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Stimulation of Growth by Partial Hepatectomy.* (24876) 

K. E. PASCHKIS.~ J .  GODDARD, A. CANTAROW: AND S. ADIBIS 
Division of Endocrine and Cancer Research, Jefferson Medical College, Philadelphia 

We have previously reported that growth 
of certain transplanted rat tumors is enhanced 
by partial hepatectomy as compared with 
growth of these tumors in sham-operated con- 
trols( 1 j . Previously, 3 groups of investigators 
had shown that partial hepatectomy in one 
of a pair of parabiotic rats induced increased 
mitoses in the liver of the other. intact. para- 
biont ( 2,3,4 ) .  Because these observations in- 
dicated enhancement of certain growth proc- 
esses in the presence of regenerating liver, the 
effect of the latter was investigated further. 
Studies were made of the effect of partial 
hepatectomy and liver regeneration on: ( a )  
mitotic rate in cornea and skin; ( b )  com- 
pensatory hypertrophy of kidney following 
unilateral nephrectomy : ( c )  epiphyseal width 
in the hypophysectomized rat. 

M a t e r i d  apzd mcthods. Partial hepatec- 
tomy was performed under ether anesthesia 
by the method of Higgins and Anderson 
whereby 67% of liver is removed ( 5 j . Male 
rats of IYistar strain, obtained from Hark- 
bridge Farms, N. J.. were used, except in the 
study of epiphyseal width. The latter experi- 
ments were performed on hypophysectomized 
female rats of Sprague Dawley strain, pur- 
chased from Hormone Assay Labs, Chicago. 
Hypophysectomy was performed a t  the age of 
26 days, and the experiments 2 weeks later. 
Corneal mitosis. Partially hepatectomized and 
control rats were killed by exsanguination un- 
der ether anesthesia on fourth day after oper- 
ation: all animals received an injection of col- 
chicine ( 1 mg ’kg body wt)  8 hours prior to 
death. Control rats were subjected to “sham 
operation” on day on which the experimental 
group was partially hepatectomized. The 
sham operation consisted of laparotomy under 
ether anesthesia; liver lobes were pushed out 
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of abdomen through the incision, then re- 
turned to abdominal cavity. At autopsy, the 
eyes were fixed in Bouin-Hollande solution; 
after fixation the cornea was dissected out, 
embedded in paraffin, and sectioned serially 
a t  6 p. Sections were stained with Mallory’s 
acid-hematoxylin, or with Masson’s iron- 
hematoxylin. 12-14 sections on either side of 
the equator were used for mitosis. counts, 
Randomization of microscopic fields was per- 
formed by use of random numbers of Kendall 
and Smith(6).  To avoid counting mitoses 
twice, only alternate sections were used. The 
mitotic index was calculated by the formula 

mi totic nuclei 
quiescent nuclei 

x 100. The Rank test, ac- 

cording to Kruskal and Wallis( 7 )  was applied 
to evaluate significance (p) . Compensatory 
hyPeYtrophy of kidney.  The experimental 
group was subjected to partial hepatectomy : 
at the same time one kidney was removed. In 
controls, only unilateral nephrectomy was per- 
formed. Weight of extirpated kidney and 
body weight were recorded. Three weeks 
later all animals were killed by exsanguination 
under ether anesthesia and right kidneys were 
weighed. The difference between weights of 
the 2 kidneys is a measure of compensatory 
hypertrophy following unilateral nephrec- 
tomy. The significance of difference of mean 
increments in kidney weight between control 
group (nephrectomy only) and nephrecto- 
mized hepatectomized group was determined 
by Fisher-“Student” test. Epiphyseal g ~ o w t h  

hc\,poph)wctoinized rats. Female rats hy- 
pophysectomized on 26th day of life were 
subjected to partial hepatectomy 2 weeks after 
hypophysectomy ; hypophysectomized con- 
trols were subjected to sham operation as 
described above. In  the first 2 series postop- 
erative mortality was so high that no definite 
conclusion could be drawn from the few sur- 
vivors. Thereafter, both hepatectomized and 
sham-operated animals were given 2.5 mg cor- 
tisone acetate by subcutaneous injection daily 
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TABLE: I. Mitoses in Cornea following Partial 
H e m  tec t,omv. 

No. of Median 
animals mitotic index 

Controls 7 .722 
Hepatect. 11 2.080 

P ( K )  <.0Ol* 

* Rank Test (Kruskal arid Wallis). 

beginning on day of operation. All animals 
were killed on 6th day after operation. The 
tibiae were fixed in Bouin-trichloracetic acid, 
and decalcified in a solution containing 5 %  
trichloracetic acid and 10% formaldehyde. 
After embedding in paraffin, serial sections 
were made of the region of proximal epiphysis 
and were stained with hematoxylin eosin. 
Measurements of epiphyseal width were made 
on central sections, with use of eye-piece mi- 
crometer (8) .  For statistical evaluation, the 
p of difference between the 2 groups was de- 
termined by Fisher’s “Student” method. 

Results. Mitosis stimulation, cornea and 
skin (Pinna)  . Four days after partial hepa- 
tectomy, the mitotic index in the cornea was 
significantly higher than in cornea of sham- 
operated controls (Table I).  No increase of 
mitotic activity was found in the skin (pinna) . 
(Not tabulated). 

Compensatory enlargement of kidney. In 
rats subjected simultaneously to unilateral ne- 
phrectomy and partial hepatectomy, com- 
pensatory enlargement of remaining kidney 
was greater than in controls, subjected only 
to unilateral nephrectomy. The difference 
was statistically significant (Table 11). 

Growth of the  tibia1 epiphysis in hypophy-  
sectonzized rats. Six days after partial hepa- 
tectomy there was a highly significant increase 

in epiphyseal width as compared with that in 
sham-operated controls (Table III) . The pos- 
sible growth inhibiting effect of the adminis- 
tered cortisone acetate we consider of minor 
importance because both hepatectomized and 
control rats received identical treatment. 

Discussion. Experiments here reported 
show stimulation of growth of 3 different tis- 
sues following partial hepatectomy. These 3 
tissues differ widely in their biological charac- 
teristics. Intensive and rapid growth induced 
in liver remnant following partial hepatec- 
tomy has long been known. Occurrence of a 
mitotic reaction in liver of a normal, intact 
parabiont, following partial hepatectomy in 
the other, first demonstrated that a growth 

TABLE 111. Effect of Partial Hepatectomy on 
Epiphyseal Width of Proximal Tibia of Hypophy- 

sectomized Rats. 

Xo. of Xean epiphyseal 
animals width 

Sham operated controls 1 7  212.0 2 4.67* 
I-Iepa trctomized 10 246.7 ? 6.74 

P,,, <.001t 

* Stand. error of mean. 
t T-test (Fisher’s Student method). 

stimulus was carried humorally following par- 
tial hepatectomy (2,3,4). These data could 
be interpreted as indicating presence of an 
organ specific growth-stimulating agent Our 
previously reported findings of increased tu- 
mor growth in the presence of regenerating 
liver (1) and extension of this effect in the 
present report, to non-tumor tissues, indicate 
that the growth stimulus is not organ specific. 

The question whether such growth stimula- 
tion is due to an active growth stimulating 
agent circulating in partially hepatectomized 

TRRTAE T I .  Effect of Partial Hepateetomy on Coinpellsatory Hypertrophy of Kidney. 

Mean incr. in kidney wt 
KO. of (g>  

Control nephrect. 18 .320 2 .03t 57.9 

aninials Absolute Relative * Body wt iner. ( E )  

Nrphrec t., liepatec t. 8 .430 & .04 50.5 

(‘ontrol ncp2lrcc.t. !I .321 & .os .OX0 2 .01 40 -t 14.2 

of (]iff.$ .05 

Nrph rev t ., 1rty’;”tcc. t . 7 .541 f .07 2 2 8  * .05 55.4 4 28.2 
Y,,) of diff. <.Ol <,Ol < ‘2 

* W t  of each kidney recorded in  yo of body wt a t  time kidney was obtained. 
t Stand. error of mean. 
$ T-test (Fisher’s ‘ I  Student,” method). 
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rats, possibly secreted by the regenerating 
liver, or whether it is due to removal of a 
growth inhibitor by partial hepatectomy. was 
first posed by Bucher et  aZ.(2). Glinos has 
recently reviewed the evidence for the latter 
mechanism, implicating plasma proteins as the 
regulating factor, or the agent of “chemical 
communication”(9). On the other hand. 
Friedrich-Freksa and Zaki have found that 
injection of serum of hepatectomized. but not 
of intact rats into normal recipients induces 
mitoses in the liver. This is interpreted as 
evidence for presence of a growth-stimulating 
factor ( 10).  Glinos discounts this report be- 
cause he was unable to confirm i t ;  however 
Stich and Florian have confirmed, in part ,  the 
findings of Friedrich-Freksa, inasmuch as 
they found that injection of serum from par- 
tially hepatectomized rats increased the mi- 
totic count of regenerating liver in the recipi- 
ent animal. Injection of serum from intact 
donors, or of homogenates of normal liver, in- 
hibited mitosis in the regenerating liver. The  
authors also interpret their results as indicat- 
ing regulation of liver growth by an inhibitor 
present in normal liver, and evidently in cir- 
culating blood ( 11 ) . However the fact that 
serum from hepatectomized donors showed 
not merely absence of inhibiting action. but 
actual stimulation, suggests the possibility of 
a balance between stimulating and inhibiting 
factors ( 1 2  ) . The studies cited above were 
concerned with regulation of liver regenera- 
tion and were interpreted in terms of organ- 
specific growth regulators. I t  is not known 
whether the non-organ-specific growth stimu- 
lation incident to liver regeneration here de- 
scribed, is subject to similar inhibitory and 
regulatory factors; this possibility is currently 
being investigated in our laboratories. 

Summary. It has been shown by others 
that partial hepatectomy in one partner of 
parabiotic rats induced mitoses in liver of the 
other, intact parabiont. We found previously 
that growth of transplanted tumors was en- 
hanced by partial hepatectomy of the host. I n  
this paper stimulation of non-malignant 
growth following partial hepatectomy in the 
rat is reported. Mitotic rate in cornea, and 
compensatory hypertrophy of kidney is in- 
creased. In hypophysectomized rats partial 
hepatectomy is followed by increased width of 
tibia1 epiphysis. These findings are discussed 
with regard to organ specificity and mechan- 
isms of growth regulation. 
~ _ _ _  

1. Paschkis, K. E., Cantarow, A.,  Stasney, J.,  Hobbs, 

2 .  Bucher, N. L. R., Scott, J .  F., ,4ub, j. C., ibid., 

3 .  Christensen, B. G., Jacobsen, E., Acta Med.  
Scand.,  1950, Suppl. 234, 103. 

4. Wenneker, A. S., Sussman, H., PROC. SOC. EXP. 
HIOL. A N D  MED., 1951, v76, 683. 

.5. Higgins, G. M., Anderson, R. M., Arch. Path., 
1931, v12, 186. 

6. Kendall, M. G., Smith, B.  B., Tables of Ran- 
dom Sampling Numbers, Tracts for Computers XXIV 
London, 1939, Cambridge Univ. Press. 

7. Kruskal, W. H., Wallis, W. A., Anz. Stat. Assn., 
1952, v47, 583. 

8.  Kibrick, E. A,,  Becks, A., Marx, W., Evans, 
H. M., Growth, 1941, v.5, 437. 

9. Glinos, A. D., The Mechanism of Liver Growth 
and Regeneration. In :  A Symposium on Chemical 
Bash of Development. Ed. McElroy W. D., and Glass, 
I3 

10. Friedrich-Freksa, H., Zaki, F. G., f .  Naturforsch. 
19.74, v96, 394. 

11. Stich, H. F., Florian, M .  L., Canad. J .  Biochem. 
a n d  PhyJiol., 1958, v36, 855. 

12. Paschkis, K. E., Cancer Res., 1938, v18, 981. 

J .  H., Cancer Res., 19.55, v l 5 ,  582 .  

1951, v l l ,  457. 

Baltimore 1938, Johns Hopkins Press. 

__ -~ __ I_ 

Ticccived March 17, 19.59. P.S.E.B.M., 1959, v101. 


