1735-2657/12/111-26-32
IRANIAN JOURNAL OF PHARMACOLOGY & THERAPEUTICS
Copyright © 2012 by Tehran University of Medical Sciences (TUMS)
IJPT 11: 26-32, 2012

MINI REVIEW

Downloaded from ijpt.iums.ac.ir at 3:07 IRST on Saturday February 23rd 2019

Pharmacology and Toxicology of Leflunomide
RAM LAL LODHI, SHUBHINI A SARAF, GAURAV KAITHWAS, and SUDIPTA
SAHA*
For author affiliations, see end of text.
Received October 14, 2011; Revised November 29, 2011; Accepted January 5, 2012
This paper is available online at http://ijpt.iums.ac.ir

ABSTRACT
Leflunomide (LEF), used for rheumatoid arthritis, inhibits dihydro-orotate dehydrogenase (DHODH) and
tyrosine kinase (TK) enzymes and has anti-inflammatory, lymphocyte proliferation regulatory,
immunosuppression and chondroprotective effects. The most common adverse effects are
gastrointestinal disorders, weight loss, hypertension, skin infection, and neurological and hematological
toxicity. It also produces hepatotoxicity and teratogenic effects on long term therapy. The Food and Drug
Administration (FDA) categorized it as black box warning drug since 2010. Therefore, it is necessary to
give toxicological informations to scientific communities. This review article is elaborately describes the
toxicity of this drug during its long and short term therapies.
Keywords: Leflunomide, Rheumatoid arthritis, Pharmacology, Toxicology

Leflunomide (LEF, Fig 1) is used in rheumatoid
arthritis (RA) since 1998 [1]. Its anti-RA activity is
mainly due to its dihydro-orotate dehydrogenase
(DHODH) and tyrosine kinase (TK) enzymes inhibitory
activity [2]. On the other hand, this action is mediated
through inhibition of T- and B-lymphocytes
proliferation in vitro [3]. LEF induces tumor necrosis
factors α (TNF-α) and interleukin 1β (IL-1β) factors like
metalloproteinase (MMPs) and prostaglandin E2
(PGE2) during anti-RA activity [4]. Recently, it has
been associated with acute hepatic failure in humans
due to increase in the activity of liver cytochrome 2C9
(CYP2C9) enzyme [5]. CYP2C9 is the key enzyme
which metabolizes LEF to its active form A771726
(melononitrilamide, major), 4-trifluoroaniline and other
minor metabolites [6]. LEF is commonly treated as safe
drug with minor side effects which include nausea,
vomiting, diarrhea, dyspepsia, immunosuppressant and
alopecia [7]. A recent study proposed that it elevates
serum transaminase level up to 10% in human [8]. The
Food and Drug Administration (FDA) recommended it
as a black box warning drug in 2010 [9]. This article
mainly reviewes above-mentioned topics shortly,
followed by major discussions on toxicology of LEF.

PHARMACOKINETICS
After oral administration, LEF is absorbed from
gastrointestinal tract at high rate and oral bioavailability
attains up to 80% and 90% for human and rat,
respectively. It is converted to major A771726
intermediate during first pass metabolism (Fig 2) which
is pharmacologically more active than its parent drug.
A771726 is 99.3% plasma protein bound (mainly with
albumin) and volume of distribution is very less than its
parent drug but has longer half-life (14-18 days). Both
LEF and its metabolite are excreted through bile and
urine. Another minor metabolite of LEF is 4trifluoromethyl aniline which is detected in plasma at
very low concentration and does not have any
pharmacological effect but is responsible for
clastogenecity [10,11].

MECHANISM OF ACTION
The pharmacological action of LEF is mediated
through the inhibition of DHODH and TK enzymes.
LEF inhibits de-novo pyrimidine synthesis by inhibiting
DHODH enzyme which is a rate-limiting step in the
IJPT | January 2012 | vol. 11 | no. 1 |

26-32

ijpt.iums.ac.ir |

Pharmacology and Toxicology of Leflunomide
F 3C
O

N
H

N

27

metalloproteinase-1 (TIMP-1) and up-regulation of IL-1
and TNF-α. It has been postulated that imbalance
between MMPs and TIMP-1 leads to matrix destruction.
It has been found that A771726 has tendency to inhibit
proinflammatory and matrix degradative factors over
the anti-inflammatory and MMPs inhibitors [15].
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Fig 1. Structure of LEF

pyrimidine synthesis (Fig 3). This inhibition is also
mediated through lower concentrations of A771726 and
considered as a major mode of action [2]. It is
postulated that lymphocytes activation mainly depends
on this metabolic pathway for clonal expansion and
terminal differentiation into effector cells. This pathway
is important with respect to various physiological
perspectives like nucleic acid synthesis, phospholipid
synthesis and protein glycosylation [12]. LEF prevents
the expansion of activated and autoimmune
lymphocytes by interfering with cell cycle progression
which is mediated by inadequate production of
ribosomal uridine monophosphate (rUMP) and the
sensor protein p53 [2].
The second mode of action of LEF is the inhibition
of TK enzymes. Both LEF and A771726 inhibit the
action of epithelial growth factor receptor followed by
p56lck, p59fyn and Janus Kinase 1 and 3. A771726 action
is more pronounced on platelet-derived growth factor
receptor than epidermal growth factor receptor [13]. The
inhibition of TK is due to decreased production of
soluble inflammatory mediators like cytokines and
normally-secreted antibodies. A771726 inhibits T cell
and B cells signaling in the G0/G1 phase of the cell cycle
[14].
The other mechanisms of A771726 are the
increased production of MMPs and tissue inhibitor

The pharmacological actions of LEF are mainly due
to its active metabolite A771726 which has antiinflammatory, lymphocyte proliferation regulatory,
immunosuppression and chondroprotective effects.
Anti-inflammatory effect
Synovial cell inflammations occur during activation
of B cells, CD4+ and CD8+ T lymphocytes via
stimulation of plasma cells, macrophages, mast cells
and synovial fibroblasts through production of
inflammatory mediators like TNF-α and IL-1. A771726
regulates T cells progression through regulating the cell
cycle by inhibiting the denovo pyrimidine
ribonucleotide biosynthesis in the late G1 phase of the
cell cycle [12]. The anti-inflammatory effect of
A771726 is dose-dependent on human cultured
macrophages [3]. A771726 depletes the pyrimidine pool
which down regulates the glycosylation of adhesion
molecule, further reducing cell to cell contact activation
and pooling of inflammatory cells during inflammatory
reaction [16].
Regulation of lymphocyte proliferation
At low doses, A771726 has been shown to regulate
lymphocyte proliferation both in vitro [17] and in vivo
[18] in dose dependent manner. The enzyme DHOH is
used by rapidly proliferating cells involved in the
pathogenesis of RA. Blocking of DHOH enzyme by
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Fig 2. Biotransformation of LEF to its active metabolite A771726 and 4-trifluoromethyl aniline
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Fig 3. Mechanism of De novo Pyrimidine Biosynthesis and DHOH Inhibition by LEF

LEF reduces the pyrimidine biosynthetic pathways via
interrupting T-lymphocyte clonal expansion between
G1 and S phase. Cherwinski et al. (1995) investigated
that the addition of A771726 to mitogen-stimulated
human blood lymphocytes causes change in the
proportion of stimulated cells [18]. The de novo
pyrimidine synthesis inhibitor LEF controls the cell
cycle through the p53 and p53 WAF-1 pathways as well
[13].
Another potential explanation for therapeutic effect
of LEF is the reduction in the number and/or reactivity
of T cells, involved in the pathogenesis of chronic
inflammatory diseases. This hypothesis is supported
from LEF studies on the T-cell-driven immune

responses in animal models of autoimmunity, including
collagen type II and other models of arthritis [19].
Immunosuppression
LEF is a novel immunosuppressive agent which is
used for treatment of autoimmune diseases and
transplant rejections [20]. Suppressing TNF-α and IL-1β
produced during cell to cell contact activation between
T lymphocytes and monocytes and direct inhibition of
human stellate cell (HSCs) collagen synthesis are the
two possible mechanisms of immunosuppressive action
of LEF [21]. LEF has demonstrated to prevent and
reverse acute allograft rejection by suppressing immune
system [22]. Chong et al. (1999) revealed that in vivo
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Gastrointestinal side effects are the most common
and least harmful side effect associated with LEF
treatment which includes diarrhea (27%), nausea (13%),
vomiting and dyspepsia (10%). Klinik et al. (2008)
investigated the diarrhea, lymphocytic colitis and
weight loss actions on long term therapy of LEF [30].
On discontinuation of therapy, diarrhea ceases within
few days and lymphocytic colitis is no longer evident
after 3 months. The gastrointestinal side effects may
arise due to induction of COX-2 and inducible nitric
oxide synthetases which lead to inhibition of PGE 2
synthesis [31].
mechanism of immune suppression is complex and is
affected by at least four factors which include type and
vigor of immune responses, availability of uridine for
salvage by proliferating lymphocytes, species being
investigated and concentration of serum A771726 [23].
Its immunosuppressive action is also due to the
inhibition of TK enzymes. LEF inhibits p59fyn and
p56lck activity in vitro during TK assay. It is also well
documented that src related kinases are involved in
signal transduction of hematopoietic cells. LEF inhibit
the activity of these kinases in dose-dependent manner
[24].
Chondroprotective effect
Several studies reported that TNF-α and IL-1β are
the two important key proinflammatory cytokines which
mediate cartilage degradation in patients with RA and
osteoarthritis. TNF-α and IL-1β participates in these
processes.
They
stimulate
chondrocytes
and
synoviocytes to produce matrix proteases, chemokines
and eicosanoids such as prostaglandins and
leukotrienes. IL-1β induces large scale apoptosis in
chondrocytes in association with mitochondrial
dysfunction and depletes the cellular energy production.
TNF-α causes increased production of latent
metalloproteinase (collagenase and caseinase) and
peptidoglycan release leading to matrix degradation
[25,26].
A771726 also inhibits stromal-cell-medium-induced
cell growth and leads to a down regulation of adhesion
molecule of bone marrow stromal cells and growth
factors like insulin growth factor-1 (IGF-1) and
cytokines such as IL-6 through activating Akt pathway
[27]. Siemasko et al. (1996) demonstrated that LEF
inhibits B cell antibody production by directly acting on
B cells and thus antigen-antibody reaction is prohibited
leading to inhibition of rheumatoid factor formation and
ultimately synovial tissue degradation is prevented [28].

TOXICOLOGY
LEF was licensed for the treatment of rheumatoid
arthritis in 1998. It is known to have minor side effects
like diarrhea, weight loss, dyspepsia, skin rashes,
alopecia, hypertension as well as predisposition to
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infection and peripheral neuropathy [29]. It has major
side effects such as hepatotoxicity and acute
pancreatitis.
Gastrointestinal side effects
Most cases of liver toxicity are seen within 6
months of treatment when multiple risk factors like
hepatotoxin are present with previous liver diseases.
Manifestation of liver toxicity ranges from mild
jaundice to severe permanent hepatitis, severe liver
necrosis and liver cirrhosis [32-34]. In most cases, it
increases serum concentration of hepatic transaminases
which returns to normal level within 4-6 weeks after
discontinuation of therapy or when dose is reduced from
20 mg/day to 10 mg/day [35]. Elevation of hepatic
enzyme level is possibly related to CYP2C9
polymorphism [36]. An in vitro study on cultured
hepatocyte cells of rat showed that LEF and its major
metabolite A771726 are cytotoxic to these cells but data
demonstrated that metabolic process of LEF is a
detoxification process rather than initiating events
leading to toxicity [37].
Researcher
proposed
that
LEF-induced
hepatotoxicity is due to CYP2C9 polymorphism but
mechanism of toxicity has not been yet elucidated. It
seems to be dose-dependent, predictable and possibly
avoidable with careful maintenance of concentration
below 10 mg/ml.It is also reversible with temporary
discontinuation of drug or a reduction in dose [35].
Weight loss
14-26% of weight loss was recorded in 7.1% of
LEF-treated population. This weight loss was found in
the patients on combination therapy with methotrexate
which might be associated with diarrhea and other
gastrointestinal side effects. Coblyn et al. (2001)
proposed that it may be either due to interference of
LEF with oxidative phosphorylation and ATP
generation in the mitochondria or like other flavinlinked enzymes, DHOH may nonspecifically inhibit the
mitochondrial electron transport chain by uncoupling
oxidative phosphorylation [38].
Hypertension
Hypertension has been mentioned as common side
effect of LEF treatment. In phase II clinical trial, blood
pressure is elevated in 10.6% of patients receiving 25
mg LEF. In an American phase III study, a mean
increase in systolic and diastolic blood pressure of 2.2%
and 1.9% respectively, was found in 2.1% patients. As
the heart rate also rises during LEF treatment, it has
been assumed that hypertension may be caused by an
increased sympathetic drive [39].
Dermatologic toxicity
In general, LEF is well tolerated in RA patients but
life-threatening Stevens Johnson, alopecia, acne
eruptions, hair discoloration, maculopapular rashes,
toxic epidermal nacrolysis and nail discoloration are
seen in less than 1% patients [40,41]. A study by
Smolen et al. (1999) showed that LEF cause rash (10%)
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and alopecia (8%) during phase II clinical trial [42].
These features suggest drug hypersensitivity syndrome
(DHS) which have a characteristic pattern of events like
delayed onset of reaction, fever, widespread and long
lasting skin rash and internal organ involvement. The
pathogenesis of DHS is not well understood in these
cases but it has been proposed that there may be
partially-inherited increased susceptibility to the toxic
effects of oxidative drug metabolites which causes
immunological reaction by either forming hapten or by
danger signaling [43,44].
Neurologic toxicity
Rare cases of peripheral neuropathy, brain abscess,
aseptic meningitis, cytoid macular edema and severe
axonal sensorimotor polyneuropathy were seen on long
term use of LEF in RA [45]. Cases of toxic neuropathy
have been observed during treatment of rheumatoid
arthritis with leflunomide. Their occurrence seems to be
associated with known risk factors [46]. A study
conducted in the south India reported that there were
significant higher incidences of peripheral neuropathy in
patients on LEF (10%) compared with those on
methotrexate (0.8%) [47]. Peripheral neuropathy was
thought to be due to triggering of severe vasculitis by
LEF [47,48].
A study by Barak et al. (2004) reported LEF
produced cytoid macular oedema in a 67 year old white
patient of RA [49]. Other drugs like lanatoprost and
hypotensive lipids also cause cytoid macular oedema by
triggering
the
biosynthesis
of
endogenous
prostaglandins by the drug, thus causing disruption of
the blood–aqueous barrier and the creation of cystoid
macular oedema. Hence similar mechanism was also
presumed in the case of LEF [50].
Hematologic toxicity
LEF is an immunosuppressive agent used in RA and
other disorders. It is thought to suppress bone marrow
thus inhibit lymphocyte proliferation leading to
hematologic adverse events like Leucopaenia,
thrombocytopaenia,
anaemia,
granulocytopenia,
pancytopenia , leukocytosis, aplastic and haemolytic
anaemia , eosinophilia and lymphopaenia [51].
A771726 is an active metabolite of LEF which
inhibits DHOH leading to impaired pyrimidine
synthesis. Halting of T-lymphocyte proliferation and
mylosuppression are thought to be major mechanism of
pancytopenia. Direct injury of both proliferating and
quiescent haematopoietic cells may impair DNA
replication and
trigger
apoptosis [52]. On
discontinuation of LEF therapy, these symptoms got
subsided. Cholestyramine therapy caused dramatic
reduction in the symptoms as it washes out LEF [53].
Opportunistic infection
LEF and its active metabolite A771726 are
immunosuppressive agents. Their immunosuppressive
action is mediated by suppressing TNF-α and IL-1β
produced during cell to cell contact activation between
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T lymphocytes and monocytes and direct inhibition of
human stellate cell (HSCs) collagen synthesis [21]. This
immunosuppressive action of LEF increases the chances
of opportunistic infection, pulmonary tuberculosis, brain
abscess, fatal sepsis, postsurgical osteomyelitis and
Propionibacterium acnes endophthalmitis [45].
Teratogenicity
In oral embryotoxicity and teratogenicity studies in
rats and in rabbits, LEF was embryotoxic (growth
retardation, embryolethality) and teratogenic (in rats,
malformations of the head, rump, vertebral column,
ribs, and limbs; in rabbits, malformations of the head
and bilateral dysplasia of the spine of the scapula) [54].
Teratogenic potential was also established in the clinical
study of ARAVA hence it was contraindicated in the
pregnant and nursing women since 1998 [55]. In 2007,
FDA added previously a boxed warning regarding
teratogenic potential in pregnant women [56].
LEF has been reported to cause teratogenicity in
rats, rabbits, and mice [57]. Leflunomide inhibits the
enzymatic activity of protein tyrosine kinases and of
DHODH, which is involved in pyrimidine nucleotide de
novo synthesis. DHODH inhibition by LEF causes G0 to
S phase arrest of cell cycle leading to inhibition of DNA
synthesis and thus pyrimidine. Inhibiton of uridine
synthesis was thought to be responsible for the
embryotoxic and teratogenic effects [54,58,59].
Pulmonary toxicity
Since LEF is an immunosuppressant drug because it
leads to the susceptibility to opportunistic infection by
bacteria, viruses and fungi. During the launch of drug in
2003 at Japan, adverse pulmonary events were reported
with accelerated interstitial lung disease, leading to
several deaths. Fatal interstitial pneumonia was reported
in about 30% of patients [60,61] Pulmonary abscess,
pulmonary hypertension, Mycobacterium abscessus
infection, pulmonary tuberculosis, rheumatoid lung
nodulosis and osteopathy, atypical pneumonia and
pulmonary aspergillosis are seen on long term therapy
of LEF either alone or in combination with MTX [45].
Cases of ILD are more when patients switched from
MTX to LEF or preexisting medical history of ILD [62].
A study at Spain demonstrated that there are four
fold more chances of increased risk of tuberculosis in
RA patients using LEF [63]. Active metabolite of LEF
inhibits T cell and B cell signaling, thus inhibiting
proinflammatory cytokines. It also inhibits TNF-αinduced NF-kB activation. Optimal activity of TNF-α
and other cytokines is crucial for host defense
mechanism. Studies on animal models have shown that
inhibition of TNF-α increases the frequency and
reactivation of tuberculosis [64,65].
REFERENCES
1.

Alcorn N, Saunders S, Madhok R. An appraisal of Leflunomide
in 10 yr after licensing. Drug Safety 2009; 32:1123-34.

2.

Fox RI. Mechanism of action of leflunomide in rheumatoid
arthritis. J Rheumatol Suppl 1998; 53:20-6.

ijpt.iums.ac.ir |

Downloaded from ijpt.iums.ac.ir at 3:07 IRST on Saturday February 23rd 2019

Pharmacology and Toxicology of Leflunomide
3.

Montagna P , Brizzolara R, Soldano S, Pizzorni C, Sulli Alberto,
Cutolo M. Sex hormones modulate the effects of leflunomide on
cytokine
production
by
cultures
of
differentiated
monocyte/macrophages and synovial macrophages from
rheumatoid arthritis patients. J Autoimmun 2009; 32:254-60.

4.

De´age V, Burger D, Dayer JM. Exposure of T lymphocytes to
leflunomide but not to dexamethasone favors the production by
monocytic cells of interleukin-1 receptor antagonist and the
tissue-inhibitor of metalloproteinases-1 over that of interleukin1beta and metalloproteinases. Eur Cytokine Netw 1998; 9:663-8.

5.

Yuyuan L, Xuqing Z. Leflunomide-induced acute liver failure: a
case report. J Med Coll PLA 2010; 25:62-4.

6.

Internet
website
at:
http://www.medsafe.govt.nz/profs/datasheet/a/AFTLeflunomidet
ab.pdf.

7.

Haibel H, Rudwaleit M, Braun J, Sieper J. Six months open label
trial of leflunomide in active ankylosing spondylitis. Ann Rheum
Dis 2005; 64:124–6.

8.

Gupta R, Bhatia J, Gupta SK. Risk of hepatotoxicity with add on
Leflunomide in a patient. Arzneimettelforschung 2011; 61:3126.

9.

Internet
website
http://www.fda.gov/drugs/drugsafety/postmarketdrugsafety
informationforpatientsandproviders/ucm218679.htm

23. Waldman WJ, Knight DA, Lurain NS. Novel mechanism of
inhibition of cytomegalovirus by the experimental
immunosuppressive agent leflunomide. Transplant 1999;
68:814–25.
24. Xiulong Xu, Jikun S, Julian WM, Jonathan AM, Wanyun H,
Leonard B, Theodore JS, James WW, Anita C. In vitro and in
vivo antitumor activity of a novel immunomodulatory drug,
leflunomide: Mechanisms of action. Biochem Pharmacol 1999;
58:1404-13.
25. Palmer G, Burger D, Mezin F, Magne D, Gabay C, Dayer JM,
Guerne PA. The active metabolite of Leflunomide, A771726
increases the production of IL-1 receptor antagonist in human
synovial fibroblast and articular chondrocytes. Arth Res Therapy
2004; 6:R181-9.
26. Elkayam O, Yaron I, Shirazi I, Judovitch R, Caspi D, Yaron M.
Active leflunomide metabolite inhibits interleukin 1b, tumour
necrosis factor a, nitric oxide, and metalloproteinase-3
production in activated human synovial tissue cultures. Ann
Rheum Dis 2003; 62:440–3.
27.

at:

10. Rozman B. Clinical Pharmacokinetics of Leflunomide. Clin
Pharmacokinet 2002; 41: 421-30.
11. Lucien J, Dias VC, LeGatt DF, Yatscoff RW. Blood Distribution
and Single-Dose Pharmacokinetics of Leflunomide. Ther Drug
Monit 1995; 17:454-9.
12. Bredveld FC, Dayer J. Leflunomide: Mode of action in the
treatment of Rheumatoid Arthritis. Ann Rheum Dis 2000;
59:841-9.
13. Herrmann ML, Schleyerbach R, Kirschbaum BJ. Leflunomide:
an immunomodulatory drug for the treatment of rheumatoid
arthritis and other autoimmune diseases. Immunopharmacol
2000; 47:273–89.

31

Baumann P, Mandl-Weber S, Volkl A, Adam C, Bumeder I,
Oduncu F, Schmidmaier R. Dihydroorotate dehydrogenase
inhibitor A771726 (leflunomide) induces apoptosis and
diminishes proliferation of multiple myeloma cells. Mol Cancer
Ther 2009; 8:366-75.

28. Siemasko KF, Chong AS, Williams JW, Bremer EG, Finnegan
A. Regulation of B cell function by the immunosuppressive
agent leflunomide. Transplantation 1996; 61: 635–42.
29. Prakash A, Jarvis B. Leflunomide: a review of its use in active
rheumatoid arthritis. Drugs 1999; 58:1137-64.
30. Gugenberger C, Donner P, Naami A. Persistent diarrhea and loss
of weight during therapy with leflunomide. Dtsch Med
Wochenschr 2008; 133:1730-2.
31. BakhlecA YA, Botting RM. Cyclooxygenase-2 and its
regulation in inflammation. Mediators Inflamm 1996; 5:305-23.
32. Kumar V, Fausto N, Abbas A. Basic Pathology. Saunders. 2004;
7: 632-66.

14. Matthias LH, Rudolf S, Bernhard JK. Leflunomide in the
Treatment of Rheumatoid Arthritis. Clin Ther 2004; 26:447-59.

33. Internet
website
http://emedicine.medscape.com/article/169814-overview

15. Rezzonico R, Burger D, Dayer JM. The active metabolite of
leflunomide, A77 1726, inhibits the production of prostaglandin
E2, matrix metalloproteinase 1 and interleukin 6 in human
fibroblast-like synoviocytes. Rheumatology 2003; 42:89–96.

34.

35. Gupta R, Bhatia J, Gupta SK. Risk of hepatotoxicity with add on
Leflunomide in a patient. Arzneimettelforschung 2011; 61:312-6.

16. Brazleton TR, Morris RE. Molecular mechanisms of action of
new xenobiotic immunosuppressive drugs: tacrolimus (FK506),
sirolimus (rapamycin), mycophenolate mofetil and leflunomide.
Curr Opin Immunol 1996; 8:710–20.

36. Sevilla-Mantilla C, Ortega L, Agundez JA, Fernandez-Gutierrez
B, Diaz-Rubio M. Leflunomide induced acute hepatitis. Dig Liv
Disease 2004; 36:82-4.

17. Cherwinski HM, McCarley D, Schatzman R, Devens B, Ransom
JT. The immunosuppressant leflunomide inhibits lymphocyte
progression through cell cycle by a novel mechanism. J
Pharmacol Exp Ther 1995; 272: 460–8.
18. Elder RT, Xu X, Williams JW, Gong H, Finnegan A, Chong AS.
The immunosuppressive metabolite of leflunomide, A77 1726,
affects murine T cells through two biochemical mechanisms. J
Immunol 1997; 159:22–7.
19. Bartlett RR, Brendel S, Zielinski T, Schorlemmer HU.
Leflunomide, an immunorestoring drug for the therapy of
autoimmune disorders, especially rheumatoid arthritis.
Transplant Proc 1996; 28: 3074–8.
20. Imose M, Nagaki M, Kimura K, Takai S, Imao M, Naiki T,
Osawa Y, Asano T, Hayashi H, Moriwaki H. Leflunomide
protects from T-cell mediated liver injury in mice through
inhibition of nuclear factor kB. Hepatology 2004; 40: 1160-70.
21. Si HF, LI J, Lu XW, Jin Y. Suppressive effect of leflunomide on
Leptin-induced collagen I production involved in hepatic stellate
cell proliferation. Exp Biol Med 2007; 232: 427-36.
22. Hoskin DW, Taylor RM, Makrigiannis AP. Dose-dependent
enhancing and inhibitory effects of A77 1726 (leflunomide) on
cytotoxic T lymphocyte induction. Int J Immunopharmacol
1998; 20:505-13.

at:

Mehta V, Kisalay S, Balachandran C. Leflunomide. Indian J
Dermatol Venereol Leprol 2009; 75:422-4.

37. Qiang S, Xi Y, James G, William FS. Hepatic cytochrome P450s
attenuate the cytotoxicity induced by Leflunomide and its active
metabolite A771726 in primary cultured rat hepatocyte. Toxicol
Sci 2011; 122: 579-86.
38. Jonathan SC, Nancy S, Simon H. Leflunomide-Associated
Weight Loss in Rheumatoid Arthritis. Arthritis Rheum 2001;
44:1048-51.
39. Rozman B, Praprotnik S, Logar D, Tomsic M, Hojnik M, KosGolja M, Accetto R, Dolenc P. Leflunomide and hypertension.
Ann Rheum Dis 2002; 61:567-9.
40. Yuyuan L, Xuqing Z. Leflunomide-induced acute liver failure: a
case report. J Med Coll PLA 2010; 25: 62-4.
41. Mehta V, Kisalay S, Balachandran C. Lefunomide. Indian J
Dermatol Venereol Leprol 2009; 75: 422-4.
42. Smolen JS, Kalden JR, Scott DL, Rozman B, Kvien TK, Larsen
A, Loew-Friedrich I, Oed C, Rosenburg R. Efficacy and safety
of leflunomide compared with placebo and sulphasalazine in
active rheumatoid arthritis: a double-blind, randomised,
multicentre trial. Lancet 1999; 353:259–66.
43. Sullivan JR, Shear NH. The drug hypersensitivity syndrome:
What is the pathogenesis? Arch Dermatol 2001; 137:357-64.
44. Sandra RK, Vetrechi J, Shear NH. Idiosyncratic drug reaction;
The reactive metabolite syndrome. Lancet 2000; 356:1587-91.

32

| IJPT | January 2012 | vol. 11 | no. 1

45. Wise DM. Suppressed Wound Healing In a Patient with
Rheumatoid Arthritis Taking Leflunomide (Arava). J
Permanente 2011; 15:70-4.

58. Davis JP, Davis JP, Cain GA, Pitts W. The immunosuppressive
metabolite of leflunomide is a potent inhibitor of human
dihydroorotate dehydrogenase. Biochemistry 1996; 35:1270–3.

46. Martin K, Bentaberry F, Dumoulin C, Miremont-Salamé G,
Haramburu F, Dehais J, Schaeverbeke T. Peripheral neuropathy
associated with leflunomide: is there a risk patient profile?
Pharmacoepidemiol Drug Saf 2007; 16:74-8.

59. Herrmann M, Grangou CG, Kirschbaum B. Cell cycle control of
the de novo pyrimidine synthesis inhibitor leflunomide through
the p53 and p21 pathways. Arthritis Rheum 1997; 40:S177.

Downloaded from ijpt.iums.ac.ir at 3:07 IRST on Saturday February 23rd 2019

47. Bharatdwaj A, Haroon N. Peripheral neuropathy in patients on
leflunomide. Rheumatology 2004; 43:934–9.
48. Chan ATY, Bradlow A, Mcnally J. Leflunomide induced
vasculitis—a dose–response relationship. Rheumatology 2003;
42:492–3.
49. Barak A, Morse, LS, Schwab I Leflunomide (Arava)-induced
cystoid macular oedema. Rheumatology 2004; 43:246–8.
50. Camras CB. Latanoprost may trigger the biosynthesis of
endogenous
prostaglandins
in
early
postoperative
pseudophakias. Arch Ophthalmol 1999; 117:1265–6.
51. WHO Drug Information. Leflunomide: haematologic, hepatic
and respiratory reactions. 2002; 16:205-68.
52. Wǖsthof M. Severe aplastic anaemia following leflunomide
therapy. Rheumatology 2010; 49:1016–7.
53. Toyokawa Y, Kingzetsu I, Yasuda C. Pancytopenia, including
macrocytic anemia, associated with leflunomide in a rheumatoid
arthritis patient. Mod Rheumatol 2007; 17:436-40.
54. Brent RL. Teratogen Update: Reproductive Risks of
Leflunomide (Arava™); A Pyrimidine Synthesis Inhibitor:
Counseling Women Taking Leflunomide Before or During
Pregnancy and Men Taking Leflunomide Who Are
Contemplating Fathering a Child. Teratology 2001; 63:106–12.
55. Sorní CC, Sánchez ER, Pellicer PA, Andrés JLP. Leflunomide:
assessment of teratogenic risk in the first trimester of pregnancy.
Hospital Pharmacy 2005; 29:265-8.
56. Internet
website
at:
http://www.fda.gov/Safety/MedWatch/SafetyInformation/Safety
AlertsforHumanMedicalProducts/ucm218912.htm.
57. Fukushima R, Kanamori S, Hirashiba M, Hishikawa A,
Muranaka R, Kaneto M, Kitagawa H. Inhibiting the
Teratogenicity of the Immunosuppressant Leflunomide in Mice
by Supplementation of Exogenous Uridine. Toxicol Sci 2009;
108:419–26.
1

Lodhi et al.

60. Ito S, Sumida T. Interstitial lung disease associated with
leflunomide. Intern Med 2004; 43:1103–4.
61. Kamata Y, Nara H, Kamimura T. Rheumatoid arthritis
complicated with acute interstitial pneumonia induced by
leflunomide as an adverse reaction. Intern Med 2004; 43:1201–
4.
62. Chikura B, Lane S, Dawson JK. Clinical expression of
leflunomide-induced
pneumonitis.
Rheumatology
2009;
48:1065–8.
63. Carmona L, Hernandez‐Garcia C, Vadillo C, Pato E. Increased
risk of tuberculosis in patients with rheumatoid arthritis. J
Rheumatol 2003; 30:1436–9.
64. Cannon GW, Kremer JM. Leflunomide. Rheum Dis Clin North
Am 2004; 30:295–309.
65. Bieber J, Kavanaugh A. Consideration of the risk and treatment
of tuberculosis in patients who have rheumatoid arthritis and
receive biologic treatments. Rheum Dis Clin North Am 2004;
30:257–70.

CURRENT AUTHOR ADDRESSES
Ram Lal Lodhi, Department of Pharmaceutical Sciences, Babasaheb
Bhimrao Ambedkar University, Vidya Vihar, Rai Bareli Road,
Lucknow-226025.
Shubhini A Saraf, Department of Pharmaceutical Sciences, Babasaheb
Bhimrao Ambedkar University, Vidya Vihar, Rai Bareli Road,
Lucknow-226025.
Gaurav Kaithwas, Department of Pharmaceutical Sciences, Babasaheb
Bhimrao Ambedkar University, Vidya Vihar, Rai Bareli Road,
Lucknow-226025.
Sudipta Saha, Department of Pharmaceutical Sciences, Babasaheb
Bhimrao Ambedkar University, Vidya Vihar, Rai Bareli Road,
Lucknow-226025.
Email:
sudiptapharm@gmail.com
(Corresponding author)

