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Abstract-The organophosphate insecticides, dichlorvos and chlorpyrifos oxon, inhibit adrenal choles+ 
terol esterification and hydrolyses in vitro at dose concentrations that correlate closely with their inhibi. 
tion of adrenal steroidogenesis. The results in oivo show that dichlorvos, g&n in the drinking water 
at 120 ppm, produced a statistically significant depression of plasma corticosterone during the rising 
phase of the normal diurnal rhythm Both the control and treated adrenal free and ester&d cholesterol 
levels show marked diurnal changes In the control group there is a close parallelism between the 
diurnal changes in adrenal esterified cholesterol and plasma corticosterone levels There is little differ- 
ence between the diurnal curves of plasma corticosterone of the 20 ppm chlorpyrifos oxon-fed animals 
and their controls. When chlorpyrifos oxon-fed animals were stressed, the expected fall in adrenal 
cholesteryl ester levels was blocked, as was the activation of adrenal cholesteryl ester hydrolase. 

It has been previously shown that a wide variety of 
organophosphate and carbamate insecticides inhibit 
adrenal corticosterone formation in the isolated rat 
adrenal cell in vitro [l]. The precursor for the syn- 
thesis of corticosterone in rat adrenal is free choles- 
terol, which is stored as the long chain fatty acid ester 
[2]. Injection of adren~orticotrophic hormone 
(ACTH) into hypophysectomized rats caused a 
marked depletion in adrenal cholesteryl esters with 
a simultaneous increase of corticoid output [3]. It 
has also been shown that in the perfused rat adrenal 
gland, ACTH or adenosine 3’,5’-cyclic monophos- 
phate (CAMP) stimulates cholesteryl ester hydrolysis 
[4]. Trzeciak and Boyd [5] have shown that ether 
stress causes a marked depletion of cholesteryl ester 
in adrenal lipid droplets. Cholesteryl esterase (sterol- 
ester hydrolase, EC 3.1.1.13) and protein kinase 
(ATP:protein phosphotransferase, EC 2.7.1.37) activi- 
ties were significantly higher in the 105,OOOg rat 
adrenal supernatant fraction prepared from rats sub- 
ject to ether stress. Cholesteryl ester hydrolase was 
significantly stimulated by the addition of cAMP, 
ATP and theophylline in the presence of cyclic AMP- 
dependent protein kinase. Since organophosphate in- 
secticides have been found to inhibit lecithin-choles- 
terol acyltransferase (EC 2.3.1.43) [6], it was of inter- 
est to examine their effects on cholesteryl ester meta- 
bolism in the adrenal and attempt to correlate these 
results with their inhibitory effects on corticosterone 
formation both in vim and in vitro. 

MATERIALS AND METHODS 

Male Sprague-Dawley rats (Charles River Breeding 
Laboratories, Inc., Wil~ngton, MA weighing 
3-g were used. The animals were housed in an 
isolated room with controlled illumination 
08C&2000 hr and temperature (25 + 1”). For the 

diurnal study the rats were individually housed and 
were handled daily. For all other studies the rats were 
maintained in colony cages. The animals were sacri- 
ficed in an area removed from the animal room, and 
a period of no more than 1Osec between picking up 
the rat and decapitation was maintained in order to 
minim~e the rise in endog~eous ACTH levels as a 
result of stress. The time of sacrifice was at 0900 hours 
except where otherwise noted in the diurnal study. 

Fasiculata-reticularis adrenal cells were harvested 
by a modified method [l] of Haning et a/.[71 using 
collagenase (type 1, Worthington Biochemical Corp., 
Freehold, NJ) dispersion techniques. The method of 
Brecher et al. [8] was followed in the studies on in- 
corporation of oleic[l-“C] acid (Applied Science 
Laboratories, Inc., State College, PA) into the choles- 
teryl oleate fraction. The incubation medium con- 
sisted of Krebs Ringer bicarbonate glucose solution 
containing 0.1% bovine serum albumin (Pentex Frac- 
tion V, Miles Laboratories, Kankakee, IL) and an 
elevated Caz+ con~ntration of 7.65mM (KRBGA- 
Ca2+). A cell count of 5.3 x 10’ cells/incubate in a 
total volume of 1 ml was used. For stimulation of 
corticosterone formation and oleic[1-14C] acid 
uptake, 1 ng ACTH (Cortrosyn, Organon Inc., West 
Orange, NJ)/incubate was added. Dichlorvos [O,O- 
dimethyl O-(2,2-~chIoro~ny1 phosphate)], obtained 
from Shell Development Co., Modesto, CA, and 
chlorpyrifos oxon (U,O-diethyl-O-3,5,6-trichloro-2- 
pyridyl phosphate), obtained from Dow Chemical, 
Midland, MI, were the insecticides tested as inhibitors 
at concentrations of 10e5 and 5 x 10-s M respect- 
ively. Oleic[l-“CJ acid (3.5 x lo5 cpm) was added 
to each sample. Incubation was for 2 hr at 37” in 
closed containers that had been gassed for 5 see with 
an G,:CO, (95:5) mixture. After incubation, the 
samples were centrifuged at room temperature for 
10min at 1009, and the supernatant fraction was 
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removed and extracted with methylene chloride. Cor- 
ticosterone formation was measured fluorometrically 
(Turner Associates model 111, Palo Alto, CA) by the 
method of Danellis et al. [9]. 

The cellular fraction was resuspended in 2 ml chlor- 
oform-methanol (2:1), unlabeled oleic acid and cho- 
lesterol were added as carriers, and the cells were 
extracted by vortexing. The cellular extract was eva- 
porated to dryness under N2, the tubes were washed 
twice with ether, and twice more evaporated to dry- 
ness. The extract was dissolved in benzene and 
applied to Silica gel plates (Prekote Silica gel GF, 
Applied Science Laboratories Inc., State College, PA). 
The chromatograms were developed following the 
protocol of Behrman and Armstrong [IO]. Radioac- 
tivity of the fractions was determined in a Beckman 
scintillation spectrophotometer. 

Cholesteryl ester hydrolase activity (see Tables 2 
and 4) was determined by a modification of the 
method of Pittman et al. [II]. A 5% (w/v) homo- 
genate of decapsulated adrenal glands was prepared 
in 50mM sodium phosphate buffer, pH 7.4, contain- 
ing 0.5% bovine serum albumin. The 100,000 g super- 
natant fraction was used as the enzyme source. The 
substrate, cholesteryl[l-‘4C]oleate (5 &i) and unla- 
beled cholesteryl oleate (10 mg) (Applied Science 
Laboratories, Inc., State College, PA), was purified 
on an amberlite (Dowex 1-x 8, l&200 mesh) 
column 0.5 x IO cm, and was stored at - 20” as a ben- 
zene solution. Just prior to use in the assay system, 
an aliquot was evaporated to dryness under N2 and 
resuspended in ethyl alcohol. This was heated to 70”, 
taken up in a 26-28 gauge needle and extruded into 
the buffer. The emulsified substrate was kept at 30” 
until used. The enzyme assay system contained, in 
a final volume of 0.5 ml, 1 mM cholesteryl oleate, 
0.088 mg of enzyme protein, and the indicated 
amount of insecticide. Incubation was for 60min at 
30”. The reaction was stopped by the addition of 3 ml 
of benzene-choloroform-methanol (1: 0.5 : 1.2) con- 
taining 0.1 mM oleic acid as carrier. The aqueous 
layer was made to 0.9 ml with a sodium hydroxide 

solution to give a final concentration of 200mM 
sodium hydroxide. The samples were vortexed for 
30 set and centrifuged for 10 min at 1500 g. An ali- 
quot of the aqueous layer was counted in a Beckman 
liquid scintillation spectrometer using tritosol [ 121. 
In the activation experiment (see Table 4), the enzyme 
was preincubated with 5 mM magnesium acetate, 
0.5 mM ATP and IOpM CAMP in a total volume 
of 0.1 ml for 10min at 23”. The assay of cholesteryl 
ester hydrolase activity in the adrenals from the chlor- 
pyrifos oxon-ether stress experiment in uiuo (see Table 
3) was performed as previously described by Chen 
and Morin [13]. Protein content of the incubates was 
determined by the method of Lowry et al. [14]. 

For cholesterol determination, portions of rat 
adrenals were homogenized in 10 times their weight 
of chloroform-methanol (2: 1) at 45,000 rev/min for 
2 min using a Vir Tis homogenizer. The homogenates 
were centrifuged at 30009 for IOmin, after which ali- 
quots of the supernatant solutions were evaporated 
to dryness under Nz. Total cholesterol concentrations 
in these rat adrenal extracts were analyzed by gas 
chromatography as follows [IS]: One ml of alcoholic 
KOH (6ml of 33% KOH and 94ml ethanol) was 
added to each extract, followed by heating at 60” in 
an aluminum block for 1 hr. Water (1 ml) was added, 
after which 3.0 ml of a stigmasterol internal standard. 
50 pg/ml in hexane, was added to each. The mixtures 
were shaken automatically in a Vir Tis Extractomatic 
for 10 min and then allowed to stand for 5 min or 
more to separate the phases. Aliquots of 1 ml of each 
top layer were evaporated to dryness, redissolved in 
20 ~1 carbon disulfide, and aliquots then injected into 
a Barber-Colman model 5,000 gas chromatograph 
with flame ionization detection, using a 3% QF-1 
liquid phase on Gaschrom Q 100/120 (Applied 
Science Laboratories), at 240” and a nitrogen carrier 
gas flow rate of 45 ml/min. Free cholesterol was ana- 
lyzed in a similar manner except that the potassium 
hydroxide was omitted from the reagent, and the mix- 
ture was not heated. Esterified cholesterol was calcu- 
lated by subtracting free cholesterol from total choles- 

Table I. Comparative ekts of two organophosphate insecticides on incorporation of oleic[1-‘4C] acid into cholesteryl 
oleate and on formation of corticosteroid by decapsulated adrenal ceils 

Treatment 

Per cent 
esterifkation/ 
IO’ cells/Z hr’ 

Per cent 
change 

from basal 

group 

Per ant 
change 

from ACTH- 
stimulated 

group 

Corticosterold 
formed (Ilg/ml/Z hr)* 

Per cent 
change 

from basal 

group 

Per cent 
change 

from ACTH- 
stimulated 

group 

Basal 
ACTHt 

Basal + IO-’ M 
dichlorvos 

ACTH + IO-’ hi 
dichlorvos 

Basal + 5 x IO-‘hi 
chlorpyrifos 
0X0” 

ACTH + S x IO-‘M 

3.72 f 1.28 0.058 + 0.028 
2.00 * 0.354 -46.2: 0.996 f 0.337 + 1617.N 

2.14 f 0.503 -42.5t 0.099 f 0.056 -70.7 

1.66 f 0.762 - 55.4: - 17.0 0.312 f 0.096 f437.98 -68.711 

0.40 f 0.283 -89.2$ 0.029 f 0.010 - 50.0 

chlorpyrifos 
0X0” 0.45 * 0.212 - 87.9$ -77.511 0.184 + 0.019 +217.0$ -8l.Y 

* Means f S.D. of three replicate experiments done in duplicate. 
t Cortrosyn (1 ng) in an incubation volume of 1 ml. 
$ Significantly different from basal group at P < 0.01. 
4 Significantly different from basal group at P < 0.001. 
I/ Significantly different from ACTH-stimulated group at P -z 0.01. 
C Significantly different from ACTH-stimulated group at P < 0.05. 
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terol concentrations. Erythrocyte and plasma acetyl 
cholinesterase levels were determined by the method 
of Ward and Hess [16]. 

RESULTS 

Table 1 shows the effect of two organophosphate 
compounds, dichlorvos (DDVP) and chlorpyrifos 
oxon (CPO) on the incorporation of oleic[1-‘4C] acid 
into cholesteryl oleate and on the formation of cor- 
ticosterone in fasiculata-reticularis rat adrenal cells. 
Addition of ACTH produced a significant depression 
of cholesteryl esterification. DDVP and CPO strongly 
inhibited esterification of both control and ACTH- 
treated adrenal cells. A lower inhibition of esterifi- 
cation of ACTH-stimulated cells was observed with 
DDVP as compared to CPO. 

ACTH produces a marked stimulation of steroido- 
genesis in the isolated adrenal cell. The basal levels 
of steroid are negligible. It can be seen that there 
is a significant inhibition of ACTH-induced steroido- 
genesis produced by the two insecticides. 

Table 2 shows that the hydrolysis of cholesteryl 
esters by the 100,000g rat adrenal supernatant frac- 
tion is markedly inhibited by DDVP and CPO. 
Parallel experiments indicated that these insecticides 
also inhibited CAMP-induced steroidogenesis in rat 
adrenal cells to an extent comparable to the inhibi- 
tion of cholesteryl ester hydrolase. 

It was of interest to determine if the inhibitory 
effects of the two organophosphates on cholesteryl 
ester metabolism and on corticosteroidogenesis in the 
isolated rat adrenal cell also occur in viva. The 
adrenal gland has been shown to have a functional 
diurnal rhythm in the rat and many other species 
[17, IS]. This has been characterized by diurnal vari- 
ations in both the adrenal and plasma corticosterone 
concentrations. If organophosphate insecticides are 
inhibiting the synthesis of cholesteryl esters and cor- 
ticosteroids in uiuo, alterations in the diurnal patterns 
of these metabolites might be observed. 

Rats were given DDVP (120 ppm) or CPO 
(20ppm) in their drinking water ad lib. for a period 
of 2 weeks. Water intake was monitored in order to 
calculate the daily intake of the organophosphate 
compounds. The average daily consumption of 
DDVP was 1.09 mg/lOOg of body weight when the 
animals were given it at a concentration of 120ppm. 
At this dose level, DDVP did not produce any 
obvious toxic effects. There were no gross morpho- 
logical or behavioral changes observed and no 
changes in adrenal and body weights. It did produce 
an inhibition in erythrocyte and plasma acetyl cho- 
linesterase levels for the four time points tested. The 
average depression of acetyl cholinesterase was 54 per 
cent in the erythrocyte fraction and 57 per cent in 
plasma. For all four time points, the per cent changes 
were significant at either P < 0.01 or <O.OOl. This 
indicates the dosage of DDVP used had the antici- 
pated pharmacologic effect. 

Figure 1 reports the results of the DDVP feeding 
experiment. Variations in plasma corticosterone and 
adrenal corticosterone, esterified cholesterol, and free 
cholesterol are shown. 

Adrenalffee cholesterol TWO peak levels of adrenal 
free cholesterol concentration appeared, one at 1600 
hours and another at 2300 hours. The changes from 
the adrenal free cholesterol level at 0900 hours are 
statistically significant for both groups, with P < 0.05 
for the 0900-1600 period (26 per cent difference) and 
P < 0.001 for the 0900-2100 period (57 per cent dif- 
ference). 

Adrenal esterified cholesterol. Adrenal esterified 
cholesterol shows a more marked diurnal fluctuation 
than does adrenal free cholesterol, with the maximum 
level occurring at 1600 hours and the minimum level 
at 0900 hours in both groups. The 81 per cent in- 
crease for the control group and the 89 per cent in- 
crease for the DDVP group from minimal to maximal 
levels are both statistically significant at P L 0.05. 
These percentage increases are similar in magnitude 
to those seen in the adrenal free cholesterol and 

Table 2. Effect of dichlorvos and chlorpyrifos oxon on adrenal cholesteryl ester hydrolase activity 
and CAMP-stimulated adrenal steroidogenesis* 

TreatlIXllt 
Cholateryl esfer 

hydrolase activityt 
Per cent 

change 

Corticosteroid 

formed (pg)/? hr 
Per cent 
change 

Basal 

CAMP 
Basal + IO-’ M 

dichlorvos 
CAMP + IO-‘M 

dichlorvos 
Basal + IO-’ M 

dichlorvos 
CAMP + IO-’ M 

dichlorvos 
Basal 

CAMP 
Basal + 7 x 

lO-8 M chlor- 

pyr1fos oxon 
cAMP+7x 

IO-’ M chlor- 

pyrrlor oxon 

55.12 f a.49 0.16 f 0.01 
I.10 * 0.01 + 5881 

47. I6 k 9.14 - 15.36$ 0.06 k 0.02 -6?.5+ + 

0.98 * 0.01 +512: 

19.29 * 1.94 -65.38\\ 0.48 * 0.02 + 200: 

0.42 + 0.03 +2CNl: 
113.24 f 21.50 0.16 f 0.03 

I.10 f 0.1 I + 586 

28.22 * 6.23 - 75.08% 0 12 * 0.01 - 25.0 

0.44 * 0.01 +175 

* Concentration of CAMP is 1OmM. Values are the means + S.D. of duplicate experiments. 
t Cholesteryl oleate (nmoles hydrolyzed/mg of protein/60 min). 
$ Significantly different from basal group at P c 0.05. 
g Significantly different from basal group at P < 0.001. 
11 Significantly different from basal group at P -z 0.01. 
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Fig. 1, Effect of feeding rats 120 ppm dichlorvos in their 
drinking water for a 2-week period. The parameters exam- 
ined were adrenal free and esterified cholesterol (a), plasma 
corticosterone (b), and adrenal corticosterone (c). The solid 
lines represent the control groups and the broken lines 
represent the treated groups. The points represent the 
mean values f SD. of six animals per group. The experi- 
ment was performed three times with duplicate samples 
per experiment. All three experiments resulted in a similar 
shift in the diurnal rhythm of the DDVP-treated group 
and showed a significant difference from the control group 
each time at the point of maximal plasma corticosterone 

production by the control group. 

adrenal corticosteroid diurnal rhythms. In the control 
groups there is a close parallelism between adrenal 
esterified cholesterol and plasma corticosterone levels. 
The DDVP-treated group shows somewhat increased 
esterified cholesterol levels at three of the four time 
points sampled, but the differences are statistically in- 
significant. 

Plasma corticosterone. The presence of the well- 
known diurnal rhythmic changes in plasma cortico- 
sterone is seen. In the control group the minimum 
level occurs at 0900 hours and the maximum level 
at 1600 hours. The increase observed is 266 per cent. 
In the DDVP-treated groups, the minimum level 
again is seen at 0900 hours, but the maximum level 
is reached 5 hr after that of the control group, at 2100 
hours, and the increase is 166 per cent. At 1600 hours, 
at the time or near the time of maximal plasma cor- 
ticosterone production by the control animals, the 
plasma corticosteroid levels of the dichlorvos-treated 
rats are significantly depressed (P < 0.05) by 45 per 
cent. 

Adrenal corticosterone. The adrenal corticosterone 
levels of the control and DDVP-treated groups do 
not show as marked variation during the 24-hr period 
as do the plasma corticosterone levels. The maximal- 
minimal differences in the control and DDVP-treated 
animals are 51.8 and 62.3 per cent respectively. How- 
ever, it is seen that the maximum level of the control 
group is reached at 1600 hours, corresponding to the 

+Lqht--+Dor k --d 

TIME (Clo_k Hour?1 

Fig. 2. Variations in plasma corticosterone levels in rats 
fed 20ppm chlorpyrifos oxon in their drinking water for 
a 2-week period. The solid lines represent the control 
groups and the broken lines represent the treated groups. 
The points represent the mean values + S.D. of six animals 

per group, done in duplicate. 
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Table 3. Effect of ether anesthesia on free and esterified adrenal cholesterol and on cholesteryl ester hydrolase activity 
in normal and chlorpyrifos oxon-treated rats* 

N’ 

Ester&d choksterol/ 
free cholesterol ratio 

Cholesteryl ester 
hydrokse activity2 

Normal rats 
COlltd 
Elher anesthesia 

Chlorpyrifos oxon-trated TBtSJi 
C0ntr0l 
Ether anesthesia 

3 18.25 * 1.99 1.62 + 0.05 11.26 25.77 + 1.72 
3 13.77 f 1.2% 1.83 f 0.21 7.56# 31.67 f 2.W 

4 IS.29 k 3.80 1.63 f 0.10 9.44 22.30 f 2.36 
4 16.03 f 2.12 I.61 f 0.10 9.96 22.78 f 2.86 

* Rats ether-stressed for 2 min and sacrificed 3 hr later. Values are the means + SD. 
t Number of animals. 
$ Cholesteryl oleate (nmoles hydrolyzed/mg of protein/60 rnin). 
0 Significantly different from control group at P < 0.05. 
I( Chlorpyrifos oxon (20 ppm) in the drinking water for a 2-week period. 

plasma corticosterone maximum, while the DDVP- 
treated group reached a maximum adrenal cortico- 
sterone level at 2100 hours, again corresponding to 
the DDVP plasma corticosterone maximum. 

CPO was administered in the drinking water at 
20ppm. The average daily consumption was 
0.225 mg/lOO g of body weight. CPO was used at a 
6-fold lower level than DDVP since in vitro it is a 
1000 times more potent inhibitor of steroidogenesis 
than is DDVP [l]. The results are reported in Fig. 
2 and in Table 3. 

Figure 2 shows a close parallelism in plasma cor- 
ticosterone levels between the control and chlorpyr- 
ifos oxon groups, with the minimum occurring at 
0900 hours and maximum at 2100 hours for both 
groups. The per cent increase from minimal to maxi- 
mal levels is 315 per cent for the control group and 
200 per cent for the chlorpyrifos oxon-fed group. 
Although at three of the four time points tested there 
appear to be increased corticosterone levels in the 
chlorpyrifos oxon-treated group, the differences are 
not statistically significant. 

Table 3 reports the effect of ether anesthesia on 
the levels of free and esterified adrenal cholesterol and 
on cholesteryl ester hydrolase activity in control rats 
and rats fed 20 ppm CPO in their drinking water for 
a 2-week period. In the non-stressed group treated 
with chlorpyrifos oxon, adrenal concentrations of free 
and esterified cholesterol were not significantly differ- 
ent from the control group; cholesteryl ester hydro- 

lase activity, although slightly lower, was also not sig- 
nificantly different from the control. In the control 
animals, stress by ether anesthesia resulted in a sig- 
nificant decrease (P < 0.05) in esterified cholesterol, 
a slight increase in free cholesterol and a significant 
increase (P < 0.05) of 46 per cent in cholesteryl ester 
hydrolase activity. In the chlorpyrifos oxon group 
subject to ether stress, in contrast to the effects of 
ether stress in the control group, cholesteryl ester con- 
centrations did not fall and cholesteryl ester hydrolase 
activity did not increase. 

Table 4 shows the effects of chlorpyrifos oxon in 
vitro on the basal and activated cholesteryl ester hy- 
drolase activities. The basal enzyme activity is signifi- 
cantly depressed by the insecticide at concentrations 
of 7 x lo-‘M (75.1 per cent, P < 0.05) and 
5 x lo-* M (60.9 per cent, P < 0.05). The statistically 
significant inhibition of the activated enzyme activity 
at these concentrations is 77 and 70 per cent respect- 
ively (P < 0.001). 

DlSCIJSSlON 

The results in vitro reported in Tables 1 and 2, 
showing that both cholesterol esterification and hy- 
drolysis are inhibited, point to a primary site of action 
of DDVP and CPO at the level of cholesteryl ester 
metabolism. At a given dose concentration there is 
a close correlation with steroidogenic inhibition and 
cholesteryl ester hydrolase inhibition. However, since 

Table 4. E&t of chlorpyrifos oxon in uirro on basal and activated cholesteryl ester hydrolase activity 

Chlorpyrifos 
0X0” (M) 

BS.¶l Activated* 

Choksteryl Choksteryl 
ester ester 

hydrokse Per cent hydrokse Per cent 
activityt inhibition activityt mhibition 

0 113.2 f 21.5 152.0 f I.5 
5 x 10-10 113.2 + 14.8 0 164.4 + Il.4 0 
7 x 10-q 94.3 ; 9.2 16.7 135.4 I 8.4 IO.9 
I x 10-a 74.3 f 1.6 34.4 123.4 f Il.6 I X.8 
5 x 10-a 44.3 * 8.1 60.9f 44.9 f I.5 70.56 
7 x 10-a 20.2 f 6.2 75.1: 34.9 f 0.6 77.01’ 

* Preincubation for 10 min at 23” of the enzyme (0.088 mg protein) with 5 mM magnesium acetate. 
0.5 mM ATP and 10 PM CAMP in a total volume of 0.1 ml. Values are the means f SD. of duplicate 
experiments. 

t Cholesteryl oleate (nmoles hydrolyzed/mg of protein/60 min) 
3 Significantly different from the control at P < 0.05. 
$ Significantly different from the control at P < 0.001. 
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the inhibitors of cholesteryl ester hydrolase activity 
would tend to decease the hydrolysis of newly 
formed cholesteryl oleate in our esterifying assay sys- 
tem ip1 vitro, and the decreased adrenal steroid con- 
centrations might stimulate esterification [19], the 
levels of organophosphate compounds necessary to 
inhibit cholesterol esterification to the same extent 
may appear to be considerably greater than actually 
are required. To prove this it will be necessary to 
isolate and assay the cholesteryf ester synthetase in 
a cell-free system under conditions comparable to the 
assay for cholesteryl ester hydrolase. It is possible that 
the two enzyme systems may exist as a multienzyme 
complex under a coordinated regulatory system. 

The study in vivo (Fig. 1) shows that DDVP, given 
in the drinking water at 120ppm, produces a statisti- 
cally signi~~ant depression of plasma corticosterone 
during the rising phase of the normal diurnal rhythm. 
These results in vivo correlate with the inhibition in 
vitro of ACTI-I- and CAMP-stimulated steroidogenesis 
in the isolated adrenal cell. 

Of the adrenal biochemical parameters measured, 
the diurnal changes in esterified cholesterol were of 
the greatest magnitude, whereas free cholesterol 
shows minimum changes. The rapid return of the 
adrenal corticosterone level of the control group to 
the maximum level between 2100 and 2300 hours sug- 
gests that there is possibly a more rapid oscillation 
in these levels than the diurnal oscillation. To confirm 
this it will be necessary to examine adrenal cortico- 
sterone fluctuations at shorter time intervals during 
the diurnal cycle. The closest temporal parallelism is 
in the diurnal curves of the adrenai esterified choles- 
terol and the plasma corticosterone levels in the con- 
trol group. In the DDVP-fed group, although it is 
not statistically significant, there is a suggestion of 
an inverse relationship between adrenal cholesteryl 
ester and plasma corticosterone levels. It is possible 
that the rates of formation and/or degradation of cho- 
lesteryl ester in vivo are rate limiting to the synthesis 
and secretion of corticosteroids, or as suggested by 
Flint et al. [19] the local concentrations of steroids 
may acutely regulate the activity of cholesterol esteri- 
fying enzymes. It will be of interest to observe the 
diurnal changes in the cholesteryl ester synthetase and 
hydrolase systems to further elucidate the relation- 
ship. 

In contrast to the lack of difference in the diurnal 
changes in plasma corticosterone in the 20 ppm CPO- 
fed animals and their controls (Fig. 21, it is clear that 
ether stress-induced activation of adrenal cholesteryl 
ester hydrolase (Table 3) is blocked by prior CPO 
treatment. The partially blockaded cholesteryl ester- 
metabolizing system does not affect the diurnal plasma 
corticosteroid changes, indicating that sufficient 
reserve precursor of free cholesterol substrate may be 
available to maintain corticosterone synthesis at nor- 
mal ieveis in the resting state. It will be important 
to examine the levels of adrenal and plasma cortico- 
sterone in the highly stressed animal (in which pre- 
sumably the adrenal cortex is maximally stimulated) 
in order to determine whether this partial blockade 
in cholesteryl ester hydrolysis is reflected in decreased 
corticosterone output. 

In the present experiments in oitro the organophos- 
phate compounds inhibited cholesteryl ester hydro- 

lase activity in the adrenal supematant fraction both 
with and without addition of exogenous ATP, CAMP 
and Mg’+, suggesting a possible direct inhibition of 
the phosphorylat~ enzyme itself, rather than inhibi- 
tion of the processes leading to enzyme activation. 
After administration of CPO in vivo, however, resting 
adrenal levels of cholesteryl ester hydrolase were not 
significantly inhibited, whereas the stress-induced ac- 
tivation of enzyme activity was blocked. These appar- 
ent differences between effects in vitro and in vivo may 
be attributable to conversion of the organophosphate 
compounds in vivo to derivatives with lesser inhibi- 
tory activity [20] or to less inhibitor+nzyme interac- 
tion due to possible lower cellular concentrations of 
inhibitor in viuo. Evidence from previous studies indi- 
cates that the inhibitory effects of organophosphate 
compounds on acetyl choline&erase may be attribu- 
table to phosphorylation of the serine hydroxyl resi- 
due in the enzyme [21,22]. The delayed neurotoxicity 
that occurs after administration of organophosphate 
compounds correlates with the gradual phosphoryla- 
tion of a neural enzyme that hydrolyzes phenylphenyl 
acetate [23]. It is possible in the present experiments 
in uivo that a gradual binding of organophosphates 
to the cholesteryl ester hydrolase occurred, or that 
the enzyme was phosphorylated at sites which inter- 
fered with the activational phosphorylative process 
via the protein kinase-cAMP-mediated transfer of 
ATP phosphate to the enzyme. The time interval of 
the experiments in vitro may have been too short to 
permit a similar process to occur. 
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