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Summary . Carcinogenic activity of endogenously synthesized N-nitrosobis (2-
hydroxypropyl) amine (BHP) from bis (2-hydroxypropyl) amine (BHPA) and tris (2-
hydroxypropyl) amine (THPA) in the presence of sodium nitrite (SN) was investigated in
male Wistar rats.

The following results were obtained.

1) The synthesis of BHP from BHPA and THPA in the presence of SN was demonstrat-
ed in vitro and in vivo in the preliminary experiment and also confirmed by the urinary
excretion of BHP in rats treated with 19 BHPA and 29§ THPA in diet together with
0.3%-SN in drinking water. '

2) Tumors in nasal cavity and lung were induced in rats treated with 1% BHPA in diet
together with 0.3% SN in drinking water for 94 weeks, the incidences of which reached
74% and 589, respectively. However, no tumors were found in the target organs of
BHP in rats treated with 29§ THPA in diet and 0.3% SN in drinking water for 102
weeks. :

3) The initiation activity for liver by endogenously synthesized BHP was observed in rats
treated with 1% BHPA in diet together with 0.15% and 0.3% SN in drinking water by
the quantitative analysis of glutathione S-transferase placental form (GST-P)-posi-
tive foci but was not observed in rats treated with 2% THPA in diet together with
0.15% and 0.3% SN in drinking water.

These results indicate that endogenously synthesized BHP has a carcinogenic activity
similar to that of exogenously administered BHP, and that BHPA is more important as the
precursor for endogenous BHP synthesis.

Since the precursors of nitrosamines are widely distributed in the environment, en-
dogenously synthesized nitrosamines may play an important role in the development of
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human cancer.
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Fig. 1. Experimental design of experiment 1.
SN : Sodium nitrite, BHPA : Bis (2-hydroxy-
propyl) amine

Group 1 { non-treated l
Sac
Group 2 l 0.15% SN I
Sac.
Group 3 [ 0.3% SN J
Sac. l
Group 4 [ 2% THPA ‘
Sac
Group 5 l 2% THPA + 0.15% SN |
Sac
Group 6 | 2% THPA + 0.3% SN I
L |
0 102 wk

Fig. 2. Experimental design of experiment 2.
SN : Sodium nitrite, THPA : Tris(2-hydroxy-
propyl) amine
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Fig. 3. Formation of BHP in buffer and in the gastric juice of rat and human. BHPA (10mM)
and THPA (10mM) were incubated in the presence of SN (40mM) at 37°C for 4 hours.
BHP was extracted with ethylacetate and determined by HPLC.

Table 1. Effect of ascorbic acid and thiocyanate on formation
of BHP from BHPA and THPA with SN in buffer and

gastric juice

Addition Percentages of BHP synsethized
BHPA THPA
Buffer (pH 3.0)
Control 54.4(100) 0.58(100)
+80mM Ascorbic acid 2.9(5) 0.04(7)
+20mM Thiocyanate 68.8(125) 0.90(155)
Rat gastric juice (pH 2.3)
Control 13.3(100) 0.12(100)
+80mM Ascorbic acid 0.6(5) <0.01
+20mM Thiocyanate 20.8(156) 0.29(242)
Human gastric juice
Control 39.2(100) 0.31C100)
+80mM Ascorbic acid 5.0(13) 0.02(6)
+20mM Thiocyanate 65.4(167) 0.50(16)

BHPA (10mM) and THPA (10mM) together with SN (40mM) were incubated at 37°C for 4 hours. BHP was
extracted with ethyl acetate and determined by HPLC. Values in parentheses show the percentages of the control.
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Table 2. Formation of BHP in the stomach of rats administered BHPA
and THPA together with SN

Formation of BHP in the stomach of rats

Amines SN Asco'rbic No. of
acid rats BHP(ug) 9% of amines nitrosated
BHPA - - 2 <3
+ - 3 651+46 4.021+0.28
+ + 2 83+6 0.51%+0.04
THPA + - 3 1.8740.20 0.0115+0.0022
+ + 2 0.18+0.03 0.001140.002

Bats were fasted overnight before treatment. Thirty minutes after intragas-
tric administration of 100umol of amines plus 400uzmol of SN with or
without 800xmol of ascorbic acid, stomach contents were taken out, extract-
ed with ethyl acetate and analyzed for BHP by HPLC. Values are mean *

SD.
Table 3. Detail of experiment 1
No. of rat Body weight (g) Daily intake per rat
Groups Treatment X
Initial Effective Tnitial Final (B ((%r)lg)] ‘E‘é‘}‘&e’grgg‘])
1 nontreated 20 19 189.5+7.9  404.765.2 o o
2 0.15%SN 20 18 189.5+7.7  401.3+27.8 S oro 9 aps]
B d
3 0.3%SN 20 16 185.645.8  358.9+36.8° o oro0.0) A
4 1%BHPA 20 16 185.146.6  398.2:48.2 D1l e
1%BHPA + 15.8+1.3 19.4+1.6°
5 0.15%SN 27 19 183.5+6.5 387.1£29.3 [158+13) [29.1+6.2]
1%BHPA + 15.1£1.2¢ 17.0+1.8¢
6 0.3%SN 28 19 185.7+8.6 337.1£35.5b [151=12] [51.0+5.3]
a . Significantly different from groups 1, 4 and 5 (p<0.05) and group 2 (p<0.01)
b : Significantly different from group 1 (p<0.05), group 4 (p<0.02), group 5 (p<0.01) and group 2(p<0.001)
¢ . Significantly different from group 1 (p<0.02)
d : Significantly different from groups 1, 2, 4 and 5 (p<0.001)
e : Significantly different from groups 1 and 4 (p<0.05)
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Table 4. Detail of experiment 2

No. of rats Body weight (g) Daily intake per rat
Groups Treatment - ial Effective Initial Final (T (gzg)] ‘E‘gﬁegnfg])
1 non-treated 21 17 182.046.8  384.7+48.9 Coro0l o oo
2 0.15%SN 21 17 189.6+6.0  368.9%37.2 oot [12%%*—;128"]
3 0.3%SN 21 17 188.248.0  342.4%52.5 ©or00) R
4 29%THPA 21 19 184.147.6  348.9+77.2 Tosaaey o
5 Z%Tf;;)ég 28 2 183.846.3  363.6:46.7 Tt an EREN
6 2%21%1;’?\]+ 28 26 186.6+9.8  344.7+23.9° o] [}.i%ig]

a : Significantly different from group 1 (p<0.01) and group 2 (p<0.05)
b : Significantly different from group 1 (p<0.05) and group 4 (p<0.01)
¢ : Significantly different from groups 1, 2, 4 and 5 (p<0.001)

Table 5. Urinary excretion of endogenously synthesized BHP in experiment 1

Urinary excretion of BHP (#mol/rat/day)

Groups Treatment No. of' rats Experimental
examined weeks Average Range
1 non-treated 3 24 ND# —_—
2 0.3% SN 3 24 ND —
3 1% BHPA 3 24 ND _—
1% BHPA+ ~
6 0.3% SN 3 24 1.51 1.04-2.20
3 34 0.97 0.69-1.47
5 80 1.51 1.11-2.20

a . Not detectable

Table 6. Urinary excretion of endogenbusly synthesized BHP in experiment 2

Urinary excretion of BHP (#mol/rat/day)

No. of rats Experimental
Groups  Treatment examined weeks Average Range
1 non-treated 3 25 ND# —
3 0.3% SN 3 25 ND —_—
4 2% THPA 3 25 ND —_—
2% THPA+ 5
6 0.3% SN 3 25 0.32 0.16-0.54

a . Not detectable
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T, ChboEFEMSEZHRFRORE B
B L ORPLEE - [ETHEROAERCSE LA

RETIHE 6T 24 (11 %) DOIFED, FhETIIEs
6B 181 (5%) oFFMifafEsy, BT #cl
Bl (5%) OBITLEEEOREENZLRID, WThb
BBREDOL LRIk - fifE L OBEEIRD bR
hote. BRIBCERESFH I (5%) DRERLRD
Ny, WBEFCHEL, 2FC14 (58X06%) ,
HEIF 241 (13 %) DEBRENADbIL. B,
WTH ORI BE D bk o k. FOMOfER
kB EEIESE % Table 8 iR$. KEE b HE
NEHECBEEIh A0 REIBoBaMREL BRED
Leydig MifaETH b, ThEh 5 ~32 %, 32~63 %DF

Table 7. Incidences of BHP target organ tumors in experiment 1

No. of tumors (%)

Effective
No. of o
Groups Treatment rats Nasal cavity Lung Esophagus Liver blra: ggg Thyroid Kidney
CA PAP Total AC A SCC PAP Total PAP HCC TCC A —
1 non-treated 19 0 0 0 0 0 0 0 0 0 0 0 1(5) 0
2 0.15% SN 18 0 0 0 0 0 0 0 0 0 0 0 1(6) 0
3 0.3% SN 16 0 0 0 0 0 0 0 0 0 0 0 23 0
4 1% BHPA 16 0 0 0 0 0 0 0 0 0 0 0 0 0
19 BHPA+
5 0.15% SN 19 0 0 0 0 0 0 3@16) 3(16) 0 0 16G)  16) 0
6 1% BHPA+ 19 1063)HILGE UTH* 1(5) 201D 2(1D) 10GH UGS 241 1G) 0 0 0

0.3% SN

CA : Carcinoma, PAP : Papilloma, AC : Adenocarcinoma, A . Adenoma, SCC : Squamous cell carcinoma,
HCC : Hepatocellular carcinoma, TCC : Transitional cell carcinoma

a . p<0.01 compared with groups 1-5

b : p<0.01 corpared with groups 1-4, p<0.05 compared with group 5

¢ . Including 1 adenocarcinoma

Table 8. Incidences of BHP non-target organ tumors in experiment 1

No. of tumors (%)

Effective
No. of T Ad 1 Pitui M
Groups Treatment rats Stomach Pancreas glfx?cf Testis léigf%ry agxl“r:;rllgry Others
LMS ICA PCC LCT A AC —

1 non-treated 19 0 0 42D 9347 15 0 0
2 0.15% SN 18 1(6) 2D 1(6) 10(56) 1(6) 1(6) 0
3 0.3% SN 16 0 0 5@1) 10(63) 0 0 0
4 1% BHPA 16 0 0 2(13) 6(38) 0 0 0

1% BHPA+ } a
5 8'15% SN 19 0 3(16) 18 737 0 0 1(5)

1% BHPA+
6 0.39% SN 19 0 0 6(32) 6(32) 0 0 0

LMS : Leiomyosarcoma, ICA : Islet cell adenoma, PCC : Pheochromocytoma, LCT : Leydig cell tumor,

A . Adenoma, AC : Adenocarcinoma
a . Squamous cell carcinoma of skin
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EREPRL TS, EHMHOBEREZIR DAL
fo. oMK BMEE TEERE §BoVESHH
B, AGRER X OCEEORFELEENEEI R
2) FER2
. ER20BHPoEMERCRTsEEREHREY
Table 9 1z&7. THPA & SN ¥AEC#E LB
BRENBDORICOBFEORTH 1. LrL, FF
s 5 EE S5 5 F BN 141 (4 %), £
6 FECHAIREREY 161 (4%) BT, e
DEBEIIFZD bRl Fie, BPRIECIIHRE
THHEL, 2B 14l (6%), HEIW 24 12%)

- E

DIRERLZ BRI DR THB. FOMOERICE T BE
BRAEHE S Table 10 R7. £k 1 LABCEZED
BEMBEEORERIZI2~2 B TH BN, F6FHTIL
1140 (42%) LB L CEBEREFL T %
fo, $EH D Leydig MIBEDFERIL 46~82%THh b,
I 144 (82 %) L85, BBE6RLLLTHEIC
ERL T, FoMmER] LR B SHMEES
IO TEADORENEES hict, 318 OLEESEY
&, BEEOIREMERE, BEOTRKE, BT oMk
BRI, BE oXEEMEE, ) vB AIE, B
o meENKAE HREOEFAESNZEOAEEI EE

Table 9. Incidences of BHP target organ tumors in experiment 2

Effective No. of tumors (%)
No. of Nasal -
Groups Treatment rats cae\lzsi?y Lung  Esophagus Liver Elzggg Thyroid Kidney
— — HN HCC —_— A
1 non-treated 17 0 0 0 0 0 0 1(6) 0
2 0.15% SN 17 0 0 0 0 0 0 16 0
3 0.3% SN 17 0 0 0 0 0 0 2312) 0
4 29 THPA 19 0 0 0 0 0 0 0 0
2% THPA+
5 ‘(’).15% SN 26 0 0 0 14 0 0 0 0
2% THPA+
6 0.3% SN }26 0 0 0 0 1@ 0 0 0
HN : Hyperplastic nodule, HCC : Hepatocellullar carcinoma, A : Adenoma
Table 10. Incidences of BHP non-target organ tumors in experiment 2
No. of No. of tumors (%)
rats . s
Groups Treatment Stomach Pancreas Aglg?dal Testis Plgtil;fgy Maglf::llgry Others
PAP ACA ICA PCC LCT A — _—
1 non-treated 17 0 0 1(6) 5(29) 14(82)° 0 0 3(18)°
2 0.15% SN 17 0 0 3(18) 3(18) 127D 1(6) 0 3(18)¢
3 0.3% SN 17 1(6) 0 1(6) 2(12) 127D 0 0 2(12)°
4 2% THPA 19 0 0 0 526) 10(53) 15 0 21D
2% THPA+
5 0.15% SN 26 0 0 4(15) 4(15) 12(46) 0 0 3(12)¢
2% THPA+ a h
6 0.3% SN 26 1@ 14 2(® 11(42)* 12(46) 0 0 1@

PAP : Papilloma, ACA : Acinar cell adenoma, ICA : Islet cell adenoma, PCC : Pheochromocytoma,

LCT : Leydig cell tumor, A : Adenoma.

1 p<0.01 compared with groups 1-5.

. p<0.05 compared with groups 5 and 6.
. Lymphoma 1, Mesothelioma 1

. Neurinoma of skin 2, mesothelioma 1

: Leukemia 1, Osteosarcoma of right leg 1.

sloHh 0 A0 T

. Papilloma of skin 1

. Fibroma of skin 1, Hemangioendothelial sarcoma of spleen 1

. Hamaltoma of stomach 1, Basal cell carcinoma of skin 1, Papilloma of palate 1
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(4) FREMEBFEFTR

BT U FLEAE &R E I R R i
bh, —AHGORTP LIRS bhics, BER
FRCITE o< BD bR D T, AEEZREMD
ZLWHER ERERIRTFERCI DRI TED,
bTroMERHVCATEROMIESRL, A—EE0R
BB OABEIBDOOLNEDE Dot BERE
PO BE R HE L 00, KEIRD B W IRBKEEEA 1T
5% 5L, ERETORBOBESHTIIE~DR
EERLTWBE b0 b A bhik(Plate 1. HEEFHIIX
RS LR TS, AlikibiawRT LS
NRET 28 E2E L T\ 1c(Plate 2). FlEE SAKEN
CREZEROAEE L MK MR ORE, RS
BIUORPEEBCE LA, AEERERYOZL
WY ERERIAEER I VB IR TEY, b n
BKEEEZHCEEIEACAERCEET L T
(Plate 3). [RIE GBS R BIR niEMiRE ©, BB
DOFFIEEE 2 BE L CRAEMCHEE L T\ 525, MED
EECRIAM YR THCZ LS, AEEE~OBREX
HAbhiehote. BEIPEE ORI XRIIUH LK
FLEAEERCI VBRIhTE), BERMEYH
- B i E 2B L CFRsEtc i L T
7=(Plate 4. R LEEIERRALEH S LRI O
HMOWESMELARAEEBRCREECRET LTV
(Plate 5). BB OFAFE L, REMEOZ LW RF LM
Jap\RE R AR A RBERENICABERFET 2R L
~T\~7e(Plate 6). FFE D RS (2P NEE DB & FFH
flago%BrEL, REFEKCREECEEL T
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7o (Plate 7). BERtOBT LB, BHREOWHERLEL,,
SR L AR A R R IS FEi L T 7 (Plate 8).
(5) i3s3 GST-P [EikB

GST-P BB OEBENSMIEREE CEFELLH
BieonwTEZewte. ¥, BEREOLR LI
A L. EBR 1 BT 5 GST-P B0 5 Hiks R
% Table 11 i&R$. 1aed iz b © GST-P BRI
BESRETO.614.0H, S O6FTLI7.816.9HEE 1 FD
4.0+1.818, # 28D 5.613.0M8, HIFHD3.4£2.3
R L OEARED 3.9L2.6 & B LTERBIEML
Tote. Eie, FHOFHTIXESH LR L TLAERICH
mLTky, ABMHBEMELRL TV, ladich it
BB EEAEEIC LD 5 GST-P B Rog &
B RO R LR LT\ e, GST-P Bk o FHmEE
i, BIBTESHIMBELEE L EAERL T,
ZOMOFERNICIIZE TR D b hich otz EBR2 LB
% GST-P BBHE 0 FHiiER % Table 12 WR”3. lard
7o b D GST-PBEHEOBITE S BT5.1£2.0 8, 56
FET5.616.4HEHE 1D 4.2+1.81H, H2FD4.7

3B IO 492 T EBS I OB 4BED 4.452.7

B & B L TRRWML T\ 5300, FERENIE
Dot Eie, lardiz b iclE L icECE
BAERIC 5D 5 E& 0 FHEmE oW T b LRI E
BEIIFBDOh» o7, EB1RIO208 6 Ficd
AU 7 B MBS & SEBR 2 D5 b BRI st L i BT RURE
12\ T FRRIZ GST-P el b guta 2 i L 7o 43,
LB GST-PBHEERL T,

Table 11. Induction of GST-P-positive liver foci in experiment 1

No. of rats . . Mean area % area occupied
Groups Treatment _—— N%/Of g’ cl N%/Of 3f§) cl of foci by foci
Initial Effective cm cm (mm?) (%)
1 non-treated 20 14 4.0+£1.8 52.9425.0 0.25+0.16° 0.98+0.48
2 0.15% SN 20 15 5.6+£3.0 100.0451.4¢ 0.15+0.15 0.84+0.55
3 0.3% SN 20 14 3.4+2.3 55.6+41.9 0.19+0.17 0.66+£0.41
4 1% BHPA 20 11 3.9+£2.6 59.4+46.2 0.20£0.19 0.78+£0.49
1% BHPA+ a a f
5 0.15% SN 27 15 9.6+4.0 182.4479.5 0.13+0.14 1.31£0.74
1% BHPA + b a
6 0.3% SN 28 7 17.8+6.9 274.9+111.5 0.21+0.32 3.73+1.37%

! Significantly different from group 5 (p<0.05)

Q = 0o 00 T ®

. Significantly different from groups 1, 3 and 4 (p<0.001) and group 2 (p<0.01)

: Significantly different from groups 1, 2, 3 and 4 (p<0.001) and group 5 (p<0.01)
. Significantly different from group 1 (p<0.01) and groups 3 and 4 (p<0.01)

. Significantly different from groups 1, 2, 3 and 4 (p<<0.001)

. Significantly different from groups 3 and 4 (p<0.05)
. Significantly different from groups 1, 2, 3, 4 and 5 (p<0.001)
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Table 12. Induction of GST-P-positive liver foci in experiment 2

No. of rats . . Mean area % area occupied
Groups Treatment _ N%/grfnzf?m N(E'/glif;) c of foci by foci
Initial Effective (mm?) (%)

1 non-treated 21 14 4.2+1.8 79.2£31.6 0.17£0.23 0.724+0.49

2 0.15% SN 21 14 4.7£3.1 100.1+£64.1 0.12+0.22 0.56%0.46

3 0.3% SN 21 12 4.9£2.7 97.9+53.3 0.11+0.09 0.54+0.38

4 2% THPA 21 7 4.4%+2.7 74.3+£45.5 0.25%+0.55 1.07+1.24
2% THPA+

5 0.15% SN 28 18 5.1£2.0 96.9+34.1 0.14+0.13 0.69+0.39
2% THPA+

6 0.3% SN 28 19 5.61+6.4 106.9+127.4 0.14£0.17 0.794+0.85

BRFCTEpH X1.6~1.8 DEITH - 723, 35~40%
Iv. % =

BHP X 1974 4 Kriiger et al? iz X » TER E iz
= b rV{LEYT, TOREHIZT Y b, <V R, ~a&
AR - EXYAVWEHWERTEH I L T
524-2839-42) . BHP D b b NDOBREIZOWTIE, £ OFIEK
WETH%B BHPA 5 X O THPA = &, ¥Hl, BEI
#, {bked, BIEHIR X Oy e L 0 BERRITIA S
BAEh® 3, thbicEo BHP gEthTwaZ &
X BEIRTERD, Lo LEEDHEIIC X b1,
BHPA & THPA 23t b &N TSN & KL, BHP
DERINDAEEITRIND X 512t 7.. BHPA
& THPA WES BEFICHFLET 5 &, SN 2R/
BRORIEELS S, FLBRPCEERL TS
nitrate DETLIC L > THEFT BT LTI H4, v b4
HATER I BHP 2t F #BicBl5 T 50Tl
Wk ErzbhB X o eot. AR hBLDOMER
BhLICETTFHERTEI R, in vitro 8 X Win
vivo 123\ T BHPA ¥ X 0 THPA %5 BHP 53 45K
INBZERRL, EHIET v P &HAV, BHPA IO
THPA % SN & RRHE L, BLUETICRT 5444
WTo BHP 0AEREHERT S & & bIL, ThifEkE
HEhT\% BHP LAk FEREEE T2 0B 02K
RTHEMTE I ot

— B EE T BT B RIBRYE & SN & O Kt
X 5=t e v LEYOEREHR L LERIGIC X - T
B, FORIGEE X SN OEED 2 5 L HBRYED
BEORWHAIL, SN LHBRHEL O L ITL 1 1
DEBELE 2 LR TWAEY. Fh 2 KO FiHER
T RCSN LRI E L DE LT 4 0 1ELTE
Ziote. In vitro @®i} % BHP DAL, formate
buffer 8X 0’7 v + BT pH 3 MENZERE pH &
Exbh, FhFEh55%, 20 %D BHPA 3=+ = v {k
Xh, BHP 24 S hiz. 4 ADBENHLER LA b

» BHPA 23=t v V{L&hic. = F THPAD=tr Y
1t BHPA i He~XZE L < &<, formate buffer T3
0.6%, 7 v+ BWFT0.1%, & + BHEFTHO0.3%
THH, THPA 1 BHPA ittb~x =t r v fh&hiz v
T EMTRE R B, WThORIBRE DB D BHP 04
B ascorbic acid iw X H ZF L < #il & h, thiocyanate
X hREIhBZEWRENK. £, in vivo TD
BHP O 4B in vitro I ~YEL, BHPA b4

RS 4.0% THPA 5D OAERED 0.01 % TH - e

In vivo It} % BHP DAREKIIMED - cEH E LT,
RIGRHEE o e EBRBHTF BB A, B invivo
ERWTIEE IR SN 2SRRI BRI hic s &
X BoTwhEBbhs. SN ©EHTORIE
BTy P CHI1IARBEREShTV5,

LB DRBERICEIT S dose DHRE I THERICE
% in vivo T?D BHP 04K, RiR%E L SN 0§
ELRIGEEDOBRK L OFhFROBHLER Lk
TEITwot. T3 SN OBRERFEROBED X b EH
MIFAB TRE Il DI 0.3 %% high dose & L TERE
L, low dose % 0.15 % & LCEBIKHFIE L THRE L
fo. REFICRA U RIBRYE O BB 3 SUGRE & 11T
5B L D EL Lard SN & oRBRE B W
THBEEORON R WEECHREL, BHPA 1%,
THPA 132 % & L7z, SN #{B U 7= fRBIKIXZER T
RARLE It 4C OB L, EH GERX2H
CIED FLWbD LMz THRELE., ER1I KX
V2 1IBNT03% SN2 ZHE LI 3 BL O 6B
3R\ TRE O BEINEIE 3 X CEKEDE T AR b
7oy, ZHIESN oML sbnEELbRS. L
LZhBOEHETRBNTH 2EORAENTIETH D
dose RETHEL TH T E2BRB.

BATO BHP £ I oW CIEFHERICE T,
AL v P SN & BHPA ¥ X O' THPA G4
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5T 5 itk » T BHPA o# 4 %23, THPA »
#0.01 %2=1 ey t&h, BHP 4K Ih b &a°
REAT EBRIBIVC2KREBEWVWTBHPA K I O
THPA & SN 0ERE L FHERICE T 5 EREND
HELABHPOFTHARER ER1OE6HT
155umol/rat/day, SEBR 2 D 6 B T 0.72umol/rat/
day THwte. SEFPCBKEH & hic BHP X 0% D
RBBEBEYE ORI, ThOOFHEMEL TS LKL,
BrER 1 ILESWTEbDTAORTH . SHEREDIC
BH XX BHP 5 X 0o REBEEWED O &2
T%» 5 HPOP T# - 7. BHP o fREEM M ico\vT
FHC TV L BHP #5352 i h, %
D#y 80 BRI h B & EAVREAT WA, th
T3 BHP 8 X 05D 7 127 v VR A KN KIRS & bk
¥, HPOP, N-nitrosomethyl(2-hydroxypropyl)amine
(MHP) &2 hicil S h 5%, SEOERIES
HTD BHP DEEADETH - feicsd BHP s X O
B o HPOP 0 Z 2 MR H S hie 23, 131F BHP & R0k
Wiz —vERL, EERTBHP MERIhicd D&
%2 bhte. R0 BHP SR 13 1% BHPA &8 &
L 03% SNEBHRAKEESLALERLOE6HT
0.69~2.20umol/rat/day, 2% THPA&ER&&E 0.3%
SNEBEHKBKEHEELELER2 DE 6 FHT0.16~
0.54xmol/rat/day TH - 7= 4%, 10ppm BHP &H#HkIK
%1 H20mERT 5 & %0 BHP Rk & 13
1.0umol/rat/day &FHH Ih 5 Z & & H BHP ~DBRE
Ak PETHofbFELBIS. 7, BHPA 2%
Exhies v FIEBWTEOHBRYBEREIMEVIT D 2
b b$ BHP OEREIRL <, FHREROBER L FARE
I BHPA 073 = t v V{LE T\ LR S hie.
Lo LTFEERE & i3 % & BHPA TiRFHHIEE
TEELEL, FRFEGE RS &Rl X Ok
R HACERE LD B E L BRNOEERRIR- T
WA TRV EE 2 bR,

£ 1ick\ T BHPA & SN ¥R cH#ELE5
BIUHE 6 BTSRRI i, A8 FE Bk
OFRIBICIES DR 5 S, EENTERS hi
BHP 2L R o522 L g O RS BB OREL O
ERETIENHELNE R T LL, BRI O
DAt ofga T B e W L FR R ERAIRD b
Tebote. TRIZEREER X OIS OEER Ak oS
W THEERERIMEL, SEOERTERShE:
BHP 0B TRABREERELOERIT I EMNTE
TehrotcbDEELBRS. BECRELLEERR
HELBECSE LAY, ZhbOXES IR -5
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iR, —HARPFLERERCRAEL, BERFERICI
EBBLAENI ST ORI BHP 85X 0F0fR
BEEYEC X - CHER I D AREEOTA L —FKL
TR, F i, FiicounwTd, KSR R
&, BE® X ORTFLEREE SESTROATEL A D
R, FEABENFTR T BHP 2BVicBeF AT
BREINBEEL I —HLTWLB®, Thdz, Th
b OEBIARR, S5 X OREABSNFTR»S 1
BN TER S hic BHP 2ME4 45 o BHP #1512 &
50 LAROREEBEREETHbDEELORS. —JF
KB 2 123\ T, THPA & SN # AR5 L5 &
X O 6 Bric 35\~ C BHP OB Rt LI EE 13,
FFIC 3\ THE 5 B 1 BB REESS, #6164l
DO HIfEER A SR -DZTHH, NBHEOEEZIZ
EAEDBRIEh T, Fie, ER1 THLRCEKS
X Oz BERERRDbhhs . Zhik
BHPA & HE L T THPA & SN & DRGiIZ X b &5
Eh5 BHP 0oER DI\ iedic, BERBEERECE
bicholeicdEEzbh 5.
ZOMOBRICBTHEHRETER I SIV21ER
WTERIh, BRABEBEELE LN, BRHTHE
WRERERL T 3RS D Leydig MIIE & 2B
DE/EMBEETH L. ZhbOEEITERMD Wistar R
KT v P CHEHEECREL, TOREXRZLTRTH
BLZ93%, BIU3BLBEREINTH D, SEDOHK

CRIBERKEBEbhic. BEOD Leydig Ml 25R5%

1, 2L3MBHLLPLBDLRBD, Thik
Leydig MiFEIZ 100 BB ALV HL ABRB IS
7D, 85 5 XU 6 BT 60 BLIREIET T 2B 3%
BRI L TH b o toied, FORERED - B
PHRFERTNBRDTHEEELOhS. —F, B
DGR 6 HicE <, ER2EEVTIRERL
ERELTWA, UL BHP k2B GMBEEDFRKEY
HL PR, SEOERICBITHE 6 FHTORE
ROBEMBEL CHEMIRATHS. Tk, COFRDT
v FMCHEBWERCREET S0 L L THMRIRE L
NTWD, Lalanib, SEEEIh0RER2
2 BlDHTH 5. Lijinsky et al P Ditic L 5 & SN #
Hick ) HRORERMET T 5 L VoG R h
TW5BD, KERICEVTIESN #HE L CwiWEic
BOTHEEALREST, FMITHTHS.
SEOER TINS5 BEREEREIRD L
Nieh o 7=y, putative preneoplastic lesion &% 2 b
T GST-PEHEOEENSITICL Y, FRICH
3% initiation fEA B L TV A0 ENERET L &
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CDSEIRETH o, KB LIS\ TR BATER 3 X 0L
#BH7ch O GST-P BHER OB &L F&EoEmREIC LD
% GST-P BHHEOEIAME 5 3 X O 6 Fic s\ Tht
BHCTHHHE L~ AT LB L CHEHBKE R LER
ML Tk, BHPA & SN #RARKIEETLZ L
Lo, FEEORECRELLRVW OO, KL
< initiation fEA 2 BT 5 & LRI hie. —7F, E& 2
EENTIIE S BIOE 6 WL W CHENERE D O
GST-PB#RE o oBEIMERARDbhicb DD, §F
1~ A BEORREE & i L CAB ey bhd
SEDOERICE W TERNTER S hic BHP O& Tlt
FEIC 363 % initiation DRILICIARTS &% % bk,
THRERTREFRE, BLEHLEDTHE L~ 45
TR NTHE 4 ~5 o> GST-PEHENBE I h:
CETHhBH. ThIREWEOREG L & D 100 B
¥ T v b ORI & D initiation 23R Z » T
WHZEHERLTED, BRAFBENES L 0BELEH
XhaEZATHB. GST-P XFHEOEH B X O
FEWERREORBEER L LTHVW LR TWS 2,
100 B % & 2 e BALE 5 » + OFF TR B BRIT X
NTEBT, 41 strain LB & GST-P [EHEERLE &
OBRGREHLMCT B HENRD B, —F, o putative
preneoplastic lesion DIFE & L THWHI T35 gam-
maglutamyl transpeptidase®®*” DI E FIH 134 EELE
EhiK#sH o GST-PBEEETRD LT, GST-P
M X D sensitive le=—H —TH BT LRI
BifE ¥ T SN LRI E X AR L, £ENTE
BEhic=tr e {btEHCID Ty b, =TR, ~AER
2 —ZRBEEOFENR DRI &V O HET, 1968 4
Sander et al.*¥% morpholine & benzylamine % SN &
AR S v MicR 5T 52 X D FFEORESHREL
TR OO FIBRYE >V THREN L Eh T
BB, RN TRBWE AR X HEE ORE I
nitrosation M & A, L 7-¥'8E O R 0 IR S 1w BB
Xhb,. FRP LR = b r Vb3, ik
B U B O RFEELTR T HE, L ORIRYE LEOF
B CEERYETHS. i, b ~NOPELE
2501, BRPCHEET SHRYEORLERT S
bIiEvnikwiEs s, ok hERYEETS L,
SEERTHAVEHMESYE TS 5BHPAK L O
THPA A BEFCHFELTCWBHZ L L 2 3e b
~NDRBENLL, EFO=trrVLEWTH S
BHP BNEWREARZ VAR ETAIWETHHZ LT
X ps-8 e MERECEELTCWALEE LIS,
Tz EE 7 v MR TRES X OB REER

- E

AR, F ik L initiation Z1R 23D b i =
LREOMREEEMTA/ERE V2, BRE.
—Jie t BEDTEHYOLEEATD =+ v VLRIE
i« BERPESE TS Z E23E X bh, in vitro ® in
vivo IRE\WTHE 4 OB AT T 5%, —jkic
nitrosation & # %l 3~ 5 REMW Y E & L T ascorbic
acid®® M b Tk b, TREEHE L L T
thiocyanate®* 0@ &E X hT\b. ZhbDYWE DR
RIAPROFMERICIS\COHER I N, EEN
THERIhic=tr VLW I D e VERED Y 27
M T A ECEERLRR T EARSL L 2 1E
thiocyanate it FMEEFIZE ERTWEHD, L hib
R DR ICE N LA BN, EERRTOSH
B BEAEBICE T HEAD ML e VEREOERE K
ERRTTHB &\ 2 5. HIC ascorbic acid 1IFEME
DOEBIC X b EENTORBWEOERLHHL, v b
FEREDY A7 BETIRBIENTEDEEZLRS.
—7, EERT= e L3N DH, ZOLERYHREE
HEHELTWiWHHE L L Cproline 41 b h Tk
h o) e b & F\ 7z nitrosation DERIC L < VbR
T\ 5. proline X ORIRYE & H# L T =+
r bR SR, oORRYE LRARCRS TS &,
F Az nitrosoproline 4B LT SN #{HE L, @k
®ETH=tr VLAY OEREYRENCHHT 5. %
¥ %z proline 1% SN scavenger & LTl %, #&HNT
DHEBEWEERIC L 2RENLEAEPREL VB LE
2B B TEBEREL.
SEOERBHRL Y, REPCHEETHHBENETH
%5 BHPA 2 b7 v P EFENTERLLEBHPIRL D &
ek X O EENRETH ERH LML, £
hP 2 KBFERERIL, ERENTORBWEERICL S ¢
MERAKB L CEELTRREYE 2560 THD. £
W C DI E LB I 4« TRERZEHRC DA B -
TED, TOFHMEBELNCT 5045 H% ¥ &7
RENETHS L Bbhb.

V. #&

BHP D RiER#%'E ©H % BHPA ¥ X 0 THPA & SN
236D BHP O AR % in vitro 3 X OVin vivo I\~ T
WBEL, ROBREE.

1. 10mM o BHPA % X 0" THPA & 40mM © SN %
formate buffer 1, 5 v b L e P BRPCTRHE R
ik, BHP 0&»A bR, BHPA 85X O
THPA 50 BHP OARRIEIZNZEhEE T54.4 %,
13.3%, 39.2% 8 X 000.58%, 0.12%, 0.31%TH

B
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b, ascorbic acid iz & » #i#] &+, thiocyanate I X b
RS hie.
2. 100gmol ® BHPA % X U8 THPA & 400xmol ®
SN%7 v b ERCESE TS LIcL - TBHP D4R
M&bhic. BHPA %X 08 THPA 25 0 BHP D45
EILFNEFN 4.02%, 0.0115%TH b 800umol D as-
corbic acid DERHFEIC X » THEL S X i

Ll Eo#ER X v in vitro, in.vivo it\~T BHPA &
X O'THPA #3SN ¢ KIGL, BHP BER I h B & L 23
HBH LT, v

RIZZ v + DEEATER Wi BHP it X v [EED
FERAZLNE PEMPEERETSHENTBHPA LU
THPA & SN AR5 » b 5L, BHP 04 %
FEHT 5L EDIEBEORECSOWTHREL I R BL
ToEREE:.
3. FEERIKE\VT1% BHPASFRR I UV2%
THPA &F & & 0.3% SN &8 8K % R s L
5 v + R BHP 2 2 hu £ h 0.69 ~ 2.20umol /rat/
day % X 00 0.16~0.54umol/rat/day 238 H & 7 23,
‘MBS v+, 1% BHPASFRK I 2% THPA &
HROZHEE LT v b, 0.3% SN &5 R KD L w i
Bl v P RPCIEH I AT, EREGTREWT
BHPA 3 X 0 THPA & SN £ 9 5 » b 4 4kPC BHP
PEREIN TS LRI N
4. 1% BHPA&HEAR L 0.3% SN 580k K % R
5 U755 1 08 6 B B\ C BHP 0ERESR©
PLABMEE IO ThZh 74 %% X O°58 % & lFfic
BLTEEREBORENZ LN, %O /REHAR
FHATRS BHP R X W BRI hDd b0 L—FL T
LaL, 2% THPA &H& L 03% SN &HHRALR
R b Ui 28 2 D5 6 FRic s\~ T ik BHP DEZRIIK
BrEEREEREIRD bR T
5. SEBRI1IRIV2KKTEEHRBEEEOHE X,
Bk X ORERIZ I\ T &, Wistar REEME S v b ic3si)
ZHRREEBBOHE L ZIF—KL Tk, L, B
IMROREHEIZELETFTLT W
6. 1% BHPASHERL 0.15% % X 0003% SN &F
BRKEHRELRR1OES BIVEHITRENTHE
BhRIFEBEOREIRD bARh-Tch, %O putative
preneoplastic lesion T# % GST-P B 5 o B ERE
X OBRMERE D O IMFIc L CEBIEML,
FIEMBAME 2R LT\ e, LasL 29 THPA SBA L
0.15 %% X 180.3% SN SHERIKE#H#E L KB 2 0
H5 R IO 6BICE\VTIL, GST-PBMEOEMNE
B X CBAEED I ) OEIZCRHIMERITH S b D
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o, FCH L CERRBINIRD bhith .

7. FRIBIV2EENT, ELERCHIELIHD
F v MRS larbich 357 4HD GST-P Bk E
DD B, 100 BRITEDOT » BV TIRREYE
b7 LI gD initiation 235 T4 LTV 5 2 & 237R
Ihie. :

BlEo#ER Y H 1% BHPA &8/ L 0.3% SN &HHK
BKEZy ricARCERETAZ LRI Y, EFRNTE
B & iz BHP 22 0BMIIEER ©h % Bk X Otk
BREEREY, R L ClEERESRER
ZbhE\ b DD, initiation FEREET B Z AL
hEirotz. LhL, 2% THPA 8F & & 0.3% SN &
FERKEZ » P cEARCES Tz L b, £ER
THER I i BHP X 20 &34 7 {, BHP OEREZE
B BB A LR ICR 3 5 initiation &R X5 D
bhhithol., ZoZ iy, £ERNTERI R
BHP X W EENRET 5 ENTEH IR, ORI
B L L CBHPA NEETHS L Bbhi.

APRORRO—HRLL, HERI 63 4 9 AL 47 B AAHE
Faile R kW TRRLL. g, B
LBV ABEE, BEEARTA L0 » ERABEHED
B X 5 7.

ek 150X %h, ARROBRYE L, WY
JG o e BN ECEE, AFRORTIHIA0 & bvic
78 b RAEFEE L BRI - BRSNS —
7 b ORI BIEP A ER FREB BB 102 B R
HLET. E@EMEE - - FRERBSEHER K
BERCEHAKLET. Db HRALHARY TS -7
ERREFEECHTHEEN I CD, HEFELMC
BB L T

X B
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Explanation of plates
Carcinoma in the respiratory region of the nasal cavity in a rat from group 6 of experiment 1. H &
E, X15.
High power view of plate 1, illustrating invasion into bone tissue. H & E, X80.
Papilloma in the bronchial region of the lung in a rat from group 6 of experiment 1. H & E, X60.
Adenocarcinoma of the lung in a rat from group 6 of experiment 1. H & E, X150.
Squamous cell carcinoma of the lung in a rat from group 6 of experiment 1. H & E, X80.
Papilloma of the esophagus in a rat from group 6 of experiment 1. H & E, X40.
Hepatocellular carcinoma of the liver in a rat from group 6 of experiment 1. H & E, X120.
Transitional cell carcinoma of the urinary bladder in a rat from group 6 of experiment 1. H & E,
X 150.
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