,637
Black tea, 1% (50,658-—54,693)

EGCg, 100xg/ml (30,098295. 425)

15,542
TF3, 100ug/ml (14,95816,149)

15,683 6,383
(14,897—16,511) (6,063—6,719)

16,104 11,235
(15,297—16,954) (10,672—11,828)
9,704 9,804
(9,217—10,216) (9,313—10,32D
13,152 7,580
(12,493—13,846) (7,200—7,980)

8,318 6,439
(7,901—8,757) (6,116—6,719)

1) : Geometric mean of five mice

2) 1 95% confidential interval

5ug/ml PT, 1ug/ml PT or saline (control) was mixed with green tea, black tea, EGCg or TF3 at
the concentrations shown in the table. Five of 4 weeks old female ddY mice were intraperitoneally
injected with 0.5ml of each mixture and were bled 3 days later. The residual LP activities were
expressed as geometric mean counts of leuco-lymphocytes per ul of the blood samples.

R4 4E 5 H20R



604 mA EE

PTOBE LR ELLRTELIER L AR &
Dotz
z =

E, BECTAELOEEY EEDIE, B
mOAEGRAEEECE B LIHRIE Abh D
oot AL, 508 EoRREEY R 2
) —=v 7 LR, ZRa—e—-n, £ oM
EETHERECH L CHEEREYE T L%
WE LI, ¥, Xon 7 vREEARERR
MRSA®IZH L TCHBREEAXE T A L2k
HL7.

4L, BRIz —b -3, Ibig, MR
WRIERRNEO— 2> THHEHATEIEN LT HRE
EMEETHIERRWE L, ¥, FORE
ENZEBERENTHD, 2 -t —DFRIIBRE
RIS SIBE D AT, K EIERABIENRR
BT EH D bR, i, BERASDI L, E
BRI D &% 2 bl EGCg 58 X N TF3¥i%,
HEHETECR L Th o B CEEEE L RT
EHRHERLIC.

LIAT, B, TRV I VF TN
ADOREEMBANOEREEREIET S L 2REL
72. %72, Relman 520135 ABE O « IoB R KA
FREERBEOEERY, CHOMEE L OKRE
SE AR AVCTRITL, Auic R s
TREEMRE CTEANCERO VR YRS
LTWw3, £ZT, bhihil Helafiflgk L O»*
CHO #ifa % A\ T2, 1145, EGCg + X 08 TF3
DMA~DOE HEKHEAEMTIRELRE L, 20
HR, BRBIUEDS, ERKBEEDS 5D
1OBRETH, BOBEAEMSEREZRTC &5
Bzt sfe, —F, EGCg ¥ X O TF3IL, %
HEHOBE L Rich, AVWkEETTRIIREA
FHEMAEMSIEREZ RS T, BEGEE LEMAED
HERTR, BWcBEETAERSOEDED L
CREEICEV-OD D ERBIhie,

Ric, BAENEREEEDO—DOTHDLE L
BRTWBZ EnD, &, EGCg L O TF3IC X
PEHHEBRNELOTMEE Y -7, T LP
BRI T AERZBE LR, KLl
% EGCg ® TF3IIB\WARNELIFA S RD b i,

L2 L, BRichIZE & EGCg D NEALTERA D8 &
2, PT OEEIC X - THESY L8 Tc 2 &b,
b D LP EMRELOBFCEHEEO D S &
EDWERIND, 70, B, ALK 12X EGCg @
ARSI L 5T, =V AREY VA ERBI O
HMEROELENEE I N, ZDZ LiX, BEB
T ORI D &8k 7aill =2 EGCg 23, KV v <8k
RHMBRCK L CEBRESEXET DI EERT D
DEEZBNRD, ZOWEEE, BERIOREN
THEDEGCg R TF3 2B LT3 b
53, 5ug/ml @ PT iwxt LT LP FE#ETRIE/LIE
AERE R olel & EOBEBRIRHTH 5.
PE, 288, EGCg X O TF32 E B Y
LT, BE, BEEEHELE, 52 VI3IHBERNE
a2 B U CHERCE B2 REEIIRI A,
SHEDIL, HHEBROMOERICR T 5E
{boTEEMEC, KA, EHERAL VS HEED
Migtis &, ERLICHTICERITS 2 &, H
HHRALTCWARORZEMDOERLOATHER
HHEDEEZLNS,
X (13

1) Wright, P.F.: Prevention with use of vaccines
—Pertussis in Developing Countries : Definition
of the problem and prospects for control. Rev.
Infect. Dis., 13 : §528—534, 1991.

2) Kanai, K.:
epidemiology and vaccination in the past thirty
years—Review. Jpn. J. Med. Sci. Biol., 33: 107
—143, 1980.

3) Fine, P.EM. & Clarkson, J.A.: The recur-
rence of whooping cough: Possible implica-
tions for assessment of vaccine efficacy. Lan-
cet, 20 : 666—669, 1982.

4) Sato, Y., Kimura, M. & Fukumi, H.: Develop-
ment of a pertussis component vaccine in
Japan. Lancet, 1: 122—126, 1984.

5) Robinson, A., Irons, L.I. & Ashworth, L AE.:
Pertussis vaccine: Present status and future
prospects. Vaccine, 3: 11—22, 1985.

6) Toda, M., Okubo, S., Hiyoshi, R. & Shimamura,
T.: The bactericidal activity of tea and
coffee. Lett. Appl. Microbiol., 8 : 123—125, 1989.

7 FHE®TF, KARFER, KBHF, BREE
BAROHEFR LR L OREFHRcoWT, B
Bk, 44: 669—672, 1989.

8) FHEET, KAKRER, £8 ¥, BENEE:

Japan’s evidence in pertussis

RAIEFHE H66% H5%5



X, hFFVOPEHAEER 605

RH7FVER IO ZOEERUHEOHEIER infection by tea. Lett. Appl. Microbiol., 11: 38

b HERIEM. HMBERE, 45: 561—566, —40, 1990.

1990. 15) lida, T. & Horiuchi, Y.: The detoxification of
9 B fEE, AL F &ZEY 7=/ -rEHoRT Bovdetella pertussis with glutaraldehyde. J.

BEICTAPIEESE. HAETEE 36:996—999, Biol. Stand., 15: 17—26, 1987.

1989. 16) RBYT, B EE  KEH 7 VEHORBLE
10 |’ 1EE, EUERE  XRXY) 7=/ - LEHEOK Arouwt, BRBZELF¥EREE, 59: 129—134,

VY X AT AHEER. BRI, 36:951 1985.

—955, 1989. 1) R EE, BEYF, SRERX  ZRlH 07 v
11) Toda, M., Okubo, S., Ikigai, H., Suzuki, T., *7 v v ] BRBEFIEEfRICOWT, BAEE

Suzuki, Y. & Shimamura, T.: The protective {45k, 61: 803—808, 1987.

activity of tea against infection by Vibrio 18) Sekura, R.D., Fish, F., Manclark, C.R., Meade,

cholerae 01. J. Appl. Bacteriol,, 70: 109—112, B. & Yan, L.Z.: Pertussis Toxin-Affinity

1991. purification of a new ADP-ribosyltransferase.
12) KARER, FHEET, B EE, BRNEE J. Biol. Chem., 258 : 14647—14651, 1983.

AEHCATAIRBIO T+ Vv OHHE - REF 19) Miles, A.A. & Misra, S.S.: The estimation of

Fi. B#MIEERE, 46:509—514, 1991. the bactericidal power of blood. J. Hyg., 38:
13) FHE®ET, KAGRFER, R EE, BIHERE: 732—748, 1938.

Methicillin resistant Staphylococcus aureus \Zx% 20) Relman, D.A., Domenighini, M., Tuomanen, E.

THHTFVOHE - REEM. BHMERE, 46:839 & Rappouli, R.: Filamentous hemagglutinin

—845, 1991. of Bordetella pertussis : Nucleotide sequence
14) Nakayama, M. Toda, M., Okubo, S. & and crucial role in adherence. Proc. Natl. Acad.

Shimamura, T.: Inhibition of influenza virus Sci., 86 : 2637—2641, 1989.

Protective Activity of Tea and Catechins against Bordetella pertussis

Yoshinobu HORIUCHIY, Masako TODA?Y, Sachie OKUBO?,
Yukihiko HARA? & Tadakatsu SHIMAMURA?Y
UDepartment of Microbiology and Immunology, Showa University School of Medicine
2Food Research Laboratories, Mitsui Norin Co.

We examined the bactericidal activity of tea and catechins against Bordetella pertussis. Green tea,
black tea and coffee showed marked bactericidal activity at their concentrations in beverages, while
pu-erh tea killed the bacteria in a moderate way. (—) Epigallocatechin gallate (EGCg) and theaflavin
digallate (TF3) showed also marked bactericidal activity. Green tea and black tea also effectively
blocked the adhesion of B. pertussis to HeLa and CHO cells, whereas ECGg and TF3 could not. EGCg
and TF3 markedly inactivated leuco-lymphocytosis promoting activity of pertussis toxin. Black tea
showed slight but significant inactivation of the activity, whereas green tea showed no inactivation.
These results suggest that green tea, black tea, EGCg and TF3 might act as prophylactic agents
against pertussis infection.
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