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During studies on cell proliferation in 
mouse kidney following contralateral ne- 
phrectomy, we have noted: (i) a stimula- 
tion produced by mild chemical trauma; and 
(ii) a discrepancy between autoradiographic 
and biochemical evaluations of DNA synthe- 
sis. Comparable phenomena could lead to a 
misinterpretation of data in other experimen- 
tal systems. 

Materials and Methods. Young adult male 
Charles River mice (30 g, 42 days) were 
lightly anesthetized with ether. From some of 
them, the left kidney, sparing the adrenal, 
was removed through the flank between 
9:OO-1O:OO a m . ,  and the pedicle was ligated 
with 000 chromic catgut. The right kidney 
[ contralateral nephrectomy (CLN) ] was 
harvested later. In  other mice (sham oper- 
ation) the right kidney was lightly touched 
with a closed forceps, and both kidneys were 
harvested later. Instruments were cleaned 
with 70% isopropanol containing 3% hexa- 
chlorophene. 

For labeling of DNA, 3H (methyl)- 
thymidine (20 pCi/mouse, 6.7 Ci/mmole; 
New England Nuclear Corporation) was 
given by ip injection 30 min before 
killing. Specific activity of DNA (dpm/mg 
of DNA) was determined by the method of 
Scott et al. (1) as modified by Hinrichs, et 
al .  ( 2 ) .  Samples were counted in Aquafluor 
scintillator (New England Nuclear Corpora- 
tion) at 207% efficiency. Autoradiography was 
done on decapsulated kidneys fixed in 10% 
buffered formalin, sectioned at  5 p, dipped 
in Kodak NTB-2 emulsion, and exposed for 2 
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weeks (3) .  Labeled nuclei and mitotic 
figures were counted in proximal-tubule cells 
of sectioned kidneys stained with hematoxylin 
and eosin. 

Results. A maximum 2.5-fold increase in 
DNA specific activity was found 48 hr after 
CLN (Fig. 1). The right (touched) kidney 
of the sham-operated animals also showed an 
increased DNA specific activity. Table I 
shows that although the ratios of specific ac- 
tivity of the right and left kidney (right/ 
left) of normal animals or of animals ether- 
ized only was slightly greater than 1, the 
ratio (right/left) when the right kidney was 
touched with forceps was 3.6. When the for- 
ceps were wiped completely dry, the ratio 
was about 1. 

Autoradiography of proximal-tubule cells 

HOURS AFTER NEPffRECTOMY 

FIG. 1. Specific activity of DNA after CLN: At 
indicated times after CLN or sham operation, mice 
were injected with 3H-thymidine and killed 30 min 
later. DNA specific activity was determined as de- 
scribed in the text. CLN (a  ) values are mean 3. SE 
for 4 mice. VaIues for sham-operated animals (0) 
represent single determinations. 
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TABLE I. DNA Synthesis in Right and Lef t  Kidney. 
Mice were subjected to  left  nephrectomy, to a sham operation in which the right kidney was 

touched lightly with a forceps (sham), t o  ether anesthesia, or they were left  untreated. 3H- 
(methyl)-thymidine (20 &i) was injected at 47.5 h r  a f te r  laparotomy and mice killed 30 min 
later. DNA specific activity was determined as described in text. Numbers of mice in parenthe- 
ses. Values indicate mean 2 SE. 

DNA specific activity (dpm/mg of DNA j 

Treatment Lef t  kidney Right kidney Righ t/lef t 

None (5)  11,989 f 2087 13,088 f 2327 
Ether only ( 5  j 8760 f 1396 10,042 I~I: 1542 
Sham (6)  6100 f 1299 22,059 f 7248 
Left  nephrectomy (6)  23,522 f 4090 

1.1 
1.2 
3.6 

confirmed the increase in "-thymidine in- 
corporation produced 48 hr after CLN (Fig. 
2 ) .  A mitotic wave was observed at  about the 
same time (Fig. 2 ) .  The distribution of radi- 
oactively labeled cells was strikingly differ- 
ent, however, between CLN kidneys and the 
touched kidneys of shams. In  CLN kidneys, 
labeled cells were distributed throughout the 
proximal-tubules (Fig. 3A). In touched kid- 
neys, labeled cells were confined to the perim- 
eter of the kidney in the area that was 
touched ; furthermore nonparenchymal cells 
were labeled as well as tubular cells (Fig. 
3B). 

Discussion. The increase in specific activi- 
ty of DNA in mouse kidneys at  48 hr after 
CLN was compatible with the increased label- 
ing index and mitotic response in these or- 
gans after CLN, and was similar to previous 
results obtained in rats (4, 5 ) .  Although as- 
sessments of the exact magnitude of stimu- 

lated cell proliferation after CLN have diff- 
ered ( 5 - 7 ) ,  there may be no real discrepan- 
cies, since some assessments have been of the 
mitotic index and others have been of an 
aspect of DNA synthesis. 

The unexpxted finding in the present 
study was the intense labeling seen a t  the 
periphery of the kidney touched with forceps 
imperceptibly wet with isopropanol. This 
minimal trauma caused a striking response 
involving both parenchymal and nonpar- 
enchymal cells in the subcapsular area of the 
kidney. This type of proliferation is distinct 
from that occurring after major injury to the 
kidney, in which the proliferative response 
appears both in the affected and in the con- 
tralateral kidney (8) .  The magnitude of the 
response reported here was probably accentu- 
ated by the ip route of injection of 3H- 
thymidine; heavy subcapsular labeling of 
DNA has previausly been observed in lightly 
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FIG. 2 .  Labeling and mitotic indices after CLN: Percentage of labaled cells ( 0 )  was determined 
by counting a minimum of 1000 proximal-tubule cells. Mit,oses/high power field (0) represents the 
average for 25 fields. 
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FIG. 3A. Autoradiograph of kidney 48 hr  after CLN: Kote labeled proximal-tubule cells; 
magnification 400X. (B)  Autoradiograph of kidney 48 hr  after touching with forceps. Note intense 
labeling a t  periphery of tissue ; magnification 400X. 

handled rat liver after ip injection of 3H- 
thymidine, but not after iv injection (9) .  

Although the data in Fig. 1 and Table I 
might a t  first suggest that touching of a kid- 
ney is as effeczive a stimulus for cell prolifer- 
ation as CLN, autoradiographic analysis 
showed that t k  alcohol-hexachlorophene on 
the forceps led to the stimulation of a small 
population of subcapsular cells incorporating 
a relatively large amount of isotope. There 
was no generslized proliferative response of 
proximal-tubule cells. Similar artifacts result- 
ing from minimal trauma could perhaps also 
be produced after injections of tissue homog- 
enates or serum or by manipulations within 
the peritoneal cavity. The mitotic index, the 

labeling index, and the specific activity of 
DNA cannot be used interchangeably in as- 
sessing cell proliferation in kidney. 

Summary. Approximately 48 hr after re- 
moval of one inouse kidney, the specific ac- 
tivity of DNA increased about 2-fold and 
was confirmed by autoradiographic studies 
and mitotic counts. A similar increase in 
DNA specific activity was produced by 
touching a normal kidney with forceps imper- 
ceptibly wet with isopropanol-hexachloro- 
phene, but autoradiography showed prolifer- 
ative activity confined to the subcapsular 
region rather than throughout the proximal 
tubules. 
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