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Abstract:

1. Aim/Background: Reactive oxygen species (ROS) have been identified as compounds responsible for producing cellular damage.
The purpose of this research is to examine if there is production of reactive oxygen species through free radical intermediates within
human hepatocytes treated with morphine, bilirubin, or furosemide. The investigation examines the early stages of biotransformation by
measuring the levels of reactive oxygen species produced inside of the treated hepatocytes within the first and second hours of treatment.
The experiment was designed upon a case of a jaundiced (elevated bilirubin) infant who received morphine and furosemide and later
died through unknown mechanisms. The experiment looks to examine if these drug compounds could contribute to cellular damage. This
can help to further understand the potential interactions and complications of free radical intermediates produced during the phases of
biotransformation.

2. Method: Previously cultured human hepatocytes were washed by centrifugation and re-suspended in 1x supplemental buffer to a
concentration of 1x106 cells/mL and seeded in a dark clear bottom 96-well microplate at 100,000 stained cells/well. The cells were treated
with either furosemide, morphine, bilirubin, a Tert-Butyl hydro peroxide (TBHP) positive control, or left as a background. Reactive
oxygen generated in the presence of these agents were quantified by fluorescence excitation/emission measurement at 495nm/529nm.
Fluorescence was measured at one and two hours. ROS generated convert 2',7'-dichlorodihydrofluorescein diacetate to 2',7'-
dichlorodihydrofluorescein within the cells, which fluoresces. The fluorescence intensity detected is equivalent to the level of ROS
generated. Wells that were untreated were used as blanks and subtracted from background and TBPH.

3. Results: Furosemide and Morphine did not produce statistically significant levels of ROS (p >0.05) above the background in both
hours 1 and 2 of biotransformation and ROS measurement (Figure 1). Although Bilirubin did not produce statistically significant (p
>0.05) levels of ROS above the background (Figure 2) during the first hour, it did produce statistically significant levels in the second
hour of biotransformation. Each compound’s level of ROS was reduced during the second hour, signaling the removal of intermediate
ROS metabolites (Figure 2). The production of ROS in each compound signifies that there is biotransformation to an intermediate that
produces ROS.

4. Conclusion: The production of ROS above the background by each of the compounds shows there is an intermediate free radical
compound that is produced during the biotransformation of each compound [21]. In this study, although furosemide and morphine did
not produce statistically significant levels of ROS in both hours of biotransformation, bilirubin did produce significant levels of ROS in
the second hour of biotransformation. This finding is in line with previous studies that shows morphine to offer protective effects against
ROS production [16, 17]; and bilirubin demonstrating deleterious production of ROS at high doses [18]. Further work must be done to
examine the correlation between the levels of ROS and extent of hepatocellular damage.
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H2DCFDA: 2',7'-dichlorodihydrofluorescein diacetate

TBHP: Tert-Butyl Hydroperoxide
DMSO: dimethyl sulfoxide

DFCDA: dichlorodihydrofluorescein diacetate PBS: Phosphate buffered saline
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Introduction

This investigation is based upon the story of a jaundiced infant who was
administered furosemide and morphine (while on supplemental oxygen),
and later died due to unknown mechanisms. The infant presented with
high levels of bilirubin shortly after birth, noted through jaundice
(yellowing of the skin and sclera). Jaundice occurs due to a build-up of
bilirubin that is not metabolized through conjugation and excretion in the
urine (urobilinogen) or stool (stercobilinogen) [1]. Bilirubin is conjugated
by the enzyme UDP-Glucuronosyltransferase within hepatocytes [1]. It is
common for neonates to have elevated levels of bilirubin through
physiologic neonatal jaundice, due to low levels of the enzyme UDP-
Glucuronosyltransferase at the beginning of life [2]. As the patient’s
condition became severe, it became necessary under the Physician’s
determination to provide supplemental oxygen, furosemide, and
morphine.

Many xenobiotics have been shown to undergo biotransformation in the
liver through a two-phase transformation. Phase 1 typically involves the
processing of the xenobiotic through the CYP450 family of enzymes.
Phase 2 typically involves the conjugation, sulfonation, or acetylation of
the xenobiotic intermediate [3] although, these phases can occur out of
order. The purpose of biotransformation is to deactivate potentially toxic
substances within the body [3]. Biotransformation can also transform
compounds into a toxic form [3]. Production of a toxic intermediate can
affect the body and is dependent on several factors, such as how quickly
it can be metabolized to a less toxic compound [3]. The free radical
intermediates may produce Reactive Oxygen Species (ROS). ROS are
unstable molecules composed of oxygen free radicals that can produce
numerous random reactions [4]. ROS is formed in mitochondria as a side-
product of the electron transport chain [5]. At low, biological levels, ROS
is involved in immune protection and cell signalling [6]. Many life forms,
including mitochondria, protect themselves from the toxic effects of ROS
by utilizing antioxidants [7]. When ROS production in cells exceeds
biological limits, it is capable of damaging macromolecules and causing
cell death [8]. This experiment investigates the levels of ROS produced
in the presence of furosemide, morphine, and bilirubin. The study will
examine the biotransformation of each compound to determine if there is
production of free radical intermediates that may produce cellular
damage.

Materials and Method
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Buffers

Fetal Bovine Serum (2ml) was added to 18mL of 1x PBS buffer to create
a supplemental buffer. A 20 micromolar solution of 2'7'-
dichlorodihydrofluorescein diacetate (H2DCFDA) was prepared by
adding 2.5 microliters of 20mM of dichlorodihydrofluorescein diacetate
(DFCDA) in dimethyl sulfoxide (DMSO) to 2.5mL solution of a
previously prepared 1x PBS buffer [10]. In addition, a tert-Butyl
hydroperoxide (TBHP) solution was prepared as a positive control, by
adding 4.5 microliters of 55mM TBHP to 2.5mL of 1x supplemental
buffer, yielding a 100 micromolar solution [10].

ROS Detection Assay

ROS production was detected using the DCFDA/H2DCFDA - Cellular
ROS Assay Kit (ab113851) by abcam [10]. Human Suspension
Hepatocytes (Gibco™ Human Suspension Hepatocytes, Metabolism
Qualified) were maintained in William’s Medium E (Gibco, A1217601)
in the presence of 4% CO2zand media changed at 48-hour intervals. The
media was supplemented with the Gibco Primary Hepatocyte
Maintenance Supplements (Gibco CM4000). The cultured cell
suspensions were washed by centrifugation in phosphate buffer solution
[10]. The cells were stained with the DCFDA solution at a concentration
of 1x108 cells/mL and incubated at 37 degrees Celsius for 30 minutes in
the dark. The cells were washed by centrifugation with 1x buffer to
remove excess dye. The washed cells were re-suspended in 1x
supplemental buffer to a concentration of 1x10° cells/mL and seeded in a
dark clear bottom 96-well microplate at 100,000 stained cells/well. The
cells were treated with furosemide, morphine, bilirubin, a TBPH positive
control, or left as a background. Reactive oxygen generated in the
presence of these agents were quantified by fluorescence
excitation/emission measurement at 495nm/529nm. ROS generated
convert 2" 7'-dichlorodihydrofluorescein ~ diacetate to  2'.7-
dichlorodihydrofluorescein within the cells which fluoresces. The
fluorescence intensity detected is equivalent to the level of ROS
generated. Fluorescence was measured at one and two hours. Wells
untreated were measured as blanks and subtracted from background and
TBPH [10].

Data analysis

An unpaired t-test (Suppl. Table 1.) was performed to compare the means
of each of the compounds to the background to test for significance at
hours 1 and 2.

Furosemide Morphine Billirubin

Compound

Figure 1: Reactive Oxygen Species levels measured one hour after incubation of cells with a background, positive control (TBHP), Furosemide,
Morphine or Bilirubin.
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Figure 2: Reactive Oxygen Species levels measured two hours after incubation of cells with a background, positive control (TBHP), Furosemide,
Morphine or Bilirubin.

Results

Furosemide, Morphine, or Bilirubin did not produce statistically
significant levels of ROS (p >0.05) above the background within the first
hour of biotransformation (Figure 1). ROS due to Furosemide was
completely depleted in the second hour. Morphine did not produce
statistically significant (p >0.05) levels of ROS during the second hour
above the background (Figure 2). ROS levels from Bilirubin in the second
hour, however, were found to be statistically significant. ROS produced
by each compound was depleted to various degrees in the second hour,
suggesting the removal of intermediate ROS metabolites (Figure 2). The
production of ROS in each compound also signifies that there was
biotransformation to an intermediate that produces ROS [21].

Discussion

Furosemide is a diuretic use to treat hypertension, with a unique sparing
effect on the clearance of potassium [11], by blocking Na+, K+, 2Cl—
cotransporter (NKCC2) in the thick ascending limb (TAL) of the loop of
Henle [12,13]. Despite its sparing effects on potassium, furosemide is
known to induce a compartmentalized oxidative stress in hepatic
mitochondria [14]. In this study, we have used whole liver cells without
isolating mitochondria. We aim to mimic physiological conditions as
much as possible, although there is still a limitation to the use of liver cells
in assays, such as this type. The low levels of ROS detected due to
furosemide may be attributable to the cellular environmental differences
compared to organelle compartments (e.g., the mitochondria). Previous
studies have shown that mitochondria is a key source of ROS production
[19], hence, ROS levels in the mitochondria and its surroundings may be
higher compared to remote areas in whole cells [22]. However, given our
goal to mimic physiological conditions of the subject in question, we have
used whole liver cells, as opposed to isolated mitochondria.

At low concentration, morphine is found to have promoted cell
proliferation and suppressed nicotine-induced cell death in PC12 cells
[15, 16]. It was also demonstrated to have neuroprotective roles in
Parkinson’s disease models by the improvement of mitochondrial
function via the inhibition of ROS production [16, 17]. Although
furosemide has the potential to induce ROS, morphine has been shown to
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inhibit oxidative stress via the improvement of mitochondrial function.
This antagonistic effect of morphine on ROS generation [16, 17] explain
the very low and insignificant levels of ROS detected compared to
background (Figure 1).

The detection of ROS above background levels in our experiments
suggests the production of an intermediate compound—endogenous
highly reactive oxygen-bearing molecule [20] during biotransformation.
However, the insignificant levels of free radical intermediate due to
furosemide, and the possible antagonistic effect of morphine on ROS
production [16, 17] by furosemide, may not have allowed high enough
levels of ROS in the subject to induce cellular damage.

At low doses, bilirubin in its unconjugated form has antioxidant effects,
but at high doses produces deleterious neurological damage and death due
to oxidative stress [18]. Although ROS detected due to bilirubin was also
insignificant in the first hour, ROS levels due to bilirubin were statistically
significant in the second hour (Figure 1, Suppl. Table 1) and clinically
may be implicated in cell death [23]. Based on our data, we can safely
rule out significant ROS production due to furosemide and morphine
(Figure 1).

The biologically tolerable levels of bilirubin have been documented to be
as high as 12.9 mg/dL among newborns [22]. Our results suggest that 100
micromolar (1.131 mg/dL) of bilirubin could induce the production of
significant levels of ROS within two hours in hepatocytes, in vitro. This
result from a direct cellular exposure to biliubin in vitro, an outcome
which may be different from whole body exposure and that explains why
the body tolerates as high as 12.9mg/dL [22]. Nonetheless, the damaging
effect of jaundice are known to be cumulative [24]. Although the body’s
homeostasis may allow it to tolerate such levels, the cumulative effects
may not be immediately obvious.

Conclusion

We have not performed cell death assays to determine the possibility of
hepatocellular damage due to these compounds in isolation. We aimed to
determine the production of ROS in the presence of furosemide, morphine
and bilirubin. We found the levels of ROS produced due to furosemide
and morphine in both hours of biotransformation were statistically
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insignificant compared to background levels of ROS. We found the level
of ROS produced due to bilirubin in the second hour of biotransformation
to be statistically significant. Based on the level of ROS production, we
conclude that cell death may be likely due to bilirubin and less likely due
to furosemide or morphine. The minimum level of free radical
accumulation needed to cause cellular damage due to bilirubin, especially,
must be further investigated along with cell death assays.

Limitations of study

The experiments were performed in vitro rather than in vivo. There could
be potential differences in the effects of the compounds in vivo. Further
investigation could not be performed at this time due to budget
constraints. We encourage other researchers to continue investigations
into these compounds in vivo to explore these possibilities.

Further hypothesis

Further work must be done to examine the correlation between the levels
of ROS and the extent of cell damage.
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Hour 1 | Background
Data Vs Background Background
Analysis | Furosemide vs Morphine vs Bilirubin
Background Furosemide Background Morphine Background Bilirubin
1346 3537.5 1346 6661.4 1346 4994
4775 6363 4775 8785 4775 7278
2744 5427 2744 3825 2744 8260.5
6288 6288 6288
Two Tail Two Tail Two Tail
Unpaired T- Unpaired T- Unpaired T-
Test Test Test
p= 0.379829335 p= 0.21663919 p= 0.09060641
Hour 2 | Background
Data Vs Background Background
Analysis | Furosemide vs Morphine vs Bilirubin
Background | Furosemide Background | Morphine Background | Bilirubin
0 0 0 475 0 2770
0 0 0 0 0 3792
0 0 0 0 0 4269
0 0 0
Two Tail Two Tail Two Tail
Unpaired T- Unpaired T- Unpaired T-
Test Test Test
p= Uncalculatable p= 0.42264973 p= 0.01466949

Suppl. Table 1. The data table shows a two-tailed unpaired t-test for the average ROS fluoresce of the background against the average ROS fluorescence
of furosemide, bilirubin, and morphine. The unpaired t-test was performed for all three compounds against the background at both Hour 1 and Hour 2.
The p-value is denoted for each corresponding test below the corresponding table and highlighted. A p-value <0.05 denotes that the value is
of statistical significance when compared to the background. A p-value > 0.05 denotes a value that is not of statistical significance. During Hour 1, the
p-value of ROS fluorescence of furosemide (p=0.3798), morphine (p=0.2166), and bilirubin (p=0.0906) against the background were greater than .05
and did not display any statistical significance. During Hour 2, the p-value of ROS fluorescence of furosemide was unable to be calculated as no
ROS fluorescence was produced. During Hour 2, p-value of ROS fluorescence of morphine (p=0.4226) against the background was greater than 0.05
and did not display any statistical significance. During Hour 2, p-value of ROS fluorescence of bilirubin (p=0.0147) against the background was less
than 0.05, making that the level of ROS fluorescence statistically significant.
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