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ABSTRACT

Although the phenomenon of compensatory renal growth has been

under investigation for more than a c e n t u r y , its mediation has not

be e n elucidated. The participation o f a circulating, kidney-specific

growt h factor, either stimulatory or inhibitory, h a s been hypothesized,

bu t its existence has not been proved. Theoretical considerations

p r e d i c t that iE.. vitro methods could be profitably used in these

cir c ums t a n c e s , since these methods would allow d i ssociation of the

effe c t s of the postulated f a c t o r from t he complex physiological change s

whi c h accompany compensatory r enal growt h iE.. vivo .

The work of this thesis consists o f the development of a cell

cu l t u r e system suitable for testing serum from prev i o u s l y unlneph­

rect omi z e d or sham-operated animals for t h e presence of such a growth

fac t o r . A method of primary culture o f a du l t Fischer rat kidney

epit he l i um is described. The mor p ho logy o f t he se c u l t u r e d cells is

comp ati b l e with that of proximal t ubule epithelium iE.. situ, these

being t he ce l l s stimulated to divide iE.. vivo by uninep hrec t omy. The

chief find i ng r eported i n t h is t hesis is tha t tre atment with serum

from ra t s un i ne phrectomized 48 hours p rev i ously resu l t s in consls t en t,

signifi can t increa s e in upta k e of tr i tia ted thymi dine by cultures ,

whe n compared with control sera from s h am- op e r a ted r a t s . Serum f r om

rat s uninephrectomized 18-36 hours previously is not consistently

stimu l a t o r y. Preliminary investigation with thi s culture system i nd i­

cates t hat: (a) the differen t i a l effect of control and uninephre c tomy

sera is due t o the presence o f a stimulato ry f a cto r in the lat ter
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rather than an inhibitor in the forne r ; (b) s o l ub le fractions of

homo gen a t e s of both kidney and live r tissue exhibit inhibitory dose­

effect s in cultures; (c) xanthopte r in, a compound tha t stimulates

kidney tubule epithelial cell divi s ion lE. vivo,has no stimulatory

effect lE. vitro; (d) serum obtaine d from human kidney transplant

donors 24-72 hours after uninephre ctomy stimulates increasing

thymidine uptake in cultures.

Us e o f this culture system ha s confi rmed the exi s tence of a

serum f a c t or i n vo lve d i n co mpen s atiozy renal growth, an d shoul d prove

to be a valuable tool for its ch a r a cterization .
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REVIEW AND DISCUSSION OF LITERATURE

A. I n t r od uc t i o n

The ph en ome no n of compensatory r enal growth h a s b een under

i nve s t i ga t i o n for more than a century; the liter a ture comprises well

ove r a t ho us a nd citations. Most of this e ffort has been directed

towards de s c r i b i ng the morphological, biochemical and functional

events whi c h follow unilateral nephrectomy. Relatively few investi­

gators ha v e addressed themselves to the question of the control or

mediation of this growth . Although e v e n t s occurring as soon as f i ve

minutes a f t e r unilateral nephrectomy have been described (Lowenstein

and Toba c k , 1978), t h e nature of the primary stimulus is unknown .

In thi s chapter I shall consider f i r s t the phenomenon of

co mpensator y renal growth, and secondly, the stimulus to growth.

I have been critical in both the s e l e c t i on and discussion o f papers,

paying par t i c u l a r attention to such variables as characteristics of

the an i ma l used, sam ple size , ass a y method, varian c e of data and us e

of ap prop r i a t e controls . The mos t r ecent publications were not

necessar i l y sel e c t e d i n p r e fere nce to t he i r predec e ssors. Some

i n f o rma tion wa s deriv ed f r om pape r s i n wh i ch it wa s presented

inciden t a l l y , or i n the co u rse o f e xp e r i me n t s pertain i ng t o a dif ­

feren t s ub jec t . This review was designed t o provide a summary of

soundly- b a s e d i n f o rma t i o n concern i ng the -p he nome no n of comp ensator y

renal growt h , especially as seen in rats a nd humans. I have also

attemp t e d to present a n unb i a s e d bu t c r i t i c a l surve y of the more

contr ov e r s i a l aspe c t s o f the subj e c t, whi ch r elate to contro l of

the growt h.



B. Descr i p t i o n of the phenomenon

Or g a n and cellular hypertrophy

Wh e n one kidney is removed, the remaining kidney increases in

weight during the succeeding days; this is not due merely to an

increase in contained blood volume o r to accumulation of fluid, but

is caus e d by: (a) an increase in the size of some of the cells

(hypert r op hy ) and (b) an increase, by cell divisi.on, in the number

of the cells (hyperplasia).

Th i s mass increase has been found in all mammalian species

studied , with the possible exceptions of the baboon (Dicker and

Morris , 19 7 2 ) and the cat (R. Janicki, in the general discussion

include d in Nowinski and Goss, 1969).

A statistically significant increase in rat kidney mass occurs

by 24 hours after unilateral nephrectomy (UNx) (Halliburton and

Thoms on , 1966). At the end of a week, the mass increase is in the

range o f from 30 t o 40 per cent when c omp a red wi.th sham-operated

contro l s (Katz and Ep s tei n , 1967; Kurnick and Lindsay, 1968a) . 'fhe

time c ou r s e of kidney mass increase i n t he Fischer rats used in this

study is de s c r i be d in the Results s e ction.

The proportion of dry mass to wet remains constant at about 24

per c e n t during the course of compensatory growth (Ha l l i bu r t o n and

Thoms o n , 1965b; Threlfall et al., 1967; Kur n i c k and Lindsay, 1968a).

Therefo r e , measurement of either wet or dry weight is an equally

relia b l e index of growth .



When more than half of the r enal mass is excised, the

compensat o r y growth is greater: Kaufman et: al. (1974) report that

r emova l of about 70 per cent of kidney mass from adult rats results

in resto r a t i o n of about 75 per c e nt of the original mass by four

weeks, or about 65 p e r c ent of t h e kidney mass in sham animals at

four wee k s . Th i s is an increase o f about 2 . 7 times the weight o f the

t i s s ue wh i c h remained after surgery . UNx rats restored 90 per cent

o f the o r i g i na l mass and 76 per cent of sham mass , or an increase

of about 1. 8 times the residual ma s s .

The observation that k i d ne y mas s increase aft.er UNx shows an

invers e c o r r e l a t i o n with age raise s several questions : (a) what is

the no rma l course of kidney growth in unoperated animals - i . e. ,

what i s t he background of growth upon which compensatory growth i s

superi mpo s e d ; and (b) do the relat ive proportions o f the hyper­

trophic an d hyperpl astic compone nt s of the compensatory growth c ha nge

with age ? Consideration of these que s t i o n s will be limited to

invest i ga t i o n s on rats and humans.

Rats continue to i nc r ease i n b od y and kidney weight throughout

their lives , the rate s o f g a i n d e c r easing with age. Using data on

unoper a ted Sprague - Dawl e y rats ob t ained from Pot.ter et a l . (19 69 ) ,

plots of body weight, kidney weigh t, and kidney weight expresse d

as a per c e nt a ge of body weight vs. age (Figure 1 ;) show that the rate

of b ody weight gain d e creases with ag e , and kidney weight gain does

not ke ep pace with that of body weight. Kaufman et al. (1974)

report that in male Sprag ue-Dawl e y rats, kidney weight shows a line ar

relat i o n s h i p with b ody we i ght thro ughout life, but that the
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Fi g ur e 1 . Influence of age on kidney and body weights i.n sprague-Dawley
rats. Kidney weight increases at a slower rate than body
weight in young male rats . Th ese data are from Potter e t al.
1969 .



regression line has a decreased slope for animals over 150 gm.,

compared with that for smaller animals. Potter et al. (1969),

report that Fischer strain rats gain body weight at a slower rate

than sprague-Daw1eys, but that their kidneys bear the same

proportion to body weight throughout life. Allowance must be made

f o r these age correlations when kidney weight data after UNx in rats

of different ages and strains is analyzed.

Five authors who report data on rats undergoing UNx conclude

that compensatory renal growth is greater in young animals than in

old, but these data must be looked at in the light of the considera·­

tion just discussed.

Dicker and Shirley (1973) used male albino rats of unspecified

strain, divided into two groups by age, each including sham-operated

and UNx rats: one group consisted of rats five days old at operation,

and the other of "adult" rats - their age not stated by the authors.

The data were expressed as per c e n t difference between UNx and sham

k i d ne y weight expressed as per c e n t body weight. There '-laS no

difference between age groups until t e n days post-operation, after

wh i c h the younger g r o up showed an increasingly greater compensatory

growth than the older group until the last data point at 70 days.

MacKay et al. (1932) used male albino rats of unspecified strain,

of ages 5 to 720 days. They measured t:he difference between UNx and

sham kidney weights expressed as per cent of body surface area 40

days after sham operation or UNx. The authors state, with reference

t o their own publ i shed work, that the ratio of kidney weight to body

surface area remains constant at all ages (unlike the ratio of kidney
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