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Elagolix is an FDA-approved treatment for moderate-to-severe pain associated with endometriosis but has been
associated with increased acute porphyric attacks in women with the acute hepatic porphyrias (AHPs). A
fluorescence-based screening assay for drug porphyrogenicity in LMH cells indicates that elagolix is porphyro-
genic; thus, elagolix should be avoided or used with caution in patients with the AHPs.

1. Introduction

Endometriosis is a disease characterized by the presence of endo-
metrial tissue outside the uterus, which can cause dysmenorrhea, pelvic
pain and infertility [1]. In 2018, the FDA approved elagolix, the first oral
GnRH receptor antagonist for moderate-to-severe pain associated with
endometriosis, and it has shown promising result; however, it is not well
known if it is contraindicated in other conditions [2,3]. The acute he-
patic porphyrias (AHPs) are diseases caused by enzyme deficiencies in
disease-specific steps of the heme biosynthesis pathway. Affecting
approximately 1 in 25,000 individuals in the United States [4]. The
AHPs include acute intermittent porphyria, hereditary coproporphyria,
and variegate porphyria, which are all autosomal dominant diseases,
and severe deficiency of ALA dehydratase, which is a very rare auto-
somal recessive disorder. AHPs often present with abdominal pain,
which could be confused with the abdominal and pelvic pain associated
with endometriosis. Some women with AHPs experience acute attacks
during the luteal phase of their menstrual cycles, and GnRH antagonists,
such as leuprolide and histrelin, have shown benefits in reducing these
symptoms [5]. Due to similar mechanisms of action as the other GnRH
antagonists, elagolix has been used in hopes of AHP relief, but unfor-
tunately, a few of our female patients reported increased frequency of
acute porphyric attacks after starting elagolix. These reports led us to

test elagolix for porphyrogenicity via a recently described fluorescence-
based screening assay in Leghorn Male Hepatoma (LMH) cells [6].

2. Methods

The fluorescence-based screening assay and the cytotoxicity assay
were adapted from Ma et al., 2022 [6]. The LMH cells, which are he-
patocellular carcinoma cells from male Leghorn chickens treated with
diethylnitrosamine [7], were purchased from ATCC (Manassas, VA,
USA) and kept in Waymouth medium (Thermo Fisher Scientific, Wal-
tham, MA, USA) supplemented with fetal bovine serum and penicillin-
streptomycin. 1 x 10* LMH cells were seeded in each well of a black,
clear bottom 96- well plate coated with 0.1% gelatin (Thermo Fisher
Scientific, Waltham, MA, USA) and incubated overnight at 37 °C. Ela-
golix and selected other compounds were added in half-log increments
from 0 mM to 1 mM in the presence and absence of 250 pM deferox-
amine (DFO), an iron chelator that prevents the conversion of the
fluorescent intermediate protoporphyrin to heme, increasing the
amount of fluorescent protoporphyrin, mimicking the effects of the
porphyrias, and improving the sensitivity of the assay. Each trial had
three replicates of the positive control, 0.314 mM allyl isopropyl acet-
amide (AIA), which is a known porphyrogenic chemical that causes
biochemical acute porphyria, and three replicates of the negative
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Fig. 1. Porphyrogenicity and cytotoxicity of elagolix in LMH cells. (a) The fluorescence readings produced by 0.314 mM acetaminophen and 0.314 mM AIA, the
negative and positive controls, respectively, clearly indicate porphyrogenicity and non-porphyrogenicity, respectively. Higher concentrations of ALA produced
readings greater than the readings produced by AIA while all concentrations of acetaminophen produced readings below the readings produced by AIA. Elagolix
produced readings similar to the readings by AIA. DFO is an iron chelator that prevents the conversion of the fluorescent intermediate protoporphyrin to heme,
increasing the amount of fluorescent protoporphyrin and mimicking the effects of the porphyrias. (b) The drug screening assay was completed in parallel for each
compound to assess for cytotoxicity via the ATPLite cytotoxicity assay. CCsq values were calculated using the software, GraphPad Prism 8. Data are presented as mean
values + SEM of 3 independent replicates. All results are representative of three independent experiments. A two-sided Student's t-test was used to assess the sta-

tistical significance between the two ratios.

control, 0.314 mM acetaminophen. After an 18-24 h incubation period,
plates were read at an excitation and an emission wavelength of 410 nm
and 625 nm, respectively (Fig. 1a). Concurrently, LMH cells were seeded
in a white, solid-bottom 96-well plate under the same conditions to
assess cytotoxicity via the ATPLite cytotoxicity assay (Fig. 1b). Back-
ground signals were deducted in all fluorescence measurements by the
fluorescence emitted from DMSO in the absence of DFO. Data and sta-
tistical analyses were performed with the software, GraphPad Prism 8,
and the fluorescence ratios were calculated based on the concentrations
that yielded the highest fluorescence signals.

3. Results

In the presence of deferoxamine (DFO), an iron chelator that pre-
vents the conversion of the fluorescent intermediate protoporphyrin to
heme, the positive control produced fluorescence readings 1.6-1.9 times
greater in comparison to the readings produced by the negative control
in all experimental groups (Fig. 1a). The readings produced by 1 mM 5-
aminolevulinic acid (ALA), the intermediate after the rate-determining
enzyme of the heme biosynthesis pathway, was 5.01 times greater
than the readings produced by the negative control, indicating por-
phyrogenicity. The purpose of including ALA in this experiment is to
support the validity of the assay. Since this intermediate bypasses the
rate-determining enzyme, we expect to have a much higher fluorescence
reading, which was seen here. The highest fluorescence reading pro-
duced by elagolix was 1.73 times greater than the negative control,
which is similar to the fold-change produced by AIA. Fluorescence
readings at higher concentrations for the selected drugs may be lower
due to cytotoxic effects (Fig. 1b).

4. Discussion

The fluorescence readings produced by the positive and negative
controls were as expected. AIA produced the highest fluorescence
readings at 0.314 mM, indicating that any drug concentrations that
produced readings greater or less than the reading produced by this
concentration would correlate to porphyrogenicity or non-
porphyrogenicity, respectively. Acetaminophen has been used safely
in patients with AHPs for decades so any readings below the highest
fluorescence reading produced by acetaminophen (0.314 mM) was
considered to be non-porphyrogenic. Since the fold-changes for AIA and
elagolix in comparison to acetaminophen were 1.6 and 1.73, respec-
tively, and not statistically different, this indicates that elagolix is
porphyrogenic.

Elagolix is a weak-to-moderate inducer of cytochrome P450 3A,
which is an enzyme that can increase the demand for heme synthesis.
Inducers of CYP 3A are known to be porphyrogenic and risky for use in
AHP as they can exacerbate the symptoms of AHPs [8]. This, along with
reports of elagolix worsening porphyric symptoms in patients with AHPs
where they experienced acute abdominal pain and neuropathic symp-
toms (Bonkovsky, unpublished observations), supports our conclusion
that elagolix is porphyrogenic. According to a 2020 pharmacokinetic
study completed in humans, the therapeutic dose of elagolix, which is

200 mg, led to a maximal plasma concentration of 774 ng/mL, or
approximately 1 pM [8]. Although this concentration is lower than the
concentration found in our in vitro fluorescence screening assay that led
to porphyrogenicity, the concentrations of the drug reached in hepato-
cytes, especially with chronic use, may be higher. This fluorescence-
based screening assay is also completed in Leghorn chicken hepatic
cells without defects in the heme synthetic pathway, not in human he-
patic cells from patients with the AHPs. Furthermore, the duration of
exposure of the LMH cells was only 16-24 h. In conclusion, elagolix is
porphyrogenic and should be avoided in patients with known AHPs with
biochemical or clinical activity. If used, these patients should be moni-
tored closely as it may induce or exacerbate acute porphyric attacks.
Women without known AHPs who describe increased, rather than
decreased, abdominal pain or other symptoms following initiation of
elagolix should be tested for the AHPs [9].
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