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

In the present study with rats, the hepatic microsomal
content of cytochrome P-450 and the enzymic rates of
N-demethylation of aminopyrine and 7x-hydroxylation of
DHA were significantly increased early in pregnancy over
non-pregnant levels, but by the end of pregnancy these
values had decreased significantly below those of non-preg-
nant females. This correlation between drug- and steroid-
metabolizing enzymes has previously been noted in non-
pregnant rats [4. 107, and now appears in pregnancy, either
with or without PB treatment. Previous workers have
demonstrated that pregnancy in rats suppresses 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 the N-demethy-
lase activity follows the changes in cytochrome P-450. All
of the steroid hydroxylase activities are depressed by PB
treatment of mid-pregnant rabbits. We find no published
reports of steroid hydroxylase activitics in the liver of rats
or rabbits during pregnancy.

[t is clear from these and other studies that pregnancy
and species differences  profoundly influence maternal
hepatic steroid- 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 revealed no abnormalities. and the
mothers appeared healthy. An activating effect of antenatal
PB therapy on bilirubin conjugation by human newborn
has been observed repeatedly. although little attention has
been given to its effects on maternal metabolism (see Ref.
18 for a review). Preliminary observations (unpublished)
in human pregnancies complicated by crythroblastosis in-
dicate that the major 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

(Received 17 March 1976 accepted 7 April 1976)

The triterpene acids lantadene A and icterogenin have been
shown in rabbits to inhibit hepatic transport of porphyrins,
bile pigments and bromsulphthalein [17. but little informa-
tion is available on their effects on other transport pro-
cesses which may be involved in bile formation. Some
obscrvations have been made on pathological changes in
the sheep's Hiver and biliary tract after ingestion of the
plant Lantand camara. an important source of lantadene
A [2.3.4]. These pathological changes include jaundice,
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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 stimulants 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 lantana on bile formation.

These 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
of the common bile duct to enable bile to be collected.
The sheep were allowed to recover after the operations,
and were placed in metabolism cages.

Experiments were done before. and one day after. lan-
tana was given. kach sheep was starved for 24 hr then
two doses. cach of 100g of the amr-dried leal, were given
by stomach tube three hours apart. The concentration of
total bilirubin tn the serum increased from 4.1 + 0.03
pmole/l before the lantana was given. to 47.7 + 181
pmole’l one day later: this was taken to indicate that
intoxication had occurred.

In the experiments. taurochloric acid (T-0750: Sigma
Chenmical Company. St. Louis Mo.} in a concentration of
Y7 m-mole/l was infused through a jugular cannula at
0.22ml/'min. Samples of bile were collected immediately
before the infusion and after 60 min of mfusion. then seere-
tin (Karolinska Institutet. Stockholm) was infused into the
Jugular vein at 0.44 clinical units;min for a 15-min prelimi-
nary period. and while bile samples were collected. The
seeretin and taurocholic acid infusions were then stopped.
and a period of 45 min allowed for the effect of the seeretin
to abate [8]. In the next part of the experiment. taurocholic
acid was infused at a rate similar to the maximum trans-
port capability
97 m-mole/] was infused at 0.88 ml'min, and was continued
while bile saumples were collected.

In euch case. bile samples were collected for two con-
sceutive periods, cach of 10min. The bile was collected
under paraflin, and the volume cstimated from the net
weight. Samples were analysed for total bile salts [9] and
bicarbonate [10]. The effects of the taurocholic acid and
of the seeretin were estimated from the differences between
values in the samples collected before the infusion of that
substance, and values in samples collected during that infu-
sion. Analysis of variance was used to estimate the cffect
of lantana administration on the response to taurocholic
acid. and to sceretin.

One day after the lantana was given the output of bile
acids in response  to infustons of taurocholic acid at
20 pmole‘min had decreased almost to zero:

before lantana: 26 + 3.6 pmole 'min,
after lantana: 0.3 + 0.16 gmole/min

This effect of fantana on bile secrction was reflected in
the bile How. The mean basal bhile flow was 0.17 +
0.032mlrmin before lantana was given, and the flow in-
creased by 0.36 + 0.033 mlymin during infusion of tauro-
cholic acid. However, the response was only 0,12 +
0.030 ml/min after ingestion of lantana (P < 0.001). There
was no basal bile flow in three sheep after lantana was
given and the fourth sheep had o basal flow of (.20 ml‘min.

The effect of lantana on the response to infusion of
taurocholic acid at 80 gmole/min was profound. but it did
differ somewhat between sheep. In two of the sheep. the
ability of the liver to transport this level of bile acid
appeared to have been lost: the rate ol sceretion of bile
actd did not increase at all during the infusion. In the
other two sheep, bile acid secretion decreased:

sheep I: before lantana 46 pmole/min: after lantana
32 pmole 'min,
sheep 20 belore lantana 62 pmole min: after  lantana

14 pmole, min.
The results of these experiments provide evidence that
the toxic principle of Lantana camara. lantadene A, inhibits
active secretion of bile acids into canaliculi. The precise

of the sheep liver[3]: a solution of
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mechanism of this mhibition is not clear. nor s 1 clear
how this substance inhibits the transport of bromsulphtha-
lein or bile pigments [2.4]. However the obscervations of
Goldfischer ¢r ol (111 and Gopinath and Ford [4] that
the activity of adenosine triphosphatase at the canaliculi
1s low after icterogenin or lantana, could indicate an cffect
on the availability of cnergy for wctive transport mto the
canaliculi. Although the responses to infusions ol tauro-
cholic acid were decreased in sheep after mgestion of fun-
tana. the response to seeretin showed no signs of diminu-
tion. In fact. the response i bile flow was enhanced: it
was 0.26 + 0.048 ml'min initially. and 044 4 0.082ml
min (P < 0.025) after the plant was given, The output of
bicarbonate in response to infusion of seerctin remained
unchanged: it was 20 £+ 25 umolemin before. and
I8 + 3.2 pmole min after lantana was given. This observi-
tion may be taken to indicate that lantadene A does not
exert a toxic action on the ductules: indeed an inerease
i the function of ductule cells may occur. An increased
biliary bicarbonate response to seeretin has been deseribed
in human patients with cholestasis [12].

It is not clear whether the increased response to seeretin
is due to an increase in the sensitivity of mdividual cclis,
or to an increase i the number of ductulur cells, Profifer-
ation of bile ductules does occur during the first week alter
ingestion of lantana [47]. but it is not likely that the number
of ductular cells would have increased substanttally during
the one-day period used in the current study [see 3]
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