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4-fold by mid-pregnancy to 0.52. In rabbits, tile rates of 
steroid transformation were stimulated 1 to 2-fold by PB 
only in early pregnancy, and in contrast to N-demethyla- 
tion, they responded to this drug neither in non-pregnant  
animals nor at mid-pregnancy. 

In tile present study with rats, the hepatic microsomal 
content of cytochrome P-450 and the enzymic rates of 
N-demethylation of aminopyrme and 7:~-hydroxylation of 
DHA were significantly increased early in pregnancy over 
non-pregnant  levels, but  by the end of pregnancy these 
values had decreased signilicantly below those of non-preg- 
nant  females. This correlation between drug- and steroid- 
mctabolizing enzymes has previously been noted in non- 
pregnant rats [4, 10], and now appears in pregnancy, either 
with or without PB treatment. Previous workers have 
demonstrated that pregnancy in rats suppresscs several 
drug-metabolizing enzyme activities, and that cytochrome 
P-450 content was slightly increased in comparison to non- 
pregnant animals [16. 17]. In rabbits, only tile N-demethy- 
lase activity l\~llows the changes in cytochrome P-450. All 
of the steroid hydroxylase activitics are depressed by PB 
treatment of mid-pregnant rabbits. We find no published 
reports of steroid hydroxylase activities in the liver of rats 
or rabbits during pregnancy. 

It is clear from these and other studies that pregnancy 
and species differences profoundly influence maternal 
hepatic stcroid- and drug-metabolizing activities and their 
selective responses to PB in rats and rabbits. Nevertheless, 
gross inspection of the embryos and reproductive tracts 
of PB-treated animals re,,ealed no abnormalities, and ,the 
mothers appeared healthy. An activating effect of antenatal 
PB therapy on bilirubin conjugation by human newborn 
has been observed repeatedly, a l though little attention has 
been given to its efl'ects on maternal metabolism (see Ref. 
18 for a reviewl. Preliminary observations (unpublished) 
in htnnan prcgnancies complicated by crythroblastosis in- 
dicate that the m~\ior steroid biosynthetic pathway leading 
to the maternal excretion of estriol is not altered by ante- 
natal PB therapy. 
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Effect of ingestion of Lantana camara L. on bile formation in sheep 

(Receiced 17 March 1976: accepted 7 ,4pril 1976) 

The triterpcnc acids hmtadcne A and icterogenin have been 
shown in rabbits to inhibit hepatic transport of porphyrins. 
bile pigments and bromsulphthalein [I J. but little informu- 
tion is uwtilable on their effects on other transport  pro- 
ccsses which may be involved in bile lbrmation. Some 
obscrvations have been inade on pathological changes in 
the sheep's liver and hiliarv tract after ingestion of the 
plant Lwmma camara, an important  source of lantadene 
A [2. 3.4]. These pathological clmngcs include .iaundice, 

gall bladder distension, and proliferation of bile duc- 
tules [3]. In sheep, the major stimulants to bile secretion 
are the bile acid, taurocholic acid, and the hormone secre- 
tin [5,6, 7]. These st imulants appear to act at different 
sites: the bile acid at the canaliculi, and secretin at the 
ductules. For this reason, they were used to analyse the 
effects of hmtana on bile formation. 

Thcsc studies were made on four crossbred sheep which 
had been operated on to remove the gall bladder, and to 
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place a polyvinylchloride cannula in the proximal segment 
c,f tile common bile duct to enable bile to bc collected. 
The sheep were allowed to recover after the operations, 
and wcrc placed in metabolism citgcs. 

Experiments were done belbre, alld one da) altcr, lan- 
tana was given. Fach sheep was starved for 24 hr then 
two doses, cac]l of 100g of the a/r-dried leal~ v, cre given 
by stomach tube three hours apart. Tile conceFltration of 
total bilirubm in the serum increased fi'om 4.1 + 0.03 
#molcl  beforc Ihc lantana was given, to 47.7 ~ 1,~1 
/*molel one da 3 later; this was taken to indicate lhat 
intoxication had occurred. 

In Ibc experiments, tam-ochloric acid (T-075(): Sigma 
('laemical Company. St. Louis Me.) in a conccmration of 
97m-molc,I was iifftlscd through a jugular cannula at 
0.22 ml,min. St{topics of bile werc collected immcdiately 
belbre thc infusion and alicr 60 min of infusion, then secre- 
tin IKarolinska lnstitulct, Stockholm)was infused into the 
jugular vein at 0.44 clinical units, mm lbr a 15-rain prclimi- 
nar\ pcriod, and ~\hile bile samples were collected. "File 
sccrclin and taurocholic acid infusions were then stopped, 
and a pcriod ot45 rain allowed lot the effect of thc sccrctin 
to abate [,';]. In thc ncxl part of tile experiment, taurocholic 
acid was infused at a rate similar to the lll~lXinltllll tralls- 
port capabilit 3 of the sheep liver[5i: a sohltion of 
?7 nl-mole, I was infused at 0.,R8 ml thin, and was continued 
v~hilc hilt samples were collected. 

In each case, bile samplcs wcrc collected lbr two con- 
sccutivc periods, cach of 10rain. The bile was collcctcd 
trader parallin, and the volulne estimated from the net 
weight. Samples wcre analysed for total bile salts [9] and 
bicarbonate [10]. Thc cffccls of the taurocholic acid and 
,,ff lhe secrelin were estimated ['rein the differences hctwecn 
values in the slilnplcs collected bclbrc tile infusion of that 
substance, and wducs in samples collected during that infu- 
sion. Analysis of variance was used to estimate lhc cflEct 
of lanltma administration on lhe response tO latlrochoIic 
acid. and to sccretin. 

One da,. after tile lantana was given the outptll of hile 
acids in response to inl'tlSiOllS of laurocho]ic acid at 
20/{moltrain had decreased almost to zero: 

bclbrc hinlal la: 2 6 '  3.6/nnole rain, 
aflcr ]ailttl i la: 0.3 + 0.16 /anole,'min 

This cl]'cct o f  lalltail;i on bih.' secretion was rel]ccled in 
the hi l t  flow. The l i l t; in basal hile 11o\~, ~vas 0.17 
[).032 ni l ' rain before lanlan' i  was givcn, and the I1o\\ in- 
creased hy 0.36 r 0.033 ml,mhl dur ing infusion of  iauro- 
cllolic acid. However, tile rcsponst." ,a, as onl}  0.]2 
0.030 ml,,n~m after ingestion of  ]alltaila IP < 0.001 I, There 
was l ie basal bile llm\ in three sheep alter lalltall:.l wlis 
given and ihc fourth sheep had a basal f]o~\, o f  0.20 m lm in .  

The effect o f  lantana on the respollsC Io infusion of  
laurochol ic acid at S0/nnolc mh~ was i-n-ofotind, hul it did 
dillt:r somc\vilat betweell sheep. In i\~o of  the sheep, tl~e 
abilit~ of  the liver to tral lsporl  this ]e\,c[ o f  bile acid 
appeared lo have hcen lost: the rate o] secretion of  bile 
acid did not increase lit all dur ing the infusion, In lhe 
other two sheep, bile acid secretion decreased: 
sheep l :  belbrc ]anlall~.l 46#molcmin:  after lantalla 

"~/mlole mill, 
sheep 2: belorc lanttLlla 62/mlo]c rain: alter ]all lana 

14/mlole rain. 
Thc rcstllts of t]lcse experiments prox, idc evidence that 

the toxic principle of Lanhtno  cwnt;#'a, lantadcnc A, inhibits 
active secretion of  bile acids into canaliculi. The prccisc 

mechanism of this inhibit/on is not clear, nor i> i~ ctcar 
how this substance inhibits the transport e l  bromsulphlh:l- 
lein or bile pigments [2,4]. Hey.ever tile ohscr'~ation'~ of 
Goldfischer ut a/. [111 and" Gopinath and Ford [4[ lh~ll 
the aclivity of adenosine Iriphosphatasc at the canaliculi 
is low alter icterogenin or hmlana, could indicate an tilL'el 
on the availabilib of energy for active transport into the 
canaliculi. Although the responses to infusions o1" 14tllO- 
cholic acid were decreased in sheep al'ler ingcslion el lan- 
Ialla. the response to score{in showed no signs of diminu 
lion. In facL tile response in bile flo\~ was cnhanL'cd; il 
was {).20 + 0.048 mlmin  initialh, and 0.44 + 0.()S2 ml 
rain (P <_- 0.025) after the plan! \',as given. The outptH oI 
bicarbonate in rcsponsc to infusion of secretm remained 
unchanged: it was  20 # 2 .5 /mlo le  rain I~eforc. al~d 
IS k 3.2 ! {mole  rain after lallhtna was gi\en. This ohscr\a 
tion ilia} he taken to indicate thai ItllltlidCllC ,~ doe,, ilo[ 
e\erl il toxic action on the duclu]cs: indeed an incre~sc 
in thc fuilCliOn of" ductule cells may occur. An illcrea~-;ed 
hiliar 2 bicarbonate response to score{in has hccn described 
in human patients with cholcstasis [12]. 

It is not clear ,~,,helher the illcreased ICSpOIlSC lo gCCIC[ll] 
iS duc to an increase in the sensitivit\ of individutd coiN, 
or to till illcrciise in tile ilUl-nher el" ducttihtr cells. ProIiler- 
ation of bilc ductules does occur  during the IirsI v, cek al/el 
ingestion of  lantana [4], bill it is not likely Ihat tile ntllllbcl 
ofdl_lctular cells would have increased suhstantiall 3 durin 4 
the one-da) period tlscd m tile Ctltrclll stlld 3 [sec ~ 1. 
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