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Abstract : The efficacy of combined administration of antibiotics, nonsteroidal anti-
inflammatory drug (NSAID) and herbal medicines on lung carcinogenesis were investigat-
ed in rats treated with N-nitrosobis (2-hydroxypropyl) amine (BHP). This study consisted
of two experiments. In both experiments, rats were given tap water without BHP or tap
water containing 2000 ppm BHP with a basal diet for 12 weeks followed by the basal diet
or the diet containing test compounds for 8 weeks. In experiment 1, rats received basal diet
alone or diets containing 0.029% erythromycin (EM), 0.049% ampicillin (ABPC), 1.5% sho
-saiko-to, 0.02% EM plus 1.5% sho-saiko-to or 0.04% ABPC plus 1.5% sho-saiko-to,
respectively. The incidences of adenocarcinoma (AC) and non-small cell carcinomas
including AC were completely inhibited in rats given ABPC plus sho-saiko-to, and the
numbers of alveolar hyperplasia (AH) and total lung lesions including AH, adenoma (Ad)
and AC, squamous metaplasia, squamous cell carcinoma (SqC) and adenosquamous car-
cinoma (ASqC) were decreased in rats given ABPC plus sho-saiko-to or EM plus sho-saiko
-to. In experiment 2, rats received basal diet alone or diets containing 0.04% ABPC,
0.006% piroxicam, 0.04% ABPC plus 0.006% piroxicam or 0.04% ABPC plus 0.75% ogon,
respectively. The incidénces and numbers of AC and non-small cell carcinomas including
AC were decreased in rats given ABPC plus piroxicam or ABPC plus ogon. The inflamma-
tory reactions in lung lesions were reduced in rats given ABPC plus sho-saiko-to or ABPC
plus piroxicam in experiment 1 or 2. These results suggest that combined administration
of antibiotics and NSAID or herbal medicines inhibits the progression of lung car-
cinogenesis in rats initiated with BHP as a result of suppression of chronic inflammation.
Therefore, the continuous inflammatory reaction may exert itself as a promoting factor.
(FE:EE. J. Nara Med. Ass. 50, 303~315, 1999)
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A Tap water and basal diet

Tap water and test compounds

B BHP in tap water and basal diet

Tap water and test compounds

0 12 20
| | ]
Experimental period(weeks) A
BHP:2000ppm in tap water
A :killed
Groups
BHP Test compounds
— +
1 7 basal diet
2 8 0.02% EM in basal diet
Exp.1 3 9 0.04% ABPC in basal diet
4 10 1.5% Sho-saiko-to in basal diet
5 11 0.02% EM+ 1.5% Sho-saiko-to in basal diet
6 12 0.04% ABPC+ 1.5% Sho-saiko-to in basal diet
1 6 basal diet
2 7 0.04% ABPC in basal diet
Exp. 2 3 8 0.006% Piroxicam in basal diet
4 9 0.04% ABPC+ 0.006% Piroxicam in basal diet
5 10 0.04% ABPC+ 0.75% Ogon in basal diet

Fig. 1. Experimental design
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Experiment-1 and Experiment-2

Experiment 1

Experiment 2

No. of animals Body Weight (g)®

No. of animals Body Weight (g)?

Groups Initial Effective® Initial Final Groups Initial Effective® Initial Final

1 6 6 131.3+9.9 355.5+15.2 1 10 10 146.2+6.9 393.0+37.7
2 6 6 135.0£5.5 358.7£23.3 2 10 10 144.6+8.7 377.0+44.0
3 6 6 133.3+5.2 328.0%+31.7 3 10 10 145.4+9.5 378.5%+23.1
4 6 6 133.3+£5.2  359.0+28.6 4 10 10 148.4+7.5 364.0+32.0
5 6 6 131.7+4.1 356.0%+15.5 5 10 10 147.6+7.2 383.0+38.9
6 6 6 131.7+4.1 344.0%+15.1

7 15 15 129.3+4.6 263.5+27.9 6 16 16 145.5+4.6 311.3%+23.9
8 16 11 133.1+£7.9 273.3+£24.2 7 16 15 144.4+4.3 302.0+29.1
9 16 14 136.9+7.0 272.7%+25.0 8 16 16 149.5+7.7 301.9%25.1
10 16 16 133.1£7.0 258.5%+28.2 9 16 16 148.6+£5.3 295.6+22.8
11 16 13 136.3+8.9 264.3%+22.9 10 16 14 144.94+5.7 291.4%30.8
12 16 12 131.9£7.5 252.5+18.9

a) Based on histological examinations
b) Each value represents mean+S.D.
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Table 2. Incidences of Lung Lesions in Rats Given BHP Followed by EM, ABPC and/or Sho-saiko-to from
Experiment-1

Incidence of lung lesions (%)

BHP alveolar . squamous squamous adenosquamous  total
Groups Test compounds . adenoma adenocarcinoma K ) ) .
+/— hyperplasia metaplasia  cell carcinoma carcinoma  carcinoma
1 - — 0 0 0 0 0 0 0
2 - EM 0 0 0 0 0 0 0
3 — ABPC 0 0 0 0 0 0 0
4 —  Sho-saiko-to 0 0 0 0 0 0 0
5 —  EM+Sho-saiko-to 0 0 0 0 0 0 0
6 — ABPC+Sho-saiko-to 0 0 0 0 0 0 0
7 + — 100 80.0 33.3 0 6.7 20.0 40.0
8 + EM 100 63.6 18.2 0 0 9.1 27.3
9 + ABPC 100 92.9 28.6 21.0 0 14.3 42.9
10 +  Sho-saiko-to 100 50.0 31.3 31.3 0 0 31.3
11 + EM+Sho-saiko-to 100 71.4 35.7 14.3 7.1 0 35.7
12 + ABPC+ Sho-saiko-to 100 50.0 02 14.2 0 0 02

BHP : N-nitrosobis(2-hydroxypropyl)amine

EM : Erythromycin

ABPC : Aminobenzylpenicillin (ampicillin)

a) Significantly different from Group 7 (p<0.05)

Table 3. Numbers of Lung Lesions in Rats Given BHP Followed by EM, ABPC and/or Sho-saiko-to from
Experiment-1

Number of lung lesions (/rats)

BHP alveolar , squamous  squamous  adenosquamous total total
Groups Test compounds . adenoma adenocarcinoma . ) . . .
+/— hyperplasia metaplasia cell carcinoma  carcinoma  carcinoma lesion
1 - — 0 0 0 0 0 0 0 0
2 — EM 0 0 0 0 0 0 0 0
3 — ABPC 0 0 0 0 0 0 0 0
4 —  Sho-saiko-to 0 0 0 0 0 0 0 0
5 —  EM+Sho-saiko-to 0 0 0 0 0 0 0 0
6 —  ABPC+Sho-saiko-to 0 0 0 0 0 0 0 0
7 + — 19.7£6.0 1.2+£0.9 0.5+0.7 0 0.1£0.3 0.2+£0.4 0.7£1.2 21.7%6.9
8 + EM 14.2+4.79 1.5+2.0 0.3%0.7 0 0 0.1+£0.3 0.4%+0.7 16.0%5.8
9 + ABPC 14.1+4.69 1.5+1.0 0.4=%0. 0.1+0.3 0 0.2£0.6 0.6+0.8 16.3%5.1
10 +  Sho-saiko-to 17.8+6.6 1.2+1.8 0.3+0.5 0.3+0.5 0 0 0.3+£0.5 19.6%6.7
11 +  EM+Sho-saiko-to 12.8+£4.6” 1.2+1.0 0.5£0.7 0.2+£0.4 0.1%+0.3 0 0.5£0.8 14.7+4.0®
12 + ABPC+Sho-saiko-to  13.143.9® 0.740.7 0 0.2+0.4 0 0 0 13.9+4.6%

Each value represents mean=+S.D.

BHP : N-nitrosobis(2-hydroxypropyl)amine

EM ! Erythromycin

ABPC : Aminobenzylpenicillin (ampicillin)

a) Significantly different from Group 7 (p<0.05)
b) Significantly different from Group 7 (p<0.01)
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Table 4. Histological Findings of Inflammatory Reactions and PCNA Labeling Indices in Alveolar Hyper-
plasia in the Lung of Rats Given BHP Followed by Combined Administration of ABPC and Sho-saiko

-to from Experiment-1

Test . Alveolar space Alveolar wall PCNA labeling
Groups Lesion :
compounds neutrophil macrophage lymphocyte exudate neutrophil edema congestion index(%)®
normal — + = - - - —
7 —
hyperplasia +~++ ++~+++ + + + + —~+  44.3+3.0
normal - - - - - - —
12 ABPC+
Sho-saiko-to hyperplasia  +~-+ +~+ + — + + - 38.8+14.1»
BHP : N-nitrosobis(2-hydroxypropyl)amine — : absent
ABPC : Aminobenzylpenicillin (ampicillin) + few
PCNA : Proliferating cell nuclear antigen +  mild
a) Each value represents mean=+S.D. ++ : moderate
b) Significantly different from Group 7 (p<0.01) +++ : marked

Table 5. Incidences of Lung Lesions in Rats Given BHP Followed by ABPC, Piroxicam and/or Ogon from

Experiment-2

Incidence of lung lesions (%)

BHP alveolar ’ squamous squamous adenosquamous  total
Groups Test compounds . adenoma adenocarcinoma . i . R
+/— hyperplasia metaplasia  cell carcinoma carcinoma  carcinoma
1 - — 0 0 0 0 0 0 0
2 — ABPC 0 0 0 0 0 0 0
3 — Piroxicam 0 0 0 0 0 0 0
4 — ABPCHPiroxicam 0 0 0 0 0 0 0
5 — ABPC+Ogon 0 0 0 0 0 0 0
6 + — 100 100 56.3 12.5 6.3 12.5 62.5
7 + ABPC 100 73.3% 60.0 33.3 0 0 60.0
8 + Piroxicam 100 75.0 37.5 18.8 0 6.3 43.8
9 + ABPC+Piroxicam 100 75.0 12.59 25.0 0 0 12.5%
10 + ABPC+0Ogon 100 92.9 14.3» 28.6 0 0 14.3»

BHP : N-nitrosobis(2-hydroxypropyl)amine
ABPC : Aminobenzylpenicillin (ampicillin)

a) Significantly different from Group 6 (p<0.05)
b) Significantly different from Group 6 (p<0.01)
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Table 6. Numbers of Lung Lesions in Rats Given BHP Followed by ABPC, Piroxicam and/or Ogon from

Experiment-2

Number of lung lesions (/rats)

BHP alveolar . squamous  squamous  adenosquamous  total total
Groups Test compounds . adenoma adenocarcinoma . . . . .
+/— hyperplasia metaplasia cell carcinoma  carcinoma  carcinoma  lesion
1 - — 0 0 0 0 0 0 0 0
2 — ABPC 0 0 0 0 0 0 0 0
3 —  Piroxicam 0 0 0 0 0 0 0 0
4 — ABPC+Piroxicam 0 0 0 0 0 0 0 0
5 — ABPC+0Ogon 0 0 0 0 0 0 0 0
6 + — 11.4+2.9 2.5+1.3 1.0£1.0 0.2+0.5 1.0+0.3 0.1%£0.3 1.2+1.1 15.3+3.6
7 + ABPC 9.7£2.9 1.6+1.3 0.9%£0.9 0.3+£0.5 0 0 0.9+0.9 12.5+3.29
8 +  Piroxicam 10.2£2.8 1.3+£1.0® 0.5+0.7 0.24+0.4 0 0.1£0.3 0.6+0.7 12.2+3.6%
9 + ABPC+Piroxicam 14.3+5.8 1.5+£1.3% 0.1£0.3" 0.3+0.5 0 0 0.1£0.3% 16.2%7.0
10 + ABPC+0Ogon 14.4+4.29 1.6£1.1 0.1£0.4» 0.4+0.6 0 0 0.1+0.4» 16.5+4.8

Each value represents mean+S.D.

BHP : N-nitrosobis(2-hydroxypropyl)amine
ABPC : Aminobenzylpenicillin (ampicillin)

a) Significantly different from Group 6 (p<0.05)
b) Significantly different from Group 6 (p<0.01)

Table 7. Histological Findings of Inflammatory Reactions and PCNA Labeling Indices in Alveolar Hyper-
plasia in the Lung of Rats Given BHP Followed by Combined Administration of ABPC and Piroxicam

from Experiment-2

Test . Alveolar space Alveolar wall PCNA labeling
Groups Lesion .
compounds neutrophil  macrophage lymphocyte  exudate  meutrophil macrophage lymphocyte  edema  congestion  index(%)?
normal - + - - - - - - -
6 JE—
hyperplasia +~++ ++~+++ =+ + + + +~+ + —~x 43.7+4.1
normal - + - - - - — - -
9 ABPC+
Piroxicam hyperplasia +=~+ +~+ + - + - + + —~+ 36.1+£2.3%
BHP : N-nitrosobis(2-hydroxypropyl)amine — ! absent
ABPC . Aminobenzylpenicillin (ampicillin) =+ few
PCNA : Proliferating cell nuclear antigen +  mild
a) Each value represents mean+S.D. + =+ [ moderate
b) Significantly different from Group 6 (p<0.01) +++ : marked
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Fig. 3. Representative histological appearances of PCNA in alveolar hyperplasias. The lun,

tive histological appearances of inflammatory reaction in alveolar hyper-
plasias. The lung of a rat of group 6 (A) and that of a rat of group 9 (B) from
experiment-2. Inflammatory reaction was reduced in B compared with A. H. E. stain
X 25
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of a rat of group 6 (A) and that of a rat of group 9 (B) from experiment-2. PCNA
labeling of alveolar epithelial cells was decreased in B compared with A. Anti-PCNA

antibody stain X 60

Fig. 4. Representative histological appearance of 8
~OH-dG in alveolar hyperplasia. The lung of
a rat of group 6 from experiment-2. Nuclei of
alveolar epithelial cells and inflammatory
cells were positive. Anti-8-OH-dG antibody
stain X40

FI0FT, BOFRLLER BB LAbR. b
—Pudaie b O FHBMHREREERL, 67T 15.3%
3.61H, 7R TI12.5+3.21A, E8F TI12.2+3.614,
HOBWTI6.227T.0ER L CHE10B T 16.54.8F T
Bote. BTRLEIHL, F6FCHLARRBD
A b,

REHON, BHP AERH CH LB R LE IR
B35 L R BRZE O MRFEMFT R & PCNA ©
B 1z, Table 7Rd. BEBRE LT T, M
faBEoBm, FEEFFR ~/7r 77y —ORI0) v
NBROBELA LN, MRERCCHEFFEER <777
7RIV VAROBELBERA AR, 0
Beisr Rk, Wil ERCBER O % s b3, MRE & e
FNTHFAFICA DRI, FEREI O M C IRk R
D=rr77—=COENPEREBEYZLDRTH-T. T
DERISRFEMZEAIZ, B 6FICtLL, SBIFTHEIIh
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Table 8. Bacterial Identification in Aspirated Broncho-Alveolar Lavage from Experiment-2

Identified bacteria species

BHP No. of Escherichia Aerococcus Staphylococcus Staphylococcus — Proteus Klebsiella Bacillus
Groups Test compounds . I . - .
+/- - rats coli sp. epidermidis  haemolyticus ~ mirabilis ~ pneumosiae Sp.
1 - — 3 - - - 1 - - -
2 — ABPC 3 - 1 - - - — -
3 — Piroxicam 3 - - — - - - -
4 — ABPC+Piroxicam 3 - - - - - — 1
5 — ABPC+0gon 3 - - - - - - 1
6 + — 3 2 1 - - - — -
7 + ABPC 3 2 - — - - - -
8 + Piroxicam 3 2 — 1 — — - -
9 + ABPC+Piroxicam 3 2 - = - 1 - -
10 + ABPC+0Ogon 3 1 - - — — 1 -
— . not identified
BHP : N-nitrosobis(2-hydroxypropyl)amine
ABPC : Aminobenzylpenicillin (ampicillin)
T\wiz(Fig. 2A and 2B). bk, Wil bRAFRIE BREBRCEITLBEREEHEE, iy satFsrr

#17% PCNA ORI, HF6RD43.714.1 %kt
LEIRTIZ36.122.3% &, BRICET L Tz (Fig.
3A and 3 B).

8-OH-dG o T, 2 6 FFoffifla k@i, RE
DRI IE L A EREI it ORI, BFERO E
Ffifa & BEAEEMEOK B YR L - (Fig. L.

gtk R O M o BERERE, Table 8 KR 7.
6 RN HE 10 BRT I\ CKRIBE (Escherichia coli) DY
D bNI R, FIFENSESFHEED, 7T=ray
# RJ&(Aerococcus sp.), 7 ¥ v EREE (Staphylococcus
epidermidis, Staphylococcus haemolyticus), 7w T 7 A
B (Proteus wmirabilis), 7 v 7 v = 5 |&(Klebsiella
pneumoniae), -~F N RJE(Bacillus sp.) D FEE X i,
HooMmiE, SERwERGHEc—E0ERIEALR
Tehso Tz,

% %=

EE, BT ANRAEIFERLEIC L DFERI
NHBUERIER, BxoBEREES FREXFEL,
O FRBRERTFOREBIERTH—F, BEOA =
vEz—g—FEidsTeEe—%— L ULCHIEAT 5 AR
NAIBNTER., P EBWTIRE¥YN, B0
Helicobacter pylovi 82, Fiio BE s X O'CEIFF4 7 1
AR PHELERTH D & A FRED, FEFHE O Papil-
loma ¥ 4 V29 B 5T Y v S #% D Epstein-Barr
T ANAD R EORFRTFE, BUERKEEZAMLTIAD
B 1) 5 BEEE O REICR Bb o T\Ww5 T &8

BIRTWDEY BRI, TrAX 7V T4 vk

— 4 (Cox)-2 FHEFIO KB, K & X OB @
B HREBEMHSDREIEE SR, ChbERCRTHHR
BT B BHAEOBSARE I h T\ 5.

EMERE 2 S CRER TR DEELYTTE VK
BTHY, MreSUPREBRCE T, BEREOCEE
FEECHT BEEOMEREERBEETH LA, thr
BERLLEBEIEDTZ L.

FBR— 1 RIOEE—20KENS, BHPD S v +
MiFEE T AICBNT, FIEWEEFERT = A FRE%
FEHE D B\ AR E Ot RRE I, MifakEN S X Ol
BEC s 5 B sE MR E R I s o s Xy,
HiZERE 2S5 & L A L 7. ABPC 3 X O'EM &
JRARZ b5 20PAWEELE LU ERASh, ¥
T DODEG D DR S 1 B /INEHRG 3, SeresRErEM, i
BRI R PR T U1~ OBRBEER &/ L1,
g 5 EFHR BT E I N TV 529, Pirox-
icam 1% Cox DEEER%ET5IERAT » 1 FRILKAE
FELT, BB, B2 kX OB S ext3 % M
PRBE S, BZANERZD 7205 DFO
—OT, MWHIKEFEREHBAEREEL T
5%-32 BHP ek % 5 v + liFER&E T, Wil ig
ERLRFEERELR T Ki-rtas BEF= F v 12
@ second position ® G — A transition IZ Xk 52RERE
DEEH &M T 553, filifa b BRI B S AE t Al i o>
BHENBILOZ &b, EHIEBERECERL TS5
POGFENEEND D\ IIHBENCFHAL, Mo&E
FOBERLEXFRELTCHAREELRE L OR S, Bk
BE LB RECHECERAEE (LI hBZ LIt X Y
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AR & 5 Nitric oxide 1%, DNA BEE & fifasn2iiEd
FRBT B EABEIRTLB, KEOBIET S
HMEe~< 2 v 7 7 — 2 X b EAEINBEEREREID,
FEROBGR%®T5—H T, BERRIGD S iIFRET5
ISP EFHBRE CHEL, RRAER, LEARY
BB\ ITEETINT s £ © DNA BEECREERCHiRS 2 o 1
B L ODNABEDOEBIEYF &R, ¥, M
JE, Sk, MEZER X ORBBER R L B ETP
EAOBIREYEHIL, FEREELE IR L8
HEINTWBHH), AER— 1 KL OER— 2R NT
3, HERELE X bh TV A EEAER T, KE
M EE O e W aBE & B L, SEMEMRRE D
ZEL WIS TR CHIEEEEE SRS b .
ZDZ &k, BHP K X 5 BEFOBEITI 2, SIEEM
X ) ERINCEERRED LT 5407 ) —
I HAAD, BERE DEANDERICEEIS L T\ 5 5
HERHEINK. 8-OH-dG 1%, BET o itk b
DNA BERC R WIS h 2B, RE7 e =
— % ORI L - CHIRS~Z7 v 7 7 - S X HWEE
ENBET O H itk 5 DNA BEOHREL LTl
e R & h B, LR, 8-OH-dG »YSEEEE o fiisd ik
T, FREELHELIVBEVWVAERLTWAT L
PE IR, ERECBTIMET o H VT X B8R
{LF DNA 85 L OBIEAER Sh W5, ER—21K
BT U fila_E BGEMRIC 1) 5 8-OH-dG Hufs
CXHBLHA P v AR RHR LR, BYRAE
H OB, B T & i Fe bt D B
BB bR, WY E T BB R + v 2 DB ¥
L.

BHP © 5 v kg5 Aick\~C, BHP &LBIC X
DFERINCIE, & CEER, HAEWEEIERAT e
A PRESIERD B\ TEEE O AREICX Y, Mila
L RCREIC B0 5 B SE R RE R IEe Lo B
eIy, BRAEFELDOC—EYT ) OFHIEEME
BriE L, ZoFEE, BB EL T8
MR X D AR I ATEEBRY WD ETHELADT7 ) —
STAINMEMZT, TeREZITSVFT 4 VEIOHA b
B A ViR EDEEADIEI I hI-ER, FEAROEEY
Bl D EHELY D, CoMRKELTIEIbI
PEMITCHI RN ETH 5.

ARERTIE, BHELHEORECHET IBEAEYHET
BT EXTERD ST, PIEDEOTEE,D LD
T, ThbOFRREEOMH, —B(LERT DD
EERNEHSA v E—T=nv—y FHONH 12X B
FIEREIER &, FERT v A FRAKIEED 5\ I13EE

Mmoo

CEB7)V—STHINLBADTRRE TS VT4 VE
IO A+ H A v OEENG S X OCHBRLERREDE
ETERAD, MoZENIREORE L ERCHEY S 270
bDEFZB.

& A

BHP &L 57 v MiREET A+ 2 AT, o
JE R ORE « EEARICK T 5 BEKECREEY
BB HHWNT, HLEWE, FAT v A FRUKEES
YOS N F N B E 2GRS L, B
IEORBIERTHHEYBRRL, UTOBRYEL.
1. ABPC & /N4 #A%, ABPC & Piroxicam % 7z 1%

ABPC ¢ EZADPEAB S, BHP #5112 X % &
L ohE eI MIlgEoOREFELE TR LDk,

2. EM &/NEHAE % 7213 ABPC & /NEBIE O BF R
543, FRERBAEK L ChEeORE, 7,
ABPC & Piroxicam ¥ 71X ABPC L EZ A DB
BH51E, BEL ZhE2EUMIlEO—EXL ) O
FEBE EEE LD

3. ABPC & /NE#% % 72 12 ABPC & Piroxicam ©
GrR S, Ml bEECRTR & R, L S Ll
IV B RIEME MR 2 B U 7.

4. EEEXHOHARSE, iR B0 58
FaIE 2K T8 LT,

5. FilE kRGBT O bRl & REXEE MR OB,
8-OH-dG BT R s b i,

6. BHP#5 5 » + ofilaieikic, KBEC7 ==
2y hAB, 7VNVERRER, Te7UvRBILEIV
Ty BOIKRH I h.

PDEDfERI D, HIAWELIERT » A FROKIEE
B5VIEEOHBR G, MREICRT 5 KEMR
BEZMEL, FERE» LI NIRE~OERZHIE
THZ LB, MoIENEREOFE & ERCENE
REEDEAET % Z L ARB I Nt

il &

e 25T hich, KEMEEE, #HBEXEI»EL
1o B SR EERE NGRS BB LB L
EFBEEdI, HXOHEH, HPHELBE L EFLAE
TR ER A EREEE S SN RERER D
ZRBRCEHE L LT ET. FMRORTEHID
KRS & ¥ L EEREFHER  RLEmT
DhLREET B E b, HBNEE - cEEREEK
FOMEENMCRE L ET. nk, ARIXDOEEF,
%14 B AAFERBEZRCE W THRERLL.
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