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Absiracl Altcrations in rat liver function during liver regeneration were studied by measuring bile 
llov+ and the biliar 3 excretion of bile sahs. bromosullophthalcin (BSPL its glutathione conjugate 
IBSP-GSHi. phenol-3,6-dibromophthalein distlltbnatc (DBSP) and tartrazine (TZI. Immediatel~ after 
partial hepatcctom), bile flow and bile salt secretion, expressed per g of liver, were significantly m- 
creased. Thereafter bile flow rcmained high through the third day. The concentration of bile salts 
on the first day wus significantl,,: lower than that of controls and remained low through the fourth 
day, suggesting gila increased osmotic potency. Plasma clearance of BSP was proportional to residual 
liver mass. The excretion of BSP-GSH after miection of BSP was decreased in parallel to the decrease 
in BSP-GSH transfi:rase activit) during liver regeneration. In contrast, the excrction of unconjugated 
BSP and unknov~n conjugates was actually increased. Biliar 3 excretion of injected BSP-GSH was 
significantly decreased tip to the third da 3 postoperati\ely. These resuhs suggest that some of the 
dccreascd BSP-GSH excretion after injection of BSP is attributable to the decreased aclivit 3 of 
BSP-GSH transfcrase and to competition b 3 unconjugaied BSP. Aftcr partial hepatectom 3, the excretion 
of iiljecled BSP-GSH and DBSP. expressed per g of liver, was about twice that of controls and thereafter 
rapidb relurncd to control levels. In contrast to the other dyes. the excretion of TZ decreased in 
proportion to lixer mass following partial hepatectom 3+ On the second and third day. the marked 
scx differences seen in controls were not observed. These findings suggest that TZ real bc transported 
b\ mechanisms dilt'erent from those controlling the excretion of BSP and rclatcd compounds. 

This investigation was under taken to stud} tile biliary 
excretion of di+ugs during liver regeneration. When 
t,ao thirds of a rat liver is removed surgically, growth 
of the remaining lobes is m a r k e d h  stimulated so that 
nea rh  100 per cent of the original weight is restored 
in 1 2 weeks. Many cytological and biochemical 
changcs occur at this time which reflect thc p r imar )  
o{-~iectivc of the regenerating liver, i.e. replacement of 
the original liver mass [ 1.2]. During this period, some 
hepatic proccsscs arc tcmporaril  3 suspended. Thcrc 
is a depression of catabolism of nucleic acids and pro- 
tein precursors [ I ]  and of microsornal drug rnetabo- 
lism [3 6]. In connect ion with the latter, it was of 
interest to determine what other changes relating to 
drtig disposition occur during lh,er regeneration, in 
particular those associated with bile product ion and 
the biliar 3 excretion of drugs. There is a paucity of 
publications pertaining to b i l i a r ) func t ion  during li ;er 
regeneration. Forty-eight hr after partial hepatec- 
tom\. mitotic activi i \  of bile duct epithelium increases 
but returns to nornlal after 3 weeks[7] .  This lime 
coursc lags well behind that of liver growth a13d the 
rcturn o[ actixitx is apparently duc somewhat to in- 
creased size [TJ. In residual lobes the membranes  bor- 
dering the bile canalicuhis are unchanged [7]. Bile 
output,  ahhough  initiallx depresscd, returns to nor- 
rna] slightl 3 I;_lstcr than does liver weight [8]. Bilirubm 
excretion is low at first but gradually approaches nor- 
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real va lues[7 ,9] .  Twenty-four hr after partial hepa- 
lectern)  a loss of nearly two thirds of the liver mass 
is associated with only' a one third decrease in the 
rate of biliar 3, excretion of several drugs and a de- 
crease of IO 20 per cent in the rate of bile produc- 
lion [10, 11]. 

In the present study, we investigated the bil iar\  se- 
cretion of bile salts anti three organic anions during 
l ixcr regencration. These organic anions were chosen 
on the basis of their excretion characteristics. Sultb- 
bromophflmlein (BSP) is largely metabolized beR~rc 
excretion. Phenol-3,6-dibromophthalein disulfonate 
(DBSPt is rapidl3 excreted mainly as the unchanged 
Iorm. Tartrazinc (TZ) is also excreted unchanged and 
t+ats shove a marked sex difference in its cxcre- 
tion [12]. 

MATERIALS A'~,I) METHODS 

+,lnimal,s. Male and female Wistar rats weighing 
200 220g were used throughout.  The rats were anes- 
thetized with ether, and the median and left lateral 
lobes of tile liver were removed. These two lobes con- 
stituted approxilnatcly 70-75 per cent of the total 
liver mass. In the sllam-operated animals (controls) 
tile peri toneum was opened and the wound closed 
as in the hepatectomized rats. The rats were allowed 
to recover with access to food and water ad lib. for 
various periods of time prior to tile expermlental pro- 
cedure. 

Drugx amt cheniicals. BSP and DBSP were obtained 
flom Hynson, Wescott and Dunning (Baltimore. Md.} 
and were injected i.v. in salinc. A supply of DBSP 
was also provided b \  Dr. Norman  ,lavitt of the 
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Bile Ilm~ Bilc <;;ill'; 
I imc  aJ]cr Lixcr v,t (m lh r  g (innolc hi 

hcl~Cilcctom ) 1"<, body v~t) {ml hr kg) livcrl (l~molc hr kgl lt+n'iolc ml) l i \cr i  

('onh-ols i71 + 3.9X + ()./I t) 4.57 + O.2N ().1t ± 0.01 97.7 + S.5 21.(> ! 1.1 22 ~ 11-2 
3hr  17i 1.24 +(I.04" 2.76 + I).12" 0.23 + 0.01" 67.2 + 5.6* 24.4 + 1.6 5.7 ~ I).4 ~ 
1 dal', i(,i l.SS F (L06* 3.95 ± 0.25 0.21 + 0.01" 55.4 + 4.8* 13.9 j 0.6* LU ! ~!. 
2 d a x  151 2.47 ~ ().()S* 5.06 + ().41 021 ± 0.02* ,"42.3 + 7.6 16.3 + 11.9" 31 " l)2 
Idax t71 2.97 ± 0.O6* 5.22 + 0.22 I).IS + 0.01" 87.6 _± 6.S 17.3 4 0.6* :,.ti ~I.? 
4dax 151 ?.311 + (1.()6' 5.tl5 + ().2N I).16 + ().01 91.1 + 9.3 16.6 + l.I a 2.N i ii.t 
7riLl\ 17i 1.58 + ().lli 4,3441) .1~ I).12 +() . t ) l  90.5 + (+.5 2(I.7 t I2 2.2 ~1~.1 

llal,, ~cccixcd In l l  ~1" saline i.',. Lind bile x~a~ collcclcd ['t+l f,O i l l i i l .- I-Ntlmbcr of ailimal,, i <, ,,hm~il in pclrcnthu,,c, 
I{c.,tlhs Lirc cxprc-,scd a,> the illu'Lill ~ ~.1[.~'1. * Signilicantl) diflcrunl lronl tile control w.ilucs: P l/!i2, 

D e p a r t m e n t  of  Medicine ,  ( 'o rnc l l  U n i \ e r s i t \  Medical  
(ollc,,c~.. {New York,  N.Y.). TZ was purchascd  from 
Allied (he ro i ca l  (Morr i s town.  N..I.) and  injected i.v. 
in saline. BSP- GSH  was p repared  s,,nihetically by the 
me thod  of  WI-lelan. Hoch  and  ( ' o m b e s  [13]. Reduced  
glu ta th ione (GSHI v, as purchased from Sigma ( 'heroi-  
cal ( 'o.  {St. Louis. Me.) .  

Plasma di.~al~lWaraslce o/BS"P. After the i.x. rejection 
o1 BSP into anes the t ized  animals,  b lood samples  wcrc 
obtained at l. 3. 5, 7, 10, 15. 2(1 and 30rnin, centri- 
fciged and d\¢  concentrat ion in the plasma dolor- 
mined after d ih i t ion  wi th  0.1 N NaOH.  as described 

13ilictrl ,_,.xct'{,lio#l. Animals  were alleStiletizcd wi th  
urclharlC l g k g .  i.p.. and the bile duct isolated 
throu,,h a mid l inc abdornir ia l  incisiori and cannulated 
~t hh PE-10 It.thing. Renal pcdieles were l igated in rats 
rcccixing I Z .  Dur ing  bile collection,  body tcn-lpera- 
lui-cs ;~.CIC moni tored th rough  rectal p robes  and 
nl:.iintained :,it 3<<'4 + li.5 . Al l  COlllpounds '¢~ele ilxiccted 
i.\. and ILl-rain bile sainplcs wore col leclcd in gra- 
dmited tubes for 6()rain. 

hml3Hcal nlclllods, l-or the ctctcrlnillaiion of  BSP 
alld DBSP,  bilc salnples wcrc appropr ia te l5  di luted 
\~iih 0.1 N N a O H  elliot thc absorbancc determined at 
5S0 Lind 575 nil]+ rcst~eclivcl 5. BSP and its metabol i ics  
in bile wcrc scpal-aled b'~ t.l.c, as descr ibed by Whe lan  
and P laa [14 ] .  I o r  the dctcrminat ion of  TZ,  bile 
smnplcs wore di luted 500-fold w i lh  water  al ld the 
a b s o l b L i n c c  ;.11 427 I1111 I l l e~ is t l rod  against  a bl;_illk el" 

diluted bilL. Total  bile salts v, erc dctcrminoct b\  the 
mcthoct of  M r o l c / a k  and R icge lman[15  ]. Sod inm 
taurocholatc aas used Lis thc standard. 

I',sav +7f t3,S'P-(;5"tt colfjltqcllion. ( 'o l t juga t ion  of  
BSP with g lu ta th ione  was lneasurcd ;.is prex iol.isl 5 de- 
scribed b\  Goldsteir i  and ( o l n b c s  [16j. The react ion 
mixtuEes ccmtaincd 0 .2 /mlolcs  of  BSP gtlld 15/~lllolcs 
O[ (}St t  in a linal xolumc of  3.2 ml, at pH S.(). The  
I05.000 U superlmtant fraction of  rat l ixer was the 
s o u r c e  o [  cnz ' ,<nle .  D r u g s  Lind ellZ', ,lllC solut ions  were 
prepared iri ().1 M soditnn p~rophosphate buttDr 
adjusled io pH S. 1 wi th  5 N tt( '1. The assay way, car- 
ricd t)tlt ~.lt 25 and changes in absorbancc Lil 330 nnl 
\vcrc moni tored.  

l"r+~h'isl was dclermincd b; the method of  Lowr  3 
<'t a / . l l 7 1  

3,'hlli.slical anahxi~. Data  were analyzed bx a g roup  
compar ison Slt ld¢il l 's t-test: p ~ 11.05 WaS considered 
signil icant. 

RESI I , IN 

(+han,qe,~ in lilw" we#ll, hih, flow ,rid l~ik' sah ,c 
cr¢,Hon during lher re~#'tTeralion, In the first sul tf l  cx- 
perJnlenls, we studied l iver weighL bile f low and bile 
salt secretion dur ing regeneration. Animals wure in 
j e t t ed  with l m l  of  saline in these exper iments .  At 
xarious t imes after part ial  hepa tcc tomy,  bile ~:ts  col- 
lected for l h r  and the residual li\.cr r e rno \ed  and 
weighed.  ( o m p e n s a t o r v  g rowth  of  the residual It\Dr 
was ahnos t  comple te  vvilhin 7 da,,s (Table IL l h i ' ,  
co r r e sponds  closely with the restllts o f  Hende r son  and 
Kers ten  [3]. Three  hr pont operat ivel  3 tot;.tl bile 11o\~ 
was lower tllan that o f  conh 'o l s  (Table 1i. but lhel+c - 
after did not  differ significantly 17oln that of  conlrol~,. 
Bile flow as a function of  liver weight (ml hr g ]i~,ci-) 
was significantly increased at 3 hr and remained high 
th rough  the third day. Total  bile salt secret ion at 3 hr 
was approx imate ly  one third lower than that  o f  con-  
trois but when calculated as a f imction of  lixcr a l i g h t  
was far greater  than that of  contrcds.  Figurc I shove,, 
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Fig. I. Relation between total bile salt excretion and hill 
flow during liver regeneration. Each slope v, as calculated 
by the melhod of least squares. Rats received I ml of,,ulinc 

i.x. Bile was collcclcd {i~r (~0 rain. 
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Fig. 2. P lasma d i sappea rance  o f  BSP i m m e d i a t e l y  a f te r  
partial hepatectom 3. Both groups rccei~.ed 10 mg of BSP 
ix. Rcsuhs LiFe given as the mean + S.E.M. lor 5 or 

more LlllimLl[S. 

the l-elationship between bile flow and bile salt se- 
cretion. Tfic slope of the straight line for 3-hr animals 
was less than that seen in controls  and the y-intercept 
was decreased. 

Thus, there appeared to be a decrease in the bite 
salt indcpendent  fraction associated with the decrease 
of liver mass. Bile sail secretion on the first day after 
surger3 was significantly lower than that  of controls  
{Tablc 1), a l though the bile flow at tfiis period ,,',;as 
not significantl 3 different from that of control  (Table 
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F'ig. 3. BiNary excretion of BSP and its melabolites during 
liver rcgcncration. Ten nag of BSP was administcred i.v. 
Bile was collecled in IO-min periods for 60 rain. Each point 
indicates thc mean + S.E.M. l o t  3 6animals. Open circles 
indicate control wducs. * Significantly different from the 

control values: P < O.(15. 
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Fig. 4. BSP conjugating actixity in 105,000H supernalanl 
fraclions of regenerating lixer at xariotls inlerxals after par- 
tim hcpatcctorny. Each point indicates the mean ± S.E.M. 
lor 3 6 animals. Open circles indicate control wihlcs. 

* Significantl 3 different from control values: P < 0.05. 

1). The concentrat ion of bile acids on the first day 
X~ r~s also significantly' lower than that of controls  
iTable I). It can also be seen in Fig. 1 that  the slope 
of the line from the first day's animals was greater 
than that of controls. It appears that at this time 
a smaller amount  of bile salt produced bile flow equal 
to that of controls. After the first day. the slope of 
line and the .v-intercept gradually returned to control 
levels in 7 days (Fig. 1). 

Plavna di.sappearance ql BSP. BSP, It)rag, was in- 
jected into control  and partially hepatectomized rats 
and plasma lex.els of dye were determined at various 
times after injection. The plasma disappearance rate 
was approximately proport ional  to liver mass. Thus 
in the experimental group in which two thirds of the 
liver had been removed, the initial T~ _, was nearly 
three times that  of controls  (Fig. 21. 

Alteration o! hiliarv excretion ol BSP durin.q liter 
rc!lcm'raHon. After the i.x. adminis t ra t ion of BSP. it 
is excreted into the bile of normal  rats maiM> as the 
glutathione conjugate (BSP-GSHL plus a small 
a lnount  of free BSP and three unknown conju- 
ga tes [14j .  In this stud~, the biliarv excretion of 
BSP-GSH, flcc BSP and the sum of three unknown 
conjugates were determined. In Fig. 3a it is shown 
that the excretion of BSP-GSH was greatly decreased 
3 hr after partial hepatectomy, reached a minimnm 
after 2 da3s, arm returned to control levels at 4 days. 
On the othcr  hand. the excretion of free BSP and 
unknown conjugates did not dimmish at an \  time. 
In fact. the excretion of BSP on tfic first and second 
da3s and the excretion of unknown conjugates on the 
third and tourtfi clays were significantl_,, higher than 
that of controls. When expressed per g of liver, excre- 
tion of BSP-GSH was over twice that of controls at 
3 hr and cxcretion of flee BSP and of unknown col!ju- 
gates tbur and three times, respectively, that of con- 
trois (Fig. 3hi. 

The decreased excretion of BSP-GSH (Fig. 3A) 
could be due to decreased BSP-GSH transferase ac- 
tivity a n d ' o r  a decreased hepatic t ransport  of 
BSP-GSH. This was in\.estigated in lwo ways. First, 
rats were partially ficpatectomized and BSP-GSH 
transfcrase was subsequently measured in the 
105,000g supernatant  fraction of the residual liver. 
As seen in Figure 4, enzymic activity expressed per 
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l i g  5. I)-,c c\crc i ion aIIcr achmnistration of BSP-(_iSH 
dtlr in~ lhcr  i-ogcncralioil BSP-(ISH {cql.li\alcnt to I I )mg 
t~l ItF, F') ~<~l:~ actmit+listmr0d i.\. Bite ~ l ~  co l l0cted m 10-n+lin 
i~ut-iods iol- 6[) n]in. l{ach point indicalcs tl~c lllCttl/ t 
F,.I 'M. I+.~r 3 7 :mimal>,. * Sigmlicantl ' , dil l~rcnt I'rom con- 
trol '+ulttc'~: P < 0.()5. ()l~¢n circles indicate control  \tl]LIC~. 

g of  l iver  g radua l l }  decreased pos topc ra t i vc l )  and 
roached ~t m i l ] i m u m  on the second da \ .  Coi11pIctc rc- 
coxc r \  o f  ucti'+it', ',',us ob ta ined  hi 1 \vcck. ('OllCCH- 
l r a t i on  o [  [~rotoh+ v, i th in  the sul+~crnatant lractiot~ was 
not <+igni l lc+tnt l )changed ch.iring the cn t i l c  ¢OLIl+~t. ' o f  
the cxpcr in+cnl .  In ~t ~<ccond set o f  CXl>crimonts. chcmi -  
cu lh  [~rcl-~arcd BSP-(JSH (equ iva len t  to l ( ) m g  o f  
B%Pi ~t ;i<+ inicctcd in to  rill<4 ~it till-iol+is l imos ;+lft0r [+~4r - 
tJul hu l+u tcdom > and cxcl+ction o f  chc de te rmined .  
t+x.crction ',;it.s sligi~il_x dccrc;.tscd tit+ to  the th i rd  ct~l~ 
i~o>>tOl~Urali\cl> i t i  7. 5,ai. ( )n  ti~c oti~cr hand,  dyu 
cxcrc t ion  expressed i~cr g o t  + l i \ c r  was s ign i l ] cant ly  
h igher  bctwc0n 3 hr and  1 da', t-lost()porativ01} ar id 
r¢lt. irncd 1o con t ro l  lc \c ls  b~ the second day  (Hg.  5hi+ 

Biliw'v W.\(TdlioII O[ BSt)  <#h'r hilu draim~gu. ]1] ',ic\~, 
o f  Ihc possit~lc assoc iu t ion  hc iwecn lhc b i l i u r \  excre- 
t ion  o f  BSP and bi le sails, thc CXClCtiotl oi" this ct~c 
\~.as dctcrmit~cd af ter  i++al+tial dep ic t i on  o f  bi le suits. 
Tl~c bi le chlcls o f  ~u~u>,thctizcd an ima ls  '+vci-c c~lnilt l- 
latcd und hi lo colh.'ctcd for 4 tlr. BSP wa~, then in- 

l a h l c  2. Rctutiont, hil+ heir, con BSI > und hi l t  +~tlt excretion 
alter l'4ii-tial hcpatccton~> 

I/ilc salt 
1)~+ cxctctio n excretion 
(",,dose ht- g (l+nlolcs hr g 

( 'cmditicm', l i \cr l  Ii', or) 

_ ._ )  (i. 14 %111t11/ ol+~cratccl 7.64 f i).14 "~ ->( ± 
<~]lcin/ o[+~Clatcd + 

hik' chait~igc* 7.18 + 0.51 0.17 + 0.14 
Hcl+~atcCtol+nizcd 19.4 + 2.() 6.20 + 0.45 
Hcpatcctonl izcd + 

hil<_, ch-ainagc + 94 + 1.1 .~.~,9 ~ (I.l~ 

* It] thc>+c unm~al'~ bile was utlov,'cd to drain for 4-hr 
i+l+ior to BSP ini0ction. BiD <,all,+ v<0rc dotcrmJned on h id  
nhl:tJncd duih+ 7 lhc It+ullh i~r. VahLc+ ~llO the i+ilt_XIl~ " 

.~.I{.M. for 4 or mc)ic' tll+imals. 

. jutted and to ta l  t_l~c excre t ion  dc lc rmi i l cd .  Bile "<th', 
+vcI'c u lso  lllCltstit-ccl 01] the bile sltminlc col lected jus t  
pr io r  to the i l ' t jcct ion o [  BSP. In Tab le  2 it t_'~tll l'~¢ 
such that  it1 the partialI_'+ i lcpalcctt+mizccl t~ltS chc and 
bi le ~+~.ilt cxcrc lJon 1->or g oJ l ivur  ~ot+o qu i te  h igh ~ 11¢n 
do tc fm inod  d i rcc th  Mtur  cannuh l t i on .  Ho\~c'tct-. 41ioi 
4 h r  o f  h i l t  d la in4gc  bo th  d \ c  ;.tl]cl h i l t  ,,;.tit cxc ic i icm 
had dccro;.i<+cd al++l+i+oximuld~ 5 ( ) p e r  cent. ( ) i ]  Ihc 
<+thor hund.  in ",hal]]-Ol+Cralcd at] imal, ,  lhc I~ilu huh 
cxcrctJoi]  I+~or ~,, o f  li~c_'r fell to ratht.'r lov, I t \ d , ,  a l tcr  
>+¢\cra] I lr o f  bi lu l.tr~lina<,c \~ hi lu thu cxcrc i ion  t+l Bt;P 
\~ 4', not  >, igni l iunnth a l lcrcd.  

th,.'ruti+m', <!I hil im't c'~_'t'<'l#<tJl q/ I )BSI  > Uus'inH li+,'+" 
Fdgcsldr+llioH. In Fig. 6a it is sho,+t,n thai  clx, c cxcict i t+n 
41lcr adn+lh l i 'qrathm o f  I ) B ~ P  ( I l l  n igl  ,,vu,, m u r k c d h  
ctccrcascd hct\~.ccn 3 hr and 4 cta\,~ aftor par t ia l  hcpa- 
t cc to i l l \ .  D\c.' excre t ion  at .~ hr. cxprc<,<,cd per g t+l 
lh'ur, was twicu I l lat  o f  COllll-ol'-, a i ld rc tur t lcd to con-  
I ro l  lo\ ol~< in one da> I I+i 7. 6hi. Acuordh~gl>. it af+t~c~tr', 
that  D B S P  oxcrc t ion  i>+ af lcctod o n h  chlr ing the car l \  
l+~criods o f  rc+onc fa l i tm at., I~+l+ [+cc'n tlcmot+<4tralud [~>r 
BSP+GSH (t:i 7. 5). 

l/Ic'rcltiun <7/ hi l iar l  <'.\urcsi+m ol I /  <lw'inH l i lur  
rcgundrul/on. In t ic\~ o f  a i~]arkc_'d so'., clillt~rcncc m 
the b i l iarx  excre t ion  of  T Z  in tab, J12!. wu stLicticd 
the b i l k t rx  oxc rc l i on  o f  T Z  in male and Icmalc rat', 
aJ'tcr parl-ial hcl+~at0ctom>. Al ' tcr the i.~. in juc t ion o1 
26.7 mg the excre t ion  in con t ro l  Icmalc rat'., \'+[l>; ;ihOtlt 
three t imes t i ]at  seen in malc_'s d i g .  7). I m m c d i a t c h  
a f tc i  pa r t ia l  hc l+aicctom >. item uxcrc t ion of  T Z  in 
ill;.ilo'; and tL:t-nlil,2,4 iL'II to _+5 ;.lllCt 20 i+,t_'t cent. i+c'<l+c_'cl - 
i~ol), o [  coritrol~, 1oxol+. whilu Iho lixur wcighi of male 
and [OillalC i+:.its ;va:-, ~lhot.it 3(i ;.Uld 26 per cent. to>pccl- 
i \ c h  ol 'control ,+.  '[liciclt+i+c ̀ . the dcci-casc in T Z  excre- 
t ion  \~as al+l+roximulul  ) t+rol+ort ional to t lw ctccl+ca~c 
in f ixer ill[is>, m the bo th  +cxu>. T h i s  i,, ~tl,,o ti]->l+;.il-t+'lll 
f rom Fig. 7D in whM+ T Z  oxct+ction is cxpi-c'+scd [wr 
7 I i+¢1.  T Z  cxcrctiot+l 41 ~ hr \va <, ,,lightl> dccrca,,c_'ct 
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Fig. 7. Ahcration of WZ excretion and of liver weight in 
male and lemale rLllS during liver regenerLHion. Rats with 
ligatcd renal pedicles received 26.72 mg (50 Hmoles) of TZ 
i.v. Each point indicates the mcLm ± S.E. for 3 7 animals. 
Open circles indicate control values. * Significantl 3 differ- 

ent from the vLllues of female rats: P < t).05. 

t'rom control levels in both sexes but the difference 
was not statistically' significant. Excretion of TZ 
reached a minimum on the first day' after partial 
hepatcctom) in males and on the second day in 
Icnaalcs tl:ig. 7a and bl. ()n tile second and third days, 
I Z  excretion ill nlales and limmles was not signifi- 
cantly dilti~rent, while thereafter the sex differences 
returned. It appears that tile excretion mechanism Ior 
TZ undergoes marked changes in both sexes during 
regeneration. Moreover, these results suggest that 
there is a large difference between the excretion 
mechanisms of TZ and BSP or DBSP. 

DIS( USSION 

Following partial hepatectomy on rats restoration 
of original liver weight occurs in 1 2 weeks {Table 
1) [1.3.6],  depending on the age of the anilnals. 
Henderson and Kcrsten [3J obser,~cd that thc com- 
pensatory growth of the residual liver was almost 
complete within 1 week using rats, weighing 
150 180g. Our results with rats weighing 200 220g 
~cre similar (Table 1). Slower growth was observed 
in experiments using male rats weighing 300 375g 
[18]. Here 90 95 per cent or the preoperative liver 
mass was restored in 15 days. These differences may 
reflect rates of mitosis [19] and DNA synthesis [20] 
~hich vary. with the age of the animal. 

Three hr after partial hepatectomy bile secretion 
was 60 per cent that of controls, although 70 per cent 
of the liver had been removed (Table 11. as Ims been 
observed by others [11.18]. At this time excretion of 
total bile salts was reduced approximately 30 per cent 
but the concentration of bile stilts was essentiall 3 un- 
changed (Table l j. Here too. it is seen that at 3 hr 

bile salt excretion per g of liver was more than twice 
that of controls. The results in Fig. I suggest that 
after partial hepatectomy, bile salt independent 11o~. 
may be somewhat diminished. This ma\  contribute 
to the overall decrease in total bile production. Prob- 
ably' only a small proportion of the total bile stilt 
pool is normally contained within the liver. Much 
of it is within the intestinal tract and perhaps other 
extra-hepatic areas [21]. Thcrctbre, the total amount 
of bile salts potentially available for hepatic transport 
is only slightly' less in hepatectomized animals com- 
pared to controls. Furthermore. blood ltow per g of 
liver m thc rat has bccn reported to bc 30 S*,I per 
cent greater than that of controls between 4 and 16 hr 
following partial hepatectomy [22]. This may account 
Ior the relativel,, small diminntion of bile still excre- 
tion (30 per centl and bile flow {40 per cent) compared 
to a loss of 65 70 per cent of the li\er lllass. 
Klaassen [1 l] has speculated that under nornlal coll- 
ditions many hepatocytes tire quiescent, but ma\  
become active under stress conditions such as partial 
hepatectom). This could contribute to the increase 
in both bile stilt (Table 1) and dye (Figs 3, 5, 6t exert- 
lion calculated per g of liver. However, the results 
in Fig. 1 suggest a diminished bile stilt independent 
flow, which ma 3 be attributable to a change ill the 
composition of bile during regeneration. ( 'hangcs in 
bile composition 24 hr after partial hepatectolny haxe 
been reported [11]. Howe\or.  none of these could 
readily explain the steeper slopes seen in Fig. 1 and 
a reason for the seemingly greater choleretic effect 
of bile salts at this time is not yet available. 

Partial hepalectom 3 depressed the rate of plasma 
clearance Ibr BSP in proportion to loss of lixcr mass 
(Fig. 1). The small increase m hepatic blood I'lox~. a 
few hr following partial hepatectom 3 [22] apparently 
did not tilter the hepatic uptake process. Biliarv excre- 
tion of d,,e was also decreased as observed pre- 
x.iously [11]. Howex.er, when BSP, BSP-GSH and the 
unidentified conjugates ~a.ere determined individualh 
in bile considerable differences x~crc seen. The total 
excretion of BSP-GSH diminished to less than half 
of control values by tint second da \  {Fig. 3a). After 
the il!iection of BSP-GSH itself, dxe excretion was 
also decreased but to a lesser extent (Fig. 5al. I o l a l  
excretion of free BSP, however, was not decreased 
after partial hcpateclomv (Fig. 3al. In fact. excretion 
rates exceeded those of controls oil the litst and 
second days. Evidence has bccn presented tllat 
BSP itself may inhibit the biliarv transport of 
BSP-GSH [23]. Thus higher levels of free BSP trans- 
port after partial hepatectomy max partially ilccotlnt 
tot the marked drop in BSP-GSH transport IEig. 3aL 
Another contributor,~ factor may be the drop in hepa- 
tic BSP cot!jugating actixity. The time cotlrsc or 
change for this enzxme iFig. 4) parallels thai of 
BSP-GSH excretion (Fig. 3) vcrx closel\ and is t) pical 
el  a number of drug metabolizing enzymes [3 6. 24J. 
Glutathione S-transfcrasc B has been shown to bc 
identical to the hepatic anion binding protein, ligan- 
din [25]. Diminished ligandm concentration may be 
associated with decreased storage capacity for BSP 
and consequently a more rapid biiiar~ excretion. 

When biliar\ excretion of each of the drugs {BSP, 
BSP-GSH, DBSPI is measured per g of li'~er, an in- 
crease is apparent in e'~cr\ case immediately lk)llm~ing 
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partial  hepa tec tomy (Figs 3b. 5b. 6bl. This  is part icu-  
l a r h  evident  lbr unconjuga led  BSP where  excte t ion  
per g of  liver is 370 per  cent thai o f  cont ro ls  3 hr 
after surger  3 (Fig. 2b). In addi t ion  to the a b o \ e  
explana t ion ,  the apparen t  increase in frec d \ c  trans-  
port  ma' ,  be associa ted  with the increase in bile salt 
excret ion,  wl-iich, when measured  I,cr g of  l i \c r  3 hr 
after surger3 is 240 per  cent  that  o f  con t ro l s  ITable 
1}. This  is inferred from recent c ; idencc  that the m- 
creased unconjuga ted  BSP t ranspor t  seen dur ing bile 
sall administ rat ion is at t r ibutable to a dircct st imulat- 
ing effect o f  thc bile salt on BSP excret ion rather 
than to all increase in bile l low alone [26 28]. In sup- 
port  of this idea arc the expermlerlts in which bile 
was al lowed to dlaill  for 4 hr after hcpatectonl} .  Bile 
salt excret ion was considet+abl\ less than that in ani- 
111als w i lhout  bile drainage and there was a propo l -  
[ ional decrease in dye excretion (Table 2). In conlro l  
animals the loss o f b i l e  stills dur ing biliar_~ drainage 
was not accompanied b\. lo'~,<.er d'+c excretion. It is 
inferred that the lov,'er rate of  d)c e',crction in conlro l  
animals is not dependent on concomitant cxcrelion 
of bile sails. Excretion of unknown BSP cot~tjt.igatcs 
was also enhanced on the secoll.d and fourth da\ lol- 
lowing part ial  hepatcctom\ (Fig. 2a al ld hi. This sug- 
gests that  tlnlike BSP-GSH biosynthes is  (Fig. 41 lllcr- 
captur ic  acid tb rma t ion  111a\ 11oi be depressed dur ing 
the regenerat ing period.  H o w c \ e r .  ihcrc have bccn no 
specific invest igat ions on these ellTX+llle s\ SlelllS dur ing 
regeneration. 

A profound decrease in TZ  excretion, boll1 tot:.ll 
and per g of liver, was obsct-\ed after parl ial  hepatec- 
t om\  in both males and females, ahhough excrcthm 
of TZ  in controls is nluch gi+catci m li.:males than 
in males tFig. 7). This sex dilTcrence has boon reported 
previously [12] ancl it appeaFS to bc related io sex 
hormones [29]. Howe\or ,  there is no direct c\ idencc 
Ior the mechanism b,, which the hormones influence 
the bil iar,, excretion of  TZ. The sex difrerencc disap- 
pear>, during the secotld and third da\ aftcF >>urgcry 
btlt stlbseqtlentl~ rettlrils on the fourth da \  (Fig. 7a 
and b). 

f u n c t i o n a l  hcterogencit3 of  hcpa tocy tcs  within the 
lobulc is k i lown and the tu r t lo \ c r  o f  cells dur ing  
regenera t ion  begins near  the portal  area and pro-  
gresscs toward  the central  lobular  zone [30], It can 
bc speculated lhal  sucll helcrogcnei ty  m a \  also appl  3 
to bi l iar 3 transport. I f  the major  contr ibut ion to the 
biliar\  excret ion of  bile sails and BSP is not-n~:.ill\ 
nl:ldc by peripot+tul cells. Ihen their rapid prolili_'ration 
might  accoun t  fc)t the higher excret ion pc i  g of  li \er 
seen in the earl)  stages of regeneration. In such a 
s i tuat ion one  could imagine that TZ  is handled  by 
central  lobular  celts, which reproduce  mol+c s lowE.  
This  would  explain the depressed exci-ctioll o f  TZ  
dur ing  regenerat ion.  

t ;n t i l  recently it had been thought that organic 
anions wore excreted into bile through a comn~on 
process  [31,32] .  However .  recent repor ts  suggest that 
111ote thai1 one hepato-bil iar3 patbwa} i1u_t\ Iul lc l iol l  
in the transporl of organic anions [33 351. Vv'e have 
previously, shown ihat tl~c hepatic transport of several 
organic anions but not taurocholate is inhibited in 
rats by pretreal i l lent with lhe hypol ipktemic drug. 
nalcnopin  [36.37].  In COlltl-asl. this drtig nlaFkedl\  
enhances the hepatic transport of  ehloroth iu i idc {+I. 

I_ csu,,i. ~ and W. (}. Lc\ inc. i.mpublishcd lcsult,,I, lISP 
excretion in the Fat Call be enhanced b,, hffusion e l  
t aurochola tc  [381 but is inhibi ted bx -;c\,.:r:.tl 
an ions  [31 ]. The results repor ted  in this paper  impl 3 
that B SP-GSH and DBSP are t ranspor ted  into Ilac 
bile by a similar nlechanisnl ~hi le the nlech:.inisnl Iot 
TZ  l ral lspor l  is consMerabl\ difi'crcnt. 11 Call bc sccn 
that clirect informat ion on bi l iar\  cxcrction 
mechanisms DILl\ bc obtaincct b\ in\cst igat ing the 
ch,:lngcs tilal occur  dur ing  Ii~et- regenerat ion.  

hkllowh'doenlctlt~ -l'hc authors gratcl'ull 3 acknoxxlcdgc 
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