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Abstract-The present study has provided evidence for the existence of three distinct carboxylesterases 
involved in the hydrolysis of steroid esters, where two enzymes are possibly responsible for the 
metabolism of hydrocortisone hemisuccinate (HCHS) at pH 5.5 and 8.0, and a third enzyme for the 
metabolism of hydrocortisone acetate (HCAC) at pH 8.0, in isolated rat liver microsomes. The activity 
of all three enzymes in rat liver was induced significantly by the administration of phenobarbital while 
no such function in enzyme activity was observed in animals receiving 3-methylcholanthrene or benzo[e] 
pyrene under similar experimental conditions. The increase in the activity of HCHS esterase I (HCHS- 
E,) active at pH 5.5, HCHS esterase II (HCHS-E2) active at pH 8.0, and HCAC esterase (HCAC-E) 
was approximately 7 to 8, 3- and 3-fold respectively. On the other hand, the degree of induction of 
nonspecific microsomal carboxylesterase acting on p-nitrophenylacetare (PNPA) was significantly less. 
The K,,, values for the hydrolysis of HCHS at pH5.5 and 8.0 and HCAC by rat liver microsomes 
obtained from control rats were 2.45, 2.02 and 1.6mM, respectively, and these K,,, values were not 
changed significantly in preparations obtained from rats treated with phenobarbital. The distinct in vitro 
responses displayed by hepatic microsomal steroid esterases to various inhibitors were able to distinguish 
three different enzymes which also differed from nonspecific carboxylesterases. The activity of HCAC- 
E was inhibited by NaAsOz and AgNOS while that of HCHS-E1 and HCHS-E2 remained unaffected. 
Selective inhibition of HCHS-EI by NaF, HgClz and p-chloromercuribenzoate and that of HCHS-E2 by 
NiS04 indicated the possible existence of different enzymes or isozymes of a carboxylesterase catalyzing 
HCHS hydrolysis. The effects elicited by the inhibitors on the activity of PNPA esterase were different 
from those observed with steroid esterases. Furthermore, the present study has also indicated species 
variations in the distribution of steroid esterases in the livers of rat, mouse, dog and cat. 

Steroid esters are widely used in therapy due to 
their prolonged physiological and pharmacological 
actions. Steroid esters have been demonstrated to 
undergo hydrolytic metabolism in liver and other 
tissues [l-3] and recently in blood [4,5], and the 
degree of hydrolysis affects their pharmacological 
activity. Earlier studies have indicated that a purified 
microsomal nonspecific carboxylesterase from pig 
liver possesses high affinity for uncharged steroid 
hormone esters when enzyme activity was deter- 
mined at pH8.0 but the esterase was unable to 
hydrolyze the charged esters, namely hemisuccinate 
conjugates of prednisolone and hydrocortisone. 
Recent investigations undertaken to characterize rat 
liver steroid esterases have indicated the presence of 
two microsomal carboxylesterases of B-type (EC 
3.1.1.1) specific for the hydrolysis of charged and 
uncharged esters at pH 5.5 and 8.0 respectively. The 
activities of these two enzymes were inhibited dif- 
ferentially by serine and sulfhydryl function inhibi- 
tors. These results, however, failed to offer sub- 
stantial evidence to distinguish steroid esterases from 
nonspecific microsomal carboxylesterases because 
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the hydrolysis of acetylsalicylic acid, a substrate used 
for assessing nonspecific carboxylesterases, was also 
inhibited by these inhibitors. The hydrolysis of 
acetylsalicylic acid in rat liver has been shown 
recently to be catalyzed by two microsomal B-ester- 
ases that are substrate specific, active at pH 5.5 and 
7.4, and can be distinguished from nonspecific car- 
boxylesterases responsible for the hydrolysis of p- 
nitrophenylacetate (PNPA), and cholinesterase [6]. 
At present, the characteristics of steroid esterases 
are not fully understood as compared to other hepatic 
microsomal carboxylesterases/amidases which are 
responsible for the metabolism of drugs [7,8], car- 
cinogens [9] and other xenobiotics [lo]. It is thus 
difficult to provide identification and differentiation 
of steroid esterases from other hydrolases which are 
known to exist in multiple forms in rat liver [lo] and 
are induced by phenobarbital [ll-131 but not by 3- 
methylcholanthrene or benzo[a]pyrene [13]. 

The present study has been undertaken to charac- 
terize rat liver microsomal esterases responsible for 
the hydrolytic metabolism of hydrocortisone hemi- 
succinate (HCHS) and hydrocortisone acetate 
(HCAC), which represent charged and uncharged 
steroid hormone esters respectively. Identification of 
different enzymes involved in the hydrolysis of ster- 
oid esters has been accomplished by investigating 
their pH optima, kinetic parameters, species vari- 
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ations and susceptibility to various inhibitors. The 
properties of steroid esterases were also compared 
with those of nonspecific microsomal carboxyl- 
esterase, using PNPA as the substrate. In addition, 
attempts have been made to characterize the 
enzyme-inducing effects of phenobarbital, 3-methyl- 
cholanthrene and benzo[a]pyrene on these hydro- 
lases in order to study their enzyme inducibility and 
genetic control. 

MATERIALS AND METHODS 

Materials. Bovine serum albumin, 3-methylchol- 
anthrene, 3,4-benzo[a]pyrene and p-chloromercu- 
ribenzoate were obtained from the Sigma Chemical 
Co., St. Louis, MO, U.S.A. Crystalline hydro- 
cortisone hemisuccinate, trimethamine (Tris) and 
ethylenediaminetetracetate (EDTA) were pur- 
chased from Glaxo Laboratories (India) Ltd. p- 
Nitrophenylacetate was obtained from Sisco 
Research Laboratories Pvt. Ltd., India. Eserine sul- 
fate (ph)Rjostigmine sulfate) was supplied by Boe- 
ringer, Ingelheim, Germany. Metal salts and other 
chemicals were of analytical grade and obtained from 
commercial sources. All reagents were prepared in 
deionized water. 

(1.5 ml) containing 0.1 M acetate buffer, pH 5.5, or 
0.1 M Tris-HCl buffer, pH 8.0, 0.005 M HCHS and 
liver microsomes equivalent to 4.8 and 0.8 mg pro- 
tein for HCHS-E1 assay or 4 and 1.7 mg protein for 
HCHS-E2 assay from control and phenobarbital- 
treated rats, respectively, were incubated at 37” for 
30 min. For HCAC-E assay, the reaction mixtures 
(1 ml) containing 0.1 M Tris-HCl buffer, pH8.0, 
0.004 HCAC in dimethyl sulfoxide (DMSO), and 
liver microsomes equivalent to 1.6 and 0.54 mg pro- 
tein from control and phenobarbital-treated rats, 
respectively, were incubated at 37” for 5 min. The 
reaction was terminated by the addition of alkaline 
hydroxylamine hydrochloride, and unutilized steroid 
esters were estimated spectrophotometrically [15]. 
Under the experimental conditions used in the pre- 
sent study, the rate of reaction was linear with respect 
to time and enzyme concentration. 

Experimental. Female albino rats (120-180 g) 
having free access to food and water were used 
throughout the study. Earlier studies designed to 
investigate the dose-dependent kinetics of the induc- 
tion of rat liver microsomal carboxylesterase during 
hydrolytic metabolism of Lu-naphthylacetate by 
repeated phenobarbital and dichloro diphenyltrich- 
loroethane (DDT) administration showed that a 
critical high dosage of the inducer must be admin- 
istered to achieve maximum induction of the enzyme 
[14]. Hence, phenobarbital, 3-methylcholanthrene 
and benzo[a]pyrene were administered intraper- 
itoneally to rats at a dose of 80 mg/kg in peanut oil 
for 7 consecutive days as reported earlier [13]. An 
equal amount of peanut oil administered to control 
rats was found to have no effect on the enzymes 
investigated in this study. All rats, unless otherwise 
mentioned, were killed 18-20 hr after administration 
of the last dose. The rats were killed by decapitation, 
and livers were immediately removed, cut into 
pieces, washed thoroughly with ice-cold 1.15% KC1 
(w/v) to remove blood, and homogenized in 1.15% 
KC1 with a Potter-Elvehjem homogenizer. Liver 
microsomes were prepared by differential cen- 
trifugation of the homogenate by the procedure 
described earlier [6] and were found to possess the 
bulk of the steroid esterase activity (55-65%), indi- 
cating microsomal origin of the three enzymes. 
Hence, isolated liver microsomes were used as the 
source of the hydrolases in the present investigation. 
The enzyme activity was determined in tissue homo- 
genates of different species and isolated rat liver 
microsomal preparations. 

Assay of p-nitrophenylacetate esterase. The activity 
of nonspecific carboxylesterase was determined 
spectrophotometrically by following the hydrolysis 
of PNPA top-nitrophenol[16]. The reaction mixture 
(1 ml) containing 0.1 M Tris-HCl buffer, pH 7.4, 
0.003 M PNPA and liver microsomes equivalent to 
0.1 mg protein was incubated at 25” for 10 min. The 
reaction was terminated by the addition of trich- 
loroacetic acid (TCA) (10% w/v), and a suitable 
aliquot of the supernatant fraction, obtained after 
centrifugation, was made alkaline with Tris-HCl buf- 
fer (1 M, pH 7.4) to obtain a yellow color which was 
read at 415 nm. 

Protein determination. Protein was determined by 
the method of Lowry et al. [17] using bovine serum 
albumin as the reference standard. 

Treatment with modifiers. The in vitro effects of 
modifiers including various anions and cations on 
steroid esterases and PNPA esterase were inves- 
tigated by preincubation with rat liver microsomes 
before the addition of the substrate. Suitable controls 
containing modifiers were also run under similar 
experimental conditions. Since the carbamoylation 
of HCHS-E1 did not occur at acidic pH, eserine 
preincubation [6] with the microsomes was carried 
out at pH7.4 with Tris-HCl buffer (0.01 M) for 
10 min at 37” to ensure complete carbamoylation; 
then the pH of the reaction mixture was brought to 
5.5 with acetate buffer (0.1 M) to assay the enzyme 
activity. Various concentrations of the modifiers 
ranging between 1 X lo-’ and 5 x 10m3 M were 
employed to assess their inhibitory effectiveness 
toward different hydrolases. The concentration of 
the inhibitor giving 50% inhibition (Ijo) of pheno- 
barbital-induced steroid esterases and PNPA ester- 
ase was estimated from log dosage-percent enzyme 
activity plot. 

RESULTS 

Assay of steroid esterases. The activity of esterases 
hydrolyzing HCHS and HCAC was assayed by fol- 

The optimum pH for the hydrolysis of HCHS by 
liver microsomes from control rats was found to 

lowing the disappearance of the substrates spectro- 
photometrically. The rate of the hydrolysis of HCHS, 

range between pH5.5 and &O(Fig. 1A). The pH- 

unless otherwise specified, was determined at pH 5.5 
activity curve of the esterase hydrolyzing HCAC 
showed a single peak between pH 8.0 and 8.5 (Fig. 

and 8.0 in order to assess the activity of HCHS-E, 
and HCHS-E2 respectively. The reaction mixtures 

1B). As is evident from Table 1, the rate of hydrolysis 
of steroid esters in rat liver was several times less as 
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Fig. 1. pH-activity profiles of uninduced and phenobarbital-induced rat liver microsomal esterases 
hydrolyzing HCHS (A) and HCAC (B). The following buffer systems were used at a final concentration 
of 0.1 M. For acidic pH range (4.5 to 6.5), acetic acid-sodium acetate and citric acid-NazHPOd buffers 
were used. For alkaline pH range (7.0 to 9.5), Tris-HCl and glycinc-NaOH buffers were used. Each 

point is the average of determinations with three to four animals. 

compared to the hydrolysis of PNPA by nonspecific 
carboxylesterase. 

Comparative effects of intraperitoneal admin- 
istration of 80 mg/kg of phenobarbital, 3-methyl- 
cholanthrene and benzolafpyrene to rats daily for 7 
days on the hydrol~c metabolism of hy~oco~sone 
esters and PNPA by liver microsomes are presented 
in Table 1. Phenobarbital caused a marked increase 
in the rate of hydrolysis of HCHS, HCAC and 
PNPA, while 3-methylcholanthrene and benzo[a]- 
pyrene were devoid of any effect under similar 
experimental conditions. The activity of steroid 
esterases was found to remain unaltered in animals 
given a single intraperitoneal dose of phenobarbital 
(80 mg/kg) and killed after 2 hr or by the addition of 
phenobarbital (1 mM) to in uitro incubation 

mixtures. The pH-activity curves for HCHS hydroly- 
sis by hepatic microsomes from control and pheno- 
barbital-treated rats showed that phenobarbital 
induced the hydrolysis of HCHS at pH 5.5 by 
approximately 7-fold, whereas at pH 8.0 the increase 
in activity was only appro~mately 3-fold (Fig. 1A 
and Table 1). The carboxylesterase, responsible for 
the hydrolysis of HCAC, referred to as HCAC-E, 
was induced approximately 3-fold (Fig. 1B and Table 
1). The activity of phenobarbital-induced steroid 
esterases, like uninduced enzymes, was not changed 
significantly with different buffer systems (Fig. 1, A 
and B). The induction of microsomal PNPA esterase 
elicited by phenobarbital under these conditions was 
only 1.6-fold. 

Kinetic constants for the hydrolysis of hydro- 

Table 1. Effects evoked by phenoba~bit~, 3-methylcholanthrene and benzo[a]pyrene administration 
on steroid esterases and PNPA esterase in rat liver microsomes’ 

Enzyme activity 
[nmoles substrate disappeared or product appearedamin-‘a(mg 

protein)-‘] 

HCHS-E, HCHS-E2 

Control 12.1 + 0.68 9.5 + 0.62 
Phenobarbital 83.7 f 9.2t 25.1 c 2.0t 
3-Methylcholanthrene 13.5 f 1.1 7.7 + 0.59 
Benzo[a]pyrene 11.7 + 0.75 9.3 f 1.2 

* Values are the mean ?Z S.E. of six to eight rats. 
i P < 0,001 compared to control. 

HCAC-E 

3312 18 
937 2 66i 
370 f 25 
286 t 35 

PNPA esterase 

1560 2 92 
2500 2 141t 
1776 * 105 
1444 f 66 
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Table 2. Kinetic parameters for hydrolysis of hydrocortisone esters by hepatic microsomal 
esterases of rat* 

V,,, [nmoles substrate 
disappeared.min-‘.(mg 

protein)-‘] 

Enzyme Uninduced Induced Uninduced Induced 

HCHS-E1 2.45 2 0.18 2.22 + 0.15 15.8 5 1.2 129 ? 14 
HCHS-E, 2.02 * 0.17 2.31 2 0.21 10.6 * 0.8 29.6 k 14 
HCAC-E 1.60 k 0.11 1.38 t 0.06 365 t 28 1100 5 98 

* Values are expressed as mean 2 S.E of four determinations. The microsomes from 
phenobarbital-treated rats were used as the source of induced esterases. 

cortisone esters by normal and phenobarbital- 
induced rat liver microsomal esterases were deter- 
mined by following the Lineweaver-Burk plots [ 181 
and are recorded in Table 2. The K,,, values of the 
steroid esterases induced by phenobarbital were not 
changed significantly as compared to the values 
obtained for enzymes from normal animals, while 
the V,, values were remarkably higher for enzymes 
obtained from animals exposed to phenobarbital. 

Further characterization of HCHS-E1, HCHS-Ez 
and HCAC-E, and their differentiation from PNPA 
esterase are based on the in vitro responses displayed 
by phenobarbital-induced microsomal esterases to 
various inhibitors. The effects of the modifiers and 
the Iso values of the inhibitory modifiers are recorded 
in Tables 3 and 4 respectively. The hydrolysis of 
HCAC was selectively inhibited by 2 X 10m3 M of 
NaAsOz and AgN03, whereas that of HCHS 
remained unaffected. The activities of HCHS-E1 and 
HCAC-E were, however, inhibited 46.6 and 100% 
respectively, when the concentration of AgN03 was 
increased to 5 x 10m3 M. NaF, HgClz and p-chloro- 
mercuribenzoate were found to be selective inhibi- 
tors of HCHS-E1 (Table 3). A small decrease in the 
rate of HCHS hydrolysis at pH 8.0 may be attributed 
to an overlapping of HCHS-E1 activity in the alkaline 
pH range. The effect of NaF on HCHS hydrolysis at 
different pH with two buffer systems, shown in Fig. 
2, further illustrates selective susceptibility of 
hydrolysis occurring at acidic pH of NaF inhibition. 

As is evident from Table 3, the response of PNPA 
esterase to the inhibitors differed from those of ste- 
roid esterases. The activities of hepatic microsomal 
steroid esterases and PNPA esterase were not affec- 
ted by Ca2+, Mg2+, and EDTA. There was 53.3, 
42,8,69.0 and 48.2% inhibition of HCHS-EI, HCHS- 
El, HCAC-E and PNPA esterase, respectively, by 
5 x 10e4 M eserine. 

The hydrolytic activities of liver microsomes 
obtained from normal rats towards HCHS at pH 5.5 
and 8.0, HCAC and PNPA were inhibited 80, 5.6, 
27.2 and 54.6%, respectively, by 5 x 10m3 M NaF 
and 68.7, 2.8, 86.3 and 9.4%, respectively, by 
5 x 10e4M HgC12. The inhibition of HCHS-E,, 
HCHS-E2, HCAC-E and PNPA esterase from con- 
trol animals by 1 x 10e3 M p-chloromercuribenzoate 
was 50.5, 0, 40.7 and 2.8% respectively. 

The distribution of steroid esterases and PNPA 
esterase in the liver homogenates of rat, mouse, dog 
and cat is illustrated in Fig. 3. Livers of other species, 
like that of rat, also hydrolyzed HCHS at two opti- 
mum pH, i.e. 5.5 and 8.0. Mouse in comparison to 
other animals, showed the highest activity for HCHS 
at both pH levels. The activity of PNPA esterase 
was not significantly different in these animals. NaF 
(2 X 10e3 M) inhibited HCHS hydrolysis at pH 5.5 
and 8.0 in mouse liver by 82.3 and 15.2% and in cat 
liver by 88.2 and 48.2% respectively. There was 50.2 
and 50.6% inhibition of HCAC-E by NaF in liver 
homogenates of mouse and cat respectively. 

Table 3. Differential responses of phenobarbital-induced rat liver microsomal steroid esterases and PNPA esterase 
to inhibitors* 

Inhibitor 
Concn. 
(mM) 

Enzyme activity 
[nmoles substrate disappeared or product appeared.min-‘.(mg 

protein)-‘] 

HCHS-E, HCHS-E, HCAC-E PNPA esterase 

None 
NaAsOz 
AgNO3 
NaF 
HgClz 
p-Chloromercuribenzoate 
NiS04 
ZnSO, 

90.2 f 4.5 
2 96.2 ” 3.8 
2 83.2 f 6.1 
5 3.96 k 0.1 

0.5 7.21 t 0.19 
1 3.51 ? 0.12 
2 82.9 2 3.9 

0.5 57.7 k 1.8 

28.5 2 1.9 
29.3 c 0.91 
27.3 f 0.81 
20.2 + 0.53 
23.9 f 0.68 
23.3 -c 0.82 
5.13 r 0.20 
7.98 2 0.31 

1011 + 65 2370 2 102 
576 k 25 1303 k 35 
353 rt 15 2559 ? 169 
535 k 25 1279 2 35 
647 2 15 2085 + 100 
505 2 36 2488 k 81 
717 k 21 2227 + 74 

0 2109 2 141 

* Values are the mean t S.E. of four to five experiments. 
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Table 4. Inhibitory effectiveness of modifiers for phenobarbital-induced hepatic steroid esterases and 
PNPA esterase* 

Inhibitor 

NaAs02 
AgNG 
NaF 
HgClz 
p-Chloromercuribenzoate 
NiS04 
ZnS04 

HCHS-E, 

Nit 
NI 

1.4 x 10-j 
1.5 x 1o-4 
3.9 x 1o-4 

NI 
7.1 x 1o-4 

HCHS-E2 

NI 
NI 

>5 x 1o-3 
1.2 x 1o-3 
>5 x lo-) 

7.8 x 1o-4 
3 x 1o-4 

HCAC-E 

2.3 x 1O-3 
5.8 x 10-d 
>5 x 10-j 
6.5 x 1O-4 

1 x 10-j 
2.8 x lo-’ 
1.4 x 1o-4 

PNPA esterase 

2.6 x 1O-3 
NI 

>5 x 10-j 
>5 x 1o-3 

NI 
NI 

>5 x lo-’ 

* The Iso value is the concentration of the inhibitor causing 50% inhibition of the enzyme activity. 
Various concentrations of inhibitor ranging between 1 x low5 and 5 x 10e3 M were used. Each experiment 
was done in duplicate, and the Iso values are the mean of two separate experiments. 

t NI = no inhibition. 

DISCUSSION 

Recent studies have shown that uncharged steroid 
hormone esters (acetate esters of methylpred- 
nisolone, hydrocortisone and cortisone) are hydro- 
lyzed by hepatic microsomal carboxylesterases 
in rat and other mammalian species at a pH 
between 8.0 and 8.5, whereas charged steroid 
hormone esters (hemisuccinate esters of methyl- 
prednisolone and hydrocortisone) undergo hydro- 
lytic metabolism at pH 5.5 [19]. It has also been 
noted that rat liver, compared to liver from other 
species, had considerably lower hydrolytic activity 
towards these steroid esters. However, these results 
have not been able to provide a convincing expla- 
nation for the hydrolysis of oxazepam hemisuccinate 
observed in alkaline conditions by others [20]. The 
results of our present study have suggested that the 
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hydrolysis of HCHS by rat liver microsomes occurs 
at two optimum pH, i.e. 5.5 and 8.0, and possibly 
two enzymes or isozymes, namely HCHS-E, and 
HCHS-Er which are active in acidic and alkaline 
medium, respectively, are responsible for the hydro- 
lytic metabolism of HCHS. The optimum pH for 
HCAC hydrolysis by microsomal HCAC-E in alka- 
line medium was in agreement with that reported 
previously for uncharged steroid esters [ 191. 

The possibility of the presence of at least three 
steroid hormone esterases in rat liver was provided 
further support by these results revealing hetero- 
geneity in the responses of these enzymes to pheno- 
barbital treatment. The activities of steroid esterases 
and PNPA esterase were found to be increased by 
repeated administration of phenobarbital by non- 
specific induction of hepatic microsomal carboxyl- 
esterases. The degree of induction of steroid ester- 
ases was found to be remarkably higher not only 
than that of PNPA esterase but also that observed 
with other hepatic microsomal carboxylesterases/ 
amidases or B-esterases (EC 3.1.1.1) hydrolyzing 
procaine [21], PNPA [12], acetylsalicylic acid, acet- 
anilide and 2-acetylaminofluorene, a carcinogen [ 131, 

I I I 029 
I RAT 

WAC-E WHS-E, HCHS-E, PNPA- 
ESTERASE 

Fig. 2. Effect of NaF (5 x 10e3 M) on HCHS hydrolysis by 
phenobarbital-induced rat liver microsomes. The buffer Fig. 3. Distribution of steroid esterases and PNPA esterase 
systems used were as described in the legend of Fig. 1. Each in livers of various species. Values are average mean of six 
point is the average of experiments with three animals. to eight rats, eight mice (Albino), three dogs and four cats. 
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where the degree of induction observed was approxi- 
mately 2-fold in rats pretreated with phenobarbital. 
The increase in the activity of HCHS-E1 elicited by 
phenobarbital was of particular interest since the 
observed induction was more than double that 
obtained for HCHS-E2. These results have provided 
support to the view that the hydrolysis of HCHS and 
probably other charged steroid esters is catalyzed by 
at least two enzymes or isozymes that have inde- 
pendent genetic regulation. Since the rate of hydroly- 
sis of HCHS at pH5.5 and 8.0 by uninduced and 
induced microsomes with different buffers was the 
same, the possibility of a single enzyme exhibiting 
different degrees of hydrolysis in acidic and alkaline 
medium due to different buffer ionic composition 
gets little support. Interestingly, 3-methylcholan- 
threne and benzo[a]pyrene did not influence the 
activity of hydrolases which were examined in the 
present study, and these results have thus suggested 
selectivity in their responses to these inducers. Like- 
wise, recent studies have reported that microsomal 
carboxylesterease and amidases of B-type, respon- 
sible for the hydrolytic metabolism of acetylsalicylic 
acid, procaine, PNPA, acetanilide and 2-acetyl- 
aminofluorene in rat liver, are not affected by 3- 
methylcholanthrene and benzo[a]pyrene treatment 
P31. 

The results of the kinetic studies on steroid ester- 
ases in rat liver microsomes from control and pheno- 
barbital-treated rats showed no statistically sig- 
nificant changes in the Km values of these enzymes, 
whereas V,,,,, values were increased markedly. These 
observations have thus provided further support to 
the view that the enhanced hydrolytic metabolism of 
the steroid esters is presumably due to an increased 
de novo synthesis of these esterases. 

Differential responses displayed by hepatic steroid 
esterases and PNPA esterase to various inhibitors 
have helped in distinguishing specific steroid ester- 
ases as well as in their differentiation from non- 
specific carboxylesterases. HCHS-E1 could be dis- 
sociated from HCHS-EZ by selective inhibition of 
the activity of HCHS-E1, by NaF and -SH function 
inhibitors, HgCl*, and p-chloromercuribenzoate, 
and the activity of HCHS-Ez by NiS04. The inhi- 
bition of carboxylesterases, responsible for the 
hydrolysis of charged and uncharged steroid hor- 
mone esters by organophosphates reported earlier 
has led to the conclusion that the active site of these 
enzymes, like B-esterases, comprises serine as an 
essential group for activity [19]. The results of the 
present study have shown that the catalytic activity 
of these enzymes was independent of Ca2+ and Mg2+, 
and the enzyme activity was inhibited only by a 
high concentration of eserine. On the basis of these 
observations, the steroid esterases can thus be clas- 
sified as B-esterases in accordance with the scheme 
introduced by Aldridge [22]. Further studies dealing 
with the purification and electrophoretic separation 
of these steroid esters hydrolyzing carboxylesterases 
should be able to provide additional information 
regarding the molecular weights,substrate specificity 
and other molecular properties of their isolated iso- 
zymic forms. 

Species variations observed in the rate of hydroly- 
sis of HCHS at pH5.5 and 8.0, and HCAC in the 
present study have provided additional support to 
the possible involvement of at least three esterases 
in other mammalian livers also, of which two 
enzymes are responsible for the hydrolytic metab- 
olism of HCHS while another enzyme acts on 
HCAC. 
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