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Summary . Medium organ bioassays to shorten the experimental duration with unilat-
eral nephrectomy for early detection of renal tumors were investigated in male Wistar rats
after N-ethyl-N-hydroxyethylnitrosamine (EHEN) administration. Animals were fed
1000 ppm EHEN diet for 2 weeks and the left kidney was removed at week 3. They
received several promoting agents and non-promoting agents as negative control for 18
weeks. Within a relatively short period of 20 weeks, the promoting effect on rat renal
tumorigenesis can be detected as a significant increase of preneoplastic lesions, such as
simple or adenomatous hyperplasias with increased levels of 5-bromo-2’-deoxyuridine
(BrdU)-labeled renal cortical tubular epithelia.

Various kinds of salts and metals contained in the diet were tested at concentrations
more than 20 times the normal doses in a preliminary experiment for nephrotoxicity over
8 weeks. Potassium dibasic phosphate (PDP), potassium aluminum sulfate (PAS) and
copper sulfate (CS) induced nephropathy. Therefore, these three salts were investigated in
this medium-term bioassay for renal tumorigenesis. Treatment with 59§ PDP induced renal
calcification with severe nephropathy and promoted the development of preneoplastic
lesions, but that with 5% PAS or 0.5% CS did not. To study the effect of alkalization on
renal mineralization, animals concomitantly received 5% potassium citrate (PC).

The addition of PC to PDP diet reduced the promoting effect on renal tumorigenesis ;
also indicated was retardation of renal calcium by histology, serum biochemistry and
urinalysis. The promoting effects of PDP and inhibitory effects of PC were correlated to
BrdU-labeling indices. Immunohistochemical study was used to examine a,,-globulin
accumulation ; however, PDP-induced nephropathy did not appear to be related to as,-
globlin, as evidenced by the negative results. A pathogenesis for renal carcinogenesis is
suggested in which nephropathy associated with mineralization enhanced the development
of renal cell tumors.
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(@) N-ethyl-N-hydroxyethylnitrosamine(3:3/k%,
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(HAF +—n 2 Y A= K. K)IZ 1000 ppm DEE TE
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[E#%), trisodium nitrilotriacetate monohydrate(NTA,
1.0 %), potassium bromate(KB, 0.05 %), potassium
dibasic phosphate(PDP, 5 %% 721310 %), sodium
phosphate(SP, 0.05 %), potassium alminum sulfate
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% 1 3, 8-Cyclodextrin(8-C)% 45 mg/100 g (A & T
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DL-Serin(DL-S) % 100 mg/100 g {AE <f&:#
4B 3 B TS L 7.
EIME,EIBELD 0.1%LA ZEHRKES L.
AR EIBHEID 1.0% NTA #EREHRE L.
ORI BEID 0.05% KB ERKEE L.
6 R 8 358AE L b diethylene glycol(DEG) % 5 %
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Eir2) THERE L OHRERAEFCET I DE
R X OEEE 15 EBEY LU TORE 8 EERESL,
B DS % 5-bromo-2"-deoxyuridine(Sigma Chem-
ical Co., U.S. A, LAF BrdU &B&3)IERRIC X % e fEid
HREHER S 0 2 THERT L 7e.

-

o 23 8 12 20(weeks)
L L1 | 1 |

) A A A

UN

A killed every 5 rats
m 1000ppm EHEN in diet

15 male Wistar rats at 6 weeks of age

Test chemicals
1) 45mg/100g body weight 8- C/day S.C. X7
2) 100mg/100g body weight DL-serine S.C. biweekly X3
3) 1000ppm LA in diet
4) 10000ppm NTA in diet
5) 500ppm KB in diet
6) 5% DEG in drinking water for 2 days
7) Control
Fig. 1. Expermental design.
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(10 % Calcium carbonate, 10 % Calcium monobasic
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Table 1. Average numbers of BrdU-labeled renal cells per mm? in rats treated
with EHEN, unilateral nephrectomy

8 12 20 (weeks)

Group Treatment ggggﬁg Interstitium %‘;ﬁgﬁa‘rg Interstitium ggﬁgﬁg Interstitium

1 EHEN+pB-C 16.20+4.32 5.56+2.36 15.33+0.58*  3.69+0.33 11.80+£1.30% 5.78+2.44
(12.59+1.28)" (7.08+2.89)

2 EHEN-+DL-S 15.25+2.99 4.89+1.69 13.25+2.22%> 6.67+2.659 13.80£1.64% 6.00+0.822
(13.26+2.88)™ (6.18+2.25)

3 EHEN+LA 13.40+1.82 5.22+2.14 14.40+4.58% 5.14+1.83 18.40+2.88M 9.44+1.42%»
(10.49+2.23) (9.86+£2.41)

4 EHEN+NTA 17.60+5.86 4.89+1.72 19.40+4.16*»  5.31+1.36% 22.20+4.09%>  8.67+2.50%
(11.53+2.77)® (13.2642.50)

5 EHEN-+KB 13.40+2.07 4.00+1.00 12.25+1.89%> 3.89+1.58 13.60£1.34% 3.19+1.15
(7.92+1.17) (6.67+2.93)

6 EHEN-+DEG 10.20£3.19 2.67+1.19 9.75%+0.50® 4.72+3.58 11.75£2.22% 3.33£2.39
(6.46+1.10) (6.39+1.96)

7 EHEN only NA NA 6.50£1.79 2.22+1.58 6.25+1.89 3.30+1.76

EHEN, N-ethyl-N-hydroxyethylnitrosamine; f-C, f-cyclodextrin; DL-S, DL-serine; LA, basic lead acetate; NTA,
trisodium nitrilotriacetate monohydrate ; KB, potassium bromate ; DEG, diethylene glycol.( ) : Numbers of BrdU-labeled
renal cells without adenomatous hyperplasia and adenomas. NA, not performed.

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

® Significantly different from Group 6 (p<0.05).

Table 2. Histological findings in kidneys of rats treated with EHEN, unilateral
nephrectomy and test chemicals

Simple hyperplasias (SH) Adenomatous  Renal cell

G - Eff;ctive; No. of rats No. of SH hy’?e;rtzllasiaséAH) ?TOTS(RCJ)

. number otal number

roup Treatment anir(;a?s with SH(%) per rat (No. of rats) (No. of rats)

Tweeks 8 12 20 8 12 20 8§ 12 20 8 12 20

1 EHEN+s-C 5 5 5 5 19.8+1.0 5.8%+2.5*® 6.6+1.9%» 0 2 10 0 0 1

(100)® (100)® (100)® @ @ [€D)

2 EHEN+DL-S 5 4 3 5 12.4%1.6 4.6+1.5*» 8.4+1.18» 0 0 7 0 0 2

80 (60) (100)® %) @

3 EHEN+LA 5 2 4 5 0.8+1.0 2.2+1.7 11.4+6.6*» 0 2 6 0 0 1

(40) (80> (100)® @ W @

4 EHEN+NTA 5 3 5 5 0.6+0.8 8.6+3.48» 12,247,283 ( 19 27 0 0 8

(60) (100)® (100)® @ @ @

5 EHEN+KB 5 1 5 5 0.4£0.5 1.4%1.1 9.24+2.7% 0 3 8 0 0 1

’ (20) (1000® (100)® @ @& (@D)

6 EHEN+DEG 5 0 4 5 0 1.4+0.8 2.6+0.5% 0 0 1 0 0 0
80 (100)® (€D)

7 EHEN only 5 0 0 2 0 0 0.6+0.5 0 0 0 0 0 0

(40)

EHEN, N-ethl-N-hydroxyethylnitrosamine ; 8~C, f-cyclodextrin ; DL-S, DL-serine ; LA, basic lead
acetate ; NTA, trisodium nitrilotriacetate monohydrate ; KB, potassium bromate ; DEG, diethylene glycol.
® Significantly different from Group 7 (p<0.05).

® Significantly different from Group 6 (p<0.05).
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Table 3. Average kidney weights in rats treated with various salts for 8

weeks
Group Test chemicals Dose(%) Kidney(g) Kidney/B.W.(%)
1 Calcium carbonate 10 0.722 0.29
2 Calcium monobasic phosphate 10 0.742 0.32
3 Magnesium carbonate 1 0.728 0.27
4 Calcium citrate 10 0.665 0.28
5 Magnesium chloride 1 0.727 0.28
6 Potassium dibasic phosphate 10 1.270 0.76
7 Sodium chloride 10 0.641 0.34
8 Potassium chloride 10 0.654 0.34
9 Copper sulfate 0.5 0.640 0.32
10 Ferric sulfate 2 0.732 0.30
11 Manganese sulfate 1 0.755 0.28
12 Potassium iodide 10 0.640 0.31
13 Potassium aluminium sulfate 10 0.672 0.37
14 Sodium fluoride 1 NA NA
15 Zinc chloride 0.05 0.672 0.29
16 Control 0.881 0.30

Table 4. Numbers of renal lesions and BrdU-labeled cells in nephrectomized rats treated

with EHEN and test chemicals

Simple Adenomatous  Renal cell BrdU Nephropathy . . Lo
Group  Treatment hyperplsia hyperplasia tumors (cells/mm?) (Grade) Mineralization

1 EHEN+ 5 %PDP  6.70%£2.458  2.25+1.25*®  (.35+0.58 8.05+£1.72% 3 +
(4.05+0.87)

2 EHEN+ 5 %PAS 1,70+1.269 0.2340.56 0 6.80+0.53%» 1 -
(4.13+1.16)

3 EHEN+0.5%CS  2.00%+1.13%  0.2040.41 0 6.90+1.09» 1 -
(4.00+0.86)

4 EHEN 3.20+1.79” 0.40£0.57 0 4.73+£1.36 0 -
(2,73£1.01)

5 5%PDP  0.88%0.95 0 0 7.1540.38%2 3 +
(2.90+0.68)

6 5%PAS 0.70%£0.73 0 0 6.60+1.63Y 1 -
(4.55+1.18)

7 0.5CS 0.60+0.74 0 0 5.10£0.26™ 1 -
(2.85+0.50)

8 Control 0.40%0.55 0 0 3.4040.86 0 -
(2.9540.79)

EHEN, N-ethyl-N-hydroxyethylnitrosamine ; PDP, potassium dibasic phosphate ; PAS, potassium aluminum sulfate ;

CS, copper sulfate.

() : Numbers of BrdU-labeled cortical cells without adnenomatous hyperplasia and adenoma.

® Significantly different from Group 7 (p<0.05).
® Significantly different from Group 8 (p<0.05).
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Table 5. BrdU-labeled cells, nephropathy and mineralization in nephrectomized
rats treated with EHEN and test chemicals

Group Treatment BrdU LT Nephropathy Mineralization®
(cells/mm?) grade
1 EHEN — 10 %PDP 28.60+3.012> 3 ++
2  EHEN — 10 %PDP+ 5 %PC  14.50%2.542>9 2 -+H-
3 EHEN — 10 %CP 2.92+1.56 0 -
4 EHEN - BD 3.80£0.95 0 -
5 BD —10%PDP 25.20+1,75%9 3 +H+
6 BD — 10 %PDP-+ 5 %PC  16.10+1.94>> 2 —+H-
7 BD —10%CP 0.88+0.272" 0 -
8  BD (control) 3.15%0.68 0 —

PDP, potassium dibasic phosphate ; PC, potassium citrate ; CP, calcium phosphate.

 Significantly different from Group 8 (p<0.05). ® Significantly different from Group 7
(p<0.05). @ Significantly different from Group 1 (p<0.05). @+ : severe, -H- : moder-
ate, + : mild. BrdU-labeled cells were counted in renal cortical tubular epithelia without

preneoplatic lesions.

Table 6. Incidences of renal lesions in nephrectomized rats treated with EHEN and test chemicals

No. of rats with (%) Multiplicity
Simple Adenomatous Renal cell Simple Adenomatous Renal cell
Group Treatment : . . .
hyperplasia hyperplasia  tumor hyperplasia hyperplasia tumor

1 EHEN — 10 %PDP ND 15(100)®  15(100)22 ND 4.13+£1.27%> 2.00£1.00%
2 EHEN — 10%PDP+ 5 %PC ND 14(100)® 4(28.6)>  ND 2.43£1.50® 0.43%0.739
3 EHEN - 10 %CP 18(100) 10(65.6)*»  3(16.7) 3.56+1.54%> (.834+0.83% 0.17+0.37
4 EHEN — BD 20C100) 18(90.0)®  5(25.00® 3.50+1.41» 1.7541.20 0.25+0.43
5 BD — 10 %PDP ND 15(100)® 00> ND 0.9240.86% 0
6 BD - 10 %PDP+ 5 %PC ND 15(100)® 000) ND 0.33+0.479 0
7 BD — 10 %CP 18(90.0) 420.00®  0(0) 0.79£0.77%> 0.21£0.41% 0
8 BD (controD) 20C100) 00> 000 0.88+0.78» 0 0

PDP, potassium dibasic phosphate ; PC, potassium citrate ; CP, calcium phosphate.

BD: basal diet; ND: Not detectable.

® Significantly different from Group 8 (p<0.05).  Significantly different from Group 7 (p<0.05).

9 Significantly different from Group 1 (p<0.05).
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Table 7. Serum biochemistry values of nephrectomized rats treated with
EHEN and test chemicals

Group Treatment BUN Cr Na K Ca Cl P
1 EHEN — 10 %PDP 44,1 1.569 147.02 5.86% 3.269  94.99 13.5
2 EHEN — 10 %PDP+ 5 %PC  62.6% 1.57% 146.4% 5.77 3.73»  97.1®  10.5%
3 EHEN — 10 %CP 30.0® 0.83% 144.1® 4.60® 5.11® 101.2®  6.59
4 EHEN — BD 26.0 0.68" 142.9% 4,96 5.04® 103.0® 6.2
5 BD — 10 %PDP 60.6® 1.98» 149.8» 5.81®» 3.03¥  93.62 17.1%
6 BD — 10 %PDP+ 5 %PC  27.5 1.11*® 148.0® 6.169 4.81®  97.4® 10.0¥
7 BD — 10 %CP 26.6" 0.76® 144.3 4.69% 4.87® 102.6®  5.3%
8 BD (control) 27.8%  0.70"  142.5" 4,79 5.00® 102.9» 5.8
PDP, potassium dibasic phosphate ; PC, potassium citrate ; CP, calcium phosphate.
BD: basal diet. )
® Significantly different from Group 8 (p<0.05).
v Significantly different from Group 1 (p<0.05).
Table 8. Urine analysis of nephrectomized rats treated with EHEN and test chemicals
Group Treatment BUN Cr Na K Ca Cl P pH
1 EHEN — 10 %$PDP 300  13.6% 54.8 38.69 1.04® 37.8® 87.9% 8.0
2 EHEN — 10 %$PDP+ 5 %PC 2009  36.4 46.8¥ 13.6%7 1.269 34.09 87.6% 8.1%
3 EHEN — 10 %CP 15528  101.2 86.0% 584.29 7.92 85.2% 131.2 8.4%
4 EHEN — BD 2577 107.8 114.0 294.6 13.32 185.5 144.7 6.7
5 BD — 10 %PDP 288%  12.8% 46.0% 33.4® 1.04® 32.4% 102.8 8.0
6 BD — 10 %PDP+ 5 %PC 1689 14,8 47.89 33.0® 0.82® 28.29 85.4% 8.0%
7 BD — 10 %CP 2112 123.6 126.0 679.0® 6.62% 112.4 227.4 8.4%
8 BD (control) 2456 128.2 103.0 284.8 10.86 158.4 193.8 6.2

PDP, potassium dibasic phosphate ; PC, potassium citrate ; CP, calcium phosphate.

BD: basal diet.
® Significantly different from Group 8 (p<0.05).
) Significantly different from Group 1 (p<0.05).

MR-, PDP, PAS, CS D \WIFho#ER s\
THZDEMNIRD BT, Hic PDPBREFHTIIIZE
A B & sk - 72 (Photo. 6).
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U 2 BAFEASOTE A S X OSBHREEL L a0 &
EBREWER G X ) EEERENERL TW L DE
PEETRE L. ToER, FEREWETH S dieth-
ylene glycol ¢, BrdU iR X 5 RHIE LB ofifa
BTERE IS < 1372 <, adenomatous hyperplasia D F4
D TEL, ERICEEEORETRDbIigh T,
LA BEEREREDE X T D
adenomatous hyperplasia < renal cell tumor D F4: 23

o bh, OFERERERRE SR TWRMOF
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Explanation of photos

. Simple hyperplasia in a rat treated with EHEN, unilateral nephrectomy at week 20, showing a tubular

pattern(HE X100).

. Adenomatous hyperplasia in a rat treated with EHEN, unilateral nephrectomy and g-C at week 20,

consisting of cells with abundant cytoplasm(HE X100).

. Renal cell tumor in a rat treated with EHEN, unilateral nephrectomy and NTA at week 20. The

lesion was larger than 3 times glomerular size (HE X40).

. Lymphocyte accumulation and calcification (arrow) of kidney in a nephrectomized rat treated with

EHEN. and PDP (HE X250).

. Calcification in a renal cell tumor of a nephrectomized rat treated with EHEN and 5 % PDP (HE

X100).

. Negative immunostaining of a;,-globulin in the kidney of a nephrectomized rat treated with EHEN

and 10 % PDP. Scattered positive tubular cell in the control kidney (insert) (ABC method, counter-
stained with hematoxylin X40).
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