
cardia it may provoke other ectopic r h y t h m .  
I t  may. however. be concluded. that when 
ca techolaniines are clinicall!. indicated, the 
presence of a ventricular ectopic rhythm 
should not be a deterrent. 

Siri i i i~(zr>t .  Intravenous injection in the dog 
of epinephrine i n  the amount of 0.01 cc kg 
in presence of a ventricular ectopic tachy- 
cardia, did not elicit ventricular fibrillation in 
54 attempts. The tach!.cardia n-as nioder- 
ately increased in most eyierimen ts o r  slowed 
down. Onl!. in  4 esperiments did the rate 

ri.sc for more than 50 beats,;minute. 
~ ~~~ ~~~ 
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Glucuronic Conjugation of Steroids in the Avian Adrenal Gland.’ (25999) 

It is ~7ell esta!)lished that adrenal steroids l<in,uer-I)04 buffer (pH 7.4) with a I’otter- 
F:lvehjeni homogenizer. 

Replicate fractions of the homogenate were 
incubated in Warburg flasks a t  37°C for 2.5 

are conjugated with glucuronic acid as one 
phase of their inactivati(;n I)rio,- to ehcretioI1 
in nlamlnals. ~ ; ~ ~ ~ t h ~ ~ ~ ~ ~ ~ ~ ~ .  the liver is  
ally regarded as being the primary site of thi\ 
conjugation. enzymatic control of ILhich ! i a ~  
been ascribed to 2 enzymatic systems: YDl)(; 
dehydrogenase ( in  particle-free fraction ) I .  
2) and a glucuronosyl transferase (in micro- 
somes) (3,4,5).  

During another study evidence was ob- 
tained indicating that a considerable portion 
of total steroid content of the avian adrenal 
tissue was in a bound forni-conjugated with 
both glucuronide and sulfate( 6 ) .  This report 
presents data which support the previous find- 
ing by demonstrating that the avian adrenal 
gland possesses the enzymatic systems re- 
sponsible for bcth conjugation of adrenal ster- 
oids with glucuronide and hydrolysis of glu- 
curonide-bound steroids. 

Methods. The adrenal glands used to 
measure glucuronide formation were obtained 
by dissection from 3-4 month old White Leg- 
h G r n cocker el s i m media t el!, a f t e r decapitation . 
weighed and homogenized in ice-cold Krebs- 

* Published with apprt : id  ot‘ Ilirectt-rr of Oklahoma 
:lgri. Esp. Station. 

hours with one of the following steroidst as a 
hubst rate : 1 1 -dehydro- 1 7-hydrcxycorticoster- 
o w  ( E, cortisone), 17-hydroxycorticosterone 
( F. cortisol), pregnane-3~~,17~,21-triol-11,20- 
clione ( H I E ,  tetrahydrocortisone) , or preg- 
nane-3~.11/3,170,2 l-tetrol-20-one ( H4F, tetra- 
hytfrocortisol) . Each flask contained: 0.5 ml 
uridine diphospho-glucuronic acid (UD PGA) 
( 100 7 1111) : 2.0 1111 homogenate (equivalent 
to 80-100 nig wet tissue) ; 1.0 ml steroid (100 

nil = . 2 7  pinoles; and 4.5 ml Krebs- 
Kinger-P04 buffer containing 90 mg glucose/ 
nil. making a total volume of 8 ml. 

l’rior to  incubation of the homogenate with 
substrate. 4 nil was removed from each flask 
and boiled to inactivate enzymes. These 4 in1 
portions were left a t  room temperature to 
function as unincubated controls. 

After incubation, the flasks were placed in 
boiling water to inactivate enzymes. Both 
incubated and nonincubated control samples 
were then extracted 3 tinies with methylene 

t Cortisone, tetrahydrocortisone and tetrahydro- 
cc,rtiscl were generously supplied by Merck Inst. 
through the courtesy c f  1)r. H. J. Robinson, 



chloride and steroid concentration of the 
pooled extract determined by the Porter-Sil- 
her technic( 7 )  with the we  of a Becltrnan Dl: 
spectrophotometer. For each set oC deter- 
minations from one pooled homogenate, a 
control Aasl; containing 8 ml buffer was 
treated similarly to the incubated samples and 
used to set the spectrophotometer prior to 
reading the other samples. 

Subtracting the amount of free steroid in 
the nonincubated samples from that of its cor- 
responding incubated sample yielded the 
amount of free steroid which disappeared dur- 
ing incubation. 

The contents of both incubated and nonin- 
cubated flasks were next adjusted to p H  5.0 
with 0.2 11 acetate buffer, 1 ml of p-glucur- 
onidase (Ke todase )  was added and the Sam- 
ples hydrolyzed a t  47°C for 18 hours. Sam- 
ples were then reextracted with methylene 
chloride and free steroid determined as be- 
fore. The difference in free steroid cointent 
between the originally incubated and nonincu- 
bated flasks gave the amount of steroid liber- 
ated in hydrolysis with p-glucuronidase. 

To prepare a microsomal fraction, adrenals 
were homogenized in an icecold suspending 
medium containing 300 g sucrose, 2 g Versene 
(disodium ethylenediamine tetraacetate) and 
1.0 g Tris (trishydroxy methyl amino me- 
thane) buffer in 1000 ml distilled H20. The 
suspension was centrifuged a t  10,000 g for 15 
minutes in a Servall refrigerated (1-2 "C) cen- 
trifuge. Xuclei and mitochondria were re- 
moved and discarded. After centrifugation 
a t  1015,000 g for 1 hour in a Spinco Model L 
ultra centrifuge, the supernatant was dis- 
carded and the microsomes resuspended in 
the above medium so that 1 ml of the resulting 
suspension was equivalent to 10 mg protein,' 
ml. 

T o  1 ml of the microsomal preparation were 
added 0.7 ml of one of the 4 steroids (100 
r/ml) ss .19 pmoles, 0.5 ml C D  PGA ( 100 yj' 
ml) and 0.8 nil Krebs-Ringer-P04 buffer. Re- 
plicates of this mixture were incubated a t  
38 ' C for 30 minutes (4 ) .  Corresponding con- 
trol mixtures without UDPGA were run con- 
currently . 

Following incubation the tubes were boiled 

to  inactivate the enzymes and cixtracted with 
chloroform to  remove unbound steroid and 
the steroid determined hy the E'orter-Silber 
method. After adjusting pH to 5.0 the resi- 
dual material was incubated with p-glucuroni- 
dase (Ketodase)  for 18 hours a t  47°C and 
reextracted with chloroform to remove liber- 
ated steroid which was determined by the 
Porter-Silber technic. 

Prior to extraction after incubation, 0.3 ml 
of original incubation mixture was removed 
and VDP content determined by measuring 
the disappearance of reduced D P N  in the 
phosphopyruvate-pyruvate kinase system cou- 
pled to the DPNH-lactic dehydrogenase sys- 
tem(8).  

P-glucurnnidase activity was determined in 
the adrenals from young White Leghorn cock- 
erels by a slight modification of the method of 
Talalay et  al .  using phenolphthalein glucuro- 
nide as a substrate(9). An aliquot of homo- 
genized tissue was mixed with substrate and 
buffer a t  pH 5.5. After incubation for 1 hour 
a t  37°C the tubes containing the mixture were 
placed in boiling water for 5 minutes to inac- 
tivate the enzyme and precipitate protein 
prior to development of the color. A unit of 
p-glucuronidase was arbitrarily designated as 
that quantity of enzyme responsible for hy- 
drolysis of 1 y substrate per hour under the 
above conditions. 

The results of incubating avian 
adrenal hornogenates with compounds E, F, 
H,E or H4F in presence of excess UDPGA 
are shown in Table I. In each case except E, 
a statistically significant amount of the ster- 
oid substrate disappeared during incubation 
as compared with an equal number of unin- 
cubated control determinations (E' < .001 for 
H4E and H4F; P <.025 for F).  The per- 
cent decrease in steroid content for the 3 
compounds varied from 13.7% for F to 27% 
for H4F. The 2 %  decrease for E probably 
can be attributed to experimental error since 
the statistical probability was = .53. 

Following hydrolysis with p-glucuronidase 
and reextraction, free steroid, representing the 
steroid previously bound with glucuronide, 
was recovered (Table I) .  A discrepancy ex- 
ists in the case of compound E where twice as 

Results. 
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Steroid x. Steroid" 
S o .  clctchr disappearing recovered as UDP* 

Preparation Substrate iiiiiiatioiis onincubation glueuroiiide recovered 

pmolrs i i i  t n t a l  j i ici i1)atml nlistiii-c. 

much glucuronide-bound steroid was recov- 
ered as disappeared on incubation with 
UDPGA; an adequate explanation of this re- 
sult is not readily apparent. For the other 3 
compounds, the amount of hydrolyzed steroid 
varied from 20.7% (H&) to 24.3% (F)  of 
the amount that disappeared in the original 
incubation. Of the 4 compounds used, sta- 
tistically significant results ( P  < .025) were 
obtained only in the case of E'. 

Since total homogenates of adrenal tissue 
undoubtedly contain a vast assortment of en- 
dogenous enzymes and steroids other than the 
added substrate, it is not surprising that the 
results of incubating microsomal fractions 
from avian adrenal glands with steroid sub- 
strates offered motre clear-cut results (Table 
I) .  The percentage of the added steroid sub- 
strate which disnppeared during incubation 
with microsomes was the greatest for H,E 
(21.0%) and least for H4F (6.8%) and E 
( 0 % ) .  After hydrolysis with P-glucuroni- 
dase, 34 to 7 7 %  of the 3 steroids which had 
disappeared during the initial incubation \\..a$ 
recovered as glucuronide-bound material. 
Amount of UDP formed during conjugation 
was measured and found t o  correspond rea- 
sonably well with the amount of recovered 
glucuronide-bound steroid. 

Since in the procedure using microsomes the 
U D P  formed so closely matched the quantity 
of glucuronide formed, it is probable that the 
discrepancy between the steroid that disap- 
peared upon initial incubation and that re- 
covered subsequent to hydrolysis is clue to a 
fairly large share of the steroid substrate hav- 
ing been metabolized by enzymatic mechan- 
isms leading to products other than glucuro- 
nide formation and/or products other than 

those reactive to the Porter-Silber technic. 
This possibility also exists with use oif total 
ad renal homogenates. 

It is generally held that glucuronide conju- 
gation of A4-3-lreto-steroids is preceded by 
consecutive irreversible saturation of the 4-5 
double bond under the influence of A4-3- 
keto-steroid hydrogenase( 10,11:12) and ir- 
reversible reduction of the Cn carbmyl 
group by 3-hydroxysteroid dehydrogenase 
( 1 3 ) .  If this generalization holds for the 
microsomal system used in the present 
study. the explanation for the fact that F but 
not E appeared to be conjugated must mean 
that F was converted to H4F prior to conju- 
gation. Alternatively, it  would have to be as- 
sumed that conjugation of F occurred at a 
position other than C3(4,14). Unfortunately, 
our data do not permit a decision on either 
a1 ternative. 

The results of determining ,3-glucuronidase 
in avian adrenal tissue (and in liver and kid- 
nej- for comparison) (Table 11) , indicate that 
adrenal tissue contains almost as much of this 
enzyme as does kidney and 23% as much as 
does liver. Furthermore this concentration of 
P-glucuronidase in the adrenal was stable un- 
der various chronic treatments (hydrocorti- 

'PA E I,E 11. p-Glncnronidasc Content of Adrenal, 
Hcpntic and Renal Tissue. 

.Ige No.  ~ p - g l u c u r o n i d a s e " - -  
(clays) birds Adrenal Liver Kidney 

94 9 1.38 2 .1 5.34 11.1 1.51 2 .I 
14 7 1.42 f .I 5.52 +- 1.1 2.28 f .4 
1 t i  8 1.23 -+ .2 6.29 2 1.5 1.71 & .3 
14 X 1.33 .2 6.27 1.6 2.14 2 .1 
11 1 u  1.39 2 .I 5.84 k .9 1.71 k .3 

* TTnits/mg tissue. A unit is that  amount of en- 
zyme responsible for liberating 1 y phenolphthalein 
;it 38"C, at  pH 5.5, in I hr. 
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sone, cortisone, amphenone, hyypophysec- 
tomy, reserpine, hexestrol, 0’, P’-DDD, re- 
straint) some of which altered the concentra- 
tion in liver ( 15 ) . 

Although the hepatic enzyme systems re- 
sponsible for glucuronide f ormation have been 
studied extensively in mammals and identified 
in the pigeon ( 16),  no data are available con- 
cerning their presence in adrenal tissue. p- 
glucuronidase, responsible for hydrolysis of 
glucuronides, has been reported to have a 
wide distribution in various organs (including 
the adrenal) in both mammals and birds. The 
presence of the enzymes controlling both syn- 
thesis and hydrolysis of steroid glucuronides 
in adrenal tissue, together with the demonstra- 
tion that a large percentage of glucuronide- 
bound steroid occurs in the avian adrenal 
during normal and experimental conditions 
(6J5 j ,  strongly suggests that the steroid glu- 
curonides play a role in adrenocortical me- 
tabolism in the bird. The nature of this role 
remains to be investigated. 

Summary. Total homogenates and micro- 
soma1 fractions of avian adrenal glands were 
incubated with cortisone, cortisol, hydrocorti- 
sone or hydrocortisol in the presence of excess 
uridine diphospho-glucuronic acid. The re- 
sulting data indicate the presence off an en- 
zyme system in the microsomes capable of 
conjugating all the above compounds except 
cortisone with glucuronide with liberation of 
uridine diphosphate. The presence of p-glu- 
curonidase was also demonstrated in avian 
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adrenal tissue. These results, together with 
the previous demonstration that significant 
amounts of glucur onide-bound steroids are 
present in the avian adrenal gland under nor- 
mal and various experimental conditions, im- 
ply that steroid glucuronide conjugation and 
hydrolysis play solme role in the normal physi- 
ology of this gland. 
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Effect of Warfarin (Coumadin) Sodium Administration During Lactation 
on Blood Coagulation of Nursling Rats.* (26000) 

HAROLD BLUMBERG, HYMAN B. DAYTON AND SAMUEL M. GORDON 
Endo Laboratories, Richmond Hill, N .  Y .  

The anticoagulant warfarin (Coumadin) the question of the drug’s effect in lactation, 
sodium has come into wide use for treatment i . ~ . ,  whether or not anticoagulant therapy for 
and prevention of various thromboembolic the mother would have an adverse effect on 
disorders, including those in postpartum pa- the nursling. This problem has now been in- 
tients( 1 , 2 ) .  This latter application has raised vestigated by determination of whole blood 

*Presented in part before Am. SOC. Pharmacol. clotting time by the capillary method in 
and Exp. Therap., Chicago, Ill., Apr., 1960. mother rats fed diets containing warfarin 


