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Abstract. - OBJECTIVE: Propofol, thiopen-
tal and dexmedetomidine are hypnotic, seda-
tive, antiepileptic and analgesic agents used in
general anesthesia and intensive care. There are
many known and yet unknown side effects.

Our aim in this study was to examine and com-
pare the cytotoxic, reactive oxygen species (ROS)
and apoptotic effects of propofol, thiopental and
dexmedetomidine drugs, which are widely used in
anesthesia, on liver cells (AML12) in vitro.

MATERIALS AND METHODS: The half-max-
imum inhibitory concentration (IC50) doses of
the three drugs on AML12 cells were determined
using the 3-[4,5-dimethylthiazol-2yl]-2,5-diphen-
yltetrazolium bromide (MTT) method. Then at two
different doses of each of the three drugs, apop-
totic effects were determined by the Annexin-V
method, morphological examinations were de-
termined by acridine orange ethidium bromide
method and intracellular reactive oxygen species
(ROS) levels were determined by flow cytometry.

RESULTS: The IC,, thiopental, propofol and
dexmedetomidine doses were found to be
255.008, 254.904 and 34.501 ugr/mL, respective-
ly (p<0.001). The highest cytotoxic effect on liver
cells was found in the lowest dose of dexmede-
tomidine (34.501 ugr/mL) compared to the con-
trol group. This was followed by thiopental and
propofol, respectively.

CONCLUSIONS: In this study, propofol, thio-
pental and dexmedetomidine drugs on AML12
cells were found to have toxic effects by increas-
ing intracellular ROS at two different concentra-
tions higher than clinical doses. It was deter-
mined that cytotoxic doses caused an increase
in ROS and induced apoptosis in cells. We be-
lieve that the toxic effects of these drugs can
be prevented by examining the values obtained
from this study and the results of future studies.
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Introduction

Propofol', thiopental*> and dexmedetomidine®
are the most commonly used sedative and hypnot-
ic drugs in clinical practice. The administration
of anesthetic agents to patients in clinical doses
is considered safe. However, in recent years, find-
ings*’ regarding the toxicity of anesthetic drugs
have emerged. Specifically, studies have shown*?
that general anesthetics can impair the develop-
ment of systems such as neurodevelopment in
animals exposed to these agents. This aroused
concern for all patient groups, especially young
children.

The drugs and techniques used in anesthesia
are also widely accepted to contribute to patients’
post-operative results. For example, it has been
reported® that patients who received volatile anes-
thetics had a shorter life expectancy compared to
those who received intravenous anesthetic propo-
fol during their surgical treatment for cancer.
Despite their widespread use, general anesthetics
(although their specific mechanisms of action re-
main unclear’) sometimes cause undesirable side
effects, leading to various complications. Since
there are no alternatives to these drugs, they con-
tinue to be used, nevertheless. Today, studies are
being carried out to elucidate the mechanism of
action of such complications. Since the liver is the
main junction point at which most of these drugs
are metabolized, their effects on the liver are be-
ing investigated. Many pharmaceutical agents,
including anesthetic drugs, are fully or partially
metabolized in the liver; therefore, it would be
useful to know well the cellular mechanisms in
order to prevent liver damage. The knowledge
of these mechanisms would be advantageous for
the development and use of new and more “liv-
er-friendly” anesthetic drugs®.
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ROS occurs as an intermediate product in the
detoxification mechanism of drugs in liver cells.
The ROSs formed are neutralized by the antioxidant
system in the mitochondria. However, the detoxifi-
cation of some drugs causes the production of ROS
that exceeds the antioxidant mechanism’s capaci-
ty, leading to oxidative stress and thus liver dam-
age. This antioxidant process may be insufficient
in an unhealthy liver or when the liver is exposed
to an undesirable toxin or drug load”'®. Oxidative
damage disrupts many parts of the cell structure
in hepatocytes. Apoptosis and subsequent necrosis,
particularly due to anesthetic drugs or viral injury,
are two of the main mechanisms of liver injury'®!,
Apoptosis in different cells can be induced in two
ways: intrinsically or exogenously. Although both
pathways lead to similar results (elimination of
stressed cells), the mechanisms of initiation are
different and not yet clearly known'*'*. Therefore,
in our study, the cytotoxic, genotoxic and apoptotic
effects of propofol, thiopental and dexmedetomi-
dine on liver cells was investigated and the effects
of these drugs on liver toxicity mechanism was
studied for the first time.

Among hypnotic agents, gamma-aminobutyr-
ic acid (GABA) receptor agonists, such as propo-
fol or thiopental, and Alpha-2 adrenergic receptor
agonists, such as dexmedetomidine, are frequent-
ly used in anesthetic practice®*'°.

Propofol is a fast-acting intravenous (I'V) anes-
thetic agent whose mechanism of action is not ful-
ly understood'®. There are studies'>'*'"!* showing
that propofol has antioxidant properties or causes
apoptosis with prooxidant damage at high and cu-
mulative doses. Propofol has been found"” to have
various uses other than anesthesia, such as an-
ti-inflammatory effects. Recently, studies!!31”-1?
have shown that propofol may be associated with
anti-inflammatory and antioxidant effects occur-
ring in multiple organs.

Thiopental is a barbiturate derivative that is
frequently used in anesthesia due to its GABA-A
agonistic effect?. To the best of our knowledge, no
studies in the literature have investigated the anti-
oxidant effects of thiopental on humans. Howev-
er, although the effect of thiopental was observed
to be less than that of propofol, animal studies
and in vitro studies have suggested that thiopen-
tal has antioxidant capacities’. Barbiturates are
also hepatic enzyme inducers; thus, they induce
the metabolism of other drugs, including other
barbiturates®®. While these three drugs have an
oxidant effect at normal doses, they can have a
pro-oxidant effect at high doses®'>!315:21-24,

Dexmedetomidine’ is a synthetic Alpha-2 ad-
renergic receptor agonist, sedative, and hypnotic
agent. Studies® have claimed that dexmedetomi-
dine can prevent isoflurane-induced apoptosis in
the brain and other organs, while other studies®¢
have claimed that does not. Tufek et al* report-
ed the protective potential of dexmedetomidine
against hepatic lipid peroxidation and histological
damage in an animal model of sepsis and isch-
emia-reperfusion. However, the mechanism of the
protective effect is still unclear. In one study?’, 10
puM dexmedetomidine was found to cause a sig-
nificant decrease in cell viability.

In our study, we investigated the effects of
propofol, thiopental and dexmedetomdine on cy-
totoxicity, apoptosis and intracellular free radicals
in embryonic liver AMLI2 cells in vitro and ex-
amined their possible mechanisms of action. The
most distinctive feature of this study is that it is
the first study to examine the effects of propofol,
thiopental and dexmedetomdine at different doses
on in vitro cytotoxicity, apoptosis and intracellu-
lar free radicals in embryonic liver AMLI2 cells
and compare their possible mechanisms of action.

Materials and Methods

Cells and Culture Conditions

We obtained the liver fibroblast (AML12)
cells?®?° from the American Type Culture Collec-
tion (ATCC). The cell lines were grown in Dul-
becco’s Modified Eagle Medium: F12 (DMEM)
containing 1% P/S, 10% Fetal Bovine Serum
(FBS), and 1% glutamine. All the cells were in-
cubated at 37°C in an atmosphere of 5% CO,. The
cells were removed with a mixture of 0.25% tryp-
sin and 0.03% ethylenediamine tetraacetic acid
(EDTA) and passaged 1:2 or 1:3 as recommended
by the ATCC. The unused cells were stored in a
cell freezing solution prepared with 95% nutrient
medium and 5% dimethylsulfoxide (DMSO), in a
-80°C deep freezer, for the short- or long-term in
liquid nitrogen.

Administration of Drugs to the Cells

Cytotoxicity analysis with MTT assay

The medium was refreshed 24 hours after the
AMLI2 cells were seeded in 96 sterile plates at
10* cells per well. Ten doses (0-2.5-5-10-25-50-
100-200-250-400-500 pg/mL) were selected as
the drug concentrations to be applied to the cells.
Propofol and thiopental in 10 doses, dexmedeto-
midine in 7 doses were administered in three rep-
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etitions. No drug was administered to the control
group. The cell lines were placed in an incubator
for 24 hours after the drugs were applied. After
the drug administration, the cell medium was re-
moved from the medium. The cytotoxic effects
of drugs were evaluated using the 3-(4,5-Dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) colorimetric test. Measurements were
read at absorbances of 570 nm to 690 nm using
a plate reader (Thermo Multiskan Go, Waltham,
MA, USA). Graphics have been created. IC, val-
ues were then calculated. According to IC values
found in cytotoxicity tests, 100-200 pg/mL for
propofol and thiopental, and 50 and 100 pg/mL
for dexmedotomidine were studied.

Cell morphology and acridine orange/
ethidium bromide (AO/EB) analysis

Cell morphology images were taken with an
inverted fluorescent microscope (Olympus CKX,
DP73, Shinjuku, Tokyo, Japan). According to the
cell nucleus morphology, the apoptosis fluorescence
in the cells was examined using the AO/EB staining
method. The medium was removed 24 hours after
the administration of the drugs, then 50 puL of AO/
EB dye (Sigma Aldrich, Merck KGaA, Darmstadt,
Germany) was added and images were taken with
the Olympus CKX 51, DP73 microscope.

Determination of apoptosis using
the annexin \//propidium iodide (Pl] method
This analysis was performed using the com-
mercially available Fluorescein (FITC) An-
nexin-V Apoptosis Detection Kit I (Cat No./
ID:556.547, BD Biosciences, Franklin Lakes,
NJ, USA) method. Shortly after administering
the drugs, cells were harvested and immediately
stained according to the kit protocol. The stained
cells were analyzed by flow cytometry (FACS
Via, BD Biosciences, Franklin Lakes, NJ, USA).
Annexin V is displayed in green, and propid-
ium iodide (PI) is displayed in red. Viable cells
[(FITC-)/(PI-)] were differentiated as early and
moderately apoptotic [(FITC+) /(PI-)], late apop-
totic, and necrotic cells [(FITC+) /(PI+))].

Determination of intracellular ROS
Intracellular free radical exchange was per-
formed according to the protocol for the commer-
cially available kit (MHC100111, Millipore-Mer-
ck, Burlington, MA, USA). The Muse® Oxidative
Stress Kit provides quantitative (number and per-
centage of cells) measurements of Reactive Ox-
ygen Species (ROS), i.e., superoxide radicals, in
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cells exposed to oxidative stress. After adminis-
tering the drugs, the cells were harvested using
trypsin enzymes and washed with cold phosphate
buffered saline (PBS). After adding 100 pl of
ROS working solution, the cells were incubated
at 37°C for 30 minutes. After incubation, the cells
were analyzed by flow cytometry (FACS Via, BD
Biosciences, Franklin Lakes, NJ, USA).

Statistical Analysis

The data were analyzed using SPSS v. 26.0
software (IBM Corp., Armonk, NY, USA). All
analyzes were performed in triplicate and pre-
sented as mean + standard deviation (SD). The
normality of the data was assessed using the Sha-
piro-Wilk test. Normally distributed data in all
experiments were analyzed using One-Way Anal-
ysis of Variance (ANOVA). Post-hoc analysis was
performed to find out which group means differ
from one another. A p-value <0.05 was consid-
ered statistically significant.

Results

Cytotoxic Effect of Propofol, Thiopental,
and Dexmedetomidine on AML12 Cells

The effects of propofol, thiopental, and dex-
medetomidine on the viability of AMLI2 cells
were determined by MTT assay (Figure 1). Based
on the analysis results, the cytotoxic effects of all
three drugs increased as the drug dose increased.
The IC, values for AMLI2 cells were 255.008 pg/
mL, 254.804 pg/mL and 34.501 pg/mL, respec-
tively. The cytotoxic effects for propofol and thio-
pental at doses of 100 ug/mL and 400 pg/mL were
similar compared to the control group, but signif-
icant compared to the control group (p<0.001).
However, the cytotoxic effect of propofol was
found to be significantly lower than that of thio-
pental at doses of 200, 250 and 500 ug/mL com-
pared to the control group. These decreases in cell
viability were statistically significant compared to
the control group (p<0.001)

The Effects of Propofol, Thiopental,
and Dexmedetomidine on AML12
Cell Morphology

When the effects of the drugs on cell mor-
phology were compared with the control group,
it was observed that the number of cells de-
creased, and the number of apoptotic cells in-
creased depending on the dose increase in all
three drugs (Figure 2a). The apoptotic effect of
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Figure 1. % Changes in viability of AMLI2 liver cells treated with different concentrations of propofol, thiopental and
dexmedetomidine for 24 hours. The data obtained are shown as mean =+ standard deviation. *p<0.001 vs. control group for
propofol. “p<0.001 vs. control group for thiopental. ¥p<0.001 vs. control group for dexmedetomidin.

1339



B. Pehlivan, V.F. Pehlivan, i. Koyuncu, E. Duran, H. Erdogdu

Control Thiopenthal 100 pg/ml Thiopenthal 200 pg/ml
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Figure 2. Image of morphological and apoptotic effects of drugs on AMLI2 cells. a, Morphological imaging; (b), Fluorescent

imaging.

the drugs on AMLI12 cells was analyzed by AO/
ET fluorescent staining (Figure 2b). As shown in
Figure 2b, the viable cells are green, the apop-
totic cells are orange, and the necrotic cells are
red. When the apoptotic effects of the three
drugs were compared, the following result was
observed: dexmetomidine>thiopental>propofol.
Thus, the highest apoptotic and cytotoxic effect
was observed in dexmedetomidine.

Flow Cytometric Annexin-V Analysis

of the Drugs’ AML12 Cell Apoptotic Effect
While 88.30+£2.06% and 82.96+2.41% of

AMLI2 cells treated with propofol were viable

at 100 pg/mL and 200 pg/mL doses, 2.60 + 0.52
and 2.10+£0.79 were observed to be early apop-
totic (Table I, Figure 3). While 16.80+1.15% and
16.16£1.95% of AMLI12 cells treated with thio-
pental were viable at 100 pg/mL and 200 pg/
mL doses, it was observed that 59.80+1.47% and
48.36+£0.60% of these cells underwent early apop-
tosis (Table I, Figure 3). While 32.33+£2.60% and
4.33+£2.51% of dexmedetomidine-treated AMLI12
cells could survive at 50 ug/mL and 100 pg/mL
doses, 58.90+1.40% of these cells underwent ear-
ly apoptosis and 88.43+2.25% had late apoptosis.
There was a statistically significant difference be-
tween all drugs (p<0.001), (Table I, Figure 3).

Table I. Flow cytometric Annexin-V analysis of the AML12 cell apoptotic effect of drugs.

Doses Doses Dexme-
Control (ug/mL) Propofol Thiopental (ug/mL) detomidin P
. 30 £2. 80+ 1. 33 +£2.

Live SHOELSS  J0Ueil  sioq.2dl  I6M6. 195 i00ugml 4335281
Early 0.63 = 041 100 pg/mL 2.60 +0.52 59.80+ 147 50 pg/mL 58.90 + 1.40 #
Apoptotic 200 pg/mL 2.10+0.79 48.36+0.60 100 pg/mL 5.33+£0.66 #
Late ) 0.26 + 0.20 100 pg/mL 0.73 £ 0.41 19.96 + 1.53 50 pg/mL 7.86 £1.07 ¥
Apoptotic 200 pg/mL 0.53+£0.35 2890+0.75 100 pg/mL  88.43 +£2.25 ¥
Necrotic 1.93 + 1.88 100 pg/mL 8.40+1.24 3.53+1.73 50 pug/mL 090+ 1.13 &
200 pg/mL 1443 £1.26 6.60+1.04 100 pg/mL 1.90 +0.95 &

(Values are given as meantstandard deviation. For all drugs: *p<0.001 vs. control group live, “p<0.001 vs. control group early
apoptotic, ¥p <0.001 vs. control group late apoptotic, p<0.001 vs. control group necrotic).
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Figure 3. Flow cytometric Annexin-V analysis of the AML12 cell apoptotic effect of drugs.

Flow Cytometric Investigation of
the Effects of Propofol, Thiopental,
and Dexmedetomidine on Intracellular
Free Radical Formation of AML12 Cells
In all drugs, intracellular cytosolic ROS lev-
els were found to increase in a dose-dependent
manner (p<0.001), (Table 11, Figure 4). The drugs
we used had intracellular free radical levels at the
first dose of 100 pg/mL for propfol and thiopental
and 50 pg/mL for dexmedetomidine. At this dose,
intracellular free radical levels were 6.23+1.70%
in propofol, 16.1342.57% in thiopental, and
27.034£2.68% in dexmedetomidine (p<0.001). The
ROS level in propofol and thiopental at a dose of
200 pg/mL was observed to be lower than in dex-
medetomidine at a dose of 100 pg/mL (p<0.001).

Lower doses of dexmedetomidine have been
found to cause ROS generation and cell death
compared to propofol and thiopental. In conclu-
sion, we found that as the dose of dexmedetomi-
dine, propofol, and thiopental increased, the via-
bility of cells decreased, resulting in an increase
in ROS formation (Table II and Figure 4).

Discussion

Use of drug doses higher than clinical-level
doses may occur due to conditions such as re-ad-
ministration of anesthesia in clinical anesthesia, to-
tal intravenous anesthesia (TIVA), and continuous
infusion for sedation in ICUs. When we compared

Table II. ROS effect of different doses of drugs on AML12 cells.

Dexme-
Doses Control Propofol Thiopental Doses detomidin P
ROS (-) 100 pg/mL 98.30 + 1.25 93.70 = 1.70 82.70 £ 0.36 50 pg/mL 7173 £2.77
200 pg/mL 95.93 £ 1.90 83.83+2.08  76.00+2.22 100 pg/mL 67.50 +2.50
ROS (+) 100 pg/mL 4.03+1.89 6.23+1.70 16.13 +2.57 50 pg/mL 27.03 £2.68 #
200 pg/mL 4.03+1.89 5.50 + 1.41 22.90+0.75 100 pg/ml 31.66 +2.83 #

Values were given as the mean+standard deviation. *p<0.001, statistically different from negative control. “p<0.001, statistically

different from positive control.
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Figure 4. Flow cytometric investigation of the effects of propofol, thiopental and dexmedetomidine on intracellular free

radical (ROS) formation of AMLI12 cells.

the toxic effects of propofol, thiopental and dexme-
detomidine in liver fibroblast cells (AML12) at two
different high doses, we found that they undergo
apoptosis due to increased intracellular ROS. How-
ever, these three drugs did not show any cytotoxic
effects at clinically relevant doses.

Although propofol', thiopental?, and dexmede-
tomidine® are used for sedation, anesthesia, and
analgesia in anesthesia practice, they have various
side effects. In propofol, those side effects include
propofol infusion syndrome (PRIS)"3°, electro-
cardiogram (ECG) QT prolongation, local muscle
pain, hypotension, and myoclonus®'. It is known?!
that thiopental, which is a barbiturate, has a toxic
effect on hepatic cytochrome P450. Hypotension
and bradycardia may develop due to dexmedeto-
midine??. Apart from these known side effects,
various unknown complications can occur, de-
pending on the dose or the person.

The exact cause of complications from the ad-
ministration of these drugs is still unknown. /n
vitro studies®®** are frequently used to determine
the effects of such drugs on organisms. In these
studies, researchers often select the type of cell
in which drugs are metabolized or in which they
show activity. The liver is the main junction in the
metabolism of most drugs, especially anesthetic
drugs. Therefore, AMLI2 cells are a good choice
for an in vitro model as they enable researchers to
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study the physiological functions of liver cells*®*.
We used AMLI12 cells to examine the effects of
propofol, thiopental and dexmedetomidine at
clinical and high doses.

Cell death due to propofol, thiopental and dexme-
detomidine has been reported***2. Although it does
not have any toxic effect at clinical doses, it has been
determined that in long-term use, if clinical doses
are exceeded or repeated doses of these drugs are
used for sedation, a cumulative effect may occur and
may have a cytotoxic effect on many cells. Similarly,
Ludbrook at al*? showed that plasma concentrations
of propofol can range between 2 (11 uM) and 5 ug/
mL (27.5 uM). Vanlander et al* found that the con-
centration of propofol in the tissues of rats treated
with 20 mg/kg/hr of this drug could reach 200 uM
under certain conditions. Therefore, although toxic
effects of these three drugs at clinical doses were not
observed in AMLI2 cells in our study, the toxic ef-
fects of higher doses were examined to model their
cumulative effects.

When the cytotoxic effects of these drugs on
AMLI2 cells were examined, it is consistent with
the findings reported by Ohno et al**. Moreover, we
observed that propofol and thiopental had a moder-
ate cytotoxicity range, while dexmedetomidine had
a greater cytotoxic effect at lower doses (p<0.001).
Peng et al** found that dexmedetomidine had a pro-
tective effect on cardiomyocytes in hypoxia/reox-
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ygenation injury at clinical doses. However, only
dexmedetomidine showed a cytotoxic effect at high
doses, especially at doses of 25 pg/mL and above,
in our study, which is consistent with the results re-
ported by Peng at al¥*, Zhu et al?’, the latters found
that 10 pM dexmedetomidine on liver L-02 cells
caused a significant reduction in cell viability. In ad-
dition, they found that it was protective in liver cells
damaged by oxygen-glucose deprivation at clinical
doses. In our study, we found that dexmedetomidine
had a statistically significantly higher cytotoxic ef-
fect than propofol and thiopental (p<0.001, Figure
1). Propofol and thiopental showed cytotoxic effects
at higher doses than dexmedetomidine. In clinical
use, doses for dexmedetomidine are lower than for
propofol and thiopental. However, the clinical doses
of propofol and thiopental are similar2. Considering
the cytotoxic effects of propofol and thiopental, we
found that propofol at doses of 200, 250 and 500 pg/
mL showed lower levels of cytotoxicity than thio-
pental at the same doses. (Figure 1).

It is a known* fact that various drugs increase
intracellular ROS. Deceleration of their detoxifica-
tion due to overproduction of ROS or insufficiency
of antioxidant systems leads to accumulation of
these radicals and toxic effects on lipid and protein
molecules in cells and DNA. In our study, depend-
ing on the increase in ROS, we observed that the
number of viable cells decreased, and the number
of apoptotic cells increased at two different doses
of propofol and thiopental and dexmedetomidine
compared to the control group (p<0.001, Figure 4).

Increasing the level of free radicals in the cell for
different reasons causes oxidative stress. When the
antioxidant system is also deficient, cells are prone
to apoptosis or necrosis. In our study, we used the
Annex-V method to determine whether an apop-
totic event or a necrotic event occurred due to an
increase in ROS. Consistent with our results, Keel
et al*’ found that thiopental at doses of 200 pg/mL
and higher increased necrosis and apoptosis. Hao et
al® found that ROS levels in brain endothelial cells
increased significantly with propofol stimulation.
In our study, the increase in ROS with propofol and
thiopental was consistent with the findings reported
by Hao et al**. However, the increase in ROS at two
different doses was statistically higher with dex-
medetomidine than with propofol and thiopental at
lower doses was high (p<0.001).

In recent years, intravenous anesthetic agents
(such as propofol, thiopental and dexmedetomidine)
have been reported to have apoptotic properties in an-
imal studies**¥-*, These drugs exerted their effects
in a dose-dependent manner, especially in animal

livers, and induced apoptosis. Although some stud-
ies?*¥-42 claim that these agents are hepatoprotective
and protect liver tissue from undesirable side effects
such as apoptosis, degeneration, inflammation and
energy deficiency, it has also been reported*-* to
cause apoptosis. The cell toxicity of propofol and
thiopental was similar, but we found that dexmede-
tomidine caused cell toxicity in all cell lines tested in
the low concentration range. However, the possible
role of anesthetic agents in liver injury is not yet clear.
Apoptosis is a tightly regulated process involv-
ing the activation of specific proteases responsible
for the organized removal of damaged cells*. In
our study, propofol, thiopental, and especially
dexmedetomidine, induced apoptosis in AML12
cells by increasing the formation of ROS at doses
higher than those used in a clinical setting.

Limitations

Our study has some limitations. We tested the
toxicity of three drugs using cultured cells. We
primarily used established cell lines obtained
from primary cultured cells, not from various tis-
sue origins. Studies involving animal models are
warranted to confirm our findings. Although we
performed our tests using 10% FBS, the free frac-
tion of all three drugs was not determined. An-
other limitation of our study is that results from a
cell model cannot simply be translated/transport-
ed into a clinical setting.

Conclusions

In our study propofol, thiopental and dexme-
detomidine drugs on AMLI2 cells were found
to have toxic effects by increasing intracellular
ROS at two different concentrations higher than
clinical doses. It was observed that this cytotoxic
effect was due to the increase in intracellular ROS
that triggered apoptosis. With the examination of
the data obtained as a result of this study and the
new studies to be done, we believe that complica-
tions associated with the use of these three drugs
can be clarified and prevented.
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