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Background: The direct effects of etomidate were investigated on the secretion of cortisol and its precursors by dispersed
cells from the adrenal cortex of human of animals. Dexmedetomidine (DEX) is an anesthetic agent that may
interfere with cortisol secretion via an unknown mechanism, such as involving inhibition of 11B-hydroxylase
and the cholesterol side-chain cleavage enzyme system. The aim of this study was to determine whether dex-
medetomidine (DEX) has a similar inhibitory effect on adrenocortical function, and whether combined use of
etomidate (ETO) and DEX could produce a synergistic action in inhibiting the secretion of human adrenocorti-
cal hormones.

Material/Methods: Human adrenocortical cells were exposed to different concentrations of ETO and DEX. The dose-effect model
between the ETO concentration and the mean secretion of cortisone (CORT) and aldosterone (ALDO) per hour
was estimated.

Results: Hill's equation well-described the dose-effect correlation between the ETO concentration and the amount of
ALDO and CORT secretion. When the DEX concentration was introduced into the model by using E, (basal se-
cretion) as the covariate, the goodness of fit of the ETO-CORT dose-effect model was improved significantly
and the objective function value was reduced by 4.55 points (P<0.05). The parameters of the final ETO-ALDO
pharmacodynamics model were EC,=9.74, E_ =1.20, E;=1.33, and y=18.5; the parameters of the final ETO-
CORT pharmacodynamics model were EC,=9.49, E _=8.16, E =8.57, and y=37.0. In the presence of DEX, E,
was 8.57-0.0247x(CDEX-4.6), and the other parameters remained unchanged. All parameters but y were nat-
ural logarithm conversion values.

Conclusions: Combined use of DEX and ETO reduced ETO’s inhibitory E (basal secretion) of CORT from human adrenocorti-
cal cells in a dose-dependent manner, suggesting that combined use of ETO and DEX produced an additive ef-
fect in inhibiting the secretion of human adrenocortical hormones.
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Background

Etomidate (ETO) is an intravenous anesthetic induction agent
of imidazole derivatives. In 1983, Ledingham and 2 other re-
search groups [1] found that ETO had the effect of inhibiting
the synthesis and release of human adrenocortical hormones.
Other researchers [2-6] found that the peak effect of ETO in
inhibiting the adrenocortical function was 6-8 h after a sin-
gle-dose injection of ETO, and restored to normal limits spon-
taneously within 24 h. Continuous injection of ETO could pro-
long this inhibitory effect beyond 24 h.

Dexmedetomidine (DEX) is a highly selective a2-adrenergic
receptor agonist of imidazole derivatives [7-10]. It is current-
ly speculated that DEX has some inhibitory effect on the se-
cretion of adrenocortical hormones in animal and in vitro cell
lines, but this inhibitory effect has not been demonstrated in
clinical research. Therefore, Maze et al. [11] investigated the
effects of dexmedetomidine on steroidogenesis, as well as on
binding to glucocorticoid receptors, in a series of in vitro and
in vivo animal studies in 1991.They found that at dexmedeto-
midine concentrations greater than10” M, a dose-dependent
inhibition of corticosterone release was detected in response
to ACTH stimulation in vitro. When the drug was administrat-
ed with dexmedetomidine, the baseline of cortisol levels de-
creased and the cortisol response to ACTH was blunted for 3
h. More importantly, ETO and DEX are used alternatively in
clinical practice, and therefore it is important to know wheth-
er they have a synergistic effect in inhibiting the adrenocor-
tical function. To the best of our knowledge, there has been
no applied research on the combination use of different con-
centrations of the 2 drugs, nor has there been systematic re-
search on them in human primarily cultured adrenocortical
cells. In the present study, we used 56 combinations of differ-
ent concentrations of ETO and DEX (covering all possible clini-
cal blood-drug concentrations) in a model of primarily cultured
adrenocortical cells to clarify the nature of their interaction.

Material and Methods

Human primarily cultured adrenocortical cells (HADCC, ScienCell,
USA) were resuscitated, thawed, and cultured to 3-10 passag-
es. Cells growing to 70-80% confluence were digested with
2 ml 0.25% trypsin+EDTA to single cells for sub-passage. The
number of cells was counted using a cell-counting plate. After
adjusting the concentration to 500 000~1 000 000/ml, cells
were seeded to a 24-well plate at a concentration of 200 000
cells (about 250 pl)/well and cultured in 250 pl mesenchymal
stem cell medium (MSCM) in a 95%0, + 5% CO, and 37°C in-
cubator for 24 h. After secure confluence of the cells, the medi-
um was sucked up gently, and the remaining cells were added
with 250 pl fetal bovine serum (FBS)-free medium (Hyclone) and
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pre-cultured for 2-3 h. After sucking up the medium, cells were
added with FBS-containing MSCM and appropriate amounts
of ETO (0, 10, 30, 100, 1000, 3000, 10 000 and 100 000 nM)
and DEX (0, 10, 30, 100, 1000, 3000 and 10 000 nM). The vol-
ume of each well was finally adjusted to 1 ml, and the drug
concentration of each well was 1 of the combinations of the 2
drugs, totaling 56 concentration combinations. After 24-h cul-
ture, cell confluence was observed under a phase-contrast mi-
croscope. The cell supernatant (250 ul) was stored at -80°C for
detection of ALDO and CORTISOL within 2 months. Cells with
the supernatant removed were used for counting the relative
number of cells by MTT, using the standard curve.

Logarithmic growth phase cells were harvested. The cell sus-
pension was assigned to 8 groups with each group contain-
ing 5 repeated wells. The cell concentration in each group was
1x10% 2x10% 4x10% 8x10% 16x10% and 32x10* To each well
was added 100 pl cell suspension and 100 pl culture medium
in a 96-well plate. The plate was then cultured in the incuba-
tor until cell confluence. After 24-h culture, to each well was
added 20 pl MTT reaction liquid, cultured in a 95%0,+5%CO,
and 37°C incubator for 4 h, and 20 pl formazan was added
again, and cultured overnight until the formazan crystals in
each well were thoroughly dissolved. The 96-well plate was
then moved from the incubator, placed horizontally on the ELISA
analyzer, shaken for 10 s, and assayed for optical density (OD)
of each well at 570 nm, using the zero-setting well (medium,
MTT, and dimethyl sulfoxide in the same well) as control. The
OD of each well was measured 6 consecutive times by ELISA
to obtain the mean value of each well by deleting the max-
imum and minimum values. Using the OD value as the hori-
zontal ordinate and the number of cells (10% as the longitu-
dinal ordinate, a standard curve was mapped.

Using chemiluminescence immunoassay (CLIA) [12-14], the con-
centration of ALDO and CORT was detected with the ALDO assay
kit (Tianjin Bioscience Diagnostic Technology Co., Ltd., Tianjin,
China) and Access Cortisol kit (Beckman Coulter, Inc, USA).

Using the NONMEM Version VI Software (GloboMax LLC, Ellicott
City, MD, USA), a pharmacodynamics model of ETO and DEX
concentrations versus the amount of ALDO and CORT secre-
tion was established using the nonlinear mixed-effects mod-
el. First of all, a set of pharmacodynamics parameters was fit-
ted by using the nonlinear mixed-effects model to ensure the
minimal error between the fitted value and the actual obser-
vation value (the least-square method), based on which the
effect of population parameter variation (inter- and intra-in-
dividual variation) and covariant on pharmacodynamics pa-
rameters (fixed-effects), residual variability (random-effects),
and pharmacodynamics parameters were calculated. Based
on the natural logarithm of the actually measured ALDO or
CORT concentration and the natural logarithms of the drug

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License




LAB/IN VITRO RESEARCH

concentration (nM), the pharmacodynamics model of either
ALDO or CORT was calculated to obtain the parameters of the
model. The first approach is based on the Sigmoid-E__ mod-
el, a commonly-used name for the Hill model (Hill, 1910) [15].
The Sigmoid-E___model can be represented by the following
equation for an inhibitory drug.

The model used the Hill's equation-fitted sigmoid curve on
the basis of the drug concentration and generation effect (the
log-transformed value of ALDO or CORT secretion). The equa-
tion is as follows:

CV

E=E, +E,, - Eo)m
50

where E is the predicted effect (the amount of ALDO or CORT
secretion); E_ is the effect in the absence of the drug (the
amount of ALDO or CORT secretion); E__is the maximum ef-
fect of the drug (the maximum inhibition on ALOD or CORT
secretion); EC, is the drug concentration causing 50% of the
maximum inhibitory effect; and vy is the drug concentration-
effect slope. The drug concentration and the amount of ALDO
or CORT secretion in the equation are expressed as their cor-

responding natural values.

The 7 ETO concentrations and the 8 DEX concentrations con-
stituted 56 different concentration combinations. After fixa-
tion of the effect model, another drug concentration was used
as the covariate to the effect on pharmacodynamics param-
eters. Uncertainty of the pharmacodynamics parameters was
tested and calculated by the bootstrap method. The 5 per-
centile and 95 percentile were used as the lower limit and
upper limit, respectively, of 95% confidence interval (Cl) of the
pharmacodynamics parameters and variability of the new sam-
ple set to compare the difference between the fitted param-
eters and the parameters of the original sample set [16-19].

Results

General description

The 56 concentrations of each cell batch were cross-combined
in the model, totaling 19 batches of cell culture and concen-
tration combination for drug stimulation test. The number of
cells was calculated using the following equation:

Y(OD number)=—0.0002xX"2 +0.0362*X+0.0694, R?=0.9927.
In the absence of drug stimulation, the amount of ALDO secre-

tion was 5.65+0.53 pg/h per 10 000 cells, and the amount of
CORT secretion was 12678.59+1965.13 pg/h per 10 000 cells.

GuH. et al:
Etomidate and dexmedetomidine inhibit human adrenocortical hormones secretion
© Med Sci Monit, 2015; 21: 3528-3535

When the different concentrations of either ALDO or CORT
was used alone, the secretion showed a normal distribution
in both groups, and the homogeneity of variance was P=0.598
and P=0.842, respectively (both larger than 0.05). All data were
in a normal distribution, and ANOVA showed a P value=0.675
and 0.624 respectively, suggesting that there was no statis-
tically significant difference between the 2 groups of data.

Methodology of CORT determination

The content of CORT was determined using the Access Cortisol
kit, showing a correlation coefficient between 0.967 and 0.973.
After diluting 2 times for samples with relatively high concen-
trations (>60 pg-dl™), the mean recovery rate was 98.3-109%.
The result of 3 repeated measurements using this method
showed an intra-day variability of 4.4-6.7% and an inter-day
variability of 6.0-7.9%. According to 95%Cl, the lowest de-
tectable level of cortisol against the zero standard was 0.4
pg/ml (11 nmol/L).

Methodology of ALDO determination

The correlation coefficient of the quantitative determination of
ALDO was 0.964-0.976. The result of 3 repeated measurements
using this method showed an intra-day variability of 3.2-4.3%
and an inter-day variability of 3.1-4.9%. According to 95%Cl,
the lowest detectable level of cortisol against the zero standard
was 20 pg/ml, and the sensitivity was as high as 10-16 mol/L.

Pharmacodynamics analysis
Model fitting process

A drug concentration-effect correlation (Hill equation) model
was established in 2 steps: ETO concentration-ALDO secretion
and DEX concentration-ALDO secretion; and ETO concentration-
CORT secretion and DEX concentration-CORT secretion. Once
both drugs can establish dose-effect correlation with 1 effect
successfully, a response surface model suggested by Minto was
adopted to analyze and define interactions between 2 drugs.
If only 1 of the drugs established dose-effect correlation with
1 effect successfully, the other drug served as a covariate to
analyze impacts on the former drug dose-affect model.

The results of primary analysis showed that dose-effects mod-
els cannot be established successfully in DEX concentration-
ALDO secretion and DEX concentration-CORT secretion, but
dose-effects models can be established in ETO concentration-
ALDO secretion and ETO concentration-CORT secretion accord-
ing to Hill equation. Thus, DEX was set as a covariate of the
former 2 models to be introduced into model parameters in
linear and non-linear ways, separately. The model-establish-
ing process of NONMEM is shown in Table 1.
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Table 1. Establishing process of NONMEM pharmacological model.

No. Description OBJ

AOBJ
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ETO concentration-CORT dose-effect correlation model

33 1.0 + DEXxE

max

(linear)

3.4 1.0 + DEXxE, (linear)

Compared with No. df P Value
342 10 1 5005
012 10 1 005
o901 10 1 005
4586 10 1 <005
1004 101 005
0844 10 1 005
3406 10 1 005
287 10 1 5005
0017 30 1 005
0001 30 1 5005
0215 30 1 5005
0000 30 1 5005

* Final dose-effect correlation model.

During the establishment of dose-effect models of ETO concen-
tration-ALDO secretion and ETO concentration-CORT secretion
by Hill equation, objective functions (OBJ) were 210.152 and
-81.810 points separately. After DEX was introduced as a co-
variate of E into ETO concentration-CORT secretion model in
a linear way, OBJ decreased by 4.55 points (AOBJ »3.84, df=1,
P<0.05). However, when DEX was introduced as a covariate
into ETO concentration-ALDO secretion model in linear way,
the model had no significant improvement (P>0.05). If it was
introduced into the model in a non-linear way, the model was
without convergence.

Model-fitting parameters

The final pharmacological dose-effect correlation parameters
are shown in Table 2. ETO combined with DEX did not have
significant impacts on inhibiting adrenocortical functions; the
50% effective concentration (EC, ) of ETO inhibiting CORT was
EXP(9.49) [113226.8] nM, and the slope of dose-effect corre-
lation curve was as high as 36.3. Compared with basic secre-
tion levels, secretion of CORT decreased (equal to E__—E ) by
1720 pg/h/10 000 cells.

Model performance diagnostic

The internal validity of the final PD model was assessed by
the bootstrap re-sampling 1000 times. The values of the pa-
rameters were compared with those obtained from the orig-
inal dataset. The 2.5th and 97.5th percentiles of the sets of
bootstrap parameter estimates defined the lower and upper
limit of 95% Cls for each parameter. The software Wings for
NONMEM (WFN v616, N. Holford, University of Auckland) was
used to perform a bootstrap analysis. The results of the boot-
strapping are listed in Table 2. Mean values of the bootstrap-
ping were very similar to the parameter estimates of the orig-
inal dataset, and the 95% Cls overlapped with those of the
original datasets, indicating that the final model pharmaco-
dynamic model was stable.

The results showed that: 1) it was unable to establish an ef-
fective dose-effect model between the DEX concentration and
the amount of ALDO secretion; and 2) it was possible to es-
tablish an effective dose-effect model between ETO concen-
tration-ALDO secretion and ETO concentration-CORT secretion
by using the Hill's equation. Therefore, we used the DEX con-
centration as the covariate of the 2 models and introduced it
into the model parameters in a linear (concentration depen-
dent) and non-linear (non-concentration-dependent) manner.
When we used the Hill's equation to fit the dose-effect model
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Table 2. Pharmacological parameters and statistical results.
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-0.0252
— )
Dex on E, 0.0247 (48.2%) T <)
E ., — denotes the maximal effects by maximal drug concentration; EC,; — means the drug concentration when 50% of the difference

value between maximal effects and basic effects achieved; E, — means the drug effect value when the drug concentration was 0;
Y- means the slope of dose-effect correlation curve. Effects and drug concentration were presented as their natural logarithm.

%RSE — parameter estimate/standard error of estimate +100%.

of ETO concentration-ALDO secretion and ETO concentration-
CORT secretion and introduced DEX as the covariate of E into
the ETO concentration-ALDO secretion model parameters in
a linear manner, the objective function of the model was re-
duced by 4.55 points (AOBJ »3.84, df=1, P<0.05). However,
when we used DEX as the covariate of the other parameters
of the model in a linear manner, no significant improvement
was observed (both P>0.05). When these parameters were in-
troduced into the model in a non-linear manner, there was no
convergence. These results suggest that ETO inhibited ALDO
and CORT secretion from human adrenocortical cells within
the range of concentrations involved in this study. The use of
DEX alone did not affect the secretion of ALDO and CORT, but
there was a synergistic effect in the inhibitory effect of ETO
on CORT secretion. In other words, ETO reduced the basal se-
cretion of CORT in a dose-dependent manner. The dose-effect
correlation equation indicating the inhibitory effect of ETO on
ALDO and CORT secretion is shown as follows, based on which
the amount of ALDO and CORT secretion at different concen-
trations of ETO could be predicted:

C18.5
ALDOsecre ion = 1. 33 + 1. 20 - 1. 33 R
L ( ) CEZ + 9. 74"

37.0

QRTsecretion =8.57 + (8 16-857) X %
C70 19,497

When ETO was used in combination with DEX and the concen-
tration of DEX was >EXP (4.6) [94.63] nM:

e _ 46)x( _ G
COR Tseoretion = 8.57 +[8.16 = (8.57 +(Cpypy -4-6) x (<0.0247))] SENEYTaD
Figure 1 indicates the correlation between the ETO concentra-
tion and CORT production. Given the range of concentrations
involved in this study, only when the concentration of ETO
was higher than about EXP (8.5) [5000]nM did the amount of

CORT secretion begin decreasing. The inhibitory effect reached
the peak at the concentration of EXP (10.5) [36 000]nM. When
the DEX concentration change was used as the covariate and
introduced into the ETO curve, no significant change in the
configuration of the curve was noticed, but E, declined signif-
icantly (Figure 1). According to the principle of the Sarriselkd
protocol, interactions between 2 drugs can be classified into 3
categories: additive, synergism, and antagonism. Therefore, ETO
had a specific affect when used alone in this model. However,
after DEX was added, the effect of DEX in inhibiting CORT in-
creased, which is called synergism, while the effect of DEX in-
hibiting ALDO remained changed, which is called inertism.

Discussion

There are about 10 human adrenocortical cell lines, of which
NCI-H295 is the most common cell line and can synthesize and
secrete more than 30 steroid hormones. NCI-H295R is an ad-
renocortical cell line derived from NCI-H295. There are contro-
versies over the use of NCI-H295R for ALDO secretion research.
Some researchers [20-22] argued that NCI-H295R could not
respond sufficiently to Ang Il stimulation because the expres-
sion of Ang Il receptor on the surface of NCI-H295R cell line
was relatively low, and therefore was not suitable for ALDO se-
cretion research. Miller et al. [23] obtained an NCI-H295A cell
line by altering the composition of the medium and culture
conditions, and found that this cell line did not respond to Ang
Il and ACTH stimulation, and its response to K* was uncertain.
In addition, as the expression of CYP11B2 mRNA in the nucle-
us is very low, it is not suitable for the present study, either.
AR-47, ACT-1, and RL-251 cell lines are immortalized human
adrenocortical carcinoma cell lines that can secrete cortisol
in the early stage. But as generations pass by, they gradual-
ly loose the ability of secreting cortisol and can no longer se-
crete ALDO; therefore, they are currently used mainly in the
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Figure 1. The inhibitory effect of ETO and DEX in ALDO and CORT secretion.

research of cCAMP/PKA signaling pathways related to the de-
velopment of adrenal tumors, or the efficacy and mechanism
of anti-adrenal tumor agents [24-26]. Taking into account the
ethical problems and reproducibility of the experiment, we
used commercial HADCC in the present study.

During in vitro culture of young rat adrenocortical cells, some
studies [27] found that Zona glomerulosa cells remained sta-
ble for as long as 3 weeks; with the lapse of culture time and
addition of ACTH, these Zona glomerulosa cells gradually trans-
formed into Zona reticularis cells. In addition, with alteration
of the ACTH concentration, a biphasic effect of either inhibi-
tion or promotion was noticed. For this reason, ACTH was not
used for cell stimulation for the sake of obtaining relatively sta-
ble cell differentiation and baseline. Jager et al. [28] found that
the proliferation of in vitro cells was associated with the con-
centration of ETO added. A single-dose addition of 40x10=> M
ETO to fetal rat adrenocortical cells increased the proliferation
rate by 5% of the total cell number. This figure increased to

This work is licensed under a Creative Commons
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about 7% at the concentration of 4x10~3 M, and was close to
the control group at the concentration of 0.4x107 M. When
ETO and ACTH were added in combination, the cell prolifer-
ation rate was about 18% versus 6% when ACTG was added
alone. The concentration of 0.4x10 M is about 500-fold the
effective dose (0.81x107% M) of ETO used clinically on humans.
Based on the above consideration, we postulated that addition
of this ETO concentration to the medium would not cause in-
sufficiency of cell proliferation, nor would it affect the results
of the experiment due to errors arising from insufficient cell
proliferation. Maze et al. [10] found that the 50% concentra-
tion of inhibition (IC, ) of ETO was 10 M. When the concen-
tration was larger than 107 M, the corticosterone secretion
reaction induced by inhibition of rat cells to ACTH stimulation
also increased with the increasing dose, suggesting that ETO
may also have an inhibitory effect on the secretory function
of adrenocortical cells. For this reason, we selected the con-
centration range of ETO from 1078 to 10™* M, and the concen-
tration range of DEX from 10 to10~° M.
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For the first time, we found that DEX inhibited the basal secre-
tion of CORT in a dose-dependent manner, and that the rela-
tive pharmacologics effect was not observable until the con-
centration was higher than 94.63 nM, suggesting that only
when the concentration of DEX reaches a certain level can it
work with ETO to produce an additive effect on CORT secre-
tion. The experiment provided evidence sufficient to develop
a mathematical model that explains the experimental data.
Compared with the previous findings, our mathematical mod-
el is more convincing to explain some phenomena that can-
not be noticed in clinical practice [8]. This model can be ex-
plained simply through the view of mathematics. It was found
that in the dose-effect model parameters, EC, and 7y represent
the effective drug dose and the dose-response curve slope, re-
spectively; when vis relatively large, the concentration-effect
curve is relatively steep, and even a subtle change in the con-
centration would induce a relatively large change in the ef-
fect. The effect-concentration relationship is intrinsically bipha-
sic, or the pharmacologics effect presents in the “yes” or “no”
form [29]. These results suggest that there is minimal proba-
bility of producing the effect when the ETO concentration is
far below the EC,  value, while the probability of producing the
maximal pharmacologics effect is high when the ETO concen-
tration is far larger than EC_. When vy is relatively small, the
curve is relatively flat, when a small change in the concentra-
tion would not induce significant fluctuations of the pharma-
cologic effect. However, when the concentration-effect curve
slope is relatively small, there is a good linear correlation be-
tween the effect and the concentration [30]. In other words,
there is a concentration threshold for ETO to inhibit the se-
cretion of adrenocortical hormones.

Some other studies [31] found that IC_; of ETO in inhibiting
the adrenocortical function was 1x10¢ M, which is close to
the apparent dissociation constant of ETO binding to these
cells, which is consistent with the results of our study. We
found that the EC, of ETO in inhibiting the secretion of ALDO
and CORT from adrenocortical cells was EXP (9.74), which is
equivalent to 1.7x10° M), and EXP (9.49), which is equivalent
to 1.3x10 M, respectively. In a study using NCI-H295R cell
line, Ullerds et al. [32] reported that the ETO concentration
was 100 M (equivalent to 10x10~> M) when the inhibitory ef-
fect on ALDO and CORT secretion reached 75~100%. Although
this concentration was by far higher than that in our study, it
is still very close to the extrapolated value of the result in the
present study. However, our result is somewhat different from
the result reported by Kenyon et al. [33] and Zolle et al. [34],
who reported that the EC,; was 4.6x107 M, showing a signif-
icant difference from ours.
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There have been some studies on the inhibitory effect of DEX
on adrenocortical cells. Maze et al. [26] found that the amount
of basal secretion of CORT decreased significantly 3 h after ad-
ministration of DEX to hybrid dogs, and the increased amount
of secretion upon ACTH stimulation was also decreased signifi-
cantly. They further found that DEX also had the function of in-
hibiting the secretion of CORT in rats. However, Venn et al. [35]
reported that continuous injection of 2~2.5 pg-kg-h™! DEX to
ICU patients could produce an inhibitory effect on adrenocorti-
cal function. They believed that short-term (<24 h) use of DEX
would not affect adrenocortical hormone synthesis and ACTH
release, nor would it inhibit the hypothalamus -pituitary axis.
In addition, Aho et al. [36] found that the plasma CORT concen-
tration of the patients was reduced after administration of 2.4
ug-kg! DEX, suggesting that DEX could attenuate the response
of the endocrine system to external stimuli. These 2 results are
absolutely contradictory, and the result of our study seems to
be a summary of their results. We found that DEX did not af-
fect the dose-effect correlation of ETO in inhibiting the secre-
tion of ALDO and CORT, but was able to reduce the basal se-
cretion of CORT in a dose-dependent manner. Therefore, we
conclude that the dose-effect of DEX on the inhibitory effect
of ETO on CORT secretion is intrinsically an additive effect. In
this study, DEX presented to affect ETO inhibiting CORT, which
mainly focused at E,, when DEX was over exp(4.6)94.63nM.
This effect increased proportionately as the concentration of
DEX increases. Thus, it was defined as a synergistic effect.

The present study has some limitations. First, we failed to fix
the number of cells before determining the inhibitory effect on
ALDO and CORT secretion, and therefore were unable to get
a more comprehensive understanding about the interaction
of DEX and CORT by means of the response surface model. In
addition, we failed to set a blank control group for each batch
of cells. The blank control group used in this study only used
the relative cell number and, therefore, was unable to control
24-h cell proliferation precisely, nor was it able to define or
evaluate the cell function after differentiation.

Conclusions

1) ETO exhibited an inhibitory effect on adrenocortical func-
tion at relatively high concentrations within the concentration
range specified in the present study, and reduced the CORT
and/or ALDO production; 2) administration of DEX alone did
not exhibit a significant inhibitory effect on adrenocortical
function; and 3) DEX, when used in combination with ETO, af-
fected ETO’s inhibitory effect on adrenocortical function (CORT
secretion) in a dose-dependent manner.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License




Gu H. et al:
Etomidate and dexmedetomidine inhibit human adrenocortical hormones secretion

LAB/IN VITRO RESEARCH

© Med Sci Monit, 2015; 21: 3528-3535

References:

—_

. Ledingham IM, Watt I: Influence of sedation on mortality in critically ill mul-

tiple trauma patients. Lancet, 1983; 1: 1270

20.

Nogueira EF, Bollag WB, Rainey WE: Angiotensin Il regulation of adreno-
cortical gene transcription. Mol Cell Endocrinol, 2009; 302: 230-36

2. Harvey PW: Adrenocortical endocrine disruption. J Steroid Biochem Mol 21. Nogueira EF, Vargas CA, Otis M et al: Angiotensin-Il acute regulation of
Biol, 2014 . [Epub ahead of print] rapid response genes in human, bovine, and rat adrenocortical cells. J Mol
3. Phan H, Nahata MC: Clinical uses of dexmedetomidine in pediatric patients. Endocrinol, 2007; 39: 365-74
Paediatr Drugs, 2008; 10: 49-69 22. Samandari E, Kempna P, Nuoffer JM et al: Human adrenal corticocarcino-
4. Chan CM, Mitchell AL, Shorr AF: Etomidate is associated with mortality and ma NCI-H295R cells produce more androgens than NCI-H295A cells and
adrenal insufficiency in sepsis: a meta-analysis*. Crit Care Med, 2012; 40: differ in 3beta-hydroxysteroid dehydrogenase type 2 and 17,20 lyase ac-
2945-53 tivities. ) Endocrinol, 2007; 195: 459-72
5. Su F, Hammer GB: Dexmedetomidine: pediatric pharmacology, clinical uses 23. Rodriguez H, Hum DW, Staels B, Miller WL: Transcription of the human
and safety. Expert Opin Drug Saf, 2011; 10: 55-66 genes for cytochrome P450scc and P450c17 is regulated differently in hu-
; T o T ) » o man adrenal NCI-H295 cells than in mouse adrenal Y1 cells. J Clin Endocrinol
6. Mosier M), Lasinski AM, Gamelli RL: Suspected adrenal insufficiency in crit- Metab, 1997; 82: 365-71
ically ill burned patients: etomidate-induced or critical illness-related cor- . . i i .
ticosteroid insufficiency?-A review of the literature. J Burn Care Res, 2015; 24. Stratakis CA, Jenkins RB, Pras E et al: Cytogenetic and microsatellite al-
36: 272-78 terations in tumors from patients with the syndrome of myxomas, spot-
. . . . ty skin pigmentation, and endocrine overactivity (Carney complex). J Clin
7. Gu WJ, Wang F, Tang L, Liu JC: Single-dose etomidate does not increase Endocrinol Metab, 1996; 81: 360714
mortality in patients with sepsis: a systematic review and meta-analysis of . i o . .
randomized controlled trials and observational studies. Chest, 2015; 147: 25. Almeida MQ, Stratakis CA: How does cAMP/protein kinase A signaling lead
335-46 to tumors in the adrenal cortex and other tissues? Mol Cell Endocrinol,
o 2011; 336: 162-68
8. Tucker EW, Cooke DW, Kudchadkar SR, Klaus SA: Dexmedetomidine infu- . . . X
sion associated with transient adrenal insufficiency in a pediatric patient: 26. Nesterova M, Bossis |, Wen F et al: An immortalized human cell line bear-
a case report. Case Rep Pediatr, 2013; 2013: 207907 ing a PRKAR1A-inactivating mutation: effects of overexpression of the wild-
i ’ ’ . type Allele and other protein kinase A subunits. J Clin Endocrinol Metab,
9. Thompson Bastin ML, Baker SN, Weant KA: Effects of etomidate on adre- 2008; 93: 56571
nal suppression: a review of intubated septic patients. Hosp Pharm, 2014; . R
49 177-83 27. Hahner S, Sturmer A, Fassnacht M et al: Etomidate unmasks intraadrenal
10. Naaz 5. Ozalr E: D detomidine i ‘ thesi " regulation of steroidogenesis and proliferation in adrenal cortical cell lines.
. Naaz 5, Ozair E: Dexmedetomidine In current anaestnesia practice — a re- Horm Metab Res, 2010; 42:528-34
view. J Clin Diagn Res, 2014; 8: Ge01-4 - . .
. o 28. Jager LP, De Graaf GJ, Widjaja-Greefkes HC: Screening for drug-induced al-
11. Maze M, Virtanen R, Daunt D et al: Effects of dexmedgtomldlng, a noyel terations in the production and release of steroid hormones by porcine ad-
|m|(jd{azo[§ se?agye—a:est?:t/;c algeqtég()ln ;gr;gi;ter0|dogene5|s: th vivo renocortical cells in vitro. Toxicol In Vitro, 1996; 10: 595-608
and in vitro studies. Anesth Analg, ;73 . . . X .
. . & o 29. Bailey JM: Technique for quantifying the duration of intravenous anesthet-
12. Schirpenbach G, Seiler L, Maser-Gluth C et al: Automated chemilumines- ic effect. Anesthesiology, 1995; 83: 1095-103
cence-immunoassay for aldosterone during dynamic testing: comparison . .
to radioimmunoassays with and without extraction steps. Clin Chem, 2006; 30. Greco WR, Bravo G, Parsons JC: The search for synergy: a critical review
52. 1749-55 from a response surface perspective. Pharmacol Rev, 1995; 47: 331-85
13. Stabler TV, Siegel AL: Chemiluminescence immunoassay of aldosterone in 31. Forman SA: Clinical and molecular pharmacology of etomidate.
serum. Clin Chem, 1991; 37: 1987-89 Anesthesiology, 2011; 114: 695-707
14. Klose M, Lange M, Rasmussen AK et al: Factors influencing the adrenocorti- 32. Ulleras E, Ohlsson A, Oskarsson A: Secretion of cortisol and aldosterone as
cotropin test: role of contemporary cortisol assays, body composition, and a vulnerable target for adrenal endocrine disruption - screening of 30 se-
oral contraceptive agents. J Clin Endocrinol Metab, 2007; 92: 1326-33 lected chemicals in the human H295R cell model. J Appl Toxicol, 2008; 28:
1045-53
15. Hill AV: The possible effects of the aggregation of the molecules of haemo- s X .
globin on its dissociation curves. ) Physiol, 1910; 40: iv—vii 33. Kenyon CJ, Young J, Gray CE, Fraser R: Inhibition by etomidate of steroido-
16. Lin L Guo X. Zh MZ et al: Ph I; i ’ fd detomidine i genesis in isolated bovine adrenal cells. J Clin Endocrinol Metab, 1984; 58:
. Lin L, Guo X, Zhang et al: Pharmacokinetics of dexmedetomidine in 947-49
Chinese post-surgical intensive care unit patients. Acta Anaesthesiol Scand, X L
2011: 55: 359-67 34. Zolle IM, Berger ML, Hammerschmidt F et al: New selective inhibitors of ste-
17. Lin L,ZhangJW Huang Y et al: Population pharmacokinetics of intravenous roid Hbetla_hydrﬁxylagon in the adrznal cortP[X' SyntheSisdan?] structure-
. d g : activity relationship of potent etomidate analogues. ] Med Chem, 2008;
bolus etomidate in children over 6 months of age. Paediatr Anaesth, 2012; 51 22)24_53 potp &
22:318-26
o . 35. Venn RM, Bryant A, Hall GM, Grounds RM: Effects of dexmedetomidine on
18. Song JC, Zhang MZ, Lu Z) et al: The effects of obstructive jaundice on the adrenocortical function, and the cardiovascular, endocrine and inflamma-
p|:1ar'macr?dynam|cs Of,PtTOP,OfOI’ fjoes7t29tse:5|tlwtg of 'l”;ra"‘ij”‘;lésog.”;; tory responses in post-operative patients needing sedation in the inten-
t13e2t|9c53c5 ange among icteric patients? Acta Anaesthesiol Scand, ; 53: sive care unit. Br ) Anaesth, 2001; 86: 650-56
36. Aho M, Scheinin M, Lehtinen AM et al: Intramuscularly administered dex-

19.

Girgis S, Pai SM, Girgis IG, Batra VK: Pharmacodynamic parameter estima-
tion: population size versus number of samples. AAPS J, 2005; 7(2): E461-66

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

medetomidine attenuates hemodynamic and stress hormone responses to
gynecologic laparoscopy. Anesth Analg, 1992; 75: 932-39

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]
[Index Copernicus]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



