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Abstract

Sirolimus is an immunosuppressive drug used to prevent graft rejection. Therapeutic drug
monitoring is required as with other immunosuppressive drugs. Previous studies have shown
the interactions between sirolimus and drugs that affect the activity of cytochrome P450

3A4 and P-glycoprotein. There is an increasing tendency for the use of herbal remedies in
many countries. Medicinal herbs are rich sources of natural bioactive compounds that could
interact with drugs. Parsley, Petroselinum crispum, is a food, spice, and also a medicinal herb.
We report a case of a renal transplant recipient who had a supratherapeutic blood level of
sirolimus due to consuming excessive parsley to highlight a possible herb-drug interaction.
This is the first case report describing sirolimus—-parsley interaction. Herb-drug interactions
are especially important for drugs with a narrow therapeutic window. For this reason,
healthcare professionals should question all patients, especially transplant patients, about the
use of herbs or herbal products and report interactions.

Parsley, a commonly consumed food, affects the level of an important drug in a renal
transplant recipient: A case report

Sirolimus is a drug that suppresses the immune response used to prevent organ rejection
in people who have had kidney transplants. In order to reach the optimum balance
between therapeutic efficacy and adverse effects, sirolimus blood levels should be closely
monitored. Previous studies have shown the interactions between sirolimus and drugs
that affect the activities of metabolizing enzymes and transporter proteins. Parsley
is a food, spice, and also a medicinal herb. Medicinal herbs are rich sources of natural
bioactive compounds that could interact with a prescription drug. We report a case of a
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inhibits the activation of the mammalian target of
rapamycin, which is a key regulatory kinase for
cell cycle progression, thus suppressing cytokine-
driven T-cell proliferation.!

Sirolimus displays a synergistic action with cal-
cineurin inhibitors and a distinctive mechanism
of action from calcineurin inhibitors, which are
indispensable immunosuppressive agents in kid-
ney transplantation. In addition, sirolimus has
some advantages compared with calcineurin
inhibitors: sirolimus causes less nephrotoxicity,
has anticancer effects, and allows once-daily
administration.?3

In recent years, the increasing use of herbs and
herbal medicines for primary healthcare and
chronic diseases has been widely reported in
many countries. One of the important safety con-
cerns with the widespread herbal remedy use is
the potential interactions of herbal medicines
with prescription drugs that may augment or
inhibit the effect of the drugs. This is especially
important for drugs with a narrow therapeutic
window.*

Parsley, Petroselinum crispum, is commonly con-
sumed as part of the diet. Parsley, which is also a
medicinal herb, is stated to have carminative,
antispasmodic, diuretic, emmenagogue, expecto-
rant, antirheumatic, and antimicrobial proper-
ties.> It was reported to reduce the liver content of
cytochrome P450 (CYP P450) isoenzymes in an
animal study.¢

The drug interaction probability scale (DIPS) is a
tool to assess the causal relationship between
interactions and adverse events. DIPS consists of
10 questions each with three response options to
which a score is assigned.” A study reported the
internal validity of the adapted DIPS for adverse
effects associated with dietary and herbal supple-
ments—drug interactions.8

PubMed database and Google Scholar were
searched using the key terms ‘parsley’, ‘siroli-
mus’, and ‘herb-drug interaction’ up to 15
October 2020. Articles published in the English
language were reviewed.

Herein, we report a possible interaction between
parsley and sirolimus in a kidney transplant
patient leading to supratherapeutic blood concen-
trations of sirolimus.

A 19-year-old woman was diagnosed with chronic
kidney disease secondary to juvenile nephronoph-
thisis. In 2013, the patient underwent renal
transplantation from her mother. Postrenal trans-
plantation immunosuppressive therapy of the
patient comprised a triple drug combination of
prednisolone, tacrolimus, and mycophenolate
mofetil. The patient’s medical history included
pseudotumor cerebri and hypophosphatemic rick-
ets. Her other significant medications included
enalapril 10mg once daily, calcitriol 0.5ug once
daily, and 1000mg elemental phosphorus con-
taining effervescent tablet twice daily.

The patient received tacrolimus-based immuno-
suppression until April 2016, and then the treat-
ment was switched from tacrolimus to sirolimus
due to evident tremors. Immunosuppressive
treatment of the patient was under control with
sirolimus 1.5mg twice daily, mycophenolate
mofetil 540mg twice daily, and prednisolone
10mg once daily since 2016. In July 2020 at an
out-patient follow-up visit, the patient’s blood
level of sirolimus (14.8ng/ml) was seen to be
high. Previous blood sirolimus levels ranged from
2ng/ml to 4ng/ml. The concentration—time pro-
file is shown in Figure 1. At that time the serum
creatinine level was 74.27 umol/L and was stable.
Other factors that could increase the sirolimus
level were questioned and ruled out. No new drug
that could influence the sirolimus levels had been
administered. The next day testing of the blood
sirolimus level (14.6ng/ml) confirmed that there
was no laboratory mistake. A more detailed his-
tory was taken from the patient. It was learned
that she regularly made a juice of parsley and con-
sumed the parsley juice daily to lose weight and
promote her health. The juice, which contained
about 30g of parsley, was consumed by the
patient for 7 days.

She was asked to pay attention to a balanced diet
and avoid consuming excessive amounts of a sin-
gle vegetable, fruit, and herb for a week. A week
later, the patient’s sirolimus level (4.6 ng/ml) was
seen in the normal range. No alternative causes
for the rise in sirolimus exposure were found.
Assessment with DIPS was found to be five,
which showed this interaction to be probable.

In addition, the patient’s low-density lipoprotein

and triglyceride levels showed a spontaneous
decline by 6% and 17%, respectively, 3 months
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after the peak level of sirolimus, which implied
that sirolimus levels were associated with an ele-
vation in cholesterol and triglyceride. The proba-
bility of this reaction to sirolimus is ‘probable’
based on Liverpool Adverse Drug Reaction
Causality Assessment Tool.?

In this patient, we reported the possible effect of
parsley juice on the level of sirolimus. We propose
that in this patient blood concentration of siroli-
mus increased because of the parsley juice she
had used intensively to lose weight. The normali-
zation of the drug level when parsley juice was
stopped also supports this consideration. In addi-
tion, DIPS was performed and expert opinions
were received. According to these data the prob-
ability of herb—drug interaction is reasonable.

Experimental animal and clinical data have shown
that sirolimus is a critical-dose drug requiring
therapeutic drug monitoring to minimize drug-
related toxicities and maximize efficacy. For this
reason, close therapeutic drug monitoring is rec-
ommended for sirolimus, which has a narrow
therapeutic window similar to other immunosup-
pressive drugs.?10 The factors that could affect
the exposure of sirolimus are age, sex, ethnicity,
presence of hepatic failure, and administration of
the drug with food. In addition, drug interaction
studies reported pharmacokinetic alteration of
sirolimus when some drugs are co-administered
with sirolimus, which is a substrate for both CYP
P450 3A4 enzyme (CYP3A4) and P-glycoprotein
(P-gp), and undergoes extensive first-pass extrac-
tion. Drugs that are known to inhibit or induce
these proteins located at the gut mucosa and liver
may potentially affect sirolimus exposure.!!

Some known inhibitors of CYP3A4 and P-gp, such
as voriconazole,!? ketoconazole,!? and diltiazem,!*
were reported to increase the concentration of
sirolimus. The Food and Drug Administration
(FDA) prescribing information indicates that co-
administration of voriconazole increases the area
under the concentration curve (AUC) and the
maximum plasma concentrations of sirolimus an
average of 11-fold and 7-fold, respectively, and
concomitant use of voriconazole with sirolimus
stated contraindicated.!? A pharmacokinetic study
has shown that ketoconazole causes a 10-fold
increase in the bioavailability of sirolimus.!> The
interactions between the azole antifungals and
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sirolimus are established and of clinical importance.
Manufacturers recommend therapeutic drug mon-
itoring and a possible dose adjustment for sirolimus
if some drugs like diltiazem, which inhibits CYP
3A4 and P-gb activity weakly or moderately, are
used concurrently with sirolimus.!>

Due to being natural, herbs and herbal products
are thought safer and more efficacious than phar-
maceutically derived medications. Contrary to
this safety perception, herb—drug interactions
could lead to serious adverse effects.!® For exam-
ple, more than 85 drugs have been reported that
may interact with grapefruit, which contains a
complex mixture of several hundreds of ingredi-
ents including furanocoumarins and flavonoids.
Most clinically important interactions of grape-
fruit result in an increase in drug exposure and
adverse events of which more than half are
serious.!?

There are a few studies that state interactions
between sirolimus and herbs. A phase I study
reported grapefruit juice increased sirolimus
AUC approximately 350%.!%8 A pharmacokinetic
study with 112 Chinese adult renal transplant
recipients stated clearance of sirolimus decreased
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in those patients with abnormal alanine ami-
notransferase (ALT) values who were taking
herbal formulations containing glycyrrhizin,
which is a constituent of Glycyrrhiza glabra (lig-
uorice) root or silymarin, which is a standardized
extract of themilk thistleseeds.!® A pharmacoki-
netic study in healthy volunteers given Schisandra
chinensis extract, a traditional Chinese medicine,
reported the oral bioavailability of sirolimus
increased almost 2-fold.?°

The pharmacological and toxicological properties
of parsley are primarily associated with the volatile
oil (apiole, myristicin), flavonoid, and furanocou-
marin constituents.> Apigenin, the dominant type
of flavonoid in parsley, has been reported to pos-
sess the ability to inhibit CYP3A4 and P-gp and
thus, it may be involved in drug interactions.?!
There is scarce information about parsley—drug
interactions. Lithium toxicity has been reported in
one patient taking a herbal diuretic containing
parsley.?2 Another patient taking warfarin was
observed to increase the international normalized
ratio (INR) after stopping a supplement contain-
ing various herbs, including parsley.?? A study in
mice found that parsley potentiated and prolonged
the effects of aminophenazone, paracetamol, and
pentobarbital. Parsley extract reduced the liver
content of CYP 450, which is the most important
enzyme family for drug metabolism.® Treatments
with doxorubicin, parsley leaf juice, and their
combination were reported to significantly
reduced the content of CYP P450 in an animal
study.?* Enzyme inhibition could result in the
reduced metabolism of an affected drug, so that it
may begin to accumulate within the body. Unlike
enzyme induction, which may take several days or
even weeks to develop fully, enzyme inhibition can
occur within 2—3 days, resulting in the rapid devel-
opment of toxicity.25 In our patient, blood siroli-
mus level was increased unexpectedly, despite the
daily dosage of sirolimus being the same as at the
previous visit. The only change was the parsley-
containing drink she started to lose weight. Also,
the time course of drug level increase is consistent
with enzyme inhibition.

Herb—drug interactions could represent a serious
clinical problem during the management of
patients treated with some drugs. These interac-
tions, which could lead to drug toxicity or graft
function loss, are especially important for some

special patient populations like transplant
patients. There is a lack of clinical research assess-
ing the efficacy and safety of medicinal herbs
including parsley. Parsley should not be con-
sumed in a quantity that markedly exceeds the
amounts used in a regular diet, as excessive inges-
tion may result in drug interactions and toxicity.
There is little known about herb—drug interac-
tions so it is logical to be alert about medicinal
herbs and herbal supplementations that may have
pharmacological effects. Further researches,
including prospective studies on medicinal herbs,
are needed to investigate interactions with drugs.
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