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Glinos and Gey found that serum from par- 
tially hepa tec tom ized rat has growt h-promo t - 
ing effects on primary liver explants and on 
strain of fibroblasts cultured in vitro with re- 
spect to initiation of outgrowth. organization 
and morphology of colonies, and duration of 
growth period ( 1 ) . In addition, Friedrich- 
Freska and Zaki injected a rat with rat serum 
obtained 2 days after partial hepatectomy and 
found that the number of mitoses in liver in- 
creased 20 times whereas normal serum caused 
only a slight increase. The effect of serum was 
specific for liver and due to non-dialyzable 
protein (albumin or globulin) fraction ( 2 ) . 
Teir and his co-workers investigated a growth- 
stimulating factor in liver homogenates from 
newborn or partially hepatectomized rats. 
When such homogenates are injected intra- 
peritoneally into intact rats, the number of 
mitoses in liver of normal rat increases(3). 
They suggested existence of a local growth 
factor in addition to the general systemic 
growth regulation. In the present investiga- 
tion, an attempt was made to demonstrate the 
presence of a growth-promoting factor in 
serum of unilaterally nephrectomized rat with 
respect to mitotic activity. 

Methods and materials. Outer medullas of 
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kidneys from Holtzman strain albino male 
rats, weighing 60 to 80 g, were cut in frag- 
ments approximately 1 mm square and ex- 
planted in plasma clot on 12 X 50 mm cover 
glass No. 1. The clot consisted of equal parts 
of heparinized rooster plasma and embryonic 
extract from chicken incubated for 8 days. 
Three explants were placed on each cover 
glass, and after clot had become firm, 2 such 
cover glasses were inserted back to back in 
one roller tube. Two to 3 hours after explan- 
tation, 2 ml of Eagle's medium were added to 
each tube. The cultures were incubated at  
37"C, and after 3 days the cultures growing 
most abundantly were chosen and divided 
in to 2 groups ; experimentals and controls. 
The media of cultures were changed, and ex- 
perimentals incubated a t  3 7°C with serum 
(diluted to final concentration of 15 to 20% 
with Eagle's medium) from the unilaterally 
nephrectomized rat, obtained on 2nd and 15th 
postoperative days, and in one case, with 
serum from sham operated rat, obtained on 
2nd postoperative day. Controls were in- 
cubated with serum (diluted in the same way 
as the experimentals) from the normal rat. 

After incubation with serum for 3 days, the 
cultures were fixed and stained according to 
Jacobson's method for determination of mi- 
totic ratios. The pancreas, anterior pituitary, 
and bladder of the rat (for organ specificity) 
and the outer medulla of puppy kidney (for 
species specificity) were cultured and treated 
in the same way. Blood was drawn asep- 
tically from the rat by cardiac puncture using 
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TABLE I. Mitotic Ratios in Cultures of Outer Medulla of Rat Kidney (in % of Total Counts). 

/------Controls-, Exp.* I 

Serum used R P M A T (N,) R P M A T (N,?) 
Nt Nt 

Untreated 1. 

2. 

Sham operation 

Obtained on 15th 

Heated at  56°C 1. 
post-op. day 

2. 

Heated at  100°C 

Dialyzed against 
Gey’s B.S.S. 

97.36 

97.50 

99.21 

99.20 

99.33 

98.26 

97.91 

99.91 

.45 1.05 .35 

.35 .90 .40 
-2.50- 

.29 .25 . l o  
-.79- 

.20 .40 .05 
-.go- 

.16 .23 .I1 
-.67- 

.42 .75 .24 

.46 .71 .34 
-2.09- 

.oo .oo .09 
-.09- 

- 2 . 6 6  

-1.7” 

.79 

.85 

.15 

.15 

.17 

.33 

.58 

.oo 

2002 

2005 

2028 

2005 

6138 

6069 

4122 

1149 

(6) 

(4) 

(6) 

(9) 

(4) 

(7) 

(3) 

(7) 

94.52 1.79 

96.20 .60 

99.31 .15 

99.65 .05 

97.81 .54 

96.69 .78 

98.07 .52 

99.40 .05 

2.34 .50 

1.40 .65 
-3.80- 

.34 .15 
-.69- 
.20 .oo 

-.35- 
.74 .31 

-2.19- 
1.21 .43 
-3.31- 

.64 .35 

.25 S O  

-5.48- 

-1.93- 

-.60- 

-85 

1.15 

.05 

. lo  

.60 

.89 

.42 

.20 

2007 

2004 

2043 

2008 

6113 

5842 

4071 

2002 

( 5 )  

(6) 

(7) 

(10) 

(5) 

(6) 

(2) 

(4) 
* Serum was obtained on 2nd postoperative day following uninephrectomy except as noted. 
R, resting stage; P, prophase; M, metaphase; A, anaphase; T, telophase; Nt, total KO. 

of cells counted; N,, No. of explants. 

a syringe containing 0.2 ml of heparin solu- 
tion (2 )( lC5 unit/ml) in Gey’s balanced 
salt solution (B.S.S.) , centrifuged and the 
serum used for incubation with tissue cul- 
tures. Serum was diluted to final concentra- 
tion of 15 to 20% with Eagle’s medium be- 
fore incubation. Rate of mitotic division of 
epithelial-like cells of cultures was estimated 
by recording % cells in mitotic stages out of 

total cells counted. Samples were pooled 
from 1 to 10 explants and in most cases each 
sample consisted of slightly over 2000 cells. 
The results are shown in Tables I and 11. 

The mitotic ratio in epithelial- 
like cells from the outer medulla of rat kid- 
ney, cultured in vitro and incubated with 
serum obtained from unilaterally nephrec- 
tomized rats on 2nd postoperative day, was 

Results. 

TABLE 11. Influence of Serum from Uninephreetomized Rats upon Mitotic Ratios of Puppy 
Kidneys and Different Rat Organs in Tissue Culture. 

-Controls-.-, r-- Exp.” , 
N t  Nt 

R P M A T (Ne) R P M A T (N,) 

Species  Specificity 
Puppy kidney 1. 

2. 

Organ specificity 
Rat bladder 1. 

2. 

Rat ant. pitui- 

Rat pancreas 
tary 

99.57 .12 .25 .06 
--,43- 

98.95 .40 .45 .05 
-1.05- 

100.00 .oo .oo .oo 
-.oo- 

99.92 .08 .OO .OO 
-.08- 

99.28 .29 .43 .OO 
-.72- 

99.82 .06 .06 .06 
-.18- 

.OO 1632 

.15 2011 
(6) 

(3) 

.OO 1234 

.OO 1243 

.OO 695 

.OO 1605 

(2) 

(4) 

(1) 

(4) 

97.57 .35 1.14 .25 .69 

98.13 .30 1.08 .10 .39 
-2.43- 

-1.87- 

100.00 .oo .oo .oo .oo 

100.00 .oo .oo .oo .oo 

99.50 .20 .20 . l o  .OO 

100.00 .oo .oo .oo .oo 

-.oo- 

-.oo- 

-.50- 

-.oo- 

2094 

2030 
(5) 

(2? 

* Serum was obtained on 2nd postoperative day followiiig uiiinephrectomy except as noted. 
R, resting stage; P, prophase; M, metaphase; A, aiiaphase; T, telophase; N,, total No. 

of cells counted; No, No. of explants. 
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approximately twice as high as that obtained 
from controls, incubated with serum from 
normal rats (experimentals-controls: 5.48%- 
2.64%; 3.80%-2.50%) (Table I). This was 
not the case when cultures were incubated 
with serum from sham operated rats (0.69%- 
0.70%). Further, there was no increase in 
mitotic ratio in the cultures incubated with 
serum obtained from unilaterally nephrecto- 
mized rat on 15th postoperative day. as corn- 
pared with controls (0.35$!&-0.80%). 

The mitotic ratio in epithelial-like cells 
from rat kidney, cultured and incubated with 
serum obtained from unilaterally nephrectom- 
ized rat on 2nd postoperative day, and fur- 
ther heated for 30 minutes a t  56°C was also 
approximately twice as high as that obtained 
from controls treated in like manner (2.19%- 
0.67%; 3.31%-1.74%). In this case, after 
heating for 30 minutes a t  56OC, the serum 
was centrifuged and the supernatant used. 

Serum was also kept for 20 minutes a t  
100°C in boiling water bath, centrifuged and 
the supernatant used for incubation with cul- 
tured rat kidney. There was no difference in 
mitotic ratios between experimentals and con- 
trols (1.93%-2.09%). 

Serum was dialyzed for 48 hours against 
3 liters of Gey's solution at  4OC, and used for 
incubation with cultured rat kidney. The 
mitotic ratio in the experimentals appeared 
to be higher than that of the controls (0.60%- 
0.09% ) . 

When untreated rat serum was incubated 
with the epithelial-like cells from puppy kid- 
ney cultures (Table 11) , the experimentals 
showed mitotic ratios approximately 3 times 
greater than those of controls (2.43%0-0.43% ; 
1.87%-1.05%0). When rat serum was incu- 
bated with the epithelial-like cells from the 
bladder, anterior pituitary, and pancreas of 
the rat, there were no significant differences 
in mitotic ratios between experimentals and 
controls (O%-O.OS% ; O%-O% in rat bladder ; 
0.50%-0.72% in rat anterior pituitary: 0%- 
0.18% in rat pancreas). 

Discussion. It follows from our results 
that a mitosis stimulating factor appears in 
serum of unilaterally nephrectomized rats 
within 2 days following uninephrectomy, but 
disappears within 15 days after operation. 

The factor seems to be organ specific (acting 
strictly upon the kidney) but not species spe- 
cific. Furthermore this factor is heat stable 
at 56"C, but its activity is destroyed by boil- 
ing a t  1100°C. The mitosis stimulating factor 
appears to be non-dialyzable. 

There is a wide scattering in the mitotic 
index of controls, which is probably due to 
differences in the chemical composition (of 
embryonic extract, plasma, etc,) of different 
batches of the culture fluid. Therefore, each 
control should be compared with its corre- 
sponding experimental, because in both cases 
the same batches of culture fluids were used. 

Following unilateral nephrectomy, the re- 
maining kidney shows an almost immediate 
response to uninephrectomy, and in vivo i t  
has been shown that mitotic activity in the 
remaining kidney increases considerably with- 
in 2 days following uninephrectomy and con- 
tinues until approximately the 10th post- 
operative day(4,5,6). Our results suggest 
that this increased mitotic activity is due to 
a humoral factor present in the serum of the 
unilaterally nephrectomized rat, but not pres- 
ent in the serum of the normal rat. Thus, 
the mechanism of renal compensatory hyper- 
trophy following uninephrectomy is probably 
initiated by a humoral factor. The question 
naturally arises as to the nature of the factor 
which stimulates mitosis in the remaining 
kidney after uninephrectomy. 

Discussion. Bollman and Mann claimed 
that accumulation of urinary products was the 
primary factor in renal compensatory hyper- 
trophy ( 7 ) ,  i.e., they found that hypertrophy 
of the remaining kidney after nephrectomy 
was greatly increased by accumulation of 
urinary products in blood following trans- 
plantation of the ureter to the duodenum, so 
that urine was drained into the duodenum; 
however, no control data were given. 

Pure ACTH has no renotropic action(9). 
The hypophysis is involved in the mechanism 
of renal compensatory hypertrophy( 8,lO), 
but its presence does not seem to be abso- 
lutely necessary ( 11-1 6).  Renin has an in- 
hibi tory action on renal compensatory hyper- 
trophy and presumably acts in a self-regulat- 
ing mechanism in the control of organ growth 
(25 1 * 



Inasmuch as the procedure of uninephrec- 
tomy is to be considered as a stress factor for 
the rat, i t  is logical to assume that the stress 
mechanism may be involved in renal com- 
pensatory hypertrophy. However, the stress 
reaction is a more or less generalized phe- 
nomenon. In renal compensatory hypertro- 
phy following uninephrectomy, only the 
remaining kidney undergoes extensive hyper- 
trophy and increases its size to take over the 
function of the ablated organ. Hormones 
such as GH ( l'O), thyroxine( 17-19) and testo- 
sterone propionate( 20-23) are involved in the 
mechanism of the renal compensatory hyper- 
trophy, but these substances act upon various 
other target organs as well; however, estrogen 
inhibits renal hypertrophy in the rat( 24). It 
would seem difficult to explain the rather spe- 
cific phenomenon of renal compensatory hy- 
pertrophy through the action of hormones 
which have more or less generalized effects in 
the body. These hormones might be involved 
in stress mechanism following uninephrec- 
tomy, but how are these hormones regulated 
so as to produce an effect solely upon the re- 
maining kidney? 

We found that the mitosis stimulating fac- 
tor had organ specificity, suggesting the pos- 
sibility of a local growth factor. 

As previously mentioned, an organ,, but not 
species specific mitosis stimulating factor has 
been reported in liver homogenates (3). Fur- 
thermore the serum obtained from partially 
hepatectomized rats s.11 the 2nd postoperative 
day, has a mitosis stimulating action upon the 
liver, and this factor is organ specific and pro- 
teic in nature, which is in agreement with the 
results obtained in the present investigation 

A mitosis stimulating factor found in the 
serum of unilaterally nephrectomized rat 
might represent one or several of the hor- 
mones already known, but in view of the 
organ specificity, this factor should more 
probably be considered as a substance which 
had an intimate relation to the local growth 
regulation of the organ, as in the case of the 
liver. 

The work reported revealed no information 
as to site of formation of the mitosis stimu- 
lating factor. 

(2 )  * 

It might be suggested that renal compen- 
satory hypertrophy following unilateral neph- 
rectomy is a complicated phenomenon of pri- 
marily humoral coordination mediated by 
both the systemic stress mechanism and by a 
local growth regulatory mechanism. 

Summary. A mitosis stimulating factor in 
serum obtained from unilaterally nephrec- 
tomized rat on the 2nd postoperative day was 
investigated. This mitosis stimulating factor 
was heat stable at 56"C, non-dialyzable, or- 
gan specific, but not species specific. The 
probable nature of this factor is discussed. 
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Coenzyme Studies in Primaquine-Sensitive Erythrocytes."t (24348) 
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A severe, acute, genetically determined he- 
molytic anemia may be induced by prima- 
quine, many other drugs of therapeutic im- 
portance, and fava beans, in certain otherwise 
healthy individuals ( 1 - 5 ) .  Because the bio- 
chemical and enzymic abnormalities which 
characterize erythrocytes of these drug- 
sensitive individuals were first investigated 
using primaquine, the syndrome precipi- 
tated by this drug as well as by toxicologi- 
cally related agents has been designated 
"primaquine-sensitive hemolytic anemia" ( 5 ) . 
Except for certain biochemical abnormali- 
ties in glutathione and carbohydrate me- 
tabolism, erythrocytes of primaquine-sen- 
sitive individuals appear to be normal ( 6 ) .  
Reduced glutathione content of these erythro- 
cytes is generally lower than normal; however, 
there is considerable overlapping of values 
( 2 ) .  The reduced glutathione content falls 
still further in vivo during drug-induced he- 
molysis ( 7 ) .  Furthermore, reduced gluta- 
thione content is usually unstable when ery- 
throcytes are incubated in vitro with acetyl- 
phenylhydrazine( 2,8). The glutathione re- 
ductase activity of primaquine-sensitive ery- 
throcytes is increased (Reaction 2 )  (9).  Two 
enzymic abnormalities in carbohydrate me- 
tabolism of erythrocytes from primaquine- 

sensitive males have been reported by this 
laboratory. 1 ) Activity of glucose-6-phos- 
phate dehydrogenase, the enzyme catalyzing 
initial oxidative reaction of the hexosemono- 
phosphate shunt, is markedly diminished (Re- 
action 1) ( lo) .  In  some sensitive females de- 
ficiency may be considerably less than in 
males ( 2 ) .  2 )  The activity of aldolase is in- 
creased in erythrocytes of primaquine-sensi- 
tive males ( 1 1 ) . Aldolase catalyzes the revers- 
ible splitting of FDP, supplying substrate for 
the oxidative reaction of the Embden-Meyer- 
hof pathway (Reactions 3 and 4). 

Enzymic abnormalities in primaquine-sensi- 
tive erythrocytes focus attention on the pivo- 

Rcaetioii 1 : . 
G-6-P 

Dehy drogenase 
+ 6-PG + T P N H  t(i-6-P + TPA" - + H+ 

Hmction 2 : 
GSSG 

Reductase 
GSSG + T P N H  + H+ A 2 GSH + TPTU" 

Kcaction 3 : 
Aldolase 

FDP A GA-3-P + DHAP -- 
Reaction 4 : 

GAPD 
CIA-3-P + Pi + DPN+ - 1,3-DPG 4- - ' D P N H + H +  
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$ DPNS., DPNH, oxidized and reduced diphospho- 
pyridine nucleotide, respectively ; TPN+, TPNH, 
oxidized and reduced triphosphopyridine nucleotide, 
respectively ; GSH, GSSG, reduced and oxidized 
glutathione, respectively ; G-6-P, glucose-6-phos- 
phate ; 6-PG, 6-phosphogluconate ; FDP, fructose 
diphcsphate ; DHAP, dihydroxyacetone phosphate ; 
GA-3-P, glyceraldehyde-3-phosphate ; 1,3-DPG, 1,3 
diphosphoglycerate ; Pi, inorganic phosphate ; GAPD, 
glyceraldehyde phosphate dehydrogenase. 


