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ABSTRACT

Estradio1–178–D–Glucuronide: A Potent Cholestatic Agent in the Rat.

Mark Meyers.

Administration of *H-estradio1-178-D-glucuronide (E-178G) to

female rats at a single i.v. dose of 4, 6, 8 or 10 mg/kg caused a

33, 58, 82 or 100% decrease in bile flow respectively which was maxi

mal between 15 and 30 min. Bile flow returned to at least 75% of con

trol values by 180 min. A linear log-dose response relationship was

obtained when the maximal inhibition of bile flow was plotted against

the log dose, giving an estimated EDso of 5.2 mg/kg (11 umole/kg).50

Administration of this dose of E-178G caused a 65% decrease in bile

flow which was maximal at 15 min; bile flow returned to 80% of control

values at 180 min. The rate of excretion of bile acids was decreased

69% at 15 min but had returned to 98% of control values at 90 min.

“c-Erythritol clearance was decreased 60% at 15 min and returned to

80% of control values by 60 min. Administration of estradio1-176 at

an equimolar dose to E-1786 had no significant effect on bile flow.

These data indicate that E-178C is a potent, reversible inhibitor of

both bile acid dependent flow and acid independent flow in the rat,

and may be responsible for estrogen-induced cholestasis.



Introduction

The mechanism of bile flow is incompletely understood at the pre

sent time. However, the primary site of secretion in vertebrates is

believed to be the canaliculus of the hepatocyte. Information suggests

that there are at least two components to bile secretion, a bile salt

independent and dependent fraction; the bile salt independent fraction

being responsible for approximately 50% of flow (Boyer, 1971). Na"K*-

ATPase has been shown to be present in fractions of liver plasma mem

brane enriched in bile canaliculi (Boyer and Reno, 1975) and the bile

salt independent fraction is believed to result from the active trans

port of sodium into the bile canaliculi (Boyer, 1971; Boyer and Reno,

1975). Some bile is also formed from biliary ductular cells in some

species of vertebrates, but is considered to be of minimal contribution

in the rat (Forker, Hicklin and Sornson, 1967).

Various compounds have been shown to affect the bile flow. Dhumeaux

et al. (1970) have demonstrated a decrease in bile flow and an increase

in bile salt concentration in the rabbit following rose bengal adminis

tration and an opposite effect on both parameters with uranin. Laperche

et al. (1972) have shown an inhibition of Na"K"-ATPase of rat and rab

bit bile canaliculi with rose bengal, while uranin did not inhibit the

enzyme. It is believed that the inhibition of this enzyme may account

for decreased bile flow. Indocyanin green has also been demonstrated

to decrease the bile salt independent fraction of bile flow (Horak,

Grabner and Paumgartner, 1973). Schulze et al. (1975) demonstrated a

marked decrease in bile flow in rats with continuous infusion of sul



fobromophthalein (BSP) while an equimolar or greater than equimolar

quantity of BSP-glutathione produced a choleretic effect.

Pregnancy is a state when estrogen serum levels are elevated, and

when exogenous estrogen administration has been shown to alter biliary

excretory function. Estrogens decrease the biliary excretion of sever

al organic anions, including bromosulfophthalein (BSP), bilirubin and

phenytoin (Combes and Adams, 1972; Mueller and Kappas, 1964; Gallagher

et al., 1966; Vore et al., 1978, 1979). In susceptible individuals

with an abnormal sensitivity to estrogens, pregnancy, or administra

tion of estrogens such as those present in oral contraceptives, causes

pruritis, jaundice and cholestasis (Drill, 1974; Cohen et al., 1972).

In rats, ethinyl estradiol, a synthetic estrogen commonly used in oral

contraceptives, causes a decrease in bile flow primarily due to a de

crease in bile acid independent flow; a decrease in the synthesis of

bile acids and in the transport maximum (Tim) of bile acids (Davis and

Kern, 1976; Harkavy and Javitt, 1969; Gumucio and Valdivieso, 1971).

Kreek et al. (1969) have shown that ethinyl estradiol treatment

also decreased the biliary excretion of a tracer dose of *H-estradiol

173-D-glucuronide (E-17BC). Originally, we were interested in deter

mining if pregnancy also decreased the biliary excretion of E-178G;

however, we observed that administration of E-178G (6–10 mg/kg i.v.)

to nonpregnant female control rats caused a temporary but profound

decrease in bile flow. The present studies were subsequently designed

to characterize E-1736-induced cholestasis in the rat.



Methods

Animals

Female Sprague-Dawley rats (Charles River) weighing between 200

and 350 grams were used throughout the experiments. Animals were

housed in stainless steel cages, had free access to food and water,

and were maintained on a 12 hour automatically timed light and dark

cycle.

Surgical Procedure

Rats were anesthetized with urethane (1 gm/kg in saline) given

i. p. A surgical plane of anesthesia was maintained by supplementing

the urethane with diethyl ether. The femoral vein and artery were

catheterized with PE50 and PE10 tubing respectively, and then 0.1 ml

heparin was given i.p. The bile duct was isolated by a midline in

cision, cannulated with PE10 tubing, and all incisions were then su

tured. Rectal temperature was monitored with a Digitec digital ther

mometer and body temperature maintained at 37°C with heating pads.

At the end of experiments animals were sacrificed with saturated KC1

given i.v. and 1jvers removed and weighed.

Sample Collection

Two 15 minute bile samples were collected prior to drug adminis

tration. Subsequent to drug injection 15 minute bile samples were col

1ected for 1 hour and 30 minute samples for the next 2 hours. Arterial

blood samples (0.1 ml) were collected at the end of each sampling period

except when bile/plasma erythritol ratios were required. In this case



samples were collected at the midpoint of each bile collection period.

Isotonic saline (0.5 ml) was infused into the femoral vein every

% hour to replace lost fluid volume.

Drug Administration

Estradio1-178-D-glucuronide

Labeled estradiol-6,7-’h,176-D-glucuronide (42 Ci/mmole) was ob

tained from New England Nuclear Corp. and tested for purity by thin

layer chromatography prior to use. Unlabeled estradio1–178–D-glucu

ronide was obtained from Sigma Chemical Corp. Doses of 4, 6, 8 and

10 mg/kg of estradio1–178–D-glucuronide (2 uCi/mg) were infused over

a one minute period into the femoral vein. The drug was dissolved in

propylene glycol: saline: ethanol (4:10:1) and a volume of 2 times body

weight (kg) was employed for injection. Three rats were used at each

dose except with 4 mg/kg in which 2 rats were used.

178–Estradiol

178-estradiol (Sigma Chemical Corp.) dissolved in propylene glycol

was infused i.v. at a dose of 2.99 mg/kg (equimolar to 5.2 mg/kg estra

dio1-17B-D-glucuronide) in a volume of 1 ml/kg. Drug was infused over

a 1 minute period. Four rats were used at this dosage.

Estradio1-178-D-glucuronide and erythritol

U_*c erythritol (808 uCi/mg, Amersham/Searle, Des Plains,

Illinois) was dissolved in saline to achieve a final concentration of

6 uCi/ml. The drug was infused i.v. over a 1 minute period at a

dose of 6 uCi/kg, 30 minutes prior to first sampling periods. Estra

dio1-178-D-glucuronide was administered i.v. at a dose of 5.2 mg/kg



after two 15 minute control sampling periods were completed.

Analytical Methods

Bile

The bile samples were measured gravimetrically on a Mettler bal

ance. Hydrogen peroxide (30%) (0.5 ml) was added to each sample and

allowed to bleach overnight. Scintiverse (Fisher Scientific Co., New

Jersey) (10 ml) was then added to each sample and refrigerated over

night. Radioactivity was estimated with a liquid scintillation spec

trophotometer (model 3375, Packard Industries, Downer's Grove, Illi

nois). Quenching was determined by using automatic external standard

ization.

Bile acid concentrations were determined using an enzymatic assay

similar to that described by Talalay (1960) and modified by Paumgart

ner (1971). The reaction mixture contained 1 ml of 1M glycine buffer

(pH 9.4) containing EDTA (5.6 mM), hydrazine sulfate (0.4 M), NAD

(0.56 M), 0.08 units of hydroxysteroid dehydrogenase and 0.05 ml of

bile which had been diluted tenfold in methanol. The reaction was in

cubated at room temperature for 60 minutes and the absorbance measured

at 340 nm using methanol as the blank. The concentration of bile

acids was determined from a standard curve. In control experiments,

estradio1–178–D–glucuronide was shown not to be a substrate for hydrox

ysteroid dehydrogenase.

Blood

Blood samples of 100 ul were added to 0.50 ml NCS tissue solubil

izer (Amersham/Searle Corp.) and allowed to incubate overnight. Seven



teen ul of glacial acetic acid was then added to neutralize each sam

ple and 0.05 ml of hydrogen peroxide (30%) was added and samples were

allowed to bleach overnight. 10.0 ml Scintiverse was subsequently

added and refrigerated overnight. Samples were counted for radioac

tivity in the same fashion as the bile samples.

Results

Administration of *H –E–176G at a dose of 4, 6, 8 or 10 mg/kg

i.v. resulted in a 33, 58, 82 or 100% inhibition of bile flow respec

tively (Figure 1D). Maximum inhibition of bile flow occurred at

15 min after the 4 mg/kg dose and at 30 min after 6, 8 and 10 mg/kg

doses of *H -E-1786. Bile flow gradually returned to within 75% of

control levels by 3 hr after administration of *H –E–1786. The con

centration of *H –E–178G in the blood peaked at consecutively later

time periods with increasing doses with peak concentrations occurring

at 15 min following 4 mg/kg *H –E–1786 (Figure 1A). The blood con

centrations following 10 mg/kg *H –E–178G were disproportionally

higher than expected based on blood levels following doses of 4, 6, or

8 mg/kg of *H –E–1786 presumably due to the essentially complete block

of biliary excretion at 30 min induced by 10 mg/kg *H –E–178G. The

concentration of *H –E–1786 in the bile (Figure 1B) and the rate of

biliary excretion of *H –E–176G (Figure 10) also were maximal at con

secutively later time periods with increasing dose. The mean total

biliary excretion of *H –E–1786 was 61% (range 52% - 71%) at 180 min.



When the maximum percent inhibition of bile flow was plotted

against the logarithm of the dose, a linear 10g dose-response relation

ship was obtained (Figure 2). The ED50, or the dose which should re

sult in a 50% inhibition of bile flow obtained from the 10g-dose

response curve was 5.2 mg/kg or 11 umole/kg *H –E–1786. This dose

was chosen for further studies to characterize the nature of the in

hibition of bile flow.

Administration of 5.2 mg/kg *H –E–1786 resulted in a 65% inhibi—

tion of bile flow, which was maximal at 15 min (Figure 3B). The con

centration of bile acids in the bile (Figure 3C) was unaltered at

early time periods but was significantly increased at 45–150 min. The

rate of excretion of bile acids was inhibited 69% and this inhibition

was maximal at 15 min (Figure 3D). The rate of excretion of bile

acids had returned to 98% of control levels by 90 min, however, bile

flow never exceeded 80% of control 1evels. Erythritol clearance, a

measure of the production of bile at the 1evel of the bile canaliculi

was inhibited 60% and this inhibition was also maximal at 15 min

(Figure 3E). Erythritol clearance returned to 80% of control levels

by 60 min, but never exceeded this value. Administration of estradiol

178 at an equimolar dose (11 umole/kg, 2.99 mg/kg) slightly increased

bile flow (30%) at 15–45 min, although this increase was not statis

tically significant (Figure 3B). The concentration of *H –E–173G in

the blood and in the bile (Figure 3A) were maximal at 22.5 and at 30

min respectively. The mean maximal bile: blood concentration ratio of

*H –E–1786 was 910 at 30 min and decreased gradually to 270 at 180 min.



Discussion

The present data clearly demonstrate that estradiol-178D-glucu

ronide administration results in a potent reversible inhibition of

bile flow in the rat. A single i.v. dose of 5 mg/kg (11 umole/kg)

resulted in a 65% decrease in bile flow within 15 min. Bile flow

returned to 80% of control values within 3 hr indicating a pharma

cological effect as opposed to a direct destructive action on the

liver.

Bile flow in the rat has been shown to be dependent on the active

transport of bile acids from the hepatocyte into the bile canaliculi,

with the subsequent osmotic flow of water and other solutes (bile acid

dependent flow) and the active transport of inorganic solutes, probably

sodium ion via the Na"K"-ATPase in the canalicular membrane, also with

the subsequent osmotic flow of water and other solutes (bile acid in

dependent fraction), approximately 50% of bile flow in the rat has

been attributed to the bile acid dependent fraction (Boyer, 1971; Boyer

and Klatskin, 1970; Erlinger and Dhumeaux, 1974).

It is clear that E-1786 inhibits both bile acid dependent and

independent fractions; at a dose of 8–10 mg/kg E-178G, bile flow was

decreased 80–100% and after a dose of 5.2 mg/kg E-178C, the rate of

excretion of bile acids was decreased 68% and the increased concentra

tion of bile acids at 45–150 min indicates a decrease in the bile

acid independent fraction of flow. The rate of excretion of bile acids

appears to return to control values sooner than bile flow, suggesting

that the bile acid independent fraction may be more sensitive to in
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hibition by E-1786 than the bile acid dependent fraction. The de

crease in the erythritol clearance also indicates that bile flow is

inhibited at the level of the bile canaliculi.

It is well established that exogenous administration of estrogens

over a period of several days decreases bile flow in the rat and im

pairs hepatic excretory function in both rats and humans (Harkavy and

Javitt, 1969; 1969; Kreek et al., 1969; Forker, 1969; Gumucio and Wal

divieso, 1971; Mueller and Kappas, 1964; Gallagher et al., 1966). The

intrahepatic cholestasis of pregnancy has also been attributed to the

high levels of estrogens present at this time. Structure-activity re

lationship studies have shown that the phenolic A ring is essential

for decreased BSP clearance and that C-170—alkyl substitution poten

tiates this activity (Gallagher et al., 1966). The mechanism by

which estrogens inhibit bile flow is not well understood but several

studies have shown that estrogen administration inhibits Na"K"-ATPase

in rat liver membranes with a subsequent decrease in the bile acid

independent fraction (Gumucio and Valdivieso, 1971; Reichen and Paum

gartner, 1977). The maximum capacity to excrete bile acids by estrogen

administration is also decreased (Gumucio and Waldivieso, 1971). Recent

ly, Davis et al. (1978) have reported that treatment with ethinylestra

diol, which decreased bile flow and decreased Na"K"-ATPase activity

in 1jiver surface membrane fractions, also increased the cholesterol

content and decreased the fluidity of these membranes. Administration

of the detergent Triton WR-1339 to rats restored bile flow, Na"K"-

ATPase activity and cholesterol/phospholipid molar ratios to control

values.

As previously noted, the concentration of *H –E–178G in the
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blood peaked at consecutively later times with increasing doses.

Although this aspect of the project was not followed up, it is reason

able to speculate that the drug is being preferentially taken up by

the liver and/or other tissues after i.v. administration with subse

quent redistribution to plasma. As there is no data to back up such

a hypothesis one should also entertain such possibilities as binding

to the walls of blood vessels or the uptake and subsequent redistribu

tion by another organ.

The present data strongly suggest that the cholestatic effects of

estrogens may be mediated by an active metabolite. The long term treat

ment with pharmacological doses of estrogens required to decrease bile

flow and hepatic excretory function is consistent with the hypothesis

that accumulation of an active metabolite is responsible. Baker, Jen

nison and Kellie (1979) have recently demonstrated the presence of

estrogen glucuronides in human female urine with estradiol 173-D glu

curonide composing from 3.7 to 7.5% of the total excreted glucuronides.

Although further metabolism of E-17 3G to a diglucuronide or conjugation

with sulfate is possible, the rapid onset of action suggests that E-178G

itself and not a metabolic product is responsible for the cholestasis.

Hydrolysis of E-1786 by 3-glucuronidase to estradio1-176 is not respon

sible since administration of estradio1-176 at an equimolar dose had

no significant effect on bile flow.

Administration of high concentrations of bile acids, at rates which

exceed their Tm (Fisher et al., 1971) and of other organic acids, in

cluding bilirubin (Witzleben, 1971), indocyanin green (Horak et al.,

1973) and Rose Bengal (Dhumeaux et al., 1970) have also been shown to
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decrease bile flow. The doses required to decrease bile flow 40-50%

are several fold higher than the dose of E-1786 used in the present

study however, indicating that E-17 3C is one of the most potent

cholestatic agents identified.
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FIGURE LEGENDS

FIGURE 1. The concentration in blood (A) and bile (B) and rate of

biliary excretion (C) of *H-E-17BG and bile flow (D) in the rat fol—

lowing a dose of 4, 6, 8 or 10 mg/kg i.v. of *H-E-1786 to female rats.

Each point represents the mean and the flags indicate the standard

error. The number of animals used per dose is indicated in parenthesis.

*p < .05; **p < .01.

FIGURE 2'. The relationship between the logarithm of the dose of

*H -E-17 3C and the maximal inhibition of bile flow. The solid dots

represent the maximal inhibition of bile flow following a dose of

4, 6, 8 or 10 mg/kg *H –E–1786 as shown in Figure 1. The open circle

represents the maximal inhibition of bile flow following a dose of

5.2 mg/kg *H-E-1786, the ED50 calculated from the linear log-dose

response curve and shown in detail in Figure 3. The flags indicate

the standard error of the mean.

FIGURE 3. The concentration in blood and bile (A) of *H –E–178 G,

bile flow (º) (B), bile acid concentration in bile (C), rate of excre

tion of bile acids (D) and “c-erythritol clearance (E) following

administration of 5.2 mg/kg *H-E-1786 to female rats. Bile flow after

a dose of 2.99 mg/kg estradio1–178 to female rats is shown in panel

B (C1). The points indicate the mean + SE of four rats. *p < .05;

**p < .01.
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