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In mammals, liver size is re lated to animal body weight at the 2.5 to 3% proportion, a ratio mediated by the afflux of hepatotrophic

factors. Formulas capable of modifying this ratio have been developed in previous studies on the rat, w ith enhancement of liver size

brought about by intraperitoneal (porta l) infusion of exogenous factors such as glucose, am ino acids, insulin, g lucagon, vitam ins,

electrolytes, and triiodothyronine. However, the efficacy of these formulations was accompanied by increased animal mortality (PARRA

et a1.19 .2 0 ) . The present study, which was carried out w ith small methodological modifications on a larger number of rats using daily

intraperitoneal in jections of a solution of exogenous hepatotrophic factors (40 m l/kg) for seven days, confirms the previous findings,

w ith a 114 .1 6 :t 7.90% enhancement of liver size beyond the expected value forthe body weight of the animal. However, the problem

of animal mortality was not fu lly resolved.

UNITERMS: G lucagon. Insulin. L iver regeneration. Thyroid hormone.

T
h e liv e r h a s th e ab ility to reg u la te its ow n s iz e

a c co rd in g to th e tro p h ic " in f lu en ce " it re c e iv e s , i .e .,

a c co rd in g to th e a ff lu x o f th e se t o f su b s tan ce s an d

h o rm on e s g en e ric a lly c a lle d h ep a to tro p h ic fa c to rs , m an y

o f th em o f sp lan ch n ic o rig in , su ch a s in su lin , g lu c ag o n ,

am in o ac id s , v itam in s , an d ce rta in ly m any m o re o f s till

u n k n ow n o rig in . T h u s , th e re is a sp ec if ic liv e r s iz e fo r

e a ch an im a l co rre sp o n d in g to 2 .5 to 3% o f b o d y w e ig h t
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(2 ,7 ,1 8 ,2 4 ) . T h is re la tio n ten d s to rem a in co n s tan t th ro u g h

a p ro ce ss o f c e ll m u ltip lic a tio n k n ow n as reg en e ra tio n

w h ich is a c tiv a ted w h en ev e r th e o rg an lo se s p a rt o f its

m ass d u e to su rg ic a l (h ep a te c tom y ) o r p a th o lo g ic a l

(n e c ro s is ) re a so n s . T h e m o s t in tim a te m ech an ism s

u n d e rly in g th is co n tro l a re n o t fu lly k n ow n . T h ey in v o lv e

m od if ic a tio n s in th e ex p re ss io n o f sev e ra l g en e s an d th e

ap p ea ran ce o f m essen g e r R N A and its re sp ec tiv e p ro te in

m o le cu le s w h ich rep re sen t sev e ra l o th e r fa c to rs h av in g

e ith e r a s tim u la to ry a c tio n su ch a s h ep a to cy te g row th

fa c to r(H G F ) an d tran s fo rm in g g row th fa c to r a (a -G T F )

o r an in h ib ito ry a c tio n o n th is p ro ce ss su ch a s tran s fo rm in g

g row th fa c to r ~ (~ - TG F ) (1 4 ,2 1 ) . In p ra c tic a l te rm s , th e re

is g en e ra l a c c ep tan ce o f th e ex is te n ce o f an eq u ilib r ium

b e tw een liv e r s iz e an d su p p ly o f sp lan ch n ic h ep a to tro p h ic

fa c to rs .
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L-threonine 490 mg

L-tryptophan 180 mg

L-valine 530 mg

L-arginine (base) 1060 mg

L-histidine (base) 460 mg

L-alanine 1030 mg

L-asparagine 380 mg

L-aspartic acid 270 mg

L-glutamic acid 250 mg

L-cystine 30 mg

L-ornithine 260 mg

L-proline 840 mg

L-serine 250 mg

L-tyrosine 160 mg

Glycine 800 mg

Distilled water q.s. 100 ml

The following substances were added to each 100

ml of the parenteral feeding solution: 12.5 units of regular

insulin (Biobnls-Bioqufmica do Brasil), 0.125 mg

glucagon (Eli Lilly), 500 Jlg folic acid, 6.25 Jlg vitamin

B 12, 625 Jlg zinc sulfate, and 250 mg CMC.

L-triiodothyronine (T3) 2.26 Ilg/200 g rat weight in

ethyl alcohol was placed separately in each syringe

containing the solution to prevent T3 precipitation in

aqueous medium from interfering with uniform

application.

On the 8th day, the animals were sacrificed by ether

inhalation after a 24-hour fast and their body and liver

weights were recorded. A liver fragment was obtained,

weighed immediately, identified and frozen for later DNA

measurement.

Animal mortality during the experiment was recorded

daily after the beginning of the injection schedule and is

reported as percent of the total number of animals in each

group.

The variation in liver weight enhancement in group

B animals was calculated at the end of the experiment as

observed weight minus expected weight divided by

expected weight. The latter weight was determined as a

function of animal body weight at sacrifice multiplied by

the liver weight/body weight ratio factor, defined in group

A animals (control). In summary:

O b s e rv e d - E x p e c te d

w e ig h t w e ig h t

E x p e c te d w e ig h t

Previous studies by our group have demonstrated that

this equilibrium can be broken by exogenous

supplementation with some known hepatotrophic factors,

leading to an increase in intact (non-hepatectomized) liver

size beyond the biologically predetermined size(l9,20).

The successive formulations developed in these studies

have shown an increasing ability to stimulate a regenerative

enhancement of liver size, although at the expense of also

increasing mortality, thus preventing statistical validation

of the data obtained due to the small number of surviving

animals. The objective of the present study was to confirm

the previous findings using small methodological

modifications and a larger number of animals.

MATERIAL AND METHODS

Female Wistar rats weighing approximately 200g

were divided into two groups and housed in cages with

food and water "ad libitum". After a 24-hour fast, the

animals were identified individually and weighed and then

injected daily intraperitoneally with 40 ml/kg of the

following solutions:

Group A (control, N = 10) - Saline solution

containing carboxymethylcellulose (CMC) at 0.25%

concentration.

Group B (N = 20) - a standard solution for parenteral

nutrition of the following composition:

Glucose 104 g

Solution containing the amino acids specified below

200 ml

Pyridoxine 2 mg

Calcium pantothenate 2 mg

Thiamine 30 mg

Riboflavin phosphate 4 mg

Potassium chloride 1.43 g

Sodium bicarbonate 1.50 g

Nicotinamide 50 mg

Monopotassium phosphate 750 mg

Magnesium sulfate 500 mg

Vitamin C 500 mg

Distilled water q.S 500 ml

The amino acid solution employed (Soramin 10%,

Darrow Laborat6rios S.A.), with 16 gil nitrogen, contained:

L-phenylalanine 540 mg

L-isoleucine 370 mg

L-leucine 980 mg

L-lysine, acetate 590 mg

L-methionine 530 mg

V a r ia t io n (% ) in l iv e r =

w e ig h t e n h a n c e m e n t

w h e re E x p e c te d

liv e r w e ig h t

B o d y w e ig h t

a t s a c r if ic e
x

x 1 0 0

fa c to r o b ta in e d

fo r g ro u p A
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Biochem ical DNA measurement was performed after

trichloroacetic acid extraction using the diphenylam ine

reaction (3,18).

Statistical analysis: The results are reported as means

:!:...SEM . Data for the two groups were compared by the

M ann-W hitney test when necessary, w ith the level of

significance set at p<0.05.

RESU LTS

No mortality was observed in group A animals,

whereas mortality was' 60% in group B , w ith a biphasic

pattern: the first peak occurred during the first two days

(35% of all animals) and a second peak occurred during

Tab le 1

B ody and live r w e igh ts (g ) and live r w e igh t/b ody w e igh t ra tio a t th e tim e o f sa c rifice in g roup A an im a ls

B ody w e igh t

227.2

221.2

203.6

202.8

201.2

215

182.5

200.4

194.5

215.4

M ean

SEM

L ive r w e igh t

6.064

5.242

5.271

5.625

5.526

4.990

4.313

5.544

4.655

5.263

L ive r w e igh t/B ody w e igh t

0.0266

0.0236

0.0258

0.0277

0.0274

0.0232

0.0236

0.0276

0.0239

0.0244

0.0254

:t 0.0005

Tab le 2

B ody and live r w e igh ts (g ), live r w e igh t/b ody w e igh t ra tio and enhancem en t o f hepa tic s ize (% ) a t th e tim e o f

sa c rifice in g roup B an im a ls

B ody w e igh t L ive r w e igh t L ive r w e igh t/b ody w e igh t E nhancem en t o f live r s ize

241.2 10.793 0.0447 76.17

205.2 10.534 0.0513 102.11

201 10.329 0.0514 102.32

193.5 10.304 0.0533 109.65

205.1 11.199 0.0546 114.97

212.4 11.960 0.0563 121.69

227.4 13.951 0.0614 141.54

200 12.437 0.0622 144.82

M ean 0.0544 114.16

SEM :to .0020 :t7.90
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th e la s t tw o d ay s (2 5 % o f a ll a n im a ls ) (F ig . 1 ) . T ab le 1

sh o w s th e b o d y an d liv e r w e ig h ts o f g ro u p A an im a ls a t

th e tim e o f sa c r if ic e an d th e ir ra tio , w h ich w as u sed to

c a lcu la te th e liv e r w e ig h t/b o d y w e ig h t in d ex to b e u sed

fo r th e d e te rm in a tio n o f ex p ec ted liv e r w e ig h t in g ro u p B

an im a ls .

T ab le 2 sh o w s th e in d iv id u a l v a lu e s fo r b o d y w e ig h t,

liv e r w e ig h t, liv e r w e ig h t/b o d y w e ig h t ra tio an d

en h an cem en t o f h ep a tic s iz e in g ro u p B su rv iv o rs .

I t sh o u ld b e em p h a s iz ed th a t tw o o f th e an im a ls w h o

d ied , o n e o n th e 6 th an d th e o th e r o n th e 7 th d ay a fte r th e

b eg in n in g o f th e in je c tio n s , h av in g e sc ap ed can n ib a lism

o n th e p a rt o f th e su rv iv o rs , c o u ld b e su b m itte d to au to p sy

an d to th e c a lcu la tio n o f en h an cem en t o f liv e r s iz e (T ab le 3 ) .

T ab le 4 su m m ariz e s th e re su lts an d th e s ta tis tic a l

co m p a riso n s o f D N A m easu rem en ts in an im a ls fro m th e

tw o g ro u p s a t th e tim e o f sa c r if ic e in te rm s o f

co n cen tra tio n s in h ep a tic tis su e (m g /g liv e r) an d to ta l

D N A /liv e r (m g ).

D ISCUSS ION

E n h an cem en t o f liv e r s iz e in in ta c t (n o n -h ep a -

te c to m iz ed ) liv e rs b y s tim u la tio n w ith ex o g en o u s

h ep a to tro p h ic fa c to rs h a s b een d em o n s tra ted in p rev io u s

s tu d ie s (1 9 ,2 0 ) an d h a s b een a ttr ib u ted to a reg en e ra tiv e

m ech an ism in v o lv in g an in c re a se in h ep a to cy te n u m b e r.

T h e m a jo r d iff ic u lty in th e s tu d y o f in c re a sed liv e r

s iz e in ex p e rim en ts in w h ich e s tim a ted s iz e is co m p a red

to o b se rv ed m ass is to d e te rm in e e s tim a ted s iz e in liv e

an im a ls . T h is is d o n e in d ire c tly b y d e fin in g th e liv e r

w e ig h t/b o d y w e ig h t ra tio in a g ro u p o f co n tro l an im a ls .

T h is p ro c ed u re a lso tie s th e c a lcu la tio n o f I i v e r g ro w th to

f in a l b o d y w e ig h t, a fa c t th a t e lim in a te s th e p o ss ib le

in f lu en ce o f tre a tm en t w ith g lu co se , am in o ac id s an d

h o rm o n e s o n v a ria tio n s in an im a l ap p e tite , fo o d

co n su m p tio n an d b o d y g ro w th ra te (2 0 ) . T h e d iffe ren ce

b e tw een th e m ean p e rc en t en h an cem en t o f liv e r s iz e

o b ta in ed in th e p re sen t s tu d y (1 1 4 .1 6 :t 7 .9 0 % ) an d th a t

Tab le 3

Body and live r we igh ts (g ) and enhancement o f live r s ize (% ) o f two an im a ls subm itted to necropsy.

Day of dea th

6 th

7 th

Body we igh t

196 .9

199.2

L iver we igh t

12 .345

11.160

Enhancement o f live r s ize

146.84

120.57

Tab le 4

DNA concentra tions in hepatic tissue (mg/g live r) and to ta l DNA /live r (m g) a t the tim e of sacrifice

G roup DNA concentra tion Tota l DNA

A 2.477 12.99

:to .060 :to .46

B 1.765 20.17

:to .120 :t1 .44

p=0.0005 p=0.0002
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FIGURE 1 - A n im a l m o r ta li ty p re s e n t in g a b ip h a s ic p ro f i le .

obtained in the prev ious study (67 .54 :t 10 .18% ) (20) is

essen tia lly due to the u tilization of a new facto r fo r the

liver w eigh t/body w eigh t ra tio (0 .0254) determ ined in a

specific group of con tro l an im als also sub jected to

in traperitoneal in jections of saline so lu tion . The pain and

stress of th is procedure probab ly m odified th rough a neuro-

horm onal pathw ay th is ra tio w hich had been prev iously

calcu lated to be 0 .033 in in tact an im als( 18). If the

enhancem ent in liver m ass ob tained in the presen t study

w ere calcu lated as a function of the 0 .033 facto r

(calcu lations no t show n), the m ean would be 64 .84 : t

0 .08% , sim ilar to that ob tained prev iously (20). Th is change

defin ite ly prov ided a contro l g roup of greater scien tific

ngor.

The association of the facto rs used here w ith pow erfu l

m itogens for hepatocy tes such as ep iderm al grow th facto r

(EGF) and hepatocy te grow th facto r (HGF), w hich have

proved to be ab le to induce by them selves an increase in

the size of in tact livers in an im als(6 ,16), m ay possib ly

induce a better response, perhaps w ith in a shorter period

of tim e.

H ow ever, the increase in liver grow th ach ieved w ith

the m ethodolog ical m odifications sequen tia lly in troduced

in our prev ious stud ies(19 ,20) w as accom panied by an also

increasing m ortality rate , w ith a b iphasic behav ior(20),

i.e ., a first peak during the first tw o days after the beg inn ing

of the in jections and a second peak during the last tw o

days. This behav ior w as repeated in the presen t experim ent

(F ig . 1 ). The tw o peaks w ere attribu ted to d ifferen t causes,

the first being rela ted to a possib le in itia l tox icity of the

so lu tions em ployed , since it had been observed that a

hum an m ilk ex tract added to the so lu tion as the veh icle

fo r grow th facto rs pro tected the an im als(20). Th is

pro tective action w as confirm ed by the use of defatted

and lyophilized cow 's m ilk , bu t w as accom panied by the

onset o f non-fata l chem ical periton itis in the an im als thus

treated (unpublished data). For th is reason , in the presen t

study w e tried carboxym ethy lcellu lose (CMC ) for its

p ro tective action , bu t no effective resu lts w ere ob tained .

The adm in istra tion of the so lu tions in a m ore physio log ical

m anner by continuous in fusion in to the porta l system ,

especially in larger an im als, in to the peritoneal cav ity itse lf

and even fractionation of the dose em ployed in to m ore

than one daily in traperitoneal in jection m ay possib ly

reduce the in itia l m orta lity of the experim ental an im als.

The second m ortality peak w ith an increasing pattern

observed during the last days of the prev ious

experim ent(20) and also in the presen t study , w as

m in im ized here by the reduction of the num ber of in jection

days from 10 to 7 , so as to ob tain a num ber of surv iv ing

an im als w hose resu lts cou ld be analyzed sta tistically

w ithou t im pairm ent of liver size enhancem ent. A high rate

of liver grow th w as also observed in the an im als that d ied

(Tab le 3). S tud ies are curren tly underw ay in our laborato ry

to determ ine w hether th is la te m orta lity is re la ted to the

increase in liver size , assum ing that a m axim um lim it ex ists

fo r regenerative liver grow th and that th is lim it w as

con tinuously forced by the exogenous hepato troph ic

sti m ul u s agai ns t the b io log ically predeterm i ned

equilib rium .

The increase in liver size w as accom panied by a

sign ifican t d ilu tion in tissue DNA concen tra tion , as

ind icated in Table 4 . S ince the report by H IGG INS &

ANDERSON ( 11), it has been known that the parenchym a

gains tlu id during the la te stages of regeneration . Such a

great increase in liver size , a lthough accom panied by som e

degree of varia tion in tissue com position , does no t seem

to invalidate our in terpreta tion that its cause is m ain ly the

form ation of new cells, in v iew of the great and sign ifican t

increase in to ta l DNA m ass per liver (from 12.99 m g to

20 .17 m g, p = 0 .0002). A study of the varia tions in tissue

com position m ay better elucidate th is deta il.

The d ifficu lty in m ain tain ing the porta l vein

catheterized for one w eek in sm all an im als w as obviated

by apply ing the so lu tions under study in traperitoneally ,

a lthough accep ting som e system ic absorp tion through the

abdom inal w all. It has been dem onstra ted that exogenous

hepato troph ic facto rs have the h ighest effect w hen

in troduced through the porta l vein , m im ick ing their

physio log ical rou te , w hen com pared to adm in istra tion

through a peripheral vein ( 19). W e consider th is observation

765432
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to be very im portan t a lthough it has no t been considered

befo re in stud ies a im ing at the trea tm en t o f certa in liver

d iseases w ith the adm in istra tion o f exogenous fac to rs as a

regenera tive stim u lus(l ,5 ,8 , 15 ,23 ).

W e believe tha t the perspec tive o f stim u la ting liver

regenera tion by the adm in istra tion o f hepato troph ic fac to rs

by the porta l rou te has g rea t c lin ica l app licab ility bo th in

situa tions o f reduced liver size afte r hepatec tom y or

hepatocy te necrosis (hepatitis and abscesses) and in

situa tions invo lv ing the in tac t liver, such as cases o f

transp lan ts from live donors, p rov id ing the rec ip ien t w ith

a g rea ter im p lan tab le hepatic segm en t and the donor w ith

a g rea ter residual liver m ass. A lso , pa tien ts w ith c irrhosis ,

in w hom regenera tive stim u la tion by partia l hepatec tom y

has been show n to p roduce a h isto log ica l and functional

im provem en t(4 ,9 ,10 ,12 ,13 ,17 ,22 ) m ay benefit from th is

m ethod w ithou t the inconven ience o f reduced function

b rough t abou t by hepatec tom y .

RESUMO

Objetivos: Confirmar observayoes anteriores (PARRA e col. 19 .20 ) que sugeriam a possibilidade de fazer crescer 0 ffgado em

animais intactos, por estfmulo hepatotr6fico ex6geno, ultrapassando seu tamanho biologicamente pre-determinado. Material

e Metodos: Dois grupos de femeas de ratos W istar, foram injetadas diariamente na cavidade peritoneal (40 ml/kg) por sete

dias consecutivos com as seguintes soluyoes: GRUPOA (controle) - soluyao salina com carboximetilcelulose (CMC) a 0.25%;

GRUPO B - soluyao de fatores hepatotr6ficos ex6genos constitufda de glicose, aminockidos, insulina, glucagon, vitamins,

eletr6litos, triiodotironina e CMC na mesma concentrayao do grupo controle. No oitavo dia os animais foram sacrificados e

avaliados os seguintes parametros: variayao da massa hepatica e DNA total do ffgado dos animais do grupo experimental em

relayao ao grupo controle. Resultados: Foi observado crescimento da massa hepatica de 114,16:t 7,9% acima do esperado

e aumento do DNA total hepatico de 12,99 :t 0,46 mg para 20,17 por ffgado (p=0.0002). Conclusao: 0 aumento do tamanho

do ffgado a partir de sua massa prim itiva, estimulada por fatores hepatotr6ficos ex6genos, pode vir a ter aplicayoes em

hepatologia, como em casos de cirroses revertendo parcialmente as alterayoes, histol6gicas e funcionais, ou em transplantes

intre-vivos, criando maior massa hepatica a ser dividida entre doador e receptor.
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