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INPRODUCGTION

1e  Genexal dntwoduction.

-

Phe kidney is an oxgan of the body which is cssentisl fov
survivals Total nephrecbomy is followed by death within a few daye.
Removal of one kidney, hovever, s pewfoctly compatible with o
normal 1ife spen, ob least in men (Wimmen, 1943). It has long been
known that i€ one kidney is dimeased o the poiunt of atwophy, iLte
papinor shows o cézﬁ:ﬁcaglmnding hypertrophy (Smith, 1951)s A similew
hyperirophy can be achieved expenimentally by simple removel of one

kidney or by wemoval of one kidney end a powbion of the other

(Mackowite, 19545 Goss, 1964)s This process of gompensatbory venal

hyportrophy, as it is genewally oalled, hos been situdled by many
N s | 4 . - b . 5 & -’
workers since Rayer fivst descwibed it in 1841 (Bronn-lendnden, 1952).

¢ Biruoturel sspects of compensatony renal hypewhuonliye

1. The increase ln kiduey woishie

Many obsexvations have beon made on the increage ln the welght
of the remaining kidney after uwnileteral nophrsctony. The mogt
importont of thepe ave shown in Table L. Degplie the inevitable
biologleal verlation, *ﬁhe::*‘a appears 40 be general agreement abowb
the mate of the hypewtrophy. In the mab « the most studied species «
growth geems %0 ss'isai:"b within one o two days of the opevation. By
about 1740 deys, the kidney is abont half esp large again. At the
longest time Jubtewxvels included in experimental studies, the lkiduney

is about TOH heavier thon it wes befoxe the operation le. the loss
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ing kidney.

o - At e

of wnilater

fable 1,
MDA AT 46 ILALTIR

s, mphmc* somy on the wd{ﬂb of ¥

Species

) y o Body Gbsm&vec% Weight Tnorease
ERVQSﬁiQatQ$(§) Date | oindied Welaht in Remaining Kidney
Kuzndclk 1955 | Rat | 160-240g, 3% ot L day
: 407 et 18 days
Qayva 1963 hatb 130.200g, 12% at 2 dayw
Becker & Ogawe 1959 | Bad 180z, L1% a% 3 deys
355 at 10 days
445 at 17 days
Hiy&da & Rurniok 1960 | Rat None given| 30% at 4 daye
g 5
Fauires, Gqﬁb“ﬁidi 1955 | Rat |Wome given | 30% at 7 days
Montfort & Pﬁregw 1962 | Batb 79159, 28% ot 10 Says
Tomayo - 39% at 20 days
Thpelfall, Cairales| ... . ;o
Teylor & %uék SRSV 1964 | Rat |Nome given | 35% at 21 d@vn
Schaffenburg, , 1954 Rat 150g, Significant aﬁ 1 deg
Maggon & Uovcoran BT-T18% at 32 days
Adais & Tew 1940 | Ret  |None given | T0% ab 40 days
Reitex 1965 | Mouse Vaxrious 25% et 14 deys
Stravbe & Patl 1961 | Mouse' Tartous A40% g% 14 deys
50% ot 26-38 daye
Fajers 1957 | Rebbit |1500~2820g | Significant ab 1 day
- 20% at 10-20 days
Addin, Myeos & 1924 | Rabbi% |None given | 56% at 15-53 deys

Oliver

o

; 106-126 days
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of kidney tissue has not heen completely made good. The obsexvationg
in mice and wabblés ave for less extensive, but thoge shown in Table
1 would be coansigtent with the ssswnptlon that the rate of the
process 1g abowt the same as in the vat. Although Smlth and Moise
in 1927 meporited an increase ln the weter content of the kildney
remaining after uniletevel nephrectomy, wore recenht experiments
(Honbfort and Povéw Temeyo, 19623 Sivaube and Pabb, 1961) have
Lailed Lo confivm this, and the chavges in wet welght would appean
t0 parailel corresponding changes in dxy weighb.

202+  Histology.

The wnit of strueturve in the kiduney is the nephyron, consistlng
of the glomewwlus with its sosociated tubules (Fig. 1), The increase
in veight of the suwviving kiduey after uwnilateral nephroctomy might
be atteibubable either to an incresse in the numbex of nephvons o
to an inczease in the size of the lndividual nephrons gz o both.
Avaiali (1926), Baphiv (1927) and Shiels (1927) estimated the nuubers
of nephvons in mat kidueys by counting the glomeruli in hilstologlcel
segtions. They mepovited Independently that the nuwsber did not increase
in the swrviving kidney after wnillateval nephrectomy. Nove recently,
Hizemotoy Bewnecky and Jurvand (1962) heve prepaved, in vabbiis, en
entiserun to wab kidueys., By injecting this inbo wets they lebelled
a1l the existlng glomeruli. The xates were then unilaberally
nephrectonized. Seven monthe loter they wewve killed and theiw

vemaining kidneys examined, Although considerable compensaton



FIGURE 1,

DIAGRAMMATIC REPRESENTATION OF THE
KIDNEY NEPHRON, |

A,
*CORTE X
L\ MEDULLA

A. GLOMERULUS.

B. PROXIMAL TUBULE,

C. LOOP OF HENLE.

D. DISTAL TUBULE.

E. COLLECTING TUBULE.
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hypertrophy had occurrzed, it was shown (by the indirect fluorescent
anbibody btechnique) that 2ll the glomeruli wewe still lebelled .
Therelfore no new glomeruli had been Loxmed duxring the hyperbrophy.

The increase in siwe of the kidwey after unilateral nephvechomy
must conseguently davolve growth of the individual aephwons vather
then increase in thelr number, Although Moll (1955) could £ind no
increcase in glomerular or tubular dismeters in mouse kidneys afteyw
milateral nephrectony, mony other workers hove reported sige
inexesses in these gtwuelures in r&@é and ia rabbits (Doycots, 19103
Oliver, 1924y Avateki, 19263 Saphir, 19273 Morrigon, 1962),.
Aratali (1925) als@ found an increase of the supporiting bissue
-be%ween the ftubules, . .

2.3¢ Mitobic iudex..

Bince compensatory menal hyperibrophy presumably iuvolves sowme
logresse in cell number, It secus weascnable to expect that this.

inerease will manifest iteelfl in a traugient outburst of mijoltic

o

activitye. In norvmal adult kiduney, ag in most tisswes of nozmal
mature gnimals, the rate of cell division is vexy lowe. 'The mitotic
fraquency has been weporbed as 1% to 40 per 100,000 nuclel by

Pranck: (1960) and as 24 per 100,000 nuclei by Goss and Renkin (1960).

.

n the proxinel couvoluted fubules of young adult rats Melreight and
Sulkin (1959) weporied the mitotic frequency as 100 per 100,000

nuclel, decreaging to 2% pew 100,000 nuelei in senile wats, Using

golohicine bo arvest mitoses in miece, Avgyris and Trimble (1964)
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fowad that mitotlc *eqveaey in the nouse kidney was twice as high
Cin males as in females. Mitoblc frequency iu the nowmwal kidosy is

knoyn to vary with the tine of day. Blumenfeld (1942) and Will dem

-

(1961) ave in agreement theb it reaches a maximun bebween 2 and 4 Deles

bub wheveas Blumenfeld (1 f}z 2) places the minimum ab 1012 D,
Williawms (_:i.gm:i.) puty &v ab 6-8 aee  Zelkharoy (1961) has also found

mitotic ;.*ﬂszcga?ﬁe*w.z es hi gh ln the moralng and low at night. This type

L

of divenal varlation is comwon b0 other tissues, notably the livew

53"

(Jaffe, 1954)s Nitosas have been shown to be most numewous in the
proxdmel tubulen,. least muerous in uh@ digbal tubules and collecting
ductey and ii;‘he@leﬁﬁ.&:he in: the a&zt.cud lag 1dubs Df‘ Tthe loop of Henle
_(N:i_lliamz—;s? )3;961).  The mitotic aai.iw.é:y therefove seems t0 b
‘greavest ab the glomerular end of the tubule,

Iﬁ?a.‘l;lmas;‘i.ng 'i_éizilézﬁexsal | nephrecbony therve is an increass in the
mitotle achividy in the suwviving kidnoy. Generally, in the wat snd
in the mouse .this does uod develop unbil the second day after the
opevation and dees not persist for long (Rollason, 19493 Ogowe end
. Pronclky - 1960;& Goge and Reokin, 19603 | Tonen end
Cole, 19603 Awvgyeis end Triuble, 1964 )., On the other hand, Sulkin
(1949) and Méﬁafaigm' and Sullkin (1959) have weporited a noximm ob
% days in the vat and Semenova (1961) Found no incresse in the mouse
before the seventh deye ITF only pawt ‘Q:E one kidney is m:smveé}.,

mitotic activity in the residval fraghent and in ite intect poxrinewn,

is alpo wepowbed to veach a moxlmm of 2-3 days (Backnen, 19'565



Semenove, 196L). Finally, i1f all of one kidney and helf of its
parbtoer ave removed, once again mitotic activity is meximel at 2
doys (Steuawh, 1958). Sone luvestigators have mbted two penks of
»mitotie activity following wnileteral nephrectomy. Ogawa ond
Sinclair (1958) and Frenck (1960) reported one at two days and
another on the seventh days Hulkin (1949) however, repovted peaks
on the third and tenth days, Williems (1961) recowded the primazy
mitobic response at 40 hours after unilateral nephrectony, with &
secondary smalléx xespbnae at 3 to 4 dayss

At its maximum, the freguency of mitoses affter unilateral
nephrectomy in rabs ig aboub %-6 times that found in normal kidneys
(Fronck, 19603 Goss and Renkin, 1960)s In mice, using colchicine
to arvest mitomes, Avgyris and Teimble (1964) found a sex differvence
in the magnitude of the responge’ thﬁ.incraése wos llefold in meles,
but only 5-fold in femeles, Melreight and Sullkin (1959)nhave
suggested that youwng end old rats may diffexrs; . they found a 7 fold
inereage in young adult xats bul only a 56 fold dvncresse in ponile

ratee The mitobic activity after woilateral nephrectomy follows the

0w

am@'ﬁa%tern 2s in the nommel kiduney, It is highest in the eeftexﬁ.
particularly in the tubular cells (Gafnot and May, 19383 Ogﬁwa and
Sinclair, 19583 Willisuws, 1961)s The ouber medulla responds
similarly, bul to o lesger extent and the inmer medwlle bas considep-
ably lower mitobtic activity (CGornot aud’ﬁay9'l9§65‘ Ogawe and

2

Binclaizy 1956: Williem

.

o 1961),
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Be Chemicsl aspechy of compensatbory venal hvpertrophy.

1o DA synthesis,

It is now accepbed thet in genevel the DNA contenb per seb of
chromogones is congbant in the gowmadic cells of diffevent bissues
of eny given species (Vendwrely, 1955)e Since kidney ¢oll nuclel
all heve about the same DNA content, they exe presurably all diploid
(Thomson and Frazer, 1954), The increase in cell number in the
surviving kiduey after willateral nephrectomy should therefore be
paralleled by an equivalent increase in botal DHA cén-l:em;, Mandel e
Mandel and Jacob (195053,) veported an Increase of X.és‘}’é in the DNA
conbent of the remaiving kldney 15 duys affer unilateral nephrectomy,
rising Lo 18% ab 30 days end 3756 ab 80 days, Three weeks pogie
aperatively, Threlfall, Caimnic, Taylor and Buck (1964) found a 21%
incrense in DNA content per kidney and Keanedy (1960) meported a
15% inczease at the some time latervel rising bto 58% after 6 wecks.
The age of the wvat does nol appesr bto affeet the mugnitude of the
vepponse, for Barrows, Roeder and Olewine (1962) found an increase
of about 44% in the DNA content per kidney in both young aduli and
0ld rats, 8 weels efber unilaloral nephreclomy,

The increage in DFA content is unot appurent lmaediately altew
the operatlon, Miyada end Rurnick (1960) were unable o detect any
sigaificent change in yat DNA content per kidney in the flvet 4 deys
post-opervatively, but Lound a 30% increcse between the simth and

sizteenth days. On the seventh day, Lotspeich (1965) weported a 209
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increase in DHA content pex kidney although Mandel, Mandel a

ad
Jacob (1950a) detected aaiy a 4% increase at this time. In the

MOUSE, Senenovea (1961) was gble to deteet an iﬂcr@aseAin the total
DNA-aantent per kidney 3 days pauuwapémaﬁiV@ly¢ but Stravbe and
Patt (L961) could find no significantd inﬂfgaae,im ren&i’ﬁﬂA-aonﬁenﬁ
gven after 5-0 days. Thesé nd&ngs are in ag rcem&nb with fhe
histological abseratiena'that”th@ inereaﬂé in cell number does 0ot
get wnder woy wnbil the second or third dey after the operabion
Section le 26 3)e
From nyuephatome bric cquenno it seems qulie clear that when

& cell is ahout Lu under ”Q nitosis it accurmiates the additiconal
amount of DHA requilred befvrehand (Howarﬁ,'1956). Congeguently &
population in which mitosis in frequent should contein a proporition
of nuclel with move than the standard quota of DNA, This prediction
is boxne outv in the wresent instance by exparimental observations,.
Although Kurnilck (?9%3), using chemical snalysis of nueled isolated
in bulk, could £ind no incraaﬁa'in gverage DNA per yrawcleus during
compensatory renal hypertwophyy Ogawe (1961) using similar methods,
found a 107% increase fﬁqm the thizd Yo the £ifth posi-operative day.
igs ab about the time of maximvm mitotic activity. Cytophotometric

measarenonts of Lha relabive DNA conbents of inﬂlviaual nmuelel have
$hawn that few days after the oparatién the pexcemﬁ@g& of nuclei

with abous twice the noymal DEA centont e gignificantly increased

(Fman@k,‘lgﬁag Beakernand‘ﬂgawag'1959). This incoveage presunably



represents sells whiehih&ve doubled theiw DHA content in preparation
Top divisioi,

Thig synthesis of DHA prioy bo cell division can also be
demonstrated by isotope uptake, Using [3ﬁ1 thymidine injection and
nboradlography, Benltern and Shake (1964) found a significent
increage in the number of labelled pells 24 hours posb-operatively.
The number fell glightly after 48 end 72 hours bubt it was still
slgnificently greater than in control animalg at both these timeg.
Lowenstein and Stexn (1963) and Reiter and NMeCrelght (19654), using
the same procedure; have also fouwnd incressed uptake of the label
2 deys post-operatively. Noltenlum, Kempermsn and Oehlext (1964)
on the other hend, reported that the number of labelled cells actually
decreaged in the fivst 48 hours bubt rose from the thixd post-operative
day, the lncrease lasting until the L£ifth or sixth day and then
disappearing. DLowenstein and Stern (1963) found that he majorlsy
off the lebelled cells were in the corvbex with few in the glomexuli
or medulla, Reiber and MeCreight (1965n) similarly found that the
percentage of labelled cells in the corbex was greater than that in
the nedulla. These resulfﬁ would agree with the findings of the
distwibution of cells in mitosls fallowidg unllateral nephrectony
(Section 1. 24 %) The use of 32P uptake as an index of DA &ynth&sis "
has given broadly similex vesults, Simpson (1961a) found that uptake
reached a maximm 48 hours posgit-operatively, declined to a minimuwn

after 8 days bult showed & second xdse on the ninth post-operative
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day. Thiz sccond rise might corvegpoidd o the second peak of -

-

|

mitoblic activiity found after 7 to 10 days by some histologisis
(Sechion 1. 2. 3)s Royee (1963) has also showa an increased

' 32 R
upiake of P 2 days post-operatively
In suemary, therefore, the chemiasl, coybophotometsic and
isotopie evidence of DA syunthosls duving compensatory wenal
hyperteophy 4o quite consisbeat with the hisvologice 21 ob servations

!

of wmitotic activitys

325 BWA symthesdse

L

It im a general finding thet when tilssues grow or synthesize
peoteins for other purposes,; vhelr RNA combtent increases (Brached,
19558 Delogersky and Spivin, 19%5)s Theve is pleunby 03-';" evidence
for an iancrease in the RUA of the puvviving kidney afber wnilateral
nephrectony; but L1 la not alimyss easy to declde whether thig
zaprogents the establishment of mackinery o perinit growth in &
timgue which dees not noxmally grow, ov whethey it iz wmerely oue
manifestation of the general incvesse in kidney substences For
example, Mandel, w-‘.zri;zé zlth, Jacob, Perzy and Meadel (195?)
reporbed thalh after wnilateral nephrectomy the RWA of the surviving
kidney showsd on increase beforve any other tissve constlivents The
increase amowabed to 20% after 24 hours and 30-39% after 3 dayss

a

increase would be consistent with the idea thalt BWA wag

2

hig eaxly

ey

eing acoumilated in prepurvation for the exbteunsive proteln synbhesis
requived for svbseguent growth. Hlunilerly, three days aftew

vemoval of approximately -f of one kidney, Sewevove (1961) found
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an incresse in r@ﬂéﬁi RUA concentratlons Seven days after wonilaberal
j.ze}_ﬁa:e@{:'i;fm’zy Tiobspeich (1965) has shown o 379 incresse dn A in the

surviving kidusy. DBazrows, Roeder and Olewine (1%&) have .:a,;a-c;""'@ﬂ
a differvence in the megnitude of lthe wempponge wi ih the age of the
animals 1;*.:3&3& . Bight weals pogt-operetively the REL combent pew
kidney hod i nereased by about 455% in young adult wote (12 mon;i;hs
old) butk smi;rf by ebout 34% in old awnimols (21 mowths 'Ol(}i}a

- Becausge the DL contoul per z:zeall nacleus is vir‘t:'z},e,llsr consbant,

it ds. ofben infoumative o c;c:«mpawe other cell congtituents to DNA
and thus obtein o picture of average composliion per cell. Mandel
el ale (lf?ﬁ{}?g} stated thal al the end of two mmuhs the kidney
hyp ttmyxxy had Te zhed & plateauw, and althongh the tobal BNA and

]

o . . AL
DEA contenta of the ::‘131’*2?1 mng_\ m‘:me; had inovessaed, the /i
zabtlo was the same as that fov eithew “31}aan=s~gyegsrs;,-{;m‘., ac;‘n_tz:als ox for

normal eat kidneys, Bavvows m, ;:,34, (L%P) heve also "mmg that 8

‘weekg af L‘..r waidaternl naphr m;omr the e/ DHA wible in the
hypertrophied kiduey was the seme s ik nonesl }-Ldm,y,, irvespective

of the age of the animalse  Huralck (1955) llcmwéax* hes showe that

RUWA /1‘

the WA wotlo shows a drensicnd inceshee in the fipat Lfow doys

‘7

after wnilateral nephmectony, reaching m, mm_,t mmn ahouh ‘é ehove
noxmel 3=4 days pog i‘**tﬁg&.’ﬁ&'ﬁ&.’?ﬁi@ omd, Téiw endng bo the owigloal
level about the ninth oiwv Soven dayg post-operatively Lotspeich
(1965) wepowtod a 145 incresse in the T/DHL zatlo.

fhe overall i uuz':u therefore, ig that, as mlght be expecied,
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the BEA content per cell is Inflated during the period of most
wapld growih, but retuens to sormal as growth slows down and
eventually ceases.

3.5 Froteln synthesis,

The available evidence here is move sketchy, The botal amovnt
of nitrogen in the remoining kilduey,. like everything else, incveases
after unilaberol nephvectomye. Mandel et al. (1950a) veported a 59%
inerease %0 days pesi-operatbively. Keanedy (1960) found a 43%
inerease afber 3 weeks, rising o o 52% increase afiev § weeks,
Barrows et al. (1962) found a 44% ingrease in young zats afbter 8
weeks bub only a 36% increase In old mats ab the same bime., More
vecently, Threllfall et ale (1964) reported o 39% inovease in total
nitrogen 21 days post-operatively. Barzvows et al, (1962) found no
change in the protein nitrogen/DUA ratio 8 weeks post-operatively.
Thug there is general agreement on the size of the incvease in
probein nitrogen ot falrly long tiame intevvals pogt-operatively.

We do not know however whether there ig en inidisl bransient rise
in prolein pexr cell corresponding to the increase in RUA per cell.

4 Control of compensatory wenal hyperbrophy.

Lo The work hvperbnoehy bthaory.

The mechonisn controlling compensatory wcenal hypertrophy lis
vnknown, An obvious possibililty iz that 1t is due to the svrviviog
kidney having to carry out the dubles normally shered between two.

The mogt obvious function of the kidney is the excretion of urine,.
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and a nunbsw arly investigators tried bto find oubt what migd
happen if the uwine weg diverbed to gome gite where it would be
resbaurbed, Since it wownld then have to be ve-exceweted, this would
increase the exerebory work the kidueys would have to do.

&

Hawtman (1933), 3’:‘03:? exemple, emtablished an anssbonosis

between the urdnnxy bladder and the distel end of the ileum ond
found that the kidneys eulavged in the unexy 6 to 8 weeks, afber
which there was no fpwiher increage In sigme, With the seme object
in view ke also injected concentrated lmar ux dne Viaw a. gathete
into the ileum of doges this caused the death of the majority of
the animals within 24 houws. More xecently Forbner and Kiefer (1948),
waing dogs, transplan Led & uwveser into the ctewaemm and found thaw
In gome of the animpls the eon tralateral lkiduey hyvertrophied.
Using the seme pyocedure hovever, Block, Wakim and Mgrm (1953} did
not find any ineregse iv the weighit of the aaﬁ-‘c&l& veral 1*16;1@3;‘,
although Bollnan end M@gm (19}”55) :&*mmd’ thet ﬁypezeﬁmphy of the
kidney vemsining after unilatewal '{'epfwenmmy wag graad 1 immea ad
following L."xza:nm)lﬁ nya i on of ifs ureter into the dq,mciie,s:;um.

if, instead of being Gmns*pl&nued into the small intewtine,
the ureber ig merely seve 'i‘"(“ﬁ s the urine shouwld c?“*u,a.n ;'.1’1'60 the
peritoneal cavity from which 1% must be veabsorbed "w@. ro-eneretod.
Mason and Bwald (1965) fouwnd thatb '»M.;:z openation produced an

inerease in the weilght of thoe k.AMGQy on the Wnoper rvobed gilde. GOss

and Renlkin (LE}GO) , however, found no sigaificant ilncrease in mitobic
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activity in either kidney. Simpson (196la), vho invesbigated only
the kiduey on the unoperated side found noe increase in DNA synthesis
ag indicated by 32? upbake, Royce (1963) obiained similar zesulis
He algo noted that the operation was always sssccipbed with
inflapmation of the peritonewn, He thewefore &n*ra&ucgﬂ & tale
suspension Into the pevitoneal caviiy of unilaterally wephrectomized
rats. This inhiblted compensabory renal bypertwophy. It is possible
therefore that the fallure of the kidneys to bhypervitrophy after
section of the ureter is o resuld of the associated inflannatioi.
The situstion might algso be complicated by inflarmation and
gongequent blaakaga of the mpevered urveier ilbself, Presumably howeven;
the effects of such blockage would be mimiler to those produced by
experimental ligation of the ureter. This is followed by hydro-
nephrosis and o marked lncrease in welght and mibtotic lndex in the
obstructed kidney. The obther kidney shows & slight increase in
welght and mitotic index (Hinmen, 19233 Idbohrn snd Muven, 19563
Gogs and Denkin, 19605 Denlies and Shaka, 19645 Mason and Buald,
1965)e The welevance of these chservetions ls difficult to assesg,
for not ouly is the oubtput from one kidn@y stopped, bﬁt the kidney
s also digtorbted hy bhydronephrosis.

An altermative approach to the problem is to medify the diet
in saeh a way as to give the kidney more work to do. One of the
main functions of the kidney is the excwetion of nrea. The amounty

0 be excreted can rveadily be vervied by varying the probtein content
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of the diel. ZHeadew and Dyumuiond (1925) fed diets couteining 45
or 90% cemeinogen for a perlod of some months to rats and found
that, though the animelg were obtherwise normal, theiv kidueys had .
woerbvophied. Osbozne, Mendel, Perk and Winterxnits (1927) found
hypectrophied, Osbozne, Meafel, Pork and Winternits (1927) found

1

that high-protein diets could produce gignii‘icam ingreages in
kidney sixe in the zat in as litile as 8 deys, MacKey, MecKoy and
hddis {1927a) fed dlete ém*risza.ixaing 187, 31% or T0% of protein in
the form of coeein to young wats for a period of 44 days. At the
end of the expeximent they found that the kidneys of the youug rats
veried in sige with the protein content of the dlet: on the inbewe
medinte diey the Lidueys were 307 la,‘t?.“g;e?:‘ than on. the low-proteln
diety on '%;iia high-protein diet they were 50% larger. In move
exbended simd.iess; pmith and Moise (."{.9‘27) and ¥acKay and MocKay
(1931a) found that there is an almost propowbional relationship
bhetween the protein lnsake and the resultlng kidney 1@‘@;3.@1*‘3.".2?; Viowe
vegently, Xonishi sud Bromewn (1962) have confivmed that diets high
in protein will cause renal hypevtwophy and Kenishi (1962) hag
ghown bthat diets containing T2% cagein will increase the mitobi
index of wat ki@nﬁy.ﬁz; A sinilor nﬂw sewent in regponse Lo highe
proteln dlets 'iaif'e‘s place in the Liver (MacKey, Meokny end Addis,
19285  Campbell and Kosterlitm, 19%0), but not in the ndvenals,
;&?ﬁ‘é}ui’iza&ys 'i:hgf:m‘:i.éig testes, geminel veslcles, progtate or spleen
(I;eathemg 1945)e

+
(|

The forn in which the protein ig aduinistored apparently mskes
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1itele diffeveonce apart from slight variestions iun the degvee of
hypertrophys Wilson (1933) found thot gelatin produced a mone
marked in@veasc in kidney welghlt than dld caseinogens DBaxter and
Covmias {1949) found thed the intveperiioneal injection of gelatia,
albunin or globulin produced reversible enlargenment of the kidneys.
CBelatin causged the mogt xapid incresse in klduey size.al%hﬂugh
albunin vltinately coused pg much enlesygement. Globulin produced
leps enlowgement then either gelatin or elbunin, Injecbions of
caspin hydvolysete did nob produce similaw locroases in kiduney size,

Q

milexwly Reid {1947) found that whole proteins could covse xensl

snlavgouent vheveas diets contalning mintuves of vavious amino aclds
in sufficlient quantlty to dovble the tobtal nitrogen inteke did nou.
The response to wnilaberal nephiectony ls alse affected by
diets AL the enimale sxe placed on & high-protein diet ot the time
of operation, the compensatory hypevtvophy ls grestow {Moige and
Smithy 1987s Allen and Maom, 19358 MoeKey, Addis and VacKay, 19383
Reid, 19448 Konishi and Branew, 1962), Konishi (1962) has also
showa that diets high in proteln will incveeae the mitotic 1agponas
in the wenaining kidney, Conversely, proteinifree diets wlll depress
the wesponse bo unilatorel anephvectomy (Mandel, Mandel and Jacob,
1950b), The kidney welght, protein and wibonucleic acid conbenbs
of the surviving kidney sve wach less than with 2 complete dist,
though the deoxyribonuclelc acid content ls waailfecitsld, In obther
words, vhe inewease in gell slze is diminished althovgh ineowvease in

cell number lo wnaffocbed. It is possible therefove that these tHwo
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agpects of compensatony renal hyperliyophy are, o some exbent,
independent of one anothei.,

Bince a protein-free diet depresses the response to wmilsteral
nephirestony, it secems weasoneble to expect thet storvation willl
wesmify this effect, Ffopr not only protein but all nuirienis
eppential for growib orve being withheld, In normal wvnoperated rabs
Qubj@@%eﬁ to stamvation, Tumilck (19§5) hag shown that there ilg &
reduction in botal RHA and protein content per kidney during the
Filwet & or 3 days but 0o change in the total DNA content pew kidney
or per ¢oll, Indicabting that the ¢ells ave diminishing in size bhut
not in auabere The Livet wepoxt of the effect of ataxwablon on
eompensatory renal hypertrophy is thetb of Sacordotiti (1896) who
stated that it ves ilnhibited. Hell and Hall (1952) olso found that
the Ineovease in kiduey weight following wnilatewal nephyecitomy wes
aimost completely suppressed if the sniwmols were fagbed, In agreo-
ment with this, Williems {1962a) bas shown that mitolle activity in
the kidney wemsining after wnilateral nephyvectony is greatly
depressed in starved rals. Move recently, Royce (1963) and Reitew
(1965) hoth found that if vebs were doprived of food and water affer
uwndlateral nephrectony, the surviving kidnsyg did not ghow an
Inevease in weight or in DWA synthesise It mey, however,; he
migleading to say that starvabion and deprivation of water "inhibii?
compensatony renal hypertrophy. It would be move acouwate to say
that starvelbion and weter deprivation tend to moke nowvmel kidaeys

diminigh in size and mitotic sotivity (Kuenick, 19553 Willisuws,
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19622), Doilatexsl map}maa'bamy *iseiﬁgla to make the rewalining kidney
grow, Yhen a xat is sﬂbéegte&'ta anilateral nephrectony eand atb
ﬁhe same tine depwived of food and watery Lhe two effeccts cancel
Cout and %ﬁ@,xgmaining kidﬁey vemading the same slge ag belfoxe,

"If the effeets of high-protein diets on tﬁe kidnoys ave due
to the increased exerebory work the kidneys mugd do in oxdex o
vemove the exitre uweea from the blood stveam; then the sddition of
subgtantisl ameuﬂ%s of uren to the diet should also rosult in
kidvey hypervivophy, This has adﬁl&lwayﬂ been found to Ee the cese.
Hewing shown that on highfpmoﬁein dieds ﬁh@'k&dn@ya of yats could
| enlarge by o8 much as 504, Oshorne, Mendel, Pevk and Winteraibz
(1925) found %hé% comparoble changes in kiduney size could he
obtained with lavge quentities of uvess In a mére extensive papew
in 1927 howevery Osborne et al. fed diets containing 180+-28 per cent
weea t0 rets and compaved thely effect on dhe kidneys with those of
diets containing an equivalent nitrogen intake in the form of
protein. The uwwea-gontaining diets failled Lo cavge as grent a
| reﬁal enlargenent as the corvesponding proteinscontalning dieto,
MacKny, MacKey end Addis (1951) obtained similer wesulis. Although
Wileon (1933) found a significont but small effect on kidney weighd
vith a diet vonteining 109 ures, Allen end Momn (19355) found thalb
i vats ywers kept on dlebs conbaining 2&%'&@@& far 8 weéksg they
Adevéi@péﬁgmnah lavger kiﬁn&ys thap contvol animals on a sﬁﬁn@a&ﬁ
diet containing no uves. Melay MooKay and Addis (1927b), Reid

(1944) end Baxtew and Cobzmias (1949) on the other hand, did nob
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ind any sig *aif‘;i.swi. rma‘l e}ﬂw{gamcmu on preg~contalning dicts,.
It seons tmlfikel:,r i'slm:ﬁe:ﬁ‘em that kidvey growth is directly 'welmod
o the qu"rm;h. by of‘ ures the im,ézna;ya ave called upon to exewe te.

3

The other mpjox =g~303.u teg of the wwine awe ;a,n.orgg:amm ionss - The
effect o; mve'ﬂ:! 008 Lﬂg‘ i}ho 1<:5;61;;@y- x-r(i_{;h ‘a“vmsica'hy f palis hag theree
foxe beén 193:*‘;@;@3&.?@33& inveatigﬂ*@;&d Osborne et als (1987) Led, rlie-i;s;
containing a; i’ra*ﬂ‘tew of mlws m (mncemmtmm up b0 250 im: et"ierles
varying he tween: ‘%0 cméi 80 c“i*“z.;v*s and :s.mmrl that even these very high
saltb mmmmamwuimm p"f*aﬁmeci vory. 1:«;3, Lle hypertrophye Allen and
Eiﬁ’nu (1&335) :;fe.& dieka containing -3_.5/5 by veight of godivm chlovide

tl'\i

o m:silg'ta‘mllyf’=31§§3;}&§eﬁ'tﬂﬁzi‘zaﬂ;* vabs and did nob find lerger k L.‘dxzmy.s .

than in mwﬁ:s}t';e:gfﬁ:"i_fl;;r%ﬁe@hﬁ:‘égzﬁomﬁﬁ@d wats fed sbandapd ﬂigtﬁ. ‘(sass:%
and Ronkin (39613) found that rvats glven deinking watew cenminiﬂé.

‘ 1% sodiunm chlonide fa:q a period cr':ﬁ" 5 a&ys, develapad kidneys with o
. highe’ij E‘Leirél f:g?l‘ nell ‘fli*sr slon than veba o 8 bafsa cfi:?.e;»'i;. E-Jheiz,
howoven, *’ahe aﬁmals' Were mﬂ_l&'m:es;ll'y nephrechbondzed after 5§ days
on ».,1 ¢ :mls dwt, ’Ghtz mitobic response in theiw topaining kidneys

o was atﬁmally- less 'bl:-.zsm. ‘i;ha'ﬁ ohaagved .m vs:lﬁ.la terally nephrectoniged
aninals not glven sald in theip drivking water. They @xp}.ainecl
this obsexvatlon on the grounds that because the zat kidneys had
already ?ty@m tmghied, during the 5 cla:ys on the 8 ~al*§: diet the growth
ﬁzssyansa to unilatenal -ﬁé}'_ﬁl._‘f chomy was corvespondingly weduced.
Totepelceh (1965) found Hhat s%zb:s'tsi,'m‘mmg 1e5% ammonium chlovide fow
the deinking waber resulied .ma, highly significant ingreage in web

and dey kidney welght and in the botal kidvney conbent of nltrogen,
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DEA &nﬂ RIA :a‘.n normal wabts and in wailaterally nephrectonized rats
pm,c@it on the dlet at the time of opem ,l;:i.m., A diel counbsining an

i e:cmmlw amound of nﬁd'lu’m chlonide fad o normal mats ﬁ,lsc resulted

Cdn e wigniflcend but :wm@h smaller Increase in wetb and duy kidney
yelght, Nelithew spod wm ‘hm vhonate nor ammoniuva clirate muﬁaed
aiy sa,yn’l Ticant changss. in k:mlnoy wel. whm

Yater ig :I*;he one major urinaLy ons i tuent which has 0ot been
gees i*.ly c»xemlm(i. Emn L_‘cx overl mc‘i;;mg ei‘i‘aet{ Al l.m oad Moan (1935)
and _m‘i,hmuj ch (1 ,%{5) ‘both noted thab the animels on their sodium
chloride di ei,s: dwanks lawger gum}:ﬁi'izieﬁ oFf wate:@ then on ’t.mzafl dle'z,.s,
'im%, singe the, {‘fJ'rtrmm immﬁ, no k wnﬁg by @m:*’ﬁ:tfgap}w wilth the a Jai;,laiﬂ
fed 'L?ﬂ@ galy d.:.ei: .:md the 3.% sher. t;sh T :..:nec'z‘ only a small m,f:spmmo, i.‘i;
geems tmi? ikely mhai. "Lhe ox bm mim} *rlueh had to be exoz e&aﬁt had any .
::%..fem"’ on }Li&:{my size op aemamau;mﬂ. _q&k‘l’l&i‘?@"‘f (1961) :x.njec'iseé :
nomnal saline :i;x}.-gz:_) mice (1 ml,) and o i:»sa (5 mil e) in onder to Flood
the aninals with watenr, 'tliq i mm%z.ng 'uht?. m:fmvm Eo be oHeReued.,
He found that this mesulted in o ﬂt,m.c“*asc in m;l:bo‘i;ia a;ylsivi*&y of
the Ig::‘i,cm.eyé 1y 2 end 3 houws :L:aﬂ;m:‘.. ‘T

The situat j.m ouhlined in Lh 1 pEe ” goding paragrephs is obviously
ea;ﬂ.,ﬁ‘t.ued. Glearly the protein content of the diet hes some effact
on. kldney g?*w‘hhg but the mechaniem m‘u\.f‘c»lvefl ig auv te obscure.
Since gelatin :ls app'ﬁo:;:z.nk;i;ely as effective ag albumin or globulin,

At e wnlikely mw the die'ﬁary protein is imporbant agy o source of

ogsentisl emine eelds for the fommation of additional kidney bissue.



_Sin@e dietery uven is less effective %ﬁmn protein, ths effect of
'pxﬂtein camnot he_antixely.ékglaineﬁ in terms of the consequett
_;winéx@aae Al Hﬁ@&iéﬁﬁpuﬁg - The @X@smim@nﬁs-gg_gait intake are
f'eqﬁgily eénfuéin§¢' Qﬁi§é cléaray-ﬁhay provide some avi&enée for
fhe view thad kidﬂé&’miéé may'ﬁa related o the need bo mainbain
Aglea%ﬁalyﬁ% and‘ﬁ@?éﬁ“%a&aﬁba; They do nol, however, suggeat that
this is 8 fae%o&-bf”ﬁuch‘impaﬁﬁamé@ ag té Qomivate the process of
compengatevy %énai hyﬁé@ﬁrcyhy, IR .

4e2e. The possible Role of Humoral Factoms.

An alternative aﬁfﬁa&eh o the problem has been o positulaie
the exigtence cf sone speeific mechanism which delermines the
amount @f:&idnay.ﬁisgue im‘au andmal, Theories of this sort have
bean'ﬁ&ﬁ fenﬁaﬁa Treom bime to time, not only. for kidney, bult also
£o§ a wide vardety of pigsues and organs. (Weius, 1952; Teir and
ﬂéhﬁihargu, 19615 Bullough, 1965). They have led to a seavch in
hlodd merum and in hemogenates and @xtraéﬁs of tissues for i&otéxs

cyhdeh gtimulate mitotie acbivity in specific Qrgaﬁ$§ In the cese
éf the kidney, the fivet such erperimsnt vas perforned by
»'Sé@ewdaﬁﬁi (1896) who veported that servm from n&phméaﬁomixad4dagﬂ
injected inbo noxmal dogs cauped en increase in kidney gime after
six &&ys.'”Thiﬁﬁy yenry later, Camevon and Kellawey {(1927)
a&minis%@re&‘wegkiy Injections of kidney homogenstes to unileterally
nephxeoﬁnmized guinea plgs but found that this dld aot affect the
cempengatory hypevirophy of the remaining kidney, On the other

hand, et aboul the sawe time, Breuhaus end Medunkin (1932) injected



weserates of nowmal kidney into normal and wnilaterally nephrectonized

wads and rep;mi:eﬂ an. incresese In mitebtic activity in the kidaoys of

both groupss uch mowe mecently, Semenova (1961) meporited thetd

kidney extracts injected intreperitoneally incressed the mliobic

.ac‘i\:ivi:bya end mueleie acid conbtent of normwal mouse kidneys. Duizacts
© liver end pencreas were ineffechive,

Um?f;s:'tmmtfaly; the evidence for the presence in kiduey
homogenates and exbracts of fectors which stimulate kidney growth
ig balanc;eéi b evidence for the presence of inhibitors. Thus
Sacren (.Lj} 56) spread kidney macerates in the peritoneal cevity of
mlos f&?ﬂm which he had mmq'gz‘éd hal® of one kidney, and Lound that
they depressed the niio Lwc vesponke in the remaining kidney frogment.

Mogene albes of livery gpleen, destls and brain vere ineffective, The
;i'.’i:},f’;hﬂi':? wvepponsible for the inhibition withstood freezing, thaving
@01 sepbion and f:;'{ms??.ng* at 19 for 10 & TS buwt 1% was &e“'i..cc};yeﬁ by
heating to 60° for 10 minutes. Steusss (1988) injectoed homogenates
of kidnéy or liver either intrveperiboneelly o subautancously into
raby feom which he had vemoved all of one kidney ond half of the
othere. Both exbtracts inhibited the wmltobic response produced by
the operstion thongh the kidney homogenale wes the more pohent.
Tubibition of mi-imsiss in kidney 28 o wesult of injecting livex

‘ bom.mgmmues hag :,afi_so been reporbed by Stich (1960), this time inm

nozmal woperaied baby zats. Shilch alse found ’cmb lwmo sonaten of

parotid gland were inhlblbory.



Some of the contradictions in experim@nﬁs of the sort desocribed
in the precgeding veragraphs mey plausidbly bé aﬁtributed to vechnical
complications, This is wel; illué%rated by the eﬁperimenﬁa of
Williamg {1962b) who Ffound that the mitotic wesponse in wilaterally
nephrectomized rats was depressed If a kiduey macerate wes spread
over the perxitoneum, bul not if o macezate of liver or spleen wasg
used inshead, However,; he ﬁbseiveﬁ that the kiduney maceratve
diminished the snimal's food intake, whereas the other two did not.
In a subsequent investigation he was able to sghow thal starvation
for a corrvegponding pericd also produced an inhibition. The effect
of the kidney homogenate on mitosis, thereforve, might mevely be an
indirect wesult of the weduction in food intake which it coused,
and therefore of no fundamental signiflcenece.

Tn o similar sewies of experimenis, however, Roels (1965)
found, as Williamg (1962h) hed dome, that intraperitoneal injections
of kidvey homogenate inte wnilaterally nephrectomized rabts coused
gn inhibition of mltosis A7 houvs aifter nephvectomy. Bince
however the body weights of the animale were not significantly
different from conlrols, Reels did not sgree with Williams (l?éﬁb)
that these results were éga to uvndexmounrishment, He concluded
instead that they indicated the existence of a hormone produced
by the renal cells and controlling mitotic activity in the nephwons
unilaterel nephrechomy might reasonably be expected 1o cause a fall
in the congentration of this "hormone! and a conseguent rise in

mitosis, This ides was fivet pul foxward es a general theory of
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Qoss (.L%pff) g&we injections of wvarious iboue homogenabes to

pailaterally nephrecionized »ats sbout B30 hours aftew op@r&'bimi and

eramined theie of 0(} on the mitobtle activity 18 hours later

Tntraperitoneal injechion of homogensites of fwegh, cooked ox fromen

LAl

k:‘i_{mays o c.aii;",“gusji)ezlsimﬁ of  tryps lﬂmt‘tmammwd kidne ;y“} all reduced,

-

!

the w %;0*%;‘;@ aobivit Ty by a,sjcmh mm .in%;ﬁé:‘feri i,om., L injections of -
frogh liver, hemhis , &pleen and blood hownogenates, however, Ihhibiited
vanal mitosis iuab ag effectively, emd go for that matter did egg

albuuin, Suboubeneons injection of fﬁfﬁ:«:sen kidney hohogenate o

intraperdtoneal injection of saline, Hanks balanced sali solubtion,
fregh plasma, plagma of weilaterally n@phﬁeeﬁmu‘ic»;ed; wath or fxesgh

ege yolk ‘hm-m:varg had no effect on the nijoile index, Obviously

these wesults provide no evidence of ui‘-sum%ﬁneif.:.o growsh
regulobing agenti. S _‘“;. [
ALL the erper imende s:'ie Soxd %:»:36 above” ar @ ery 60 Lhw general

.

e:t?&.'&i@igm that they ;a.:mml“va the, in rmduc %;wn into i;_hca .mbi@iem;

animal of larg qw:m ci&s of };:‘:s.dzxeay;;_.pga;%s&in {and othen .tmn 'ni sue b )

£t

wideh night well he expegted to affegh it me Lc‘,hg“imm, guite M(}r"&_"‘: do

Ty
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fomi
L
4

of the content of any -‘11:5)_‘;;}0,&‘:@(1:‘}1(33’."&1(@11@p Tats -"é) triculty is
wolded in the a,lteinati‘are type of G}i’l?ié?ﬁ?i}lﬂ@?l’?} *irfi whicﬁ! the test
anlmels receive injections af‘ serun o donor "‘t?tllrﬂ’i.l&‘ Foxr exanple,
Wil i.iflﬁ"lu (1962%) injectod serum in 131 ‘;m,r Into - mabs which h&@; ‘ia@

uniledterally nephrectonizeds He found that no an hwsm?. whether the

serxum game frow sham operated wats or foom wots which had thenselves



been nephrestomized, 1t had no effect on compensotony renal hyper-
brophy in the remi@ienﬁs. oss (196%a), in o similar series of
experinents, obiained simlilar resulits. Both he and Williaums gave
their suimals only one injectlon. Towensteln and Stern (1963 ),
who gave twaiinﬁéeﬁions\a day for fowr daeys,veporied that serum
Fron unmlaw@xa&ly nephrectonized wals incveased HNA ;ynﬁh@sis
{measured with teitisted thymidine) in ¥he kidneys (bul not the
Livers) of noxmal vatbs,

The px le@m of tronsferning suificlent of the supposed
hozmone from donor to vecipient can, theoreticelly, he oveucome by
using pevablotlc vats. Steuart (1958) combined wabs in threes bo
make up pavabi Qtig‘“ﬁ?ipleﬁéh._ He then carrled oub bilateral
nephrectomies on each 03.l the two owber animels in such a prepezation
and reported thaﬁ thisg ceused & burst of mitopis in the central
animal.

~ﬁﬁ$po yial case of pavshlosis is represented byvﬁhe ralation~-
ship of mother and foetus, Goss (1963h) ¢ found bthat when one
mevbernal kidoey was renovad on the nineteenth dsy of gestabion,
there was no evidence of compensatory éemal hyperplasia in the
foetal kidoeys two days latew, al%h@ugh.ﬁhe surviving materoal
;iﬂney~@hew¢d a thres-fold inemeése in mitovic sctivity. Rollago
(1961) studiecd the effect or wemoving both kidneys fzom ratbs
pregnent for eighideen and & half dayss Oue day latew the watio

of foetal kidney weight to body welght was less than usual but this

returaed Ho novmal on the gecond and thirvd days. The ni a&ic
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actbivity of the kidneys wes uwnchsnged, These negative wesulis

may bhe due o the fact that the foetal kidneys were already growing
maxinelly, Alternatively the placenta may exelude from the foetus
any grovth-econtirolling factors eirculating in the maternal blood
shreant, |

(A ]

Apart from the question of klﬁﬂ@ gpeciiic growth factows thewe

fmla

g algo the possgibility that the kidney mey be subject to the action
of more general growbhepromohing mechanisms, Pagehkis, Goddard,
Cantarow and Adibi (1959) found that raks subjected to combined
wilateral nephrectomy and partial bhepaiectomy developed lkiduneys
shout 50% heavier than those in unilaterally nephwectomized controlS.
However Simpson (1961b) found that in normal rabs variisl hepabecbomy

did not increase DHA synthesis in the kldneys as weasured by 59

lucorporation, Thege two results ave vather at vavience and it is
difficelt Ho form any definite conclusion,

Theoretically it should be possible to tes Fow the presence
off growth promoting or inhibiting factors in tlssue exbracts, or

3

in plasma, by using kidney cells growing in witro In tissue culbure,
By this technique, Ogawa and Nowinski (1958) found thet serum fvom
wirlleterally nephrectomized rats added to the filssue cultures gave
mitotic activitlies twlce as high as novmal serum, The growth
promoting factor was organ specific since serum incubated with cells
cultured from the bladder, suberior pituitary or pancreas of the wvakb,
did not aff ect the mitotle activities of these tissues, The factor

*,

was not, however, speeles speclfie, sinece the seruwm increassd three
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fold the mi i.:ca I activity of puppy inlcincvy gl mmm - TE tras

et Oyed by bolling.
To sum wpt  the resulis descmibed in thisg section ave loo

confused aud contradictory Yo alloy any Lirm conclusions o be

dwawng obviously h{gwe"mreg the cage fox some sowd of humorel control

M».- o

‘6

of compengatovy :f*c?wﬂ }wmﬁr nm ;}hv s sovong enough o warrany

forther investigabion,

A% Indoorine Tffect 'Ls:a:z, C?Qrsrfiﬂn'sza..'&p;?iz -}?s:em:a;l' Eimne:;?‘i;r.bg:smn

In considering L’fae }70&%“}11)’1.1.%‘? uhfw ecmpmmwm m'»ml hgmerw _

SN

-

trophy is - due. bo ac&mma.on"aii overl.og d m? 49, a,hr‘ {mo. umu 0f some

moral factors it i essential o b@mz in mind -uho WM i-m oW .

0

efifects of endocrine gl w.ﬁs: on kldney *:mwn;h and 7 '.*mm';:s.,m;‘.
One of the vhiel funobicns of *Eshe cddney Ls the maintenance

of. electrolyte s-”._ci w,a_—;i;@:e .b&lzmc@a '.Tfhe *;?’{3-1111’51@ of weter é:?%:c:ﬁ?e'%;ed, by

the kidneys. 1 c‘ie bevnined by the, emcm bm uicm of an‘&:g.am:f Hie

wncgble pregsure

- : T

hormone (ADH) 1In the blood, VWhen the plasma

“

ineresses ohove noxmal, the neurchypophyeis is stimulated to relesse

more ADH, This Increspes water. ﬂ&@h“ﬁ.ﬁ} Sion 1n the dlstel kidney

wbules so that the wate of uwine secveblon falls, Conversely when

+the plasmns, os.émmlﬁ pregsuve falle below normal, less ADH ig weleaged,

wher zeabsorptlon dlminishes and the wate of ueine see:fe'kieﬁ rises.

1

Since the Eﬂ’l’*ﬁ:i.@,iureﬁi*- hcmom has Emch o divect influence on Ind s‘me}r

Tunction, it secemg paf*m'éﬁo it might '«g welly alfect kmncy grovrth,

b ifnm m Ar

1]

Thig had not bhesn @x‘gez?:imm e, iv inves L pei) ‘@dg nor ig

unilateral nephreetony sffeo e tho rate abt which the hormons is



seexeted by the neurchypophyaic.

There is 1'1«‘31-;«5&1?@::? no doubt that the pituliecy, os o whole, does
influence kidney gwowth, After hypophyeectomy, the sizme of the
kidney d@am os (Snith, 19303 Selyes 194Lls  leving 19445 TFontaine,
1947)e Goss and Rankin (19560) have meporbed that hypophysechomy
produces o substanblal drop in mitodle astivity in the kidneys: Oun
the other hand, Molreisght snd fullkin (L962) have found that mitotic
activity in normal I:ﬁ.dne;;ré is very low in em;f;* gase and thal hypo-
13&133@;}"5@11\;? hog cozvespondingly 1ittle effocts The atvopby of the
kidne y' aftor hypophysectomy camnot be prevented by feeding 2 high
wobein et (Teathem, 1945), and even when hypophysechoniged rate
which heve Lot body welght and kildngy weight ave fowreibly i‘c:rl
quantities of food suffi :‘r‘_en‘z B0 prevent the logs in body weight,
the relative weight of ¥he ls,.e,ﬁnmy vonaing depressed (levia, 1944).

Growth of the kidney meuaining after unilatergl, nevhrectomy
ig alpo dependent on the pimitoxy (As'i’;aa?abaﬂ.ig* 1968a)s Whethew
hypophysectony completely abolishes compensatory wenal hypertrophy
or merely depresses 1t, is the subject of conflicting roporise The
AifTioulty here g thats the common criterion of hypevbrophy im
inerease in the welght of the vemaining kidneys This 1s a slow
procesy which contimues for 30 daye or move (Section 1:2.1)s
Duping such a prolonged pewicd the body velght of the aninel may
changes Hate in partleouler may increase in Wéjjg:h*t; by up ho 50%

(Am tarabadl and Besex, 1953): The weight :i.n reage lu the surviving
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tidney in such civeunsbances, thervefove, is parlly atiridbubtable to
compengatory hypex tfqphy and partly to the genersl growth of the
animel, In otherwise nommel animals, hypophysechomy affects the

o

wase of the kildney in two wayss It causes & regression in kiduney

e

[
o

size relative to body welghts ond it also resulis a cessation
of growth of the oniwel (Rolf and White, 195%)s Both these effects
must be taken into asccount in assessing the effect of hypoplyzectomy
on compensabory wenal hyperirophys Vhen this is doney it im \
apparent that hypophysectomy does not abolish the hypertrophy
(hotarobadi and Fssex, 19533 Rolf and White, 1953)s This is in
agreenent with the observation thaet after uniladeral nephrectouy of
& hypophysectonised rat, the surviving kidney does show the normal
type of mitobic response though to o diminished degree (Goss and
Raukin, 19603 Melreight gnd Sulkin, 1962)s, On the other hemd, the
kidney does influence the pitultary, for Wrete (1946) hes shoun
that wnilatersl nephrvectomy in mice causes pitultary enlergements
The pitultexy may iufluence kidney growth either directly on
via the other endocriness Hay (1946) has shown that a highly
puw fied thyrotropic prepavetioh froim the anterior piteitany
increased kidney siwme in nommal and hypophysectomized rabs.

MeoRoy and MacKay (1931h) heve shown thet administretion of a diet
D:. Sice RTEBZ

thyroid to male vats was followed hy a marked

increase in kidney welght,.greater than could be accounted fox by

the corresponding inerease in probtein intske, Thyvoxine itself
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incresses the welght of the kidneys (Herving, 19173 Waltor and Addig,

<
<
i
]

19393  Selye, SHone, Vielsen and Lebhlond, 1945), their mit
index (Pisi snd Cavalli, 1955) and their content of DHA and probeln
(Mendel and Revel, 1958), Conversely, thywroldeetomy resulte in a
reducetion of kidney welight in<athexwisg novmal suimals (MaoXay amd
Mackay, 1931bs VWaller and Addis, 1939), but does not prevent
compensatoty wenal hypertrophy taking place after unilateral
nephreciony (Eeakwerg 1945},

Aﬂrenaeoxﬁieatmapﬁic hormone on the othern hand; hes litile oz
1o effect, T4 causes no change in kidney weight or hisbology
(Simpson, i and Tvons, 1946). ‘Iﬁ does not reverse the reduction
in kidney welsht broughl abous hy hypﬂphyaaoﬁumy‘(Astax@hadi, 19621 )
and 1t fails bo westors noxmal compensatory rensl hypewﬁﬂaphy~iﬂ
hypnphys%afqmised animals CAﬁﬁarab&dig 1963as  MeGrelght and Reitexn,
1965), Tn egresment with these negative findings, adwenslectomy
does not grestly affect the level of mitobtic activity in the ilntact
kidney (Willlems, 196223 Cope, 196%) although it distoris the
nowmel divinel weythm (Willdoms, 19622). In conivest to these
fladings however, Reilter and MeCreight (1965b) found thatb advenelegiony
of otherwige intact rals significantly increased the uptake of
teitloted thymidine in both cordex end wmedulla, This seemg to
indicate an lneresse in DHA syntheslis following advenslechomy which
ig difficuwlt Ho meconcile with vhe lack of mitotle response,

Thore hag been some dispgreement on the effects of admenolectomy

on gompensatory renel hyperbrophy. Coss and Rankin (1960) found

i
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thet 1t abollghed the mitotic wesponse of the wemsining kidney
48 hours after unllaterel nephrectomy, Goss (1965) subseclu@xtﬁly

L

ghowed that the nermel vesponse was westored i the vats were gliven

k4

(3.@03‘;,578()3:?‘“':1.001“‘Eé&:Gi&é;.. Wiltiens (1962s), on ul'}@ othor hand, found
that the mi“m‘tic.:feﬁpgmge wag only slightly élog.f:e::: sed zmd
Astorabadi (1963a) :i"mmtl that a@ir’énalecimmy made vir‘iniéhily Fale)
difference to the an*mz? ge in we.s.gh’i; of the f:ﬁl’&ﬁ?ﬁ?i‘iﬁ“i’ﬂg kidney in the
buo wmlra* following uniiaa;ha:eal nephrectony .

| These c”i*z&.om:*cic.‘.a.‘ vegulbs hove been expladined 'by Goma {(1965)

28 being due 'i_;c veriations in sall intoke, Vhercos Willisms (19622)
and Astavabadi (1963a) added saly o the dwinking water of their
aninals post-operatively, Gosg and Ranlin (1960) aid not,  Goss
(1965} hes aince ghowm thatl advenalectony consgiderably depresses
the mitotic response after wnilateral neg}}mfzs'i;omy in enimale glven
fregh water %o deink bub not in snimels glven 0,9% sodium chloride.
Tn mgreement with this, Helter and MeCreight (1965b) :«’:‘Qum?; that if
rats were given saline deivking water, adrvennlectomy had veny
1ittle effect on DNA gyanthesls in the ewwiviang kidvey after
wniletersl nephrectomy, It seoms Tes ponable thepefore 0 assume
that an adequate sodium level is in some way a prx:'c-aa»mquisi'be Lfor
venal byperbuophys and thet the lamportancse of the adrenals in

. conpengabory 3"’-‘1’3&1 v‘p whrophy is ‘ohé:t% the mineralocerticoids they
iﬁ:r:‘ogiuae pronobe sodiun retention. Thewre iz o cewbain amount of
supporting evidence fox this. Deoxycorticomterone glven wo

i

normel rabts causes an increase in kiduey welght end wmitotic sctivity
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(tmdden, Kreugew and Wright, 19413 Selye, 1941; Gouss, 1965); and
aldosterone increnges thelm RBNA cmnténﬁ (Castlés mnd Williamson,
1965),

Sgveral of the other steroid hommones also exert a growthe
prowoting effect on the kidney. Although corbisone scetate, in
contragt to deoxycorticosberone and aldosterons, has been shown 40
completbly prevent compeusatory renal hypertrophy (Goss and Rankin,
1960), testosterone administered o normel vats significantly
inereases kidney vweighl (Iudden, Kreuger snd Wrlght, 1941ls Selye,
19415 Kochakian and Shettner, 1948) and wesponse to unilateral
nephvechomy (MeoRay, 19403 Iabbimer, 19425 Berech ond Curbis, 1964),.
Kassenaar, Kouwenhoven 2nd Querido (1962) found » decvesse in kiduey
welght and total renal content of RWA in mice ag a wvesult of
captrations trestment with bestosterone reversed these changes,
Teothem (1948) has also reported that castration decreased kidney
wveight but Meckay (1940) found it had no effect on elther kiduey
welght or the degree of compensbtory wvenal hypertrophy aftber
ualleteral nephrectomy, Frogesbercone (felye, 1941) and oestrogen
(Tadden et al. 19413 Helye, 1941) both heve growbh promobing
effects on the kiduey. Schaffenbuvg and MeCullagh (1953) howevem,
found thet ocestrogens in small 'physiological! doses had no effect
on compengatory renal hypertrophy aflber unlliatezal nephrectomy,
whereas larger dopes cansed e gsignificant inhibition of this
bypertrophy.

»

Growth hormone produces an increage in kiduey welght in normal



rotes (Koohakian end Stettner, 1948), It also stimilabes compensatory
renal hypertrophy in unileterally nephrectomized hypovhysectonlized
ke (Astovabadi, 19535). The deorvease in kidoey size produced by
hypophysectomy in intact rate is, however, less completely reversed
by growth hormone than by crude pitultery exiracts (&ntwﬂdbud&’
IBGQH); Growth hormoﬂe m'v‘thcrefoae be important for kidney

growth, but it van pearcel Ly be congidered a specific renclbroplc
ﬁarmﬁne.

The posgible role of the endecwines in gompensatory renal
nyperbrophy could therelore be summed up somewhat as follows, The
pituitery, ag o whole, obviously hes a considersiile influence on
kidney sige. Vhether this is exexbed through the action of the
antidivrvetic hormone on kidasy function is wacertein, The available
evidence however indicates that some degree of compensatory nénal
bypertrophy can toke place even in hypophysectomized rabs, Clearly
thevelore, the mechenism of cam@emsaﬁar* renal hypertrophy doeg
nob neﬁessar;Wy jnvelve the pituitary. So far as other hoxmones,
steroid ov otherwise, are concerned, 1t seemg clear that while
again they may exercise a greaten oxr la' er ilnfluence on kidney
size and on the speed and extent of compensatory wrenal hyperbrophly,

hev have not heen ghown Ho perforn any esgential vole in
compengatory venal hypertrophy. This is perhaps hordly surprising.
ALl the hormoves discusged aboveA(wiﬁh the exwception of the anti-
dinvetic hormone) exert o general action on all or most tissues of

the orgonism, It seems wilikely thevefore that snmy of them should



exert o specific contrel over the kidney.

dode Mizcellaneous theories.

Most of the workers who have investigated the problem of
compensatory renal hypertrb@hy haye agsswed that it is a regpounse
elther to o functlonal overload or to some soprt of huwmoral
mechanism which predetermines the amount of kidney tissve in the
arganism. IFrom time to time however, radically different theories
have been put forwerd. For exemple, Avetaki (1926) supzested that
ofber uwnilaeterel uvepbrectomy’ the suvviving kiduey had to perform
more wovk, that this résulte& in an increased blood guoply and that
this in turn was the immediaste stimulus o hypevtrophy. There ip
at least some evidence that this is not so. Idbohrn and lMuren
(19%6) found that 1f ome ureter is ligated in o »abbit the
corresponding kidney underwent a marked inerease in welght abt a {ime
when its blood supply was aetually‘diminished by 60%, TIn thig cese
a2t least therve secems to be little relatlionghip between blood supply
rand,gfowﬁh, If, however, compengatory wenal hypertrophy was found
$0 be assoglisted with increased renal blood flow it would not
necesgarily follow that the one caused the other. In any case it
is 0ot clear in what way unllateral nephrectomy might be expected
b0 increase blood flow to the surviving kidney.

Gogs and Rankin (1960) have sought a possible welation between.
compensatory renal hypertrophy and the wenael function of regulating
blood pregsuve., Since, however, it has never been shown that bleod

pressure vises afber wnilateral nephrectomy, it seems uwnlikely that
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Alﬁh@L@ﬁ.ﬁh@_?@Gé@%S oi Gﬁﬁ@@ﬂhg}QT fenLE hynerLr Phy ham
hCéw 1av< stlgeted for move than g Gﬁﬂfﬁf? i% ig elear from the

1? wmarised ¢ abave, Lhe f he“ﬂ@hﬁea“ is w111 confused. This

e paxtly becsuse there bave bheen so meny conflicting weports and

b

partly becouse there ls 'il? no dleay indlcation of the mechanism

eaﬂpv0134 g the praacgg. One of the major problens of the work so

for is that much of I% is now fairly old and based on methods of
measuring growth of the deney whlcﬂ cammot now he regarded ag

guantitative. For this roagon it specned necspga ﬁy to start a fresh

atudy of the v*obT&ﬂ from L%p beglaning,



Section 2

MATERIALS AND HMRETHODES
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MATERITALS A ND MBTH 0D By -

. 1ls  Generale

- AdElY albino wats and mice from the depavimental colony wewe

. used in 21l expewiments. The rots weve meles unless otherwise

avated. Sh@iﬁ'bady‘meightﬁ wvere in the raunge 120-330 g, They

were housed individﬁally under %hérmﬁsﬁa%i@ eondivions (260) axnd

wéxe nowmally f@& 0@ gtock dieb (Tahie é). Ia dietary omperviments

the wats veve provided with thelr diets in individusl feeding dishes,
1e2s Lmotones.

Tritiated ééenine.léhelled at positions 2 and 8 in the puvine
‘zing (Code wumber TRAL23) of specific setivity 2,360 me/mll end
tedtloted orotle acld labelled st poaltion % of the pywimidine wing
' (Qédﬁ nunber TRA.&Q)‘bf s@ééifie'aetiviky 2,300 wg//uli vers ohtained
from the Ra&iaeﬁamigal Cénﬁfeg'Amexsha&. Both i&ﬂ%@@@ﬁ WRErS
stored ab -10° uﬁﬁii raqgired for uses Amounds verying bebween
l,m@ pexr 2 g and Elpa”@éx g« body welght were injected intiae
pagiﬁam§a113¢l |

1.3, Diold.

By trial end eﬂéax iﬁ‘was:fouma thé% 12 to 15 g;-of.sﬁock diet
(Eiét 414 Bruce and ?éfkem,_1949) pexn é&y was an édéquaﬁe food
intake. fom xats'bf lﬁonOOAg;'bmay‘waighﬁ. The compogitlion of
diet 41 is aiven in Toble 2,

in dietary experimentd bhe animals wove fod cach monlng ot



1000 a.me after an initial 1Y hour fast, ALl animels wewe offexad

I«-

a fized inteke of dlet, Waen synthetle¢ dlets were used, the calovie
)
intoke was controlled in ordex 4o brovide aboul 1,490 celowlog pew
gquare metre boly stzface erves péw day, Yhis is necessony fow
nitrogen halance to be maintained (Hunvo and Naigmiﬁh. 1953), The
body svwface aves vag compubed from the Fformula 5 = 12,54 & U 0460
8Qe ©Me vwhore 5 ilg the body surfece sxves wnd W is the body welgh
in grans (Yee, 1929). The composition o of the einies syathetic diets
used and the emounts offewed Ho the animals axe Qhown.in Tablos 3=0,
lede Surgical procedured.

ALl opevatiouns were performed bebween 9400 a.m. and 12,00 nocu,

(2) Unilgtexal neohrectomy.

Right unilateral nephrectomy was performed under othem
omsesthesia theongh a midline ebdominal incislon, %he kia@gy was
decapsulated snd the penal pedicle ligoted with linen thresd at a
podut about B wm. from the kidney, which was then excised, The
vound vos closed in a single layer with interviupted subuves. The
‘kidney was blobled free of blood and uving on £ilter papar moistened
with inobenic soline and weighed fresh on o towsion bolences The
Li&n@&s wewe frozon in o mixtuve of alcohol and solid carhon dioride
and gtoved atb miD » Oham opexations were pewfommed by making e
3imglam incislon, locativng the right kidney, hén&liﬂg it for o
length of btime equivalent to bthat weguived for exoigion and cloging

the wound in the moamer dogezihed above.



Table 2,

DI el

:

.(_}'aitcula'beﬁ analysis of diet 41 (Bruce & Perkes 1949)

Protein . . NP K3 _75.7?5
- Tas I 3 55
Caxbolyduate : 49 .0%

. Fibre _ Lo 5%



Table 3.

Compogition of semis~gynthetic diets,

Protein-Lres Hizh-protein
Cosein (ga) - 240
Viareardne (g ) 42 42
Glucose (g ) 569 A9
Potato stavoh (ge) 189 69
VoLRae* (ge) 1.00 1.00

¥ Bee Table 4.

A 150 g, exinmal wos offered 10 g, pov doy of one of

thege diets., The physiologleal calorie sguivelents ave:

Proteln 4 calovice per gran,
Oarbohydrate A eanlorlen pew gvam.
Fab 9 calovles pev grom.
TolMoRe 3.5 galovies per gram,

The diebs as made up thevefore had a calorvie

equivalent of 4.18 calories per gram of dist,



Table 4

Gomposition of vitenminenineraleronghagse (V.M.Re) mixiuce

(Wreo, 1949)

- Bodiwn chlowide 3245 g
% Selh mivbure 446 13040 g

T witemins in stoveh! : 25060 ge

Agar ;pm:clf.. 62e5 go

Margowing Tied Se

T see Table 6.

1 g K ~Locophervol scetate was mixed wibth 14 ml, Rediostoleunm

(BeDeHe)e 0.8 ml, of this wes mixed with the above mixbure,



Table He

Gomposition of salt mimbuze TA4EM

WGl 24542 g
Pobagsivn elbeate 53':33’.0 e
a,F0, : 17440 @
CatlibC ) 800.Q Te
(}a{:% 7358608y
Foxwie clivates SHL0 36 o0 e
!311‘504 .,f-iﬂ‘gﬂ 0l &e
Gcg{}lg,,é;{{gi) Qe e
| &{E_,A.}.E(S{) 4 ) 4‘,2@3{28 | 0,2 G
R 0,008 e
- HigCo, 920 g4
. ¥inS0 4 2e8 Beo
KL Ol 24
-Zmﬁf};% _ Dol Ze

e
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Qompogition of vitamins in starche

Pyridoxine hydrochloride 25 Mz
Ribhoflavin 25 mEe
Thiamine hydvochloplae 25 g
Nicotinie acid 100 e
Menaphthone . 5 ng.
Blotin : 5 g
Celeium panbothenste 200 mgy
Para-aning bonzoic acld 500 mg.
Toomital . 10 ge
Choline chlowide Q00 224
Polic seid ELOOGC

Potato gtareh ta 500 g
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(b))  Livew Digpsv,
A midiine shidoninai incision was made from shout L cms above

o

te  Using gentle prossum

%.z
(s:

the xiphold process o eboul 2 omy bolow I
on- the lowor pord of the thorex end npper ebiomen, the wedisn and
lefv loetewal lobes of the liver wore delitvered through "é;::,e incision.
A loop of linen thread was placed over the left radicle of the
nedion lobe and dighitoned. Thig ;ﬁ'wi;.(}ie YOS ’tbc:n cxolised. The

.

abdominel wound wae olozed in o single layow with intervupted sutires.,

LeDs Ngbimation of tlsmoe doy wolshi.

On wemoval freom the animal the tissue was minced finely with
sologorg on o wéighed wolch-gloss wbich was then placed in an oven
A ?O’Q foxr 72 hoaw. The wabcheplass wag then ploced in a degiceator
ovar phogvhorus pensoxide and welghed on a tomslon balavee ot 24 houw
L_vaa,ls watil & constont welght vas obdained on w0 successive
welghlngs,.

le6,  Higtolesical methods,

Kidneys wemoved from the animals weke ont trengversely. inbo
theee porbiony which weve Ffixed, dehydrated, clesred and enbedded
in paraffin wax according bo the schedule given in Yable 7o Inltielly
Bovin's solublon wes used for fixatlon of the kidueys bubt the kidncy
tbwies in the wesultlog stained sections were fovnd o be vollapesed,
with no distlnet lusen, The use of 10% fowmol sali m was found %

provent this, Yhe tlssues wewve sectioned (7 2) theovgh the plde

trangverse reglon and stained with hoensluwn and cosin acconding 40



Schedule Lo

embedding tigsue.

Bovints solubion
ox

10% formol saline
Vagh In water
50% alcohol.

V{7 &.’.Lcohél

965 alcohol
Absolute aleohol
(}hlcxﬁoa'i‘o:eﬁ

Xylol 4ill eclesw:

AR
A

Paraiiin

Block in fresh paralfin

Table 7.

Tixing, dehydeating, clesring and

1824 hoursg ,

% hour
12 hours
312 nours
12 hounws
12«24 hours (change ounce)
Overnight
Usually & houw

6 hours (chemge once)

.



Fable G

Boheduie for gtaining,

Hsemalun and eosin ¢ Aylol | 6 min, (change ounge) -
| Abs;:::lu{:e aleohol 6 min, (change ocnoe) -
Methylated spilrits 3 ming
Waber & mine
Todive 2 min,
Hypo Z min,
Yater 2 wing
Haemalum : 22 ming
Wotex Ringe
v,.smid gloohol, sl
deceloumisation stopg
Wa‘%(:}:f: 2 mwine

Seobtts bap vaten

substitute  undil blue
Water 2 1mitle
Thopin 1 mine
Vaber Ringe
Abgolwte aloohol L ning
Xylol 2 mine

The slides veve wmounted In DePeXe
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the pehédule glven iu Table 8. The sections vere exsmined under oil
Cimmersion end the tubule mibtoses in 600 fields (about 40,000 cells)

in the cortex of the kidney were counteds The mber of wmwiclel I

~each tetwh fleld ewamined wag almso counted and thé.mean velue

. ¢aloulnted.. From thepe meopbuemontsy the mmber of mitosos pew

10,000 nuelei wos celenlateds

2. Chomical estimations.

Le E&tr&cﬁi@@ﬁéf-RﬁA ond QWA

'wh&-methaa'wmﬂ nodified From that of Sehmids anﬂ_ﬁh@mnhauser

(1945)'(ﬁﬂﬂ36 and Fleck, 1966), The reagéﬂ%s need vere as follows
Ao  QubNeperchlonic acid (PCA)
Be G.Qﬂapexchldric acid
Ge  O3lwpotosaiun hydvoxide (KOH)

The ti&sué was homagénised in 49 volumes of icewcold: glassw
diglilled water in a Heloo Blendoz at 0° for 2 minvtes, A 5 nl,
aliquot of this hoﬁogénaﬁe {containing 100 mg. wot weight tissue)
e pipetied inio a eenﬁﬁifuge tube and 2,9 nl, of dlcowsold 0.68-PCA
‘added, Afper thorough mizing, the mixbure was allowed o sitand at
0° for 10 minutes, .The precipitate of protein and nueleic acids
was then sepawvated by centzifugation ot 1,000g ?or 10 minuﬁes and
waghed twice with loe~cold 0.2N-PCA, The supernatant wad weshings
vere discarded, The excess FCA wag carefully drained off, the
sides 6f the tubes wlped and 4 ml, of 0.5N-KO0I added. Digestion

-

s ' 0 .
wag ‘then ecavrled oub in o shaking water bath o% 37 for 1 houw,



At the end of the inaﬁbaﬁionF the samples wewe chilled in ice and

the DNA aud proteln precipliaited by bthe addition of % mle of 0,6=PCA.
The precipitate was collected by centrifugation and washed Ywice

with 0.20-PCA, The supernatant and vashings were combined, made up
to 50 mle and o £inal concentraiion off 0.1W-PCA. This was the RUA
fraction, The pyecipitabe was dissolved in 5 ml, 0.35N-KO0H and made
up to 25 wml, and a fiﬁal concentration of O,1W-KO0H., This was the

DA fractlon. A £low sheet summzising the oexiraciion procedure io
Cogiven in Riguve 2,

2.2 Bghlmation of RNA in the extiacths

the RNA content of the pexchloxdc aeiﬁ\ekaaet vas estimated
on the basls that an extinclion of 1.000 at a wavelength of 260 mu,
rvoad with o light path of 1 cm., coxvesponds to a concenvyatlon of
54412 pg wibonucleic acid phosphorus (RVAP) per ml, (Fleck, 1965),

2¢3. Rebimeiion of DNA in the exbrachs

The DNA content of the extract was esbimated by the method of
Ceriobbi (19525 1955)s The reegents used were as follous:
Ay Tadole. 0.045% (u/¥) in distilled wabor.
By Concentrated hiydrochlorie acid (Anslar S.C. 1&195.
G  Chlozoform (reagent grade).
D, DA standard, The DUA used wos a puwified
gsanple of the sodivm galt of colf Thywus
DNA prepaxed by the method of Kay, Simmons
and Dounce (1952). Abouh 20 ng, DNA wexe

dissolved in distilled waber with a dwop
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of W=Na0H to help solublong the final
volume being 50 mi., A 1 =i, aliqtm'b
of thig solution wes diluted with
0.50-2CA, heated o T0° for 20 minvbes
to redissolve any preaipitated DNA,
and made up o 50 ml. The anount .of -
deoxyribonueclelc acid phosphozus (DNAP)
in this standord wvas estimated by the
method of Guiswold, Hwmbller and
MoTutyre (1951) (Secilon 2.2,9.).
2 wle of ke DNA solutlon, 1 ml,. indole weagent and 1 ml,
concentrobed HOL weve thoroughly mixed v e 10 ml, ground glassg
stoppexed ‘i:@ﬁ;‘,i: tube and pleced in o boiling water bath fox 10
ninutes, Afder rapid cooling in ice, the solutiong were extmacted
three times with 4 wl, portions of chlorofomm, shaking for about
4% secgonds after cach chlorofovam additlon., After the thind
wtroetlion, the tubes were centrifuged at 200g forr 5 minutes o
a2id pepgmabion of the agueous and chloroform layers, The
exbinetion of the agueous layer was wead at 490 np in o Boclmen
DB mpechrophoiometers Blanks consigting of 2 mi, distilled water
and standards ccryha;i,niz_]{g; 2 mle of the gtandexnd DNA solution wexe
aloo carvied through this procedure.

4
2ede Imtrgotion of RNA lobelled wiih [;’H_} adenine,

In gome experiments the twitium content of RIA was ewbimated

Following extwaotblon by the method described in section 2.2.1, Thi



nethed is more quentitative than the phenol exbracitlon vechnique
noxmally used for the extraction of labelled RVA (mection 2.5, )
Since, however, the tritivm conbent of the RNA wes never very high,
1t wag essentiel to modify the method in such e way ag to glve the
RNA fraction in o small volume, The rengonts used were ag followuns

he  0,6H-FCA,

Be Q.RNwE{}_z-k.

Co  Qo3N-KOH,.

De  60% {v/v) BCA,

By  TH-KOH,

The lidneys were homogenised, exbracted with 046W-POA and
waghed wilth 0.28=-PCA & shove (Section 2.3.1.); The acid-goluble
Fractiony wers combined end reteined for iscotope determination
(Section 2.7.)e The vemidue was incwbobed at 37° for 1 hour with
0,50=K0He 'The mindmuam volume of KOH reguired was eshimgbted from
two separvase experiments in which semples ewltzacted frzom the one
kidney hom@ge:m'm were incubated with varying amounts of 0,3W-K0H,
Ag Table 9 and Figure 5 sghow, incubation with 44 % or 2 ml. KOH
gove the same results, but incubotion with 1 wls X0 ox less,
regulted in incomplete digestion of the R4, In oxder to heve &
small nerein . of safelty, 1t wag decided that 2.5 ml. XKOH should be
used in subsequent incubatlions In radioactive experiments of this
s0xGs  Following incubgtlon, the semples were chilled in lee and

60% (v/v) PCA sdded to & Tinnl concentration of 0.2~0,3N, The



Faple 9

The effeot of the awount of alkali in the alkelino digesiblon

on the xepovery oF Bil,

Volume OF Qg5 BNAP Recoveored
KOH Used In Ta Digend
Digostlon, '

(wle ) (rg/liduney)

440 515

N

30 o 157

TN

2,0 310

fud
pr

Lo

53

502

T

045 h 241,

Ced 150




Fimure 3 -

The offoet of the amount of olkali (0,3U<KOH) used in the olkaline

tign on the zecovery of RilA,
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precipitate of DWNA and protein was wemoved by sentrifugation,

Since PCA interfeves with the egtimatlon of radiosotivity in e
tiguid seintillation counter (Seotion 2.7e), the PCA wos removed
from the supernstant (RNA frection) by n@ﬁﬁr&liaimg it with TH-KOH,
The mixture Was then leit aﬁIDO overmnight to precipitate the Kﬁlﬁ4.
Afjer centrifugation, the suypernstent was transferred to a 10 nl,
meaguring cylinder and-%he volume 30%@&. A 0.5 ml. aliquot wasn,
made wp bo 10 mi, with disﬁillad4ﬁaﬁer and)the exﬁinﬁtion at Zﬁgﬁqu
read in & Beckmen DB specivophotometer. TFrom this, the amount of
RNAP prosent was caloulated ag in section 2,2,2, An 0.8 wl,
aliguot was token for triitium assay as described in section 2.7

2e%s Bgtimation of protein.

Oatimation of protein wes carvied out by the method of Lcwny;
Kosebeoughy Tave and éandall (1951), The reagenis vsed were ag
followas

Ao 2% (ufv) sodium cavbonate 10 041l
sodium hydwoxide,

Be  0.5% (w/v) cupric sulphate QGPscéésﬂgo)
in 1% {v/v) sodiun or potassimm tarbzate.,

G.  Alkaline copper solublon (1 mi. of
reageﬁt B in 50 wl, weagent A. This
solution wes made up fresh each day).

D, Tolin-Ulccaltean phenol reagent

(British Drug Houses Itd., Poole,



Boagland) dilnted wiih | ;11:»3‘3;111@& water
B0 Lh‘\ it was 1N with vespect to.seid,
The bissue wag honogenised :i‘.:s; 49 volumes ice-cold dlstilled

vater in & Welco Blendon, The homogennte mé,a .c'iilui‘:ad 1 in 50
with a}.i.v;éisilled ?" ey b f‘.i.*@é a Finsl a:s,m sien of 1 in 2,500,
% oamle of zﬁe&g@n‘h ¢ weve =dded to 1 ml, of %he f}*s.i.u bod honogenate,
AT bew 10 wnmuw;:,,» 0,, 5 ml, weagent D wes added with vigowous shaling,
After sianding ol woon bemperatuee Lfon 30 minvles, vhe exhinotion
off the solutlon was wead ol 750 mp 's g Unicem 8P 500 L:pm LG |

£

photometeor, The assey wes calibrated ueing e standerd aqueous
solugion of bovine porwn albumin,

R 3 Ecﬁezi'mte Lmu of peobein for probein nite mg‘m 09 um Ei00, -

he wos g;;t:eza b s“d were as fol lc:awm A
Ao 21% (wxr) w;t,chiomce" io. 0old (TCA),
é’f: Cw’v) ‘I.’G,é\

{;g :,- {)9 Nwh‘{}‘i[,

L

An aqneou:a I’aﬂmc ms,ue of kidney was G&Z‘up&"" 2l in a Potler

thmf;)“l‘Qz."!..Li“f‘Z!’" ﬁ,u.c,h. thet °5 «ﬁu., oh. homogenabe con um 315:@ 100 Tigte. web

we ;i.@,’;;{; mey, ;?,r ‘mi;: 215 é TEA were ﬁﬂdﬂ(}. $o 5 ml, of the
homfszg‘ezwma in ez, mmi, rifuge v‘hc, The so.m ton was mixed and
&lii.m:éii 56 S'I;L‘-m& i:“ej:r 10 1@3&131&%‘-%&'1; GQ; f“n{: pracd pi'isaxbe of f@:m"ﬁé:m
: wd mmib ém:t.t:"i e sr:‘gm:::,tec}. by o nb"li‘ug;@ ion and waghed twice

%Ii‘i‘z}i Th TCA, :i’,:"s waR thf:an d:i.sssdlvad in 4 mls Qo3W-KOH and made up

H0 8 ml, with WAET . The mivture was.cenby g.JZ ugad ab 1,000 for §
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ninutes and 2 ml, of the suvernstant talken for nitrogen egtimetion
by the micro - Kjeldahl method.

2aTe Igtimevion of protein nitroseile

The weagenits used were as follovss

Ao Oonecentrated sulphurice acid.

‘B Mexcury cabelyst. (4 g. Hg0 in 100 ml,

AN=gulphuric acid).
Coe Potasgivm sulphate,
D Z2inc duste
. Be  A0% (u/v) sodiun hydroxides

e 0,0LN~gulphuric . acid,

Ge  0,01Nwsodium hydroxidc,
He De Wepselow's indicaton.

To Stendard anmonivm sulphote solubion.
(10 ml,s = 1 mge Ny B Do Hada
Material- Pon%ainlng 0,7=2.0 mge nitrogen was vloced in o

digention flask and 1.5 mlg'coneentraﬁed sulphuric acid, 1L al,
merenxy catalyst sqlution and le.2 g. pobassium sulphate added.
The gides of the\ﬁlaskywere washed ﬁoﬁn with a little distilled
water, The flagk was transferved to a digestlon vock, geully
heated to boll off the water and then digested over moximum hest
for 4 hour. Simulitencously, duplicete blauks vere treated in the
SamNe WAy e Af{er digestion; the sides of the flask wewre cooled with

wator and the contents transferred quentitotively to the Maxldhem



i
>
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¥

appaeatus (Markhom, 1942). Zinc dust (0.2 ) wag added o the
orpavatng toegether with o further two washlags Trom ihe digesitlon

flagke 10 ml, A0% WalH wag then slovwly added o the apparabus.

Stenm dlsgtillatlion wasp carvied out for 2 mimbes, the awmonis being

Gropped in 10 ml, O 0LW-I S0 J and Hitrated with 0,01W=N0U using
* . ol W

<

Do Wesselow's indicator (end=point is green colour ofber puwple %0

colourlens chonge)s A stendard solution of oomonivm sulyhote was

treated in the same way, ¥From the resulis, the protein nltvogen

was obiained by subtraction of the nitrogen content of the anuclelo

aclds present. Thus protein nlitcogen = total nitrogen - (RWAP 4
DHAR) x 1e6%a

2.8, Ixbraction of phospholipid.

The method used was baged on that of Folch, Lees apd Sleane-
Stanley (1957)e The weagents used were as follows:
A, [hloroform-methanol mixduee, 2L by volume,
By  Q.73% (w/w) soddum chlovide,
Jo Puwe molvenis “upper phoge¥, This was
the wpper phase of o mixture of chilorofomm,
methanol and 0,56% (w/v) modimn chloride
in +the propowtions 83433 by volume, The
phases wexre sepavsted by cenbrifugstion.
A 1 in 5 homogenate of kidney iu distilied water was prepaved
in s Ié‘celczp Blendor, 10 nl, of the chlovoforme-methouol mixtuxe wog

- Ther added to 0,5 mi, of the homegevate in o 30 ml. ground glass



suoppered r;em.m.fuge tube, The wube was shoken thoroughly at

ﬂ ,, l

intervals for 15 minubtes. The non~agueous phase wai quantliatively

transferred o another 30 ml. grownd gless stoppered centrifuge

tube, UYbe agueous phagse was then we-extracted with s fuwvther 10 nl,
ghloroforn-nethanol mi a«:'i:m*e The two exbrocts wewe combined, sheken
with 4 1l 0e75% sodivm chloride and centrifuged ot 1,000z for 10
winubes, The upper layer was wemoved and discarded, Carefully,
wi'i;hou'l; digturbing the dunterface, the walls and iunberface vere

waghed with 4 ol. of pure solvends "upper phaset, This procedvze

was repested bwice, the washings being carded each time, The

st

yashed extrect was quentitatively trensferved to o 25 ml, meempeing
cylinder, The centrifuge tube wos washed Twice with approxiwately

3 ml. wethanol, the washings bransferxred to the messuring cylindewr

and m@,de up -bo the werk with methanol,

1} 7

209, Botimation of phosphorig.

Analysis of the lipid emtracts for phosphorin was periozmnsd
acconding to the Tollowing modification of the method of Grisvoeld
et ole (1951)s The mesgents used were ap followst

Ao 10W~sulphuric acide

Be  AN-FCA,

e Potassimn dibydrogen phosphate
ghandard. 24193 8. i PO, woere

4

L3

digsolved in 500 ml, distilled walen,

1 wle of this solution diluted bo H00 ml,



wilth digtilled woter gove a final
sonoentration of 2 ngP/al,
D.  Reduclng agenb. 13.6 ge sodina

metabisulpohite, 1 g sodium sulphite

<

(Na,, U.,J.L,,Q) and. 0.25 &, 2maplthol
1 omino=4 sulphenic acid (Be Do He) in
350‘ ml, distilled water,
Yo ~ Aqueous 2,5% (w/v) ammonivmm molybdabe,
Miguots of 1 mle of the mel e lipld exlbracts wore evaporated
o duyness in graduated fest htubes in » sond bath at 100%, To the
ragldue, Q.5 ml. 1Q0Uegulphuric acid sod 0.5 aml. 48-PCA were added
end the mixture digesbed until it was cleaw, The same proceduse
was cavrled oub using 1 nl. of wabter (blank) and 1 ml, of dllubed
ptanderd solvtion. The fbubér were covled snd the solubions
diluwted o approximately 3 ml, with distilled weber, To esch tube
005 ml, weducing sgent and 0.5 ml, 2.5% (w/v) ammonium molybdate
wers added, with careful mixing after each addition, %The voluues
wexe nade up o ¥ nl, with distilled water and the tubes hested
in a hoiling waber babth Lop 10 minw Lem The intensity of ihs
calowe was wead in o Unicam SP 500 spectrophotometor at 820 e

Fe Duzmyme onalysise

1o DA dooxynucieotidylivensferase (2.7eTelale
The nmusber in paventhesis affer cach enzyne ls the Easyne

Gomnission numben. The peagentbts used were as Lfollowss



o A8

Aa Y0401 "“1?15*‘(‘wﬁxozszymme’shyl)w‘ VRO~
moumna buifer ("i}fii‘ii‘:‘ 1)11:5’;&‘@::3), PIL Tshe

i%"@i ﬁﬁ}mﬁam%ﬂ*ﬁuﬂum This
nixhwwﬂ ‘Iablri;aa,inec'l' 5_0 Plo Oed Hebrige
{{\.3 buffer, pH ?,—,5,{_‘ ,’;.?(3 e L M-KCL, .

. (} Bls 0,02 Medin m:moo thanetetioae.

acet lc, zmid, 5 ule 0.5 Me-}ir‘g(’}lieo

Ce mm Therwmally denstured Landselitibs

280 i?esw cell DNA, 2 mg o/l in waben.
Dy ﬁ?riphosl:\ha’i;e mizbture, A mixbure

sontaining 10 ul. of each of the

foll-{:ﬁ?e;rin‘.g: trivhosphatess dATP, QGTP,

, 2r

agmgaﬂgxm?“r)mamwph Bach of the

triphosphate solutions contained 10

jonoles pem wle The specific activity

of -the ATTP was L.45 c‘/m;’t,:r.;ﬁ /3:31@1@., :
..E}. 5% -(w/;;) *"i.'cxi.
Ty . 95% (v/v) c»l @ollol,
,{;'“f. . ﬂl@\h};}’i‘l eimé:i:o

Ra l"ua‘feya were Homog genised in 4 volumes m‘ 0,01 ¥ beis-HGL
b11£’f@13, PE TeH dn a E’}‘:‘;"zz_‘{j@‘.c hmnogenissa‘gztr.'» ‘,l’he, m mogenete Wos |
gent; m. fug c‘& v 18 OOOb Mcm L lgom_?.. The :Jupmnmlmu 1-::'8;53 decanisad
and 2 ayc:dr: for em:;;im‘ey}é Sivity ae desoribed by Kedw (1962) ¢

8 5 ),13..“ Ht:)f -t;x-i;_;«ﬂf{(}ii‘im.i;‘i‘a:c«%al*b mix Lm:u (meapent B), 50

DWA. (meagent C)y 40 nl. twiphosphete mixbure (veagent H) and 20 )I.l.e
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DNA deoyynucleatidyltransfevese Lraction werve added to a % nml.
round=bottoned centrifuge tube, The voluwme was made-up to 0.25 ml,
with distilled-waber, The tubes were sesled with "pamafiim" to
prevent SVC'JDQI_':E'& slon and incubated in e shalking walber hath at ?570
for 3 houvs, After incvbation, the veaction was stopped by
freezing the SHubes In solid Cogme'themcl mivture.  The frozen
Inoubatlon m:i:z;:'i;ures were thawed and B0 nl. portions pipetited on wo
nonbered Aiscs of Whaltman Wo, L L£ilter paper, 2.5 am. in diameter,
ihe disas were dvopped Into o beaken cordaining ice-cold 5% TCA
(15 mls per dise) and allowed to sband for 15 minubes, the beaker
< Béim; swiz iLecl ently at intervels. The TCA was decanted, veplaced
with an equal volume of fresh TCA end allowed to stand es before,
This procedure was vepeated twice more. In the same mauner, the

discs were washed twice with cold 95% aloohol and once with ethew

and dried on stainlegs steel planchettes, The : of the DIA
precipitated on the diges ves assayed in a Nuclesw Chicago gas flow
courrher, R

3,2, Deox v‘e.?,bonur,lou,so Lo (Balads De ) (Difese 1)

The enw ;;rma extract was prepared os for the DRA deoxynucleobidyle
transferase apsay (Section :?2.3.1.); The: reegents us ed for the
Di¥ase 1 assay-were as follows:
Ao Cwig-HCL buffel-salt Tune, This
mixbure contoined 250 Jle 004 Mebrige.
11(;1 buffer,; pH T8, 100 ul. 1 N~K01,

25 ple 005 MeHgCL,s



i 5'3 e

Be  DUA. Thoerpelly denabured landschubz
aacites-caell DA, 2 mge/ul, In waber,
G, = Bovine serum albumine 2 mge/ml. in -
vaker, |
CLoRe o ReMIPOA,

75 ale of Fris-HUl buffer-sall mixtuve, 300 nl. DA and 100 ul,.
Dhas@.i'fr&eﬁion,%efe pdded Lo o 3 ml, ru&ndwbm%ﬁom@&-aenﬁrifﬁg@
tube, The volume was made wup to .25 wle and the tubes were
Ineubated at ETQ for 3 hours, Confroelg wlthouwt ensyme werae also
incubated, After incubation, the wvenctlon was bermingled by freening
the essey tubes iun a molid 00 methanol mixtuve, The tubes were

CH)

fThawedl and 0,25 ml. of & solution of bhovine serum albuvnin was added
to each btube ss & cosprecipitant, followed Ly 1.5 ml. of 24817-PCA,
L0ten shaking vigorvously to ensure even digleibulion of acld, the
tubes were allowed do gtend for 10 minvbes, before being centvifuged
ot T00g Tox 15 miantes to gsediment precipitated DNA and protein,

The supernotant Tvactiong were decanted inte fresh bubes and their

extinebions ot 260 mu necsured in o Unicam §F 500 mpectroghotometen,

Bo%e  Deowyribomclense IT (3,1.4.6,)(Dilage 1;)‘

The enmyne exbracis were prepaved as for the DEA deoxynucleotidyl-
tranefevane apsay (Section 2.5¢le)e The reagents used Cox the Diese II
assey wore ag followss

M 08 Meepgodium acéiaﬁa buffern, pid 4.5,

:B o .1 o fﬁ «l\“(”"ii j:(. "



w BL m

o DNA, ILandschubz asciteswcell DA,
A mgﬁ/mlg in water,

D, Bovine serum sibumin (2 mg,/ml, in

o

WaLEX J o
e  1H=PCA,

30 nl. acetase buffer, PH 4.5, %0 nl. KCL, 150,ﬁ1u DHA and
100 nl, D¥ase IT fractlon were added to o 3 ml. round-bobtomed
conteifuge tube, The volume was wade up o 0.35 nl, with wvelexr
and the tubes were incubated ath 573 for 1 hcur;‘ The reaction wvas
. sbopped by freeming the assgey tubes in solid Gﬂéwaﬁhan@l mixture,
The tubes were bthowed and 0,2 wl, hovine seruvm albumin (2 mg./nl.
Hin water) ad@ed-as 8 cowprecipiltant, Lollcowed by 0.5 ml. ice-cold
IN-PCA,  After mixing, the bubes werelallawed to sband for 10
minuter at 0° befove the addition of 2,5 ml, Loe~cold distilled
walber, The preecipitate was removed by centrifugation at 1,000g

for 15 minubes. The exbinction of the supemnatent wes wead ot

260 mp in o Unicam $P 500 specirvophobometew,

4o  The preparation of bentonlis.

It has been veporbed thet benbtonite hinds to and inhiblis
vibonucleases (Brownhill, Jones and Stacey, 1959) and also
gtobilises and protects TLobacco mosaic virus RUA (Fracokel«Contat,
Singer and Tpnglta, 1961}; Bentonito was therefore used in the
exbraction of RVA prior o sedimentation cnalysis (Section 2.5.)e

Cdnn B

Suiteble. suspensions were prepared by susperding 2 g hentonlte



~ B2 w

(The British Dine Ei’ouées L5dey Foole, Ej:lgla.‘n&:) in 40 ml, water,
The guspensiony vere centrifiged at 800g i :‘o.:e 15 1115.1111*%;@%3, “”fhe
sedizment was @.i.saa.faed. :.;mci the .upcrmsu venh wavk exial was oen*'mJ.vm:\c.
at 8,700z for ?O ,;mm.%om The edm@m B8O ob-l*az.ne@ VRS Tge muspend.ed
in Q.1 I‘if}.-l?j'i‘{&; pH 7‘0 and stored in ‘{;11'3‘,3‘ O.I whion £or 48 howrs ot
room "ct:em'ge:fa'imz:e. | ‘T‘h,(, ngpepial was blen CeRY smfm:,eé. once mo.ee at
80024 *Bie*:.e wdimen’i: Was gga:‘m d:?_.ﬂcmfded amcl the mt};az:'nafsal}'t
centrifuoged ab 8,'“’00@; f‘or 20 _min{ﬁ;esa The qocaiment was suspended
in 0,01 Mesodiua aéete;‘ue 'bu:t‘i‘e&?", PH 6.>{)", oen wifug 'oc?. L 8, {OO 5 and.
whe sedimend baken up :i‘z“' the aceiate ’bui‘w a.r’ atb o concentration of
ot (ufv)e |

5¢ The igolation of RNA prioxn lo 'ﬁseﬂimezrt'.a;ision enalyals,

he mothod used was a mcdiﬂmahmn of me ;ohenol extroctlon
sechnlque of Kivby (1’956),, '].‘he veagonts used were as Follouss
Ao 3% (u/v) be-*xtam. te 100,01 II--ﬁmfilu.m
acetate buffer, pH 6.0,
Be 5% (w/v) aqueous sodium Lcm;yi. sulphate,
Bo 001 Megodium acetate bvi’z’:‘er DI Ga2,
b, Homogenising medi.tm...' A mizture of
0,7 mls weagent. 1’;,'41}.,6 ml'..-.m&gen'l; B
and 5 ml, res ‘eat Co
1, C)(}’% (w/v). aqueous phenol commﬂm
0,15 (w/v) Bl OR uw.:aolirlo, (8w

hyziroxyquzi,nolime Anhibite ::'i bonuelenses



w25

and improves the yleld of RVA (Kirby,
1962)).
P 20% (w/v) aqueous sodium avetote,
(« Abgolute Gthanul.
e "Buifor X." 0,0l Metrig-l0l bhullen,
PH TeH, 0,001 M with respect Lo Mgﬁlg.
Te Bovine pancreatic deoxyvibonucleare
(Sigme Chemical Oompaﬁy, Tondon, England);
Ja  MBuffer ¥V, (.01 M-sodiuwm aceiate buffer,
PE 542, 0,05 ¥ with respect to Nall and
0,001 M with wespect o mg@lg.

250700 mg, tissue weve suspended in 7.3 nl, homogeninsing
medivn (veagent D) and homogenised thowoughly in o Pobier
homogeniger with 5 passes of the pestle st full speed. The
preparations were kept in lee thvoughout this aud subseguent
procedures, 8 wl. of 90% (w/v) agqueons phenol containing 0,19
(w/v) B=hydroxyquinoline were added and the mixture homogenised
ogoln with 5 papses of the pestle at full speed,

The zesulting emulsion was centrlfuged et 10,0008 for 5
minutes atl 40 and the agueous phagse removed with a Pagteur pipetbie
ond nixed with a dwop of 3% (w/v) bentonite in a chilled 50 ml,
Quickfit flask. The phenolsinteriace wresidue was ve-exbracted
with 4 nl. of 0,01 V=-godiun acetate buffer, pH.5.2 by shaking for

10=15 minutes in a mechenical sheker alb room temperature. Afvew




genbrifugation, the agueous phase wag removed aad combined with the
Pivet, The combined agueous oxbrachs wore ghalen for 10 minvbes
with an equel volume of 90% phenol containing 0,19 8-hydroxyguinoline

pud centrifuged st 10,000g for 10 nminvites, The agueous phase vas

> La )

removed 0 a 50 ml. zraduated centrifupe tube and made 24 (w/v)

-

* !

with raspoc

Jery

0 godium cecetate, . The RNA was precipiitated by the

0

¢

\ o , , : a2 P
sddition of 2 wolumes of ethanol precooled to »107 awnd left ot «10

for 10 minutes, The WA wag colleected by senirifumation af 1,200g

@ and dinsolved in 4 ml, "hbuffem X (reagent

for 30 mimtes at 10

M), Afbe:

addition of 60 nge bowine pancreatlc deoxywibonuclease,

",

the solutlon was incubated for 10 winutes at 37Q. The mirbure wos
cooled on ice and shaken for 10 minutes with & half volume of 907
phenol cantaining~0,1%»8mhydmoxyquinolinan The wmixture wap
centrifuzed 2t 10,000z for 10 minutes and the aqueous .phase removed
and made 2% (wfv) with regpeet o sodimm scotate, The REA was
precipitated with 2 volumes of pre-cooled (=10°) ethenol and, afiten:
collection by centrifugation, wag dissolved in 7 wml, "buffexr YV
(rengent J)s  The golubion of RHA wes then dlalvsed asgaingt two
chonges of 7 1litess of this buffer for 14«18 honrs. The dialysed
polubion was centrifuged at 10,000z for 10 minutes ﬁG-EQMOVE
ilagoluble motexial end the RWA was precipitated with ethancl ag
before, he HNA precipitate was washed once move wi%h.ﬁ wl, of

w10 ] . - R .
pro-cooled (=L0Y) shsolute alcohol end after caveful decenting and

CQrying of the tube walls, dissolved in 2 ml, of buffer Y 2 ml, of



QUTLINE OF

MEIHON USEn POR THOLATTION OF RNA

FOR_ SEDTVENTADTON ANATYSTS

Tigsue

Add bentonite and Il.,ro gsoddum lavryl sulphate.
TQ‘EHO,{“GI‘E.SE? in 0,01M Ha scelale, :QH Hele

Add equal voluwe 90% phenol/0.1%
g-hydroxyquinoline snd homogenise.

lg 0005 for 5 min,

Phenol phage and

interphase (PPL)

Centrifuge

Fhenol phage agqueous

(discaxd)

Extract with 0,01M Na
aoetate, PH D24 agueous  layew

add 90% phenol
Shalke, and centrifuge

layer PR Aqueous layex '
(discand) Add ’E‘L% vole

20% Khe and 2 vol,

ethanol Cool to

1200g for 30 min,

Precipivate uﬂ'@OT”i’l& bant
(dimeaxd)

Digest dn "hulfer X¥ in
pregsence of DNaae ond
bontonites Frecipitate
with Kho/ethanol ap above,
Digsolve ppte Llun Youffer I
and dislyse againgt sane,
Ppbe with Kic/ethanol,

Precipitate Supernatend
{discard)

Disgolve in
"huffew ¥V, veprecipitete
with ethanol,
Centrifuge 1200g for 30 min,

1

| _
Precipitate (RNA) Supernaband

{discard)

Dissolve ia “ouffex Y%,
Apply to 5»25&5 suorose gradiend

P JPURUURE R . [, SR

[l JN. —m—— e el ®
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- ethanol (»-1(!@) as ad@cac? and the mixiuve left af «10% fow 30 minetos.

":E;E:n.e RNA ves eeaw é down, the walls of the tube wiped eand the

o

Ria wedigsolved in 0.6 wl, "buffor ¥". This wes the Linal RIA
Cprepavatlion. .A- flou sheet sumseising the extractlion proceduve is

siven da Mo 4

A -
e

Go = Ulivocenbteifneal studles on RWA,

Lo ﬂe&:@.‘:&eﬁ'{mﬁim pnndyses of R

Sed.?,me-m%mn anwlysm of RUA ypreparetions were powfoxmed by
cenbeifugabion in IL.L near fuerose c’ienszx;i‘.'i;y gradiontg. The gradients
yexre prepared uaing the ﬁ.mr;i,eei showin in Figuse S Sezous ¢ and D
WORe s;slosaééi., 2485 11“’&1 of 5% (H/V) suorose in Yhu .E’e_:cz ¥ pipebied
into chamber X end 2.25 ml. of 25% ('t-.?/‘i.'") puczose in “huffer YU
plpathed lm chaaberr By Serow C was openedy a gentle stream of aiw
bubbled thwuouvgh the 25% pucrose in ohlember By screw D opened ownd
the solntlon collected in o cellulose nitvabe (2% x 4%) centumifuge.
wbae  Thig proceduve produced o lineer gradlent of sucvose
congentration down 'i},he centrifvge tube.

01 0 043 mii.; RUA fa "puffer ¥V, containing gbout 0.5 mg,
RNA syas - 'ye:e:c‘d on top of the suorose geadlents and the tubes wewe

centeifused in the swinging bueckets wotor (81 39) of o Spinco Model
iy 'mns,.a.a,« Ive ulitracenizifu uge .r:m v..u.ymm periods of time and ob
vauying rapem}%s aéi “indicated fn the 1@59;@:(1&%3 o the eppeopeiate

= £igumas, .&i‘\’;o:». cen Lf‘% sakion, the boi;'i:c‘sm of each tube wasg

punctured with a .,1,4 &3 u:a h;gmmim,u ic neecLe end *u}u:: suerose solulbion



FIGUKE §,

DEevice US‘ED TO PREPARE LINEAR SUCROSE
CONCENTRATION GRADIENTS. |

\_ y * N\ Z2.on

il

screw  screw
c . D



FIGURE 6.

DEevVICE usep ToO PUNCTURE THE BOTTOM

OF A CENTRIFUGE TUBE PRIOR TO COLLECTION
OF THE FRACTIONS. \

\
b

QLN

__——centrifuge tube

syringe
A needle
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colliccbed dn 2 dwop fracitions using the device ghown in Figure 6.
0.6 ml, water was added to each froction and the extinetion ab

260 mpe woad in L ome micxocells in o Unicam SP 500 specitrophoto-
metgen fitted wi i.h o nicro~cell a, tachment. The fzactioon were then
egseyed for radioactivity (Secbicon 247.)

GoPs Do Le:ﬂmm tlon of sedimentation goeffilclent.

. Solutiong of RUA in Q.15 M=-IaCl wewae cenitrlfuzed in the Spinco
Modeld B anelytical ultracentrlfuvge, cquipped with an uwlizaviolet
optical system, o determine the sedimentation goefficients of the
VarLous components. Rung weve pexfoxmed at 20° o3 474770 wov./mine
Photogrephs wvexe baken at 4 minute lntervels. The pedimcyitation
coefficient was caleulated using the following equationt

a

W8 = & E.Qggeﬁz

md.b -,

wvhere V. angular velocity (vadions/second)

1]

» = digtance of boundaxy Lwom centre of rotation (em.).
% = time (sece)e
8 « pedimentation cosefficient,

Te Aspoy of zadloactlviiy.

Peitivn labelled samples vere asgayed in o threewchannel
Tuclear Chicago model 725 llguld sciatillation spectrometor ox o
twoeghonnel Packard Teicerb llguid scintilletion spectrometer. The
scinbillator used consisted of 04T (ufv) 245~diphenyloxazole,

0,037 (ufr) 1ydmbine] 2m(5=phenyloxnzo] yiﬂ—-bmmne, 10% Cu/v)
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naphthalene (Muclesy Mnlewprises, Bdinburgh, Scoiland) dissolved in
Analor grade dioxane. IT was fxesd fyom peroxides by passage
through o colum of activated slumina (Mype "AY, 16/%2 mesh, Petew
Spence & HSong Ild,, Widnes, inglend) vhder nitrpzon. For assay,

8 ul. of geintillator was added o 048 @le Qf om agueons selution

. OF the sawple,

8e = Aupdysis of blood,

Blood wos cbbained from the 4ail veln of wxats uvnder othew

anaerthenlne

le Hoematocnite
- Bleod haem&;i;,@:rri%g were obtained using the Hewksley microm
haematocrit gentrifuge (Hovlceley and Sons Iibd. ¢ loncing, Engl md).
Blood was dvawvn divectly Inbo oopills my tubes by eapillority. The
uwnfilled end of the itvbe was sealed jin o bunsen flame ond the

2,

tubos were cenbrifuged for 5 mionteg. . The pevceuntage packed coll

volune wan read on o Havksley miovo-hpoemotopris weader, glving en
indication of the state of dchydvation of the eniwal,

8e2e Iaptimption of serum sodinm and notes w.m.

The reagenis used wewre ag followm:
Ae  Stock sodiwm solublont 58.5 g Nall/i.
Be  Stook potassinn solutiont T.46 g. TOL 1e
Ca  Standayd godiuwn solution: 79 mil, slock
sodivn solution and 25 ml. shbook

potasaimn soivwbion mads up to 500 mi,



m {,ln d_.?,pi 3 1’1 g, ma;té, . Fop use, - this. \
- gaoj;ég;—z, Son e ailwbed 1 - 1000 vith
: ~r3.m“hi,i el wa Lem. o give o congentration
£-.15 0 milli eguis valents: godim Lon pen
l:'i.ifs.a”_ o
D - :ﬁ,md‘l x‘i g{: bassivm solutions ’fO mla

“shook quzi.m%:\tﬁsnlut:iczn 'fmd 20 mte stocl

om.:mc* ;,1 olubion my ci ”t_::‘.j;;i;:*h.cj*f’,:(‘l(} mhe v
B 1-31%?.1_- su‘éllo\_ ua‘ 3 e .Fi)l‘sf uge Ghin

oo renlution woas cll Tubed 1 in ;(} with .o

S ¢y -:.&is*‘sﬁ.l‘_l_ec‘i; t.'zai;e‘:r:! H0 g;i.vca yel .ac:xnaaerrh:e:a'hion: S
', N L B < Hi?-cﬁuu.:m'i. 1’5. 3@15‘&\){"*_’1 i don .

j. '
Wi

cihe perumy diluted 1 :m ‘mﬁﬁ {‘m’ alﬁclivﬁl eabinotion mtd 1odn 50

4

;;;;jﬁp Phe flawe of an WL

'i-Jr .

.L‘s}:e }g@t selut estivation; T sprayed
g 18.‘;1'.&% : jpho*i:mnefharc (Byons Hlegtrosdlenivn !",r iy Helatead, Jog m)

<3 chhe & m}.uoprww\ f‘iil.izei § the ldght obbput wesn compared with

o

the u,gm m?.i, ot . Spom uh.G cmmsgood hz@; Hinndanrd. *olza’i;:mn;._

Be3e Eﬁ:‘i}iﬁl_ﬁ,’tu}:ﬂ 0f gerumn fshld:(:;i‘.d.ﬁea

Sevon Ghl@:l?iﬂf;‘ oS s*smii * ad b}r g method of Scheles &

schales (1941)s he peagents used webe as follows

S
. A

As . Jrlife«r_qiwt;?::?_s acid,
By DY }fr\ﬁmm:ﬁ 25006 md:atmmf 100 me,

afphenyloarbagone was dissolved in



ay 59&0

100 ml, 95% (v/v) wleohol and store

03

Morcurdie niteaie. 2.95 g. aercuric
albrete was digsolved in o few
ndred »l. distilled vater, 20 ml,
Slenitric acid wae added; and the
volues pade up 6o 1 L. with distilied
WAL,

G g,cmejm'& ehlorvide soluflon. - 5885 mg,
sodiun chloxide wexe dwied aib 120"

and dipsolved in 1 . Qistilled wetor.

PO

1.8 ml, distilied water, 0,6 wl, dipheuyleerbasone indicatow

b

and 0,02 wl, Wenitric acld were added to Q.2 nl. semm in s lest

wibe, The mlxture was ditrated with stonderd nercurie nitrat

uaing a 2 mle micrebunette, the cade-point heing the sudden

appearance of & perelstent faint violet coloww.

The ditration was

vepested using 2 wl, of the standard ohldeide solwbion.

Qe  Colleotlon and anslysis of uwive,

le Collection of, urine,

During the expeximentel perieds the animels wewoe hovsed in

medabolisgn cages (Thomson and Monwo, 1955) in en alv-conditioned

»eo ot conwbant tehperature and hunidily.

The cages consigved of

oval glags Jors with the hobttoms vemoved, held In the inveried

pesibtion in o gbtructure bHuilt of "Demwion®,

apvengement provided Lloor ond top of the cage

A renoveble wirs moesh

end slloyed the



FIGURE 7.

M ETABOLISM C AGES
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animals to be kept in comfort and bo be saglly scoedsible, A filter
funoel plaged below the neok of the glass jawr; with & 114 of wize
gauze, ollowed uwdine to pess through bub rebained faeces and cast
hedrs (Wigure 7)e The uvine was collected ln 24 hour pemwiods in

250 mle reagent hottles pleeed below the filter fuels. As a
presexvabive; 10 mi. of 6F-UCL was added -to the bottles except when
welnary amnonis was o bhe esbtlugbed, when 1 wl, chlovoform was used

:?.Xls'h E-Z—}ax ; [}

AT

9e2+ Bglbimation of uvinany wrea C :

| Urinery wwres vag estimebed by the hypobronite method using
the Doremus Ureometer (Figuve 8). The tube A was filled with
sodium hypobromite solution (o mixzture of 10 ml. bromine and 100 mi,
A0%- (/) sodivm hydroxide) by pouring this into the bulb B and
tilting the ingbownenty g0 &s to weleage alx bubbled fyom A. 1 mi.
of wedne wos then cauntionsly adwitied to A Lrom the graduabed
pideaim C.  Afber 1520 minutes, the concentretion of uves wos. vead
ofd fube A which is gradusted in gvams of vrese

- Pa3e  The eglilmation of weinawy samonie.

The peagents vsed weve as follouss

A,  Phenolphthalein indicator.

Be  Q:1H-Ha.Ois
Ce Heutreliged fompaldehyde solubion,
3 ml, of 40% (w/v) formeldehyde was

neutrelised with O.1H-Na0H,



FIGURE 8.

THe DoreMus UREOMETER.
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2 mly of upring was diluted 1 in 10 with distllled water, Tuo
drops of pheunolphithalein vere added and 0,1W-Na0H from o burebio
vatil a2 stoble pink colour wes obtained, Neutralised formaldehyde
golution was added and the mixture titraved with 0,1W-NalH to the
game pink colour ag before. Bince in thig formol Hitration one
NHE grovp yields one eguivalent of hydvogen lon, then 1 ml, 041U
WaOl = 1.4 mg. annonia,

10, Statistical analysis,.

The ptatistical eignificonce of the difference between means
voo assessed elther by Studentls M"Y test or by analysis of
varionce, (Snedecow, 1946), Corelation coeffleients between two
aeovps of wepulits and the elgnificance of the correlation
coefficionts were obtained ag desciibed by Fisher (1954). The
pxprepsiong P< 0,05 and P< 0,01 etel. are used in the conventlonal
ﬂeﬁse to indieate significance at the 5% and 1% levels obes

reppectively. (Snedecor, 1946),
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RESULTRS,

The noymal 1at lkidnev.

»
¥
-

Although the problem of compensatory menal hypertrophy hag
heen studied for over a hundred yeors, es the weview of {he
Literature in the Introducbion cahoug:, the geaeral ploburve is still
very coz:\iug;ad. Tb.e:t:e ig Libtle wrcemeir’ about the mechanism
controlling the process oﬁ:* aven ghout the magnitude of the changes

- ()

involved, Before .Lmre tigating the process or the mechanism
sontrolling it, it was clearly necesssuy 6o ob ain a suitable means
of meaguring the growth of the kidney, The methods used by previcus
workers weyre nobt very setisfactory. They invol Wd comparison of

ot

the sime, mitotic am‘s:i.v:?:by o composm.!.on C‘f Lha kidney mmo\rccl '
death with that of the 1& idney vemoved atb opewa"w on, Since thoge
neapurencnts were noty in ,s.g,*ene::al, very preeise opr relisble, it
%emed eggentlal to begin by weviewing all Lm,hmqu eae, 'The Tivat
shep in the present investigation olzem*f‘o:t?o, vas necessarlily o
careful am& detailed compoxison of the wight and lelt kidvneys of
noxmal animale, The confusion p:m—}vailing in the litevature on this
subject ig well illustralted by the uncertvainty, particularly in the
rat, about the mmclammﬁal questlon as i}o wvhether the tuwo lkidueys
of normal animels are cqual in welight. i the early workews,
Avetaki. (1926n) found that between birth and 350 deys of age, the

right kidneys of male wals wewme, on average, 2.1% heaview and of

TYemale » 9._;,9 heavier thon the left kidneys. Smith and Molse



(1927}, however, reporbted that any difference thers may hove heen
the ‘we:i.gg;h;i'; off the two kidneys of male ralbe wos so slight that 1%

.....

c‘cmil - bo dim fopm:&e&@ E’I ore recently, Yumoff and Pachier (1964) =nd

» [N

;kmacm.\md. .L*};m'id (19 "3‘0 _)) found no ;?L nLf cem{ ﬂ;r:r..,\er enee between the
wedg aLM of the Lwo lcv dncys in ra Lﬂs, 1‘1& female m’ice, on the othey

" xmncl, Rosen and Cole (1960) and Berech and Curdis (i_%!]) have
'T;;'{'%I)C!,l"i?ea. that Lhe vight kidney was, on average, shoub 56 hesvie

then the left. in dogs, Mllen, Bollmen and Momn (1935) also fouad
*'ulia"b- .*islm :;?:lgh-"u kidney wag aboub 5% heavier than the loft and
j\t:"sewhadv and Essex (1953) wepowbed het in mont heolthy dogs, the
rlght kidoey ves always i‘bhg heavier. m rabbits and in men, hoveven,
Aratekl (1926) veported that the wig st kidney wes smeller than the

-

leite Wo elapify this 1)0111?&;5 and as o basle fov fubure experiments,

4

g fresh study wes mede of the size and composition of the kidneye of

normal rabs.

1.la iiidll@;f( '}1&33‘.;:1’11; o
’i‘hw (11 eation whe her one I }.ducy is 21011 i!y heavier than the
o‘"‘;;}me* ip oJ pm'nwm ar imporsance because the ca:r:.l 4 Q‘B"‘ and’ the most

‘ ,,Jed ne %hori of oilowmg the wcmr th of the z.ow‘%ﬂiz & I nchia;sr hog been

B0 gmngm:a :Li “WQ:L }u u,b des, E,n with '1:3'19;1; of Lhe L;zdne*y re movﬂd a%
Qp@a.rﬂ’a" on. This irmnc—:&::‘;ai:e‘lyi:ea:i s the guestion of how faxr the

weight of the oweised kidney is a,i‘mecswcl by the way in which it was
removed fyom the emmal. It is nod 1;:05;3_5.’;::3.9 o remove hoth kidnoys

vnden 13r uhe some condibionss a8 soon a8 one kidney is excised,
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the conditions are altered and it iz possible that the weight of
the surviving kidney wmay then be affected, say, by a redisﬁributié;
of bHlood in the operated animal, 4@&%1@ 10 shouws the welghis of +the
kidneys following wemoval Dy three different procedunes, In the
first, the enimals were anmaesbhetised wi%h ether and the wighl
kidneys ligated as they wounld have been in the normal opevation of
wnilateral nephveciony, and then excised, The animals wexe then
killed, es they might have been atlﬁh@ end of an expeximent, by
cubting the inferior vena cove and aorta and allowing them to bleed

o death, still under ether snaesthesia, The left kidneys veve

then excised, Table 10 shows that the right kidueys, vhich were

A3

removed fivst, were significently hesvier then the left. This may
veflect o weal difference which exists in vivo. It is possible,
hdwever, that i% was due to the kidney excised from the living
aninmal containing more blood than its pgrtner which wag removed afbor
exsonguination, Wo check thig point, a pecond group of rabs wexe
killed by exsanguinetion under eother snaesthesia. Both kidneys

were thon removed from the dead evnimals and weighed. Table 10 shows
that_in this group also, the right kiduey ves significantly heavier
then the lefts WThe difference in welght is therefore real, and not
&n artefact, MNMoxeover the difference bebween right and left kidneys
wag not significantly greater in one group then in the other, It i1s

not likely therefove, that the way in vhich the kidneys arve excised

has mueh effect on thelr welghts, In the study of fthe effect of




The

Table 10

L0
QUL

oot on kidney w

et of

4.4

the nethod of wenoval,

Ras body

Method of roemoval

Right kiduey

et kidney

DMiference in

wedaht of kidneys, weight welght welght between
2ight and ledd
& me ng LS :
(L::') ( ul) ( e kl&.‘ﬂ@;"&.
(Iﬁé'.?e)
+ ., . . RS I -
262 « 3.9 |Right kidaey 669 % 32,3 | 785 ¥ 28,5 84 = 2043%
ligated and oxe
cigadsy ma%
killed by exsane
guination snd
then left Lidney
excised,.

* *, - » - by w; 1 & - - I
262 ¥ 9,0 |Rat exsanguinated | 852 I 36,2 |79 & 1.7 60 = 7.
and both kidueys
then exelsed,
o F o o los as as I N - .
262 w 5e5 |Right kidney BH0 & 28,7 |795 = 2644 55 X SPRLLE

‘

Ligated and exe
giseds then lefd
kidney Ligaled
and excised in
the same way.

]

Values ave neans for 10 eninsls & Sellale

.

b5

The diffexzences ghown in the.column on the ewxbreme zhglh

oA

gignil

pignificantly

ficently diffcwent fxom one emother (P>0,05),

different from gero with & P value of 0.001 op 1o,

ave nos
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L3 .

wnilateral nephvectomy, hovever, it is obviouely not hpoum.bla %0 -
expengulnate the animal befoue zemoving the f‘i’i:" t kidney. A%

2

operation, one kidney will have to be ligated beforve exoision, The
apimal will - hou be left for some period of bime bef ORE LEroV. al of
Cthe second ki (“mey. Accordingly, in e third gvoup of an:i.ma,ls, the

‘

right kidney was ted and excilsed bo simylate a wllateral

- pephvectony, The lefd kidney was then immediately ligated wd

excised In exactly 'E;hé gome wayes As Toble 10 shows, the wight kidney

was again signlflcantly heavier than the left, Iun addition, the

dlfferonce in welght bebween the two kidneys was nob sign_.i:ﬁ‘ioan'bly

different from that fovnd with the two previous methods. Since,

however, this thivd method involves removal of the two ki c}"aey in

the mannen reguived :?0:;3 unilateral nevhwectony, it was used as &
wn&m‘c’i procedure in all subseguent studles.

Although, from the results showm in Teble 10, it meened unlikely
ul’TE‘L"' the me'{;}mii i_a:i.‘ renoval of the kidneys affected thelr weighl, it
geemed desirable 1’;9 ezclude any possible chance of exrvor from this
source, Accordivgly, the effect of the ovder of removal of the
kidnoys on the observed kidaey weight was in‘s;ea‘biga*bed. Twenty rato
vere divided :i:'midcmly into two group The kidneys were removed
Ffrom the animals by the stondaxd procedure quoted above, Feom one

geoup, the wight kidney was vemoved fivet and frvom the othexw group,
the left kid;aej was wenoved firvmt. The msuh. axe shovn in Teble

11 Trrespective of the order of wmemoval of the kidueys, the wight




The effect on kidney welght of the oxder of memoval of the kidneyse

Rat Body Order of | Right Kidney | lefl Kiduey |Difference in
Velght Removal of Welght Veight Welght betweer
Kidneys o o Right and Lefs
(0 Gage ) (ngs) Kidneys .
(3380)
+ o . ' -
o2 X 240 | Right Fiest | 831 % 20,5 772 4 01,8 59 L 11,8
'}" + R T | - + « - - M '!" roge
272 = AL | left Fiyst 858 w 19,9 810 « 23,8 AT = 8T

Resul ity are g*:iven a6 mean valueg QeEM, for 10 animels,
¥ Slgnificantly diffevent from zmero with o P value of 0,001
? 1eRse
The differences ghown in the oolumn on the extreme right axe

not signis lesmtlv different from one another (P>0,0 ;))
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gi@ﬁey vas significantly heavier than the left, Moveover, the

diﬁfexén@e in welght was not significantly different in the Lo

gﬁgupsicf aninals, It can thgrefere safely be concluded that The

right kidney of male vats of the stwain and body weight used; s,

on average, aboul 60 mg. (8%) heavier than the left, The resulis

in Tahlg 12 show that in female rate the weights of the wight ond

Lot Eidm@yg7ama almost exaclly the same as in male raﬁé of the sane.

body welghte This is in contrast Vo ¥he liver where a sex difference
)

exisbes - The liver of mele rabs is about 10 Yo 20% hesvier than thatb

(=1

of fenales (?homseﬁ; Heagy, Hubtchison and Devidson, 1953); - The
difference in welght belween right and left kidneys is not restricted

to the rat welght range wo far gbudied, Figuwe 9 shows thet in the

"

welght renge 120 4o 350 g. the righthkiéney'wasdhe&viem then the
lefh in 111 of 121 casese Thus the two kidneys of the nowmal zal
are not the same and the difference in weight will have to be taken
fnto account whaﬁ gomparing the welght of the surviving kidney with
that of tﬁe-kidngy.remave& 2t uniiateral nephrectomy s

6 was clear fro@ the digbribution of points ie Filgure 9 +thab
the welght af.@me kidney bore & r@lﬁtionshiy to the weight of the
others A sbeadght line wos drewn through the.poinﬁs by the method
of least squeves and the correla%ion coefficient calculated, The
vexy high value found (0.87) vepresents a good corvelation. Clesrly,
therelona, al%hnugh the %walkidneys are not egqual in weight, if the

welght of one ig lmown, the weight of the other can be caleulaved



Jable 12

The offect of sex on kidney welghls.

Rat Bedy

Right Kidney

Left Kiduney

Differvence in

Yoy Weight Veight Weight Waelght between
- Right and Left
() (mge ) (mge) Kidneys.
Nele 166 % 3,9 627 % 15.3 577 £ 1504 50 £ 4455
Pemale | 166 & 3,8 620 £ 19, 566 £ 19,9 54 & 9,9%

+
Values ayre means = S, for 10 aninals,

logge

¥ Gignificantly diffevent fzom pewro with e P value of

0,001 ox

The differences in the kiduey weight in the o groups eve not

pignificantly diffe

went (P> 0605) e
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with o fa 60{3%6 of ouxid Ldéme - Sone voxliers have expmssc i,hov o4

ey

xesvlis do de "ma: of ««h{\ ratie c:r'c‘ lw.ctuey x» eight ‘o ﬁ[;hf@ body weight at

Lo le. bime of eme? uf‘ the  oxigan i B e ralio cen only have meaning

1",
It

A "“lze‘x\y@iglrb of the 3”1.(1‘ﬂ<§,)fs La m‘mml aninels bow’% 2 ‘:E‘airly' close

velatlonghip to hody r.wezz.gi-lji:g Ji‘fmm:., MO &me thet. there wae indeed

'y

‘o, Podr degree of Ocrrelotion bebweex wight kiduey weight and hody

) LJ . . 1 » £ ; . a 1 - . L 4 - a ¢ .
welght In the welght range gtudied. ,133?:3;1:11141\'1@11@:@{3.@2 (1L952), Bealizg

3

Morsdlel and Cusmings (1961) ond Zumoff and Pachier (1964) hiwe

i~

“obtained sin 1 v resultoe. The coxw Lm,.i!.en eeei" ?3*7(,1 ent obloined ln:.
the 7:, TR u 1 cheewvatlon (0,91) wor ’Lim;yevza:e mz.b.l:-:imn-f;:iali 1y Lower '.‘h;m :
Jm;L obmmned om Tigure 9 In othex wonds, The wels ucm‘ ship

betreen left | dm.y weight and right kidney weight was closer than

that between wight k idm;y' welght *uul bec‘l,y welghte  Figure 11 shous

'isha relationship bowcmn tm‘:rﬂl Ss.nﬂnn;y vm.g,hu and body - wm ot The
corvelation coefficiont of Q.94 was ".'-31;3.;;; tly bether than. thed
chiained for wight kiduey w ‘ghbags gl hody welghtbs

T4 is noticeable that | a5 body weight incwenses from 150 0 300 g,

o]

(an dncrease of 1 0’;’;} the average weig"iri;‘ of the wight kidney luncpeases
from BI0 nge bo ,)j{ nge (an 3 .J)GIC‘CC’.&O OF only 60%), Tu other wonds

lunge aduld wats have s@s;lleze Im.c'ii’lefm in propostion o thelr pize

thapn yowog aduluz, On the other he und, by using the fomula
(}.60

surface azes, v 12,54 % body weight "By Cile
(Tieey 1 9), it con be calculated that o 500 ge 10t bas only 52%

L mome gy r“‘abe & rﬁa then & ‘,L,,;E) re 1Te - Lb can therefore he avgved



Fipure 10

Tho- correlotion botween right kidney weight and body welght. of .

NoxTIAL fmle ratse
|
The equation. of the line s y m 2,45x + 222 aund r « 0,91 (p<0,001), .
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i correlation botween total renai welght end .bc;dy ,t-réigh't oi’-;ﬁémal

male rotye .

Thd equotion of the linc is.y = 4.92% + 390 and ':r:.s;;t-o;j.sp,:z'ﬁ(?-< 0,001)s. - -
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vhat kiduey siw .mm:e nearly provoxtional to surface ares than
o %mc”t;} welghts This is perhaps what one might expect If kiduey

i'.e were determined uliiluately by the nuteltional wequirvements of
the i:ad.ijzfiﬁuzsl, sinc-e these ave known 1o be welated more diveectly
to sunface aven ‘i;}‘mn to body weig}z"‘c " |

Since the hody m,:l.{_,hb of anlnals can vory acconding to ‘the'
antritional state or to enviromsentval fectors, it seemed possible
thet betier co:r:;t:elea;hion mignt be Lound bHebween wenal woight and the
‘Tsm ight of eno Lher organ such ap the liver than belween wenal weight
and body wemgh:i;o A r".%‘i?-tlfiy was therefore mode of the xelationship
hetween total renal woeilght and 13&305} welghts The mesulis ave shown
" in Flovwve 12, The ccfxolmwn vag In fact, if eoything, lower than
hetyeen 33@3.1&1 welgul and body weilght,

To sum wp these observati GN8 o Thougn the twoe kidaeys in the
rat Giffer on *i_:hg: avaerage @.i'i;@ substantially in ueipht, the relationw
ship between thelr welghits lg fairly constant and certainly cloper
“than the relationship 'oi” kiduey uweight t0 elther hody ‘LIGJ ght ox livew
welghte In practical dexms this means that the growth of the

surviving kidney after wailatersal mphmc‘bomj‘ can be convenlently
ond 1:'13_:".!,;3:“ rel mhlv meagured by Oéﬁ\rul‘lﬂ@ ibs wedght with that of its -
partner ramoved ab opem,tiong Such a compari fon will genexelly Le

[

move relinble than an atbempt to 3:01 he I;he welght of the surviviog

kidney to body weight '(o:e to the welght of, VY the liver)e It musdb

however take accowvnt of Vhe diffevence in welght bebweea vhe two



L]

e coruelotlon betwesn botal wendl welght end liver welght-of-

aorald wnle ratse

fhe oquation of the liane is y = 185z + 426 and @ = 0,65 (P<0,001),.
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kidueys before opervation, Accordingly, in the prescab expewiments,

a shondard procedure was adopbed in which the vight kidney was ligated

CJ

and, exclsed in :LZLL undlateral nephrectomics (unless otherwise. stabed)s
At 'i;hfsz ead of .ea,cb}v experiment, the left kidney was olwsys ligoted and
exciged meic'c éi,he'c anaesthegisa in {-3:{&0"313,? the same way. The tuo

iduneys, 1‘“71(&19 o:’e:, -v.ro*ceg ag far ap possible, treated exactly olike,

Le2s §§5;ﬂn.e:§€' compogition,

in owvder o define wore cleavly %he differences botween ripght
and lefd kidnays brought oubt by the d.'? fervences in weight, a
gompaiison was made of thelr protein snd nucleic acid contenisd.
Thege particulor tissue components were chogen because of‘ thede
special welglbionghip bto growth., Thus an iverease In the protein
conbent of the kiduey might be expected to be a more sengitive and
relisble inﬁica:t;i.on that kilduey growith had faken place than :

increpse in kidasy weight, since the latter iz liable to exrox Trom

verdation in coutent of water and fat. The RUA content might prove

To be an indicator of growih in a different scuse, since there is
ample reason to think that Lt would inciesse during and lmmediletely
hefore the actuel process of growth. Finally the content of DNA
x'-}ould, gince the amount of NHA per nucleus in the kidney is congbant,
give o measure or cell nuwibew, Moveover, by relating obthexr tissue
components to DUA, It should be possible to obtain an esbimate of
mean cell wase and composition, For example, the DIA concentuabion

per 100 mg, tlssue is inversely (J.K’O'(,:()T'i:l()n&l to the mags of tissue
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pexr cell and ¥he watios of protein/DNA end RNA/DNA ave divectly

proporbional bto the amountg. of protein and RNA pew cell, This sort

of wough calculation takes no accowmt, of course, of extracellulaw

material, and this met be bozne In nind o cgsesping lts signiilcance,
Table 13 shows the resulis obiained in o comparison of the btwo

bt 3

kidneys of nommal wats, The inequalily in ovgon weight was the nost
marked diffemence, the xight kildney belng aboutb 10% heavier then the
lefs, It coatained about 7% nove RNA (P <C,0L) and DA {(£<0,02),
Although i% alpo contained about 5% more protein than the left kidney,

"

thié diffexvence was noht significant (P>0,05), On the assunpbion,
outlined above, that the DHA content per cell 1z constant, this means
that the wight kidney contains aboub %% more cella then the lefte

The average protein and RNA countents per cell were, however, the gome
for both kidneys, Indeed the most striking generalization to emernge
from this experlment was that vhile the average RNA/DNA ratio varied
a good deal from animal to animel, there was very little difference,
if any, In this ratlo beitween Tthe right and left kidneys of a single
andmal, The difference was never more than 24, Tn practical beras,
this meang that any changes in RWA/DWA vatio in the suxviving kidney
will be detected much move readily by compsring it with ite pariner
exeised alt operation tﬁan with the kidneys of a contwol group of
unoperated animals, Thewe wog a greater scatier in the protein pewx

cell and ia mean cell moass (egtima%e& from the weciprocal of EEA/lOO

nge ) between the wight and left kidneys, perhaps because these would



Tabhle 19
WAL AT SR

The welght snd composition of ight and left kidneys of male wats,

Right Ix.,!_.ﬂll@%y left Kidney Ratio Right
Veight (mee) 955 & 29,5 861 =+ 28,0 0,90 % 0,011
DIAP |
78/100 ng. kidney 29,1 & 0,80 50,2 & 0,64 1..04 & 0,007
}ig/h.ldi’;@y 217 & a1 259 X 5,6 0,94 & 0,018F
RUAP | |
peficldney 413 £ 1246 585 10,2 | 0,95 & 0,0177
nug/ng DIAP 149 & 0,02 149 £ 0,02 | 1,00 £ 0,004
Protein
ng/lidney 130 % 3,4 151 a0 0695 % 0,044
BE/ng DIAP 521 & 13,9 517 & 949 0,99 & 0,035

Volues aro means o SallyM, for 9 oniwals weighing bebween 260 and
280 &

y ith o P value of 0,00L

Taty
'l

% Qatlo slgnificantly different fvom unit
o lepbd,

T Ratilo significontly diffewentd £r.«$om ity with a P valte of 0,01
0% 1lessSe

:i: Batio significantly dlfiorent fxon walty with & P value of 0,02

0T LOBR.



be affected by the blood content of the lkidneys,
the values obtoined for the RNA and DUA contents of the kidney
by obher workers have vavied cons siderably, UMandel, Mzndel and

Jocoh (1951) ond Thomson ed al, (1953) have obbained values for the

RUA/DHA ratio in adulb rat kidney of over 2,0, wk:m aos Sphneld (1(::-
(1946) and Rose and Schweigert (1952) obtained values of less than
1,0. Mowve vecenily, Kurnick (1955), Munxo (1964 Y and Losspeich

('.1.965) have obtained values fox the sane wablo cri’ between 1.4 and
1.8 which ave moxre in agveement with the results of Wable 13, The:
differences in the RWA/DNA wabio 5n11.5‘t; bhe due to the devemmination
off RNA, since there .u:; less variation in the values 'obi;éined For
DWA concentrations, .‘I‘hese moy have arisen as a vesult of dAifferent
methods of exbracting ond estiveting the wnelelec acids, Uhen the
aucleic aclds heve been extracted by the procedure of Schmidt and
Thannhauser (1945 )3 the regults obtained have always been highew
'th.an after extraction by the Schneider method (Schneider, 1945).
Altvhough o giniler variation hap been found with esbimaticns on
other lisgues, it is cleaxr that the RNA/DNA xatio ig mch highewr
for liver and p&ne‘e as than for kiduey, whewveas bthe matio fow
’I::i.ssres such ag swmall intestine, luag, thymue and bone marvow has,
in genexrsl, been Found to be lower Lhan in kidney (Les 1ie, 1955)
Tt peems likely that the velue for the RUA/DHA matio is velat

(3

to the proteln gsyuthesleing capacity of the tissve,pevticulerly to

2 1

ite activity in synthesising protein for expord, Tissues synthesisiog



" l"‘;’ wod

lapge smovnts of protein,such as liver and pancress,heve a high nia/
DA mobio wherean tispues vhich do not wequive o synthesise much
proteln such ag lung, or vhich are mainly concerned with prolifexation,
such ag bone marrow, hove o low RNA/DNA matio., It scems remsonzble
that kidney should occupy an intemwediabe position,

a

The difference in size and composition between the two kidneys
ofl the same onimel geemed thorefore to have been clavified hy making
uee of the foclt thot all kidney cellg hove the some DNA content, It
seemed worthwhile to see vhether the same sont of appronch would
throy more 1light on the zelationghip hetween kidney sime and body
welght, TFigure 13 shows the relationshin betueen the totel content

of DHA of the might kidney and the body weight of the enimel. In

Increasing in body weight from 150 Lo 300 g., bthere wes sun increase

(3

of whowt 0% in the DHA content of the kidney, The correlstion

Ll

coefficient obtained (v = 0,81) perheps surprisingly, indicates thatb
the velabtionship betwesn kidney cell auwmber and body weight is not
as close as that between kidney weight and body welght (Figuxe 10),
fhe inerense in tobtal conbent of RNA (Figure 14) and protein
(FPigure 15), in the same body weight renze, were gbout 1008 and 75%
respeciively, The correlation between each of these congtituents
and body weight wag of the sawme onder as hetwesn DNA content and
body weight,

Tigures 16, 17 and 18 shov the welstionship between DNA

concentration, RUA per cell and protein pew cell on the one hand and
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The gonpoledica botucon total DUAP content of the wrisht kiduoy end

body weight of nownnd male zatbo,

o cquoiion of he line 18 ¥ m 0495% + 22 and 2 = 0,61 (P<0,001)s
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fhe comeelalion betweon btolal BNAP goatent of the night kidundy sad W7~ =

¥

body ueight of nowmal mele xets.

e equotion of the line o ¥ = l4lx % 27 ond o = 0481 (P <jo',-,‘q@1«;\g.-'
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Lipee 15

The correlatlion betucen bobal prokein cdntent of the might kidney

axdl 13&3{3,;«;'1 wolgit of nornmnl wale rats,

The oguation of the Line in y » 0475z + 26 vl » @ 0,05 {(P< Q,()C}l}jg.
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hody weight on the othex, ’ln none of these insbances was the
correlation coefficient vexry significent. In other words, these
Figures do not reveal any signifibanﬁ relationship between the aizé
of the snimal and the give and composition of the cells in itm
kidneys, The deta collected in Pigures 16, 17 and 18, however, wewe
derived from control animals used in a varielty of experiments carried
oult over & period of years, If the date in any of thespe Figumeé are
rlotted in such @ way as bo disbtingulsh between different expoxni-

nenbs, as hes been done in Figure 16, it becomes immediately cleaw

that the veriation within an individual experiment is much less than
that in the populotion at large., This mey reflect variations from
tine to time in kidney compogiition in the aupwrbmenpal rat colony
(from ceuses uoknovm), or it mey sinply indicate a vewlable ervor
in the methods of egbimation. Whichever of these explangtions is
correcs Ls wnot very impovbtant for the present purpose, What isg
Important is that ithese data cmphasise the necesgity of adequate
conbrols within each experiment and the dangers inhewvent in comparing
oo confidently absolute figures obtained in two geparate sxperiments.
Throughout the present work great cere hag heen exercgised both in
the design of experiments aﬂd in the organisation of analyses to
engure that the vesults wnuld not be invalidated by the effects of
unknown sources of variation in experimental snimels or of uwnkuown

and variable errors in snalytical technigues.
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Tha cocielation hebieen DUA concenbrabion of the wight kiduey ond.

body welshh of nomnl nole rabs,

L R Nl

e yolues obbodned in diffovent eXperiments aie morksd by diffdient

pymboln,
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cosvelolion hetucen the RUA/DIN watlo. of the pight kiduey and

valght of aorael malc TR
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Whe correlotion bebyeen the. protein/DVA zaltio of the might kidney

and the (hody welght of nomol male rotse

ihe equation of the line is y & «0,695% + 714 ond = <0,22,
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In the past, the main alternative bo increase in kidney welght
as o measurement of compensatory rengl hypevbrophy bas Leen the
countlng of mitotic figures In histological sectlions, Table 14
ghovs the mitotic freguency in the kildneys of six normal adult rats.
In all six snimale the freguency was vevry low, though it appeared fo
very a good desl froﬁ one individual Yo another, Because the ftotal
mmber of mitotic flgures counted in any one section was so swall,
the random exrwor atleching o the calculated mitotic Freguency is
very large, It weul&s for exenple, be absurd tb claim, on the basis
of -the Ligures shown in Table 14, that the mi%o%ic:frequency in
animal muomber i,Was significantly different from that in,say, animal
nmber 2 or animal muber 3; To obtain significently more reliable
figures it would he necepgary Ho count much larger numbers of
mitoses, say a botal of B0 per kidney. If we take the mitotic U
frequency to be the average of the figures shoun in Table 14 (i.e.
about 1 per 10,000 nuclei), this would nccessitate géaning an ares
equivalent to 500,000 nuclel, At the section thickness we have used
this in turn would be equivalent Lo onx 200 = 8,000 fields. This
would weguire o tolal of aporoximately 24 hours scauming for each
animal, It is cleaw, therefore, thet to obtain a quantitative
estimate of mitolic freguency In even a single kidney is likely to
be a very laborious uvndertoking, To obbtain sn average value for a

reoup of aorwmal animals would be almost prohibitively expensive in
D . X



Table 14

e s

tivity in the kiduneys of nowmal wale zaty of body welght

+
S
=
o
fovind
el
o
@
o
L

Animal, Section Bgbinated Noe Humbesn of Hiﬁ@ﬂtb new
No, No, of Nuclel Hitoses (0,000 Fucled
N 14,980 1
1 e 13,750 L 1443
3 13,300 4
X 154930 i3
2 b 124460 0 D52
5 12,020 L
X} 14,470 4
3 2 11,980 2 2401
3 135330 @
1 10,990 0
& a 14,120 O 0400
3 11,248 0
' 1 224160 2
i ’ )
J 2 20,600 1 0.0
XA 25,540 2 e
6 ; 17880 ; 1669
¥

200 highwpower fields were geanned in each section and the totel
awber of mivobic Tigures counted., The number of nuclel in every
tenth field was counted, The total nuwmber of nucled in these wwenty

~saa. Lields was wmultiplied by 10 do give the egtimsited number of nuclel

in the 200 fielde,
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terms of time and labour,
Ledo - Sunmary, -

o mainxconcluéions seem to eme&ge from the ﬁeaulﬁs‘répdrted

~in this section. The fifsﬁ ie that ﬁhg two kidoeys of a.single

animel are remarkably aliks. Bven though They are.ﬁet_aqnsl in

2

raight, the ﬁLfievence botvoen them ig wemax) *bly ccnﬁusnﬁ and in
composition thew geen %nii svinguishable, Ucnseqnenﬁly, ﬁhe PEOEIAsS
or GOmpensaﬁory renal hypertrophy can probably he followed

W

sgatiefactorily by conparing the su?vivihg kidney with the lenny
re mavod at oyeraﬁion;-AGn the other héndg the variation in kidney
glme and compos‘ ion bgtvoem different sndlvxanal 1, even il the
are of the some nody welght, is quite large. Congequently, if the
effect of.any factor on kidney gize and compogition has o be
tested by comparison bhedween a Trea bed group of animals snd a
control group, falrly leavge numbers of animals will have Lo be used.
The uLGOﬂd main conclusion which can bo legitimately drewn ip
that the labour lavolved in determining the DNA contend of kidueys,
in oxder to estimate cell number, ceil size and cell composition,
seems to be wortﬁwhile. In the present gecbion it has revealed
that the right kidney i ]wr er than bho left not because its cells
are lavger, but becouse they are more numerous, The variabion in
kidoey size with age and body welg ht ig also a matiter of ce}l

mumber rather then cell size. It would seem weasonable to agsume

that the s&meféort of apyroach ls likely do be equally profﬁtwble
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vhen appliled to the process of compensatory renal hypertrvopby. It
centalinly appears move prowising than en approsch baged on {the
tedious and rather iuaccuvate method of counting mibotic figures
in histological seclbions.

2s [The effect of unlloteral nephrechtomy.

h

Before lavestigetilng the mechanism controlling wilateral
nephrectony, 1t wag necessary to define clearly the effect of the
operabion on the size and compopition of the wemoining kidney with

\J

a view o finding e suiteble means of detecting and measuring its
growth, The method involved would need to be fairvly sensitive
gince most of bhe chianges dsscribed by other workevs are melatively
snall. For thisg weason it seemed neceggary o exemine and compare

2ll changes which resulld from uwnilateral noevphrectomy and o select

the one which would provide on easily measurable, but clear and 1T
poggible, early indicstor of kidney geowbh., LAccordingly the

following faclors were examined,

Rale Changes in kidncy weight.

Figure 19 ghows the increages In wetb and dry welsht of the
remaining kidney in the firvst 3 days after wiilstberal nephrectomy,
The results are expressed as the pewcentage differvence between the
remalning kidney and the 1 i‘qey removed at operation., The wet and
dry weights of the left kidney, vhich were initially less than those

of the right kidney removed at operabion, incressed to & value aboutb

O~35% above nommal in the 3 day peried, fThe changes in dvy weight



Firure 19

The offect of unilotoral ncphm'di;é)my in rats on the wot and dyy

- yelsht of the :r:enu::,ini:a_gg sidney, cxpressod os o, percentage of the welght
. . ’, - . : . P . T .LJ

of the execloed Piﬂney.

b2 h podnt i *’"lw mem i‘cm”’ f’ aniwlr*' ve mw“f rfr,rsa "epmrson' Belialls .

o endmols welghod beducen 168 end 210 romse
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appeared to parallel quite closely the changes in wel weight, ITon
purposes of comparison, Figuve 20 shows the corvegponding information
for mice, It lg quite cleaxw that in both apecies the hypertrophy of
the vemoining kidney is proceeding at roughly the mame xotbe, though
in nice the total incxease o weight wes slightly less. TFron

Flgure 19 it is clear that iun the wat, the Increase in elther wet

or dxy weight ig clearly demongirable atv 24 houvs but not at 12 houns,
Tt is, however, of interest that the water content of the wemaining
kidney shows o slight but significant increase detectable bhoth atb

12 and gt 24 hours afler the operation (Table 15)s A change ag esxly

ag this Is obviougly of intervesi, Unfortunstely in the present
instance it is btoo swsll o be easy o measure, Moreover, no.
corresponding change was ohperved in the mouse expeniment (Table 16)e
It ig not therefore likely to be of much help In elucidating the
process Of compensabory vensl hypertrovhy. The water conbtent of the
surviving kidney after unilateral nephvectomy hag also been investis
gated by Stravbe and Patt (1961), vho used femele mice, and by
Montfort and Pérez-Tamayo (1962) who used rats, Polh groups repovbed
that there was no change in the weter content of the kidney remaining
after uniloateral nephrectomy, but both groups cxamined the kildneys o%
time pexiods which were much longer post~opevatively than those
employed in the present investigation. Stroube and Pakt (1961)
reponted thelr resulis et 14 days and Montfort znd Péﬁes«@amayo (1962)

at 10 and 20 days pest-opevatively., It is possible therefoxe that the




[ e & i handier)

Tigurs 20

Al

The effest of unilateral nephrectomy in mice on the wet and dry

. L

sreipnt c]r'i‘ the wemadning kiduey, cupressed as o pewcontogs of the welght . .

» | * - ; )
of the oxcised kidncy.

Eoch point is the ween Fow 4 onimeles verbloal bars meprosent 5l

The ondmolp yelgned botucsn 24 and 32 graung,
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Effect of wnilateral nephrectomy on the watewr content of the

lelt kiduney of ratsa

TN S

Mwe afbteor Unilateral

Waber Content (4)

Wephreectony (Houws) o
Right Kidney Loty Ii:?.@.::acay Diffexence
0 - 7648 £ 0,20 61 0,18 | «0.67 ¥ 0,227
12 7502 & 0,19 | 7642 % 0447 1,03 & 044207
24 5l 0,27 | 76u4 T 0u35 | La30 ¥ 0,225
48 76,8 & 0,30 7602 £ 0,33 | 0.5 T 0,395
12 173 E 05 | 78,0 0020 | 0475 ¥ 0,304}

Values are neans : S el M,

¥ Bignificantly different

a ¥ value of 0,001 or losg,

for 6 oninmsls weighing betyeen 168

frow the value of the 0 time grouwp wi

r Ditio, with a P value of (.01 or less,

ond




Mable 16
e e e

Bffeet of wnilaterel nephrectomy on the water content of the 1left
Ieidney of micc,
WVater Content (F)
Tine aftey Unilatezal
Nephrechomy Right Xiduney | Teft Xidney | Differvence o Velight
o : ) betwesn Right and
(owss ) (m,g.) (e ) Teft Kidneys.
(mgc)
3 o & 2 [ ¢ “p € o oy
0. TAe'T . 0e5Q 7496 - 0,50 ~(a23 = 0315
} -y "" » —r “+ -
24 Thod = 0430 | T4e8 & 1,19 058 =~ Qo979 |
rice A 0 ) N iy ) - o )
4-8 (‘\)ql L 0.‘5«2( . (4‘08 i 0.:)5.; "“QQ‘)O "~ 0‘299.
o~ e 9 < » = & 6
% Tdel = 0,18 T4e9 = QedT 073 = 0440

Valueg ave neans & Selele Lo 4 aninals,
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water content of the remalning kidoney incresses immedistely alvew

the opev&u on but returns to momal within a few days. These changes
in wet ﬂd in dry kidney weilght sre techmlcally ecugy ho obtoln. En

pdddition they give a Tairly early indication of gross changes in the
surviviog kidaey alter nullateral nephrectomy. HNevertheless, they
are not by thenselves an sdeguate measure of kluney growth, since
they give no indicetion of nuy chemicnl changes occurving ov of the
velative contributions of chianges in cell nwaber end in cell sipe,
In zadition, change in weight is o rather ingensitive indicator of
growth (becaune of the lavge standard errors, sce Figures 19 and 20)
~ond it malkes wno allowance for the blceod or vrine content of the

kidney., In «ll subseguent studies, however, the webt welghi, bub

not the dry weight, of the kidneys was recorded, siance this cun be
done yet still peemidt further analysis of the kidneyse
2,2, Changes in mibobic activity.,
As has been shown in Section 3¢le%., the mitobtic activity cf
KA 5

the vormal kidney is very low. Taﬁle-l? snows the changes in mitotic
activity in the surviving kidney in the fixet 3 days after unilotexal
nevhrectomys ITH is quite clear that one day after the operation the
mitotic activity was still at the resting level. A4 2 days, however,
it showed a sharp incrense with a further lncrzase at 3 doys, In
agreoment wlth Gosg (1965&), the iﬂpidence of mivoses at 48 hours

vas aboul 6 times as grest as in unoperated conlrols. There uas,

hovwever, no apparent pesk of mitobic wesponse 40-48 hours pogh-—



Zoble 1T,

sv an s

The freguency of mitoses in the remaining kidneys ab vavious times

ofter wight woilatexal nephvechtony,

Time Aftew
Unilateral Animal Lgtimated No, Nombex off Mitoges pem
Nephrecotomny Nog of Wucledi Mitoses 10,000 Hueled
(Days)

0 1 424010 6 1.43

a 38,410 2 Qeb2

3 394160 8 2601

4 36,360 Q 0400

L 5 37,000 9 Le35

6 294590 4 Le3H

7 304920 & 1.29

8 32,010 g 1,87

2 9 58,550 L2 Fell

10 36,090 15 409

11 35,210 15 4o26

iz 524740 24 10,39

3 13 429350 60 14417

14 40,180 40 D456

15 39,460 29 o35

16 58 4120 a4, 628

The snimals weighed between 260 and 320 g

ag 1o Tohle 14.

Method of couating
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oPaL 1Ljvo"if &8 veporbed by Ogawe and Sincleir (1958) and by Williams

{1961), This discrepancy may perhaps be explained on the assumphbion

L] .
-

that the vesponse to uwailatersl nephrectomy veries wi th the age of

@

the animal used (Konishi, 1962)., From & practical point of view,
the mivotic counts at 2 days and a% 3 days aiter unilateral .
nephrectony sre sufficiently high tao he. L%Ly*ly easy ’o BS'&:IJH%'&G.*
Nevertheless, the j.zxcréa.x;e above. -bhe ccm*i;i?éil. level is not reelly
et enough bo 1115;1@:@}‘!;1’1‘;—} mjgthod’ a very ‘sabisfactory way of foll@*:fing

kidney gnowlh, ‘i‘hé @réat aﬂvé‘n#uafge 'o.;j _i:_he. use of! miﬁo'l;io.;‘comrl;s]
over s 28y ,--G_L'J.CJ v:e.um b measu mmﬂ@, is.that the method bmvﬁ.ﬁes .
Im.equivocal eviﬂ_ence ,o::f“ increase in cell. oY (cz,s orgoqed g}
incresse In cel 11 rna:ss\ Tt is perhaps s lit'hl@_ sufpri:sing ot 'i;?_ﬁlca
wibotic incresse in c*ompr\r*se, Lory nen ;3,1 hype: t.rop.ay ghould be so
snmilﬁ in 1;1=,,}1y vespec l,,:,; conyg bory wmenal hypevtrophy is compaﬁ;u
able i:lﬁ.elcompens&'l:or; srowkl of 'i;hm vemaining Liver fragment |

which follows partial hépatechony. This latber process ig,howeven,

mavked by & very much more dramstic zzli'uoisid LEEPONSE, 1N 1OTHalL
liven, witosis r;} as ilﬁ‘:ce(‘;uezl"" &s 1t ig-in normal kiduey - less
then 5 mitoses per 10,000 auclei (Rrues avd Maxble, 1937; iHamnerston,
1951), ﬁzﬁ' Ger pawtiel hepatectomy this figuve lncreases within 48
hours bo something like 200 to 300 (Baues aud Ferble, 19373
Abercrvombie end Haxkness, 195L; Weinbren, 195’9),. Vhy the response
of kiduey to u?»:ﬁlaﬂ;m:a) nephrectomy should be 0 ruch less dramatic

is not entively clear, %o some exbent it nay be explained by the
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faot thot whereas liver regoneratlion tekes the form of & straizlvt-
forward increase in cell number, compensalory renal lypertrophy iz
2 & L
sartly due vo incresge in cell mmber and partly to increase In

coll gime, It is brue alsc thal compensabory reaal hypertrophy ig,

o
I8

the vhole, & slower process bthan liver regenewation though the
difference is not partl culwrly OB e

2e¢3e Changes in chemieal compo.' 10 il

Decause compensatory rensl hypertrophy iluvolves an iluncresse in

both cell muwber and cell sime (iyade ond Kueaick, 19603 Siupson,
1961a; Threlfell et al., 1964), it peemed desireble Lo obitain e
method of following growth of the :s:ame::,ining kKidney which gove a
measure of both these chenges, Teble 13 guve o compexison of the
chemical composition of the vight snd left kidueys of normal ralbs.
Thie investligstion gave an indication of ithe nunber of cells in the
kidneys iv terms of thelr DEA comtent and an indication of the
average composition of the oells was obltalned by reletling othex

cell congtbitueats to DHA, These resulte shounld sevve ag & basis fox
ent invesbigation of the chomical changes in the surviving kidaey
after wnlleteval nephrectony. Table 18 shows the resulbs of an
experiment in vhich the might kidney (i.e. the lavger of the inm)
wags removed. Fordty eight houwrs later the renaining kidney had
increased siguificently in size (P<0,001) as might have heen
expected from previous experience (Figuve 19), This was ‘a.@oempanied

by & small but significant increase in DVA per kiduey (P<0.02) i+C.



Yable 18

Lk ] I

Bfdect of xight wallateral neplwectomny on the welght and

i

aw

nucleic acid convent of the left kiduey ailbor 48 houxs.

3 oae TP I . R ¥ ¥ i 7
Right Kidney left Kidney latio Rionts
velght (e ) 800 & 23,7 | o308 % 27,3 1,05 ¥ 0,017
DEAP
25100 mgy kidney | ¥3.2 & 1,60 35al & La39 | 1,00 & 0,032
ngfleidaey 044 & 7.6 207 & 7.1 1,01 & 0,011t
RNAD |
pefkldney | 347 £ 19,6 462 L o544 L35 * Q0525
S/ngs DNAP 142 £ 0,05 1487 £ 0,06 | 1,32 £ 0,051

Values are means z Seliede for 6 enimals welghing between 230 and
27 (} e
¥ Rotlo gigniflicantly diffezent fzom the ceﬁeapondz‘.ng ratio fox the
unoperated coutxol wabs (Table 13) with o P volue of 0,001 on LoBE

’[m;z;;;-z;o. with o P value of 0,02 on loss,
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. in ecell mumber, bub v:'{lcﬂz.by u:::xy chomge i meon ce’l”[ lmah.w R *"M?"i eetad
in DA concenteation ﬁuﬁ L?ﬂ mge Lissue, Qa the othérAhénlg theroe
had been a very large ineresse in R ﬂ/dﬂ& vatio (i.g. ﬁ&ﬁ parﬁé&ll).
fable 19 sh@wé h zibm c$ o bOﬁAGpﬂOﬂdLﬁ@ éf%ﬂ”}mﬂnu in which
the animals were 880 i 'fc.ed. 96 hours o.f ‘%;a:t:"- the operation, At thiw
Lige interval thére had been a fuz'hcr‘%?craasé ﬁi‘ii? Cy' elgivt
émﬁ‘a.curwe pondinie i ;ncr@§se In cell number. The wean cell masgiéﬁ.

this tine had olgo increased, but only slightly. In this experiw

nent protein was included In the anelysls, but the amall appovend

incerease in proteln content per cell wap not statistically

glenificaot,. The RNA content per cellgﬁmn he other H w0d WWH
still at the same high level as it had heen in the 48 houv ERPGT i
ment. Puatting together the repulis of_ﬁhe Two-. expeqfﬂGnhu (g bies
18 and 19), the nipiurc ona onuaiﬂ% ig of a wather slovw but quite
wralsyekeable inevesge in cell mumber dccompanied by, or perbaps
Followed by, & swall increase in 5911 RO o Tor move dramabic then
either iz the large iﬁ@.*ase in PN /ﬁmA i,

The end resﬁlﬁ.éf compens*&omy rencl hypeviroohy is of courge
gn incresge in both cell mmwher and cell size. The resulls ln
Tabhles 18 and 19 seem Lo sugpest that the inorvease in cell nwrber
night come flvsts, This polnt wequrired confivmation. Acéorﬁingly o

second 48 hour experds ient was cayried ouvt in which protein

estimations (which had boen omitbed from ihn experiment ia Toble 18)

vere included. As o check on the detsymination, protein was



Table 19

Effect of wight uwnilatexal aephractony on the weight and nuclelc

aeid conbent of the left kidney afber 96 hours,

- .l_l.’
Right Kidney | Tef% Kidnoy | Bailo L88
Woleht (mge) a57 18,4 9 T 32,1 o1 & 9,018%
DIAP
; " kn - ‘
RG/100 mg. kiduey 30,0 £ 0,56 28,2 = 0,63 | 0,94 % 0,018T
Pl kidney B57 & TeB 467 w 847 1,04 £ 0,013T
RNAD
peficidney 566 & 1441 512 = 1549 | 140 £ 0,100%
T+ Fo Con e
pa/pgs DUAR Led9 = 0,02 Le92 = 0,04 | 1,29 & 0,015%
Protein
N R . “+ “ % -
ug, flcidney 152 = 1,8 166 & 44 1,09 & 0,030F
s/ 1Ee DN o2 dues | e daony | on.05 0,022
Volues are moons e Sellel, for 6 aniusls weighlng hebween 220 ond
2.5 é‘;o
% Babio significantly diffevent fvom the covvespoading xatio Lor the

wnopexated control xaie (Table L3) with o P valuo of 0,001 or less,
Tm'is'hfs, with o ? value of 0,01 or loss.

T'Di‘i;‘»‘ﬁ(}, with o P valve of 0,05 or less,




Tahle 20

The effect of zight wnilateral nephrectomy on the weight, nuclele

acid conbent, toltal protein and probein nitrogen contont of the lelt
kidney after 49 houyvg,.
Right Kiduey Lottt Kic;ix?e;y RoGLio Loty
i e - - 721.9‘111;

Veight (mege ) 716 £ 14,48 197 T 06,1
DFAP
pe/100 mg, kidvey 501 20,88 | 24.2 ¥ 0,80
)lg/kidney 216 X 10,0 194 I 965
RNAP
nefkidoey - 304 %847 379 i 1440
pe/ps. DNAP 1.42 £ 0,05 .98 ¥ 0.06
Protein
(.&ou:ssgr method) .
ne/lkidney 117 ¥ 2,2 129 & 4.3
6 X 19.8 676 X 26,9

pefnge DIAP B«

Protein Nitrogen
(nicposkjeldahl method)

ng/kidnsy 1746 £ 6,0 1946 £ 5,5
Pg/nge DUAP 82 X 2,5 103 X 4.7

1,11 & 0,024

0,81 * 0,000%
0,90 £ 0,026

1425 F 0,000%
1439 * 0,037

1.30 & 0,028t
1,24 + 0,032%

0030
0e048

H- H‘

Valves are means X SeIlMe for 6 wale yats welghing bebueen 201 amd

218 g

om the cozvesponding watlo

{E‘%
©
S
=
i-f
"3

Lor the

unoperated control animels (Toble 13) with o P value of 0,001 or less.

'I' Ditto, with e P value of 0,01 or less.
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eatinmated By two methods, the b.\ WECn 18 thod of Lowry et al, (1951)

“and the nicro-Kjeldahl wethod, Az can be seen from Table 20, they

T

]
=
o
fo

oncondans reswlls, Hince, however, the nethod of Lowry el ale
(1951) was ;:-:ira;;:s?!-‘ex :fmc“i qm‘ ckew, it wag nged in all oubsequent
esdimations.s The res 1111::; of this experiment differed in several

inportant particulare from those obiained in the ecarlier 48 houvr and

96 hour wrverinenis,  The polnts of diffference are summarised in
Table 2L, T 1"L three experinénts there wes n comporahls increese

"‘i;q, kidoey .x\reigh't; T the carlier experiments this seemed to be
witetbotoble to ronghly equival ent inerveases In cell nwaber and in
cell sime (lagt Hwo colwwis of Table 21). In the new experiment
rovever (first column of Teble 21), there was no incresse in cell’
mwber and the increase in cell size was mmch larger, The changes
in proteln centent per cell were very much in sgreement with the
changes in cell sizeg but in ell thwee experdments, the BNA content
per cell showed *bhe same 30 bo 407 increase over the control flgmwe,
The spporvent contradiction ‘be:* tween Tables 18 and 20 (buought
out in Tebhle 21) ;%zsugas esolved when sinilur -L»;:perimen'hs vere carvied
out at shorten Lz;xe intervels, The results
uf}.’able’s' 22 and’ _S, STt should be ne wC‘Sr that- in ’um.i'»:\ experimenbs half ‘

Rl St

the enimals were subjected to right unilateral nephrectony and half

) »

£he. ‘e objéet of this wom Yo balance out the differeuce in

size and ¢ell ni;tiiﬁaea; betireen. the pight and lafd } 1dney before the

]

operation and. - ahv“ to obviate the necessity of companing the analyses



Table 2L

Comparison of the changes in the remaining kidney at 48 and 96

hours ofter vnilatorsl nephrectomny.

ey

48 Houwms

9% Houxms

Pable 20 able 18

Table L9

ki

o

at
ITnorense

Inereage

Increage

Body Wedight

Wedight of Kidney Exciged

Operation
dn Kidney Weight
in Cell MNumben

in Gell Biwe

Increase In Protein per
Cell

in RNA pew Cell

210 g 251 e

116 nge 800 W,

AL/ 157
- 1} 7t

237 4

25’%3* -
30 a7

234 o

#* Gignificant with a P value of 0,001 or leuse

Significaat with o P value of Q.01 or loss,

TSiggmifieam; with & P velue of

0,02 or lesae




Hoble 22

The effect of wnilateval nephrectony on the awcleice acid conlbend

of the surviving kidney

aften 24 houng,

}_*Lm,a,ae& S‘ga::w:v:‘i.'ving Rebio Puevivine
Ridney Kiduey Tz r*mc.fi
Dip
Ppef100 ngs kitney | 51,5 50,34 | 26,1 E 1,20 | 0,64 £ 0,044
flidney 201 & 11,6 291 & 1045 1,00 % 0,005
RUAR
ag/lidney ABT 2 175 549 3 256D 1.6 3 0043 T
pg/e DNAP 1450 & Qe 1,08 & 0,09 1a25 o 0,031

Values are meaan w 8,0, for 6 anlmls ve

P

ighing betueen 250 ond

300 ge I oxder o balownee out the differeuces hetbween vight and lefe

Iridneys befowve the opevation, 3 animels wexe subjected %

wnilaseral nephvectony ond 3

oa

0 left und

.'L:,g. h (]

bezad nephuectony. The watios

in the colwam on the ewtrene wight were %hes:es??e:aze comparaed with valty

Ingtead of with the corxegponding

andmale (mabie 13)s

-\-D:’:i;i;a, with a P velve of 0,01 or logu,

cansly difforenty

:';3):1%9, with o P value of 0,02

wakilo

longls

8 fow

whe unopens

el control

feom wnlty with o P value of 0,001 or les

=



Dable 23

e effect of unilateral nephrectomy on the nwcleic acld and

provein content of the surviviag kidney after 12 houwns,

E:‘:zc:‘?.sed sunviving Ratio B .W:E.vig,cg
Kidney Klduey Bzeised
DUAP
| 1g/100 mz. kidoey 30,9 = 0,6% 500l & 0udl 0,99 & 0,026
afiidney’ 256 & 11,1 o5 ¥ 12,4 | 0495 ¥ 0,005
RIAP | | -
ng/kiduey 345 i’ 1042 349 & 1944 1.0 ¥ 0,020
ps/fng DIAR 1o46 £ 0405 | 1456 T 0,02 | 1,07 T 0y000
Protein _ A # ‘.
. . -4 -+ +
wg/kidney 1 125 = 746 119 = 6,9 0697 ~ 04027
ng/og DEAD 523 10,7 528 £ 15,3 | 1,01 % 0,02

Volues ove meang SoHal, for G mnimals welghing between 215 aund
260 ge In oxder to halauce oub the differences bebwoen rignt and lefd
‘ie::i.c’i:aeys before the apexatlon, 3 anlwels vexe sublected o ngm
imﬁ.lc—-z:%;eml ziejph"s:ec'bomy aad 3 o Lleft walloteral nephreetony, The ratlos
in the colum on the extveme wight weve thevefone compared with wnily
jnstead of with the co:ézrespondz?.ng zatlos for the unoperated control

aninals (Teble 13). "

% Rotblo significantly differzent fzom unlty with a P value of 0,02 ox less,
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]

with the covvesponding figures for the GO srol group in Table 134 -
Although the complete resulls fox \,hem ex. wiments are shown in

A0,

Tab. Lw 22 and 2%5; in ordew ué facilitate comparison wiith other
ii!}:p@_‘t?ime'l’l‘ﬁ.‘:;;, the salient pointes are summerised in Peble 24, As
this Uable shows, the changes iu the surviviug kidney 24 hours after
unilateral nephrectony ave sinilar to thoese Lound in the second 48
nour expeciment (Table 20)s Tuat iz to say, the kidoey hes
inereased in weight by shout 204, bub this is c—m‘tin:eiy accounved
Low ?o;y an inewease in cell :;;i.gef, There hos been no increase whale
ever in cell nuun.t. Once agadin ;{21'10 mogt dramatic change has heen
he increage in ONA/ A1, "a,'i:ic}; ‘;{'hg coenges in the surviving mﬂ.noy
twelve hours afh Lam aoilateral nephreotony are vexy k,l:;.&,ln. LAY tnis
suage there hes héen no increase in organ welght,or in cell Anu;mbe:é}
Qe :?.}’:. céll.:sizﬁé) m_ in the avewage protein contvent per cell ,3 The
sole sigal i..c,a.-mr ah-'*:'sgé is o 1% imxeaﬁe iri i&@i@. per ceiil..{-

We a-z:'e‘.,um.% ‘:vin & pogdvd on. to try bo cong L:md, o consis hent
'_p-ia}ture ecm thege é}tpn,-- uﬁeni.m Lt would seem 1;‘9 he aé‘. follous,
Lo the §1 ret e;z«{elve hou:f;-ss-_ af Lej_ unilateral ra@iﬂ:i&‘:féo-i;onw, the surviviog
kidney cloes not grow although there is some amuﬁul&tion of Hik,
nnes Luabi:)r m p.rcpw twn fop U'vowm.. Betyeen 12 and 24 hours, l'i:}‘zxce,-"
kidney jmwa &H ﬁui‘}u ta i.u.ly in piz 2, bhe ':i.i‘léreas@ being atlcibube
&ble to emlz vegement of the cells rather than to cell division, EE?};:‘@.&
phage appeai:s wo c‘c:n_‘gimze nibil about 48 howws after the o;pe:eation.‘z

The 48 hour resulis in Table 20 show G}“‘"@.’f’? tielly the same patiern as .



Teble 24

Comparigon of the changes in the remsinilug kidney at

12 and 24 hours after unilateral nephrechcny.

12 Houes 24 Tours

Table 23 Table 22
Body Weight 255 Ge 288 g
Weight of Kidney Exedsed .

- &b Oyarat%l,ron ' 171 wge 951 mgs
Tnerease in Kidney Weightb 4% ook
Increane in Cell Nuwmbewr ! - 0
Tncrease in Cell Size 1% 1656+
Increase .in Prolein per of

Gell i
Tnovease in RWA per Cell . T%T el

#* Jignificantly diffewvent fzom zeve with a P value of
0,001 o lesta

T Ditho, with a P vaiue of 0,01 or lesae




the 24 ho‘m:l, i*esx1l‘tf3 in Table 2?, A’boa.b 48;,“_ }‘ca.t.m—_.:ec fLr\:r: the operetion,
however, cell mmbec bc, ing bo .Lnoréase and, thf* gane Hime 'bhe_calis
diminish ﬂemewha;jb‘ :?.1_1 pive, so thal & %;| ths gm ve Lho overall .me:rec,,e
in organ &:15010 due to roughly equivalem ﬁ.nc:fe‘asas in cel-l number

ancl oelm pizme. - This stage is shown very oleaxly i "lié- 26 houe

l-‘-

experinent ("{’rﬁai{e _L9) but the seme m,L tern is discernable in the
carlier of“ shie. ZlB houz r\:;:pef.unam,s (Table 18), 'i*hv.r* ‘ﬂa hom:s a imof'u.;‘ :
to mark aqaprm:::mately the point ab vhich cell tiiv:i.si,on ge'bs wmaéy | |
ways The *i::i‘:aez seale cf vthe process pmﬂywbly dopends on clrcumgtances.
In the f£irst 48 hour experiment (‘“!‘a‘b'le 38) cel rlwisioq had aly ewc?ty
s'{;cuted., Tn the second 48 houw .exjpe:g;:,men'b (‘J?ahle 20) it hed nod ye‘i;-
begah‘.' 'Regaj?di}.essaz of cell growth and c-e'.i.l 6 iwrisior Owevc.r:, the

most stwd kinc; amcl congigtent :i;‘ea;om"e oj“ Lhe who'ie. process was an

. increase in RWA/DIWA matio, &etecwb}e at 12 houws when no othew
changes were appevent, reaching 25% at 24 hours and remaining et on

ehove this level at 48 and 96 houzsy

2.4, Chag nees in enmynies,

The changes in cell ruwbex and ‘celil composition, particularly
the changes in R NA/DNA vatio, sppear to offer a sabisfachory method
of measuring the growth of the kidney rema.uu.ng after uwnilateral
nephrectomy, Thene chemical changes, however, gre more an Indication
of ;g’rcor;zth than one of its causes and mueb themselves be brought sabout

by other factors. Ulbimately a sbudy must be made of the enyymes

producing these changes, where the controll nechanipmg ave likely
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to acts Accordingly, fhree enzymes which have préviously been shown
by other workers to be associabed with grouwth were examined, ia the
hope that thelr increased actlvity might offex an even earlier
indication of growthe
The first of thege engymes ‘bo be examined was DVA deoxyuucleobidyle

trengferase, which is involved in one of the final sbeps in the prow
duotion of DHA. Although DNA synthesis does oceur in the sv reviving
kidney after unilateral nephwectony, it has heen shown in the prew
ceding section that an inerease in total DVA content of the remaining
kiduey cannoﬁ,ﬁé d@teeted.Wiﬁh'aQy certointy before 2-4 doys post-
operatively. Tt seemed likely that the sctivity of DNA deoxy-~
nueleotidyltrensferase would show an incr@ase at an earlicr Gime.
The achbivity of this enzyme was therefore examined in the kidneys
remginlng after unilateral nephrectomy end compared with the kidneys
removed atb opeyaﬁibn,A Pable 25 shows that there was no cleanr
inerease in the acurv1my of this enzyme In vhe remaining kidney.
Tt g pospible that the specific activity of the enzyme increased,
but since only gross chenges were being sought, for convenience the

gults were erpressged gomewhat crudely in terms of bissue welght
-wevbher than in terms of pr tein, 'his assay, therefore, does nob
provide a sultable means of following the growth of the wemsining
kidney,

The posgiblility of an increw ¢ in DA deoxyaucleotidylibransferase

aa%iviﬁy yag conslatent with thﬁ process of growth. Increares In



DA deosyunucleotidyliransferese activity

at

ber right unilateral nephrectony.

before and 48 hours

Bogyme Activity

Mime of Kidney countn/mine
Kidney Zéemovais. I&Jeiggi')rt
Houws NS e Per 100 mg, Web Pan 3 dnet
ight Kidney Pew Kidney
Right 0 768 167 1447
Lefd 48 865 170 1516
Right 0 890 1211
Lot 48 916 76 544
Right 0 718 165 1424
Left 48 324, 130 1193
Right Q 718 124 1OLT
Teft 48 844 01, 1692

Animals wélghed between 20% and 212 g.

The enzyme activ

Cedelo

les were detvernined as

deseribed in seetion




Toble

Mt e

nerntzun

2

6

Deoxyribonueleage TT agsay before and 48 hours after right

wmilateral nephrechony,

Engyme Actvivity
Tme of Kiduey Bxbinotion at 260 mp.
Kidaney léamova])_ &gei G’I}rb s
Houxg mee Per 100 ng. Vet e 174
Velght Kidney Pex Kidney

Right Q 768 Hel 41,
Tt A8 908 AT 43
Right 0 690 449 34
Lefy 48 839 He2 43
Left 48 999 55 54
Right 0 755 Sed 40
Left 48 880 5e9 52

The animaels welghed between 209 and 217 g,

The enzyme activities weve determined as described in section




Table 27

Deoxyribonmelease T assay befove and 48 houvs after right

wniloteral aephvectony,

Enzyne Activity

Time of Kidney Exvineltion at 260 mp,
Kidney ]L-‘Lemoval). I&Ieigl)a:i; :
(Houzs NZe Pex 100 nge Vet Pevr T8 Ay
Weight Kidney ber Kidney
Right 0 660 14el 9%
Right 0 720 Lla1 80
Teft 48 8685 11.0 - 95
ol

The animals weighed between 207 and 210 ge

The enzyme activities wove determined ag described in secblon

263020
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wibovuclease and QQQ‘S;QIJ.’.’ bammlea ‘acbtivities have, howwef, 2180
been no‘b@d in gome non~ualignont growing tissues- such ¢ on placoniw,
bone‘ MATTOW, z’&qima;l Liver and regenerating liver (_ZB'gody,‘ 1953, 19%03
Brody and T&zo:gé:ll, 1957s  Adoms, 1963). The significance éf- theso
changes 1s not oleaxw but mince these enzymos have heen shown Go |
ingrease in ae'bifv‘ii;y :1‘.‘.:51 20 weny growing mmalian' tiosues, the
activity of two pf ulwrﬁ éeozryribozmeleme I and &@oxymihommle%e
IT wos compared before snd 48 houes af ucm unilaveral nephrectony.
Teble 26 shows thot deoxyrlbonuclense 1T showed & glight incroase
in activity in the remaiuing kidney ab s time, . T&blé at éshmféz
that the actlvity of doo.x;yﬁubomveie we I oalso J,"IO""GCLSOQ alightly
in the same time, Since 'i;}ze.ﬁae changes a:s‘sé, difionlt '%;0 ‘ozploain, .
hoyevery and gince none of the engyne aohl '(ri ties si:vdwd mlmewea
very workedly, they wele not regow dou ::m providing o cozweuiéz_@:i;
method of following the growih of the remaining kidney. -

2.5 Servum electrolvies and blood hacuatocrlt.

The cavliest haag{,s of ony kind zeporied after wilateral
nephreotony have heen an increose in -b&le exeresion of ws:l;ér' ana ox
rsoﬁiym ilons by the wemaining kidoey (Poters, ’1963’;). These changes
began during the i’ 8t hour post-operatively., Such rapid c;h:mmq
4 cov'fa ‘conge: W,bly e involved in i:he g'i;:imulus TO campensatc:gfy growth
of the remeining kidney, Accordingly, serum elestrolyte ff.‘evewa yere
examinod a afior wallateral nephmc'imnw,. Toble 28 ﬂhmm uZ’\" rosulis

obtained in unllaterally nephrec Lomﬂ..,cc* eww sham ogev*m ed an Lmlm.
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