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Since decades, the rational discovery of new medicines
has depended on the modification of molecular structures.
Introducing a new drug to the market now costs an average of
US$ 897 million which includes preclinical and clinical costs
before the US FDA (Food and Drug Administration) approval
and costs associated with studies conducted after a product
has gained such approval.! Moreover, the process of approval
may take up to 15 years. The new drug may prove to be a loss
in terms of its high manufacturing costs if it produces any
unacceptable adverse reaction or toxicity in early years of
marketing. In such prevailing conditions, discovering new uses
for the already-existing time tested drugs with known adverse
drug reaction profile may prove to be beneficial for the use of
patients. Some older drugs have the potential and offer the
advantage of extensive clinical experience in other therapeutic
areas. They should be considered as potential partners to the
products emerging from more recent research and
development. Old drugs are resurfacing with new uses (but
often off-label) as the underlying mechanism of diseases
become understood.” The American Medical Association
(AMA) estimates that 40% to 60% of all prescriptions in the
United States are written for unapproved/unlabelled purpose.
An unapproved use merely indicates the lack of FDA approval
and does not imply an improper or illegal use. Unlabeled use
is a more appropriate term and is defined as the use of a drug
product in doses, patient populations, routes of administration
or for indications that are not included in FDA-approved
product labeling.®® Many examples can be quoted to prove its
benefits. For example, aspirin, approved by the FDA as a pain
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killer, was used to reduce the mortality rate among heart attack
victims; the drug mitomycin, approved for the treatment of
gastric and pancreatic cancers, has been found to be useful in
the treatment of lung, bladder, breast and cervical cancers, as
well as in certain forms of leukemia; trimethoprim, a drug
approved to treat pneumonia, has been proved useful as an
AIDS management." Moreover, discovering new uses for a new
drug that does not work out for its intended use may be another
aspect of utilizing the researches and is a valuable strategy
because approximately 90% of experimental drugs in the
industry fail. In fact, many pharmaceutical companies routinely
follow this. The trials of experimental chemotherapy drug
pemetrexed were halted following the death of some patients.
However, now it is an approved treatment for mesothelioma
and is under FDA consideration as a treatment for lung cancer.
Pfizer Inc. originally developed the impotence drug sildenafil
(viagra) to treat angina. Raloxifene, used for osteoporosis, was
a failed contraceptive. Atomoxetine, now used for attention-
deficit/hyperactivity disorder failed as an antidepressant.® The
tenacious effort to develop new and specific agents to treat
HIV infection is currently accompanied by a reconsideration of
existing drugs on the basis of their known or putative effects
on the retroviral life cycle and/or the tuning of immune
mechanisms.” Owing to the limitations with which the
scientists can predict the efficacy in humans, medicines
introduced for one disease state have subsequently been
observed to be of value in unrelated diseases.!® In many
instances, however serendipity plays an important role in the
identification of such new uses for the old drugs. The accidental
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discovery of the ability of the antihelminthic drug disulfiram
to produce toxic breakdown products during the metabolism
of ethanol, led to its use in the treatment of chronic alcoholism.
Similarly the anticonvulsant property possessed by potential
antipsychotic drug carbamazepine became apparent on
administering it to a patient of epilepsy suffering from
behavioral pathology.” Few examples of additional uses of
drugs discovered during clinical usage are shown in [Table 1].

Table 1

Additional use of drugs discovered during clinical usage

Drug Initial use Additional or new
primary use
Allopurinol Antineoplastic Treatment of gout
Amantadine Antiviral Antiparkinsonism
Amphetamine Stimulant Hyperkinesis in children

Atomoxetine

Beta-blocker

Chlordiazepoxide
Chloroquine
Chlorpromazine
Imipramine
Lignocaine

Metronidazole

Estrogens

Pemetrexed

Penicillamine

Antidepressant

Antiarrhythmic/
antianginal

Muscle relaxant
Antimalarial
Anthelmintic
Sedative

Local anesthetic

Antitrichomonal

Replacement
therapy

Mesothelioma

ADHD (attention deficit
hyperactivity disorder)

Antihypertensive

Tranquilizer
Antirheumatic
Antischizophrenic
Antidepressant
Antiarrhythmic

Antibacterial (anaerobic
organisms)

Contraception

Lung cancer

Antirheumatic

Copper chelating

agent
Raloxifene Contraceptive Osteoporosis
Sildenafil Angina Male erectile dysfunction

The new uses of the old drugs therefore may provide cost-
effective treatment, especially in developing countries with
limited resources. In the present review, we are presenting
the novel potential uses of drugs (in alphabetical order) that
are approved by FDA for important clinical conditions.

Angiotensin converting enzyme inhibitor (ACEI) and
angiotensin receptor blocker (ARB) in migraine

Studies have suggested that ACEI ¥ and ARB ' might be
useful agents for migraine prophylaxis. A few studies have
reported the effectiveness of lisinopril and candesartan cilexetil
as prophylactic agents. Although the exact mechanism is
unknown, the rationale behind the positive effect of lisinopril
in migraine prophylaxis is that it decreases the effect of
angiotensin I, which might be causing direct vasoconstriction,
increased sympathetic discharge, as well as adrenergic
medullary catecholamine release. In addition, by acting at AT,
receptor in brain, angiotensin-II modulates cerebrovascular
flow, electrolyte homeostasis, autonomic pathways, and
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modulates both potassium channels and calcium activity in
cells. Moreover, components of renin angiotensin system are
present in peripheral tissues, including the eye, and may play
a role in controlling aqueous humor production, retinal blood
flow, or retinovascular disease. Angiotensin Il receptors of the
retinal vasculature may play a major role in the autoregulation
of blood supply to the retina and optic nerve head. Topical
ACEI has been shown to lower the intra ocular pressure in
rabbits, monkeys, and humans. These may act by inhibiting
breakdown of bradykinin, by promoting formation of
endogenous prostaglandins, and by enhancing uveoscleral flow.
Therefore, ACEI might be a useful pharmacological agent in
the medical therapy of glaucoma.!'”

Anti-TNF-a (tumor necrosis factor-alpha) in
dermatology ™ (2

Infliximab and etanercept, widely used in the treatment of
Crohn’s disease and rheumatoid arthritis, was recently shown
to be effective in the treatment of psoriasis and psoriatic
arthritis. Results of a number of research and clinical studies
suggest a role of biological agents that is, etanercept, infliximab
(antiTNF-or), anakinra (IL-1 [interleukin] receptor antagonist),
huOKT3r1 (Anti-CD3 antibody), and alefacept (interference with
the CD2/LFA-3 pathway) in psoriatic arthritis. At present,
etanercept has been approved for use in psoriatic arthritis.
Etanercept has been reported to be useful in conditions like
cicatricial pemphigoid, subcorneal pustular dermatosis, toxic
epidermal necrolysis, and concurrent sweet syndrome and
erythema nodosum. Anti TNF-oo was used to treat diseases
like Behcet disease, Sjogren syndrome, synovitis-acne-
pustulosis hyperostosis—osteomyelitis syndrome, and
ankylosing spondylitis. Hidradenitis suppurativa might be
added to the growing list of dermatological diseases that
respond to anti TNF-o. therapy.

Beta-blockers in malarial*®

Hormones that regulate cardiovascular function were
discovered to influence malarial infection. As a consequence,
beta-blockers, which are safe, inexpensive, and are commonly
prescribed drugs used worldwide to treat high blood pressure,
are effective against the deadliest and most drug-resistant
strain of malaria parasites. World wide, there has been a
resurgence of malaria in recent years, due mainly to the
parasite’s growing resistance to drugs and the mosquito’s
acquired resistance to insecticides developed to control the
spread of the disease. Blocking this blood-stage infection by
preventing the entry of the P falciparum parasite into the red
blood cells provides the most direct way to control infection
and quell the symptoms of malaria. G-proteins in the red blood
cell were shown to be used by the parasite to enter the red
blood cells. It has been shown that a G-protein subunit, called
G,. concentrates around the malaria parasite during infection
of the red blood cell, and several laboratory models of malaria
have demonstrated that blocking the G, signal resulted in
decreased malarial infection. Two major G_-associated
receptors, the beta-adrenergic and the adenosine receptors,
are known to be present in red blood cells. Stimulating these
receptors with an agonist, increased the infection of P,
falciparum, whereas beta-blockers, which are antagonists,



prevented the P, falciparum parasite from entering the red blood
cells. The use of beta-receptor antagonists, such as those
already used to treat high blood pressure may provide new
approaches for treating malaria. Because beta-blockers are
directed against a host target, there is a low chance of rapid
emergence of resistance to these drugs. Moreover, they may
be used in combination therapy with existing drugs against
parasite targets. This finding offers the opportunity to use well-
characterized, inexpensive drugs for a new, much-needed
application, and the impetus for the development of new beta-
blockers and other drugs is to be tested for effectiveness
against malaria.

Budesonide in graft versus host disease (GVHD)

GVHD is a common complication of hematopoietic stem
cell transplantation mainly targeting the oral and
gastrointestinal tract (GIT) mucosa. Budesonide, a potent non-
halogenated corticosteroid, indicated for the treatment of
asthma and GIT disorders, has a very low bioavailability on
oral application. Moreover, it undergoes rapid inactivation by
biotransformation in liver, resulting in low potency metabolites.
Therefore, a very low risk of systemic side effects exists with
the recommended dosage in GVHD. Results suggest that
budesonide has a clinical advantage over other treatments for
chronic oral GHVD.!" However, future studies to determine
the mucosal application, topical/oral dosage, and its
application in other oral mucosal disorders are warranted.

Calcium channel blockers inhibit platelet activation

Calcium channel blockers are widely used antihyperten-
sive drugs. However, diltiazem hydrochloride, a
benzothiazepine derivative calcium channel blocker, has been
demonstrated to significantly inhibit platelet activation, prob-
ably as a consequence of reduction of platelet [Ca**], Although
the accurate mechanism of calcium influx is still unclear, inhi-
bition of an increase of platelet [Ca**| by calcium antagonists
may represent a striking approach to the prevention of plate-
let activation after coronary interventional procedures. How-
ever, future studies should include platelet-specific and effi-
cient calcium antagonists to evaluate their use.!"

Cimetidine in human papilloma virus (HPV) 1

Cimetidine, a H,-receptor antagonist with immuno-modu-
lating properties has been shown to reverse the acquired tol-
erance to dinitrochlorobenzene to increase mitogen-induced
lymphocyte proliferation and to inhibit suppressor T-cell
activity. Recently, it has been used successfully in the treatment
of several forms of HPV infection, including plane, plantar, and
common warts resistant to previous therapies. Cimetidine,
given in a dose of 40 mg/kg/day in three divided doses in a
patient of epidermodysplasia verruciformis, has been reported
to produce prompt therapeutic response, allowing almost
complete clearing of lesions after 3 months of therapy and
without onset of new lesions.

Cyclooxygenase-2 (Cox-2) inhibitors in retinopathy
and in Alzheimer disease

Cox-2 contributes markedly to preretinal neo-vasculariza-
tion in ischemic retinopathies and this effect seems to be PGE, -
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mediated mostly by the EP, receptors (prostaglandin E receptor
3) implicating a new interaction through thrombospondin—1
(TSP-1) and CD36. Results suggest that nonselective cox-2 in-
hibitors could be used for the control of pathological vitreal
neovascularization in ischemic proliferative retinopathy. More
specifically, EP, (and possibly EP,) antagonists may be more
selective by sparing the potential, physiologically desirable
effects of the various cox-2 products.!'”

Moreover, nonsteroidal antiinflammatory drugs (NSAIDs)
may influence inflammation by inhibiting cox-1 and cox-2 by
activating peroxisome proliferator nuclear transcription factor-
g, which is a negative regulator of macrophage activation.[18]
In addition, cox-mediated oxidation is important in the calcium-
dependent glutamate-signaling pathway that involves N-
methyl-D-aspartate. Therefore, NSAIDs may be able to protect
neurons directly by decreasing the cellular response to
glutamate and they have the potential to reduce the risk of
Alzheimer’s disease in old patients who are using NSAIDs for
any other condition."" Another potential application is in cancer
chemoprophylaxis of melanoma.”” Increased cox-2 expression
in malignant melanoma cell lines has also been reported. In a
case—control study among women, inverse association of
NSAIDs and malignant melanoma was reported. In a hairless
mouse model, celecoxib significantly lengthened the tumor
latency period and reduced tumor multiplicity (UV induced).?"

Cyclosporin A

Cyclosporin, a known immunosuppressant, is presently
being investigated for various clinical conditions. It is the first
FDA-approved therapy for keratoconjunctivitis sicca directed
against the inflammatory component of dry eye.?!

Its therapeutic role in asthma includes a reduction in
histamine and prostaglandin D, production by stimulated mast
cells and a reduction in tissue eosinophilia, and late airflow
obstruction after allergen challenge. Improvement in lung
function with 48% fewer exacerbations were observed in a
study where 12-weeks course of cyclosporin was given to
patients with steroid-dependent asthma. However, it should
be reserved for the steroid- dependent patients with refractory
symptoms, receiving specialized care.*

Cyclosporin blocks the activation of T cells, and hence
reduces the ability of the HIV to invade the cell. Moreover, it
also prevents proper HIV virion maturation, and so it is being
investigated for use in AIDS. However, clinical studies have
produced conflicting results in HIV-infected patients in relation
to immunological and disease effects, and toxicity. Hence,
further studies are warranted.”

Filgrastim in pneumonia and sepsis &

Filgrastim (g-met HuG-CSF: Amgen,Thousand Oaks, CA)
can enhance both neutrophil production and function, as well
as improve survival in a variety of animal models of pneumonia.
Addition of filgrastim to a regimen of intravenous antibiotics
has been hypothesized to reduce the rate of mortality in
patients with pneumonia and sepsis. Several cytokines and
growth factors, including granulocyte-colony stimulating factor
(G-CSF), appear to have a key role in the host’s attempts to
restore systemic homeostasis in severe sepsis. The enhanced
production of G-CSF in response to an infectious challenge is
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critical for recruiting and optimizing phagocytic activity at lo-
cal sites, which are involved in the removal of offending patho-
gens. Gonversely, the major systemic effects of G-CSF are both
antiinflammatory and immunosuppressive and appear to be
focused on the inhibition of the production and action of
inflammatory cytokines, as well as in expanding the T-helper
lymphocyte response that might eventually lead to the
production of specific antibodies to neutralize microbial
pathogenic factors. Therefore, it could prove to be a novel
addition.

Fluoroquinolones in tuberculosis

The continuing increase in tuberculosis infection, as well
as a rising prevalence of multidrug resistance TB worldwide,
provides the stimulus for new antitubercular drug development.
The fluoroquinolones (FQ) have been studied for their
therapeutic potential in the management of tuberculosis. These
bactericidal drugs, that inhibit DNA gyrase, are highly active
against mycobacterium tuberculosis, including strains that are
resistant to first line drugs. Moxifloxacin and gatifloxacin have
potent in vitro activity against mycobacterium tuberculosis.
Moxifloxacin having the greatest sterilizing activity, a relatively
long L, , and high area under the time concentration curve may
be an ideal antituberculous drug. It has been found that the
combination of rifampicin, pyrazinamide, and moxifloxacin has
substantially greater sterilizing activity compared to the
standard regimen, again suggesting the possibility that the
drug would permit considerable shortening of treatment. The
EBA (early bactericidal activity) is midway between INH, the
drug that has the most potent EBA of all known agents and
rifampicin, the drug with the greatest sterilizing activity.*!
Moxifloxacin has an activity similar to that of rifampin in human
subjects with pulmonary tuberculosis. Therefore, moxifloxacin
joins the small number of highly bactericidal antitubercular
drugs and may contribute to the development of more effec-
tive regimens.®!

Inhaled furosemide in asthma

Initial studies have suggested that inhaled furosemide may
be as effective as bronchodilator.”® The exact mechanism
involved is not clear.

Gabapentin for pain 7

Approved by the FDA in 1993, gabapentin has a complex
and multiple action mechanism. It promotes increased GABA
effect on the central nervous system (CNS), decreases gluta-
mate, and blocks neuronal sodium and calcium channels. It is
considered as a safe anticonvulsant drug. Moreover, it has the
potential to relieve neuropathic pain that is associated to the
following mechanism-quantitative changes in inhibitory and
excitatory neurotransmitters, changes in CNS synapses, (in-
hibitory synapses become excitatory, latent synapses are
activated and thick fibers may synapse with thin fibers),
decreasing pain through descending inhibitory mechanism,
changes in sympathetic system etc. Gabapentin has been
reported to lead to complete remission in patients with sacral
perineural cyst-induced pain.
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Glucocorticoids (GC) in sepsis 8 [

GCs, the most important immunosuppressant agents, are
an established therapy for chronic inflammatory diseases, as
well as in transplantation medicine. Although in acute inflam-
mation, especially in sepsis/septic shock, use of high dose was
abandoned after a series of negative clinical trials, there now
seems to be a renewed rationale for GC. Recent evidence indi-
cates that adrenocortical insufficiency may be more common
in septic shock, and low dose hydrocortisone regimens have
shown promising results in sepsis. Low-dose hydrocortisone
therapy has a primarily antiinflammatory and immune bal-
ancing role, rather than an immunosuppressive role in acute
sepsis. It leads to a significant decrease in the level of
proinflammatory cytokines (IL-6 and 8), as well as
antiinflammatory mediators (IL-10) and soluble TNF receptors
with an increase in in vitro phagocytosis and the monocyte—
activating cytokine (IL-12). Stress hormones were shown to
enhance macrophage production of acute phase proteins, com-
plement factors, macrophage migratory-inhibiting factor, and
sialoadhesin. Moreover, GCs were shown to act synergistically
with interferons to produce Fc receptors on human monocyte
cell lines and peritoneal macrophages, which are correlated
with increased phagocytosis. Therefore, a positive, acute ef-
fect of GC is exerted on the immune system. In addition,
immunoenhancing effect of GCs is exerted on the immune sys-
tem. However, to avoid rebound effects, low-dose hydrocorti-
sone has to be tapered over days. Further study is needed to
identify the correct individual dosage, timing, mode of admin-
istration (bolus or infusion), duration of treatment, assess-
ment of necessity (and appropriate time points) for adreno-
cortical function testing, the concomitant use of
mineralocorticoids, and the emerging role of adrenal
androgens.

Levamisole for head lice B

Levamisole, a nicotinic receptor antagonist, effective in
eradicating ascaris, trichostrongylus, and hookworm, has been
shown to be effective against pediculosis, in a dose of 3.5 mg/
kg administered for 10 days. In view of the growing evidence
that head lice are becoming resistant to common pediculocides,
levamisole may come up as a new therapy.

Lidocaine for asthma 22

Lidocaine has recently received attention as a therapeutic
agent in steroid-dependent bronchial asthmawith promising
results seen with nebulized lidocaine (40-160 mg, 4 x a day).

Magnesium sulphate for asthma and tocolysis

Magnesium is the fourth most common cation in the hu-
man body. It activates numerous enzymes and plays an im-
portant role in regulating cell permeability and neuromuscu-
lar impulse transmission to the synapses. Magnesium sulphate,
blocks calcium-mediated smooth-muscle contraction, result-
ing in bronchodilatation.?® Several clinical studies have shown
intravenous magnesium sulphate to be effective in acute
asthma. Although not recommended for routine use in acute
asthma, intravenous magnesium sulphate therapy may be con-



sidered in patients with severe asthma exacerbation, unre-
sponsive to albuterol, ipratropium, and systemic corticoster-
oid therapy, and on the brink of respiratory failure. Typical
dose is 25-50 mg /kg given as a bolus over 2 min (max 2 gm/
dose). It is generally well tolerated. Side effects include flush-
ing, tachycardia, bradycardia, hypotension, and loss of deep
tendon reflexes. Nebulized magnesium sulphate has been
shown to have bronchodilatory effect comparable to albuterol,
and may be additive to albuterol. However, more clinical trials
are needed both in adults and children to explore the
therapeutic efficacy of combining nebulized albuterol and
nebulized magnesium sulphate in acute asthma, before it is
recommended for routine use.

Tocolysis may be another potential use of magnesium.?!
Although the basis of tocolytic action of magnesium still
remains unknown, it has been proposed that it competes with
calcium for entry into the muscle cells. It was suggested that
it binds competitively with calcium-storage sites in the
endoplasmic reticulum and thereby uncouples the activation
of actin-myosin unit. It was proposed to be an inexpensive,
short-term tocolytic agent.

Menatetrenone (Vit K.) and bone formation 12

Menatetrenone may have an important role in activating
osteoblasts and promoting bone calcification. Vit K, is a
cofactor for y-cardoxylase, which catalyses the conversion of
glutamic acid residues on osteocalcin to g-carboxyglutamic
acid, synthesizing y-carboxylated osteocalcin that can bind
hydroxyapatite. Supplementation with Vit K,, which exerts a
stimulatory effect on bone formation in vivo and in vitro, has
been shown to prevent prednisolone-induced loss of bone
mineral density of the lumbar spine. It has also been reported
to effectively prevent the occurrence of new fractures and
ameliorate osteopenia in subjects with osteoporosis. Moreover,
it also inhibits bone resorption through increased osteoclast
apoptosis and decreased osteoclast formation in in vitro
studies.

Methotrexate (MTX)

MTX was first introduced in 1948 as an anticancer drug,
but since the 1960s it has been used to treat psoriasis and
other skin conditions. Low dose MTX, an antiinflammatory
drug, is a well-established medication for rheumatoid arthritis
and psoriasis. However, now, low-dose methotrexate has
emerged as a new therapy for chronically active Crohn disease
in patients who are dependent on glucocorticoid and intolerant
to thiopurine. Low-dose MTX acts as an immune modulator
(and lacks the cytotoxic or antiproliferative effects)®® by
promoting the extracellular adenosine release via intracellular
5-aminoimidazole-4-carboxamide ribonucleotide (AICAR)
accumulation. MTX polyglutamates, most potently inhibit
conversion of AICAR to formyl-AICAR by the enzyme AICAR
transformylase, thereby leading to AICAR accumulation, which
then promotes adenosine release. It has been shown that the
antiinflammatory effects of low dose MTX are mediated via
binding of adenosine to four distinct adenosine receptors,
mainly A, on target cells. In stimulated neutrophils, occupation
of adenosine receptors inhibit the oxidative burst, adhesion to
endothelial cells, and production of the proinflammatory agents
like leukotriene B, (LTB,) and TNF-o. In monocytes and
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macrophages, adenosine inhibits expression of TNF-a, 11-6,
and IL-8, while stimulating transcription of the
antiinflammatory cytokines. The combination therapy of MTX
and infliximab in Crohn’s disease is currently under
investigation."®® Recently, it has been shown to be successful
in low dose for the treatment of palmoplantar pompholyx which
is unresponsive to other treatments,® and in the treatment
of a subset of patients with patch/plaque mycosis fungoides
resistant to other therapies.®! In addition, the steroid-sparing
potential of MTX has also been recognized in patients with
concomitant psoriatic arthritis and asthma. A 50% reduction
in prednisolone has been observed with MTX 15 mg/week for
24 weeks.!*

Metronidazole in dermatitisf®®

Various studies have shown that metronidazole, an
imidazole-derived antibacterial and antiprotozoal agent,
reduces oxidative tissue injury by inhibiting neutrophil-
generated inflammatory mediators— reactive oxygen species.
The inhibitory effects of metronidazole are enhanced by
palmitoleic acid, a free fatty acid found in human skin. It has
immunomodulatory effects on leukocyte chemotaxis and
selectively suppresses the cell-mediated immunity and has
been found to be effective in the treatment of mild to moderate
seborrheic dermatitis, a common skin disorder that affects
persons of all ages.

Nitrogen mustard for alopecia areata 7 38

Topical nitrogen mustard (mechlorethamine), an alkylating
agent, has been used in dermatology for several decades in
the treatment of mycosis fungoides, histiocystis x, multicentric
reticulohistiocytosis, and psoriasis. It has been found to be
beneficial in patients with alopecia areata. The mechanism of
the action of mechlorethamine in alopecia areata is likely
related to an immunomodulator effect on T-cells. A contact
dermatitis similar to that which is caused by topical
immunogens such as diphencyprone or squaric acid dibutyl
ester may be the mechanism of action in inducing hair growth.
However, a specific cytotoxic effect on pathogenic infiltrating
T-cells in alopecia areata may be another mechanism of action.
Mechlorethamine, as an alkylating agent, has the potential to
be immunosuppressive and can alter the perifollicular
immunologic milieu. Topical mechlorethamine may have the
potential to become a more mainstream treatment of alopecia
areata. However, more specifically targeted treatment
approaches need to be designed.

Octreotide for dumping syndromef

In the past decade, it has been suggested that octreotide
an analogue of stomatostatin, can alleviate dumping by slowing
gastric emptying, inhibiting insulin release, decreasing enteric
peptic secretion, increasing intestinal absorption of water and
sodium, slowing monosaccharide absorption, increasing gut
transit time, and preventing hemodynamic changes. In
particular, it has been demonstrated to be effective in patients
refractory to standard therapy. Administration of octreotide
30 min before, or immediately after a meal offers a practical
and effective approach to the treatment of early and late
dumping syndrome.
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Paclitaxel for preventing restenosis“’

The taxanes are potent antiproliferative agents used in
cancer chemotherapy. They promote polymerization of the
alpha and beta subunits of tubulin by reversibly and specifically
binding the beta subunit of tubulin and thereby stabilizes the
microtubules. In randomized controlled trials, stents coated
with paclitaxel (paclitaxel-eluting stents; taxol coated stents)
has been found to significantly reduce the binary restenosis
rates after coronary angioplasty.

Retinoids for AIDS related Kaposi sarcomai!

Retinoids have antiproliferative, differentiating, apoptotic
effects with moderate antitumor activity. All-trans-retinoic acid
has significant activity in the treatment of acute promyelocytic
leukemia and is capable of inducing complete hematologic and
cytogenetic remissions. Oral alitretinoin, a natural panagonist
for all-6-retinoic acid and retinoid X-receptors, has shown
moderate activity against AIDS-related Kaposi sarcoma.

Sirolimus (Rapamycin, Rapamune) as antitumor
agent

Sirolimus*?'*3 a macrolide fungicide isolated from bacteria
streptomyces hydroscopicus, approved by the US FDA for the
prevention of allograft rejection after organ transplantation,
has revealed significant antitumor activity. Now, this novel
molecule is being investigated for therapeutic uses in various
malignancies.

Activation of mammalian target of rapamycin (mTOR , 290-
kDa kinase), which is a PI3K- related kinase, in response to
growth signaling through PISK /AKT (a down stream effector
of PI3K) pathway results in increased translation of several
critical cell-cycle regulatory mRNAs, and has been shown to
promote heart growth in transgenic mice. Its cellular mecha-
nism is mediated by binding to FK506 binding protein.
Rapamycin by blockade of mTOR function inhibits the PISK/
AKT-mediated proliferative signals and restricts the
proliferation of smooth-muscle cells by blocking cell-cycle
progression at the G,/S transition. Several analogues of
rapamycin have been selected for further development as
anticancer agents."!! Rapamycin effectively attenuates
hypertrophy of cultured myocytes induced by several growth
factors, as well as load-induced cardiac hypertrophy, and this
was associated with attenuation of the increase in myocyte
cell size without causing lethality, loss of body weight, or
deterioration of cardiac function. Moreover, rapamycin inhibits
angiotensin Il and phenylephrine-mediated hypertrophy of
cardiac myocytes in vitro, and inhibition of S6K1 (p70
ribosomal S6 kinase 1- S6K1) has been implicated as a key
factor in this response.!*l

Recently, it has been shown that rapamycin-coated stents
potently inhibited restenosis after coronary angioplasty.
Because rapamycin has a unique mechanism of action that is
distinct from calcineurin inhibitors and is associated with less
nephrotoxicity, rapamycin or its derivatives might be a useful
modality to suppress cardiac hypertrophy, and could contrib-
ute to the control of arterial re-narrowing after percutaneous
intervention"” due to antiproliferative and antimigratory
activity.
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Statins in osteoporosisi*/

HMGCoA reductase inhibitors are another class of drugs
investigated for their potential role in osteoporosis. Statins
like lovastatin and simvastatin have demonstrated increase in
bone volume and rate of bone formation after oral therapy.

Tetracyclines for osteoarthritis

Tetracyclines were shown to inhibit phospholipase A,, and
thereby the production of lipooxygenase and cyclooxygenase
derivatives. They are also shown to decrease proinflammatory
mediators like nitric oxide and oxygen radicals, upregulate the
production of inhibitors of matrix metalloproteinases, and
decrease erythrocyte sedimentation rate and C reactive protein
levels. Tetracyclines have also been shown to impair the
proliferation and activation of human lymphocytes and synovial
tissue cells with the resulting abrogation of the local production
of proinflammatory cytokines. Tetracycline like minocycline has
been established as DMARD for rheumatoid arthritis. The use
of tetracyclines for the treatment of osteoarthritis is also un-
der trial." Owing to the discovery of (i) the surprising ability
of the tetracycline antibiotics to inhibit mammalian tissue-
destructive proteinases (collagenase, gelatinase) during a
variety of disease processes, for instance, periodontitis, the
arthritides, osteopenia/osteoporosis, sterile corneal ulcers,
tumor invasion/metastasis/angiogenesis, and (ii) a series of
chemically-modified, non-antibacterial analogs of tetracyclines
to inhibit these enzymes without producing typical antibiotic
side effects, tetracyclines have the potential for broader
applications."!

Thalidomide and its derivatives

Thalidomide a derivative of glutaminic acid, was first
clinically introduced in the 1950’s as a sedative and
subsequently withdrawn in 1961. In 1998, US FDA approved
this drug for the treatment of erythema nodosum leprosum.
Currently, it is under evaluation for the treatment of several
disorders such as sarcoidosis, aphthous ulcers of HIV and
Behcet disease, and chronic GVHD. More recently, it has shown
encouraging results in plasma cell disorders (especially end
stage myeloma), Kaposi’s sarcoma, and certain solid tumors. "
It is categorized as an immunomodulatory agent with
antiangiogenic and antiinflammatory properties. This, along
with the observation that bone marrow angiogenesis is
increased in myeloma, led to its use in patients with refractory
end-stage myeloma. Multiple properties of thalidomide may
explain its antimyeloma activity. It can induce G, growth arrest
and apoptosis, and down regulate TNF-o (possible growth
factor for myeloma cells). Thalidomide treatment may decrease
the expression of adhesion molecules on myeloma and marrow
stromal cells (lymphocyte function—-associated antigen—1,
intercellular adhesion molecule-1 and vascular cell adhesion
molecule-1) resulting in inhibition of myeloma cell adhesion
and TNF-o. stimulated interleukin (IL)-6 secretion. Moreover,
it can block the activation of nuclear factor-x through a
mechanism involving the inhibition of IkB kinase (regulatory
protein) activity. It may increase antimyeloma immunity by
promoting growth of already stimulated natural killer cells and
T lymphocytes. Some, or all of these mechanisms may be clini-



Table 2

New potential uses of drugs

Drugs

Potential uses

Lisinopril
Candesartan cilexetil
Anti TNF-o. therapy
Beta blockers
Budesonide
Diltiazem

Cimetidine

Cox-2 inhibitors

Cyclosporin A
Filgrastim
Fluoroquinolones
Inhaled furosemide
Gabapentin
Glucocorticoids
Levamisole
Nebulized lidocaine
Magnesium sulphate
Menatetrenone

Methotrexate

Metronidazole
Nitrogen mustard
Octreotide
Paclitaxel
Retinoids

Sirolimus

Statins
Tetracyclines
Thalidomide

Zileuton

Migraine prophylaxis®, glaucoma®®
Migraine prophylaxis®

Dermatology* 12, hidradenitis suppurativa®
Malaria®®

GVHD* (Graft versus host disease)
Inhibition of platelet activation®®

HPV?® (Human papilloma virus)

Retinopathy®’, Alzheimer’s disease®,
chemoprophylaxis of melanoma?

Asthma??, AIDS?
Sepsis®
Tuberculosis?* 2
Asthma?

Pain?

Sepsis?® 2°
Pediculosis®
Asthma?

Asthma?, tocolysis®!
Osteoporosis®

Crohn’s disease®, palmoplanter
pompholyx®, mycosis fungoides®®, asthma?

Seborrheic dermatitis®®
Alopecia areata®” %

Dumping syndrome?
Prevention of restenosis*
AIDS-related kaposi sarcoma*

Anticancer?, cardiac hypertrophy*,
prevention of restenosis*

Osteoporosis*

Osteoarthritis*

Plasma cell disorders*’, myeloma*, Crohn’s
disease“, chronic discoid lupus
erythematosis®, complex regional pain
syndrome®!, heart failure®?, AIDS-related
conditions?

Acne®, respiratory syncytial virus infection®

cally relevant to the activity of thalidomide in myeloma."“"- 148!
It has been suggested that thalidomide may be of clinical ap-
plication in the short-term management of orofacial
granulomatosus and oral manifestations of Crohn’s disease.!*!
Low-dose thalidomide therapy is effective as an alternative
choice in chronic discoid lupus erythematosus resistant to the
usual treatment.”” Moreover, its role is also documented in
reflex sympathetic dystrophy, better known as complex regional
pain syndrome (CRPS). Inhibition of production of TNF-o. and
other cytokines, which directly depolarize C and A, afferent
pain fibers or reduce their threshold for firing could be a pos-

New uses for old drugs

sible mechanism. Alternatively, they may contribute to the in-
flammatory features of the disorder.P!! More recently, an ex-
cess of inflammatory cytokines (TNF-o) has been found in ad-
vanced heart failure and implicated in the progression of the
disease. Therefore, thalidomide or its derivatives may have a
role in the management of advanced heart failure.?”

Thalidomide may have antiretroviral effects as a result of
its primarily inhibitory effects on the production of TNF-c. It is
also documented that TNF-a induces expression of HIV from
chronically infected cell lines by stimulating a cellular
transcription factor and blocking of TNF-o-stimulated HIV
replication by thalidomide has been shown in vitro and ex vivo.
Thalidomide has also been shown to have potential in treating
some AIDS-related conditions (e.g., cachexia and aphthous
oral, esophageal or genital ulcers).”

Zileuton for acne and RSV

Synthesis of LIB, is mainly controlled by 5-lipoxygenase.
Among the several diseases, hyperkeratotic inflammatory skin
disorders especially psoriasis seem to respond to LTB,
inhibitors. Recently potential involvement of arachidonic acid
pathway has been documented in the development of acne
and provides logical support for use of LIB, inhibitors in acne
treatment. LIB, is a natural ligand for peroxisome proliferator
activated receptor-gamma (PPAR-y) that has been shown to
regulate lipid and lipoprotein metabolism, inflammatory
response, cell proliferation, differentiation and apoptosis of
various cell types, including sebaceous gland cells. Zileuton, a
5-lipoxygenase inhibitor, used for asthma has recently been
shown to be effective in the treatment of acne in a dose of 600
mg 4 times a day, for 4 months.?!

Its role is also coming up in the treatment of airway
obstruction after respiratory syncytial virus (RSV) infection.
In an experimental study, administration of zileuton markedly
reversed airway constriction, reduced the number of
inflammatory cells in the lung, as well as prevented the
associated weight loss. The mechanism by which inhibition of
leukotriene reduces the degree of respiratory illness is not
clear. There may be involvement of an alternative pathway
based on proinflammatory effect of leukotrienes.®*
Montelukast, a LT antagonist, used for treatment of asthma,
is also being tried for the management of COPD (chronic
obstructive airway disease).’!

Conclusion

Although a large number of old drugs with new potential
uses have been discussed here [Table 2], still the list cannot
be claimed to be complete. With advancement in our knowledge
in various fields of medical sciences, we can make use of these
time-tested drugs in diverse areas of clinical practice.
Pharmaceutical marketing practices and physician
dissatisfaction with the currently available pharmacological
treatment options may be the key factors that contribute to
this prescribing trend of drugs for off-label (unapproved)
indications.”% However, unethical promotion of the irrational
use of drugs for economic benefits by the pharmaceutical
companies needs to be curbed. Unethical promotion and/or
dangerous misuse of drugs can prove to be a threat to medical
ethics. There is a need to develop programs to restrict the use
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of drugs to specific evidence-based situations (by journals,
seminars, CMEs etc).?¥ It is the prime duty of the clinicians to
look for all available evidences before putting an old drug to
new use. The Food, Drug and Cosmetic Act of 1938 which re-
quired manufacturers to submit a New Drug Application (NDA)
to the FDA for its approval before granting permission to mar-
ket a new drug, was subsequently amended in 1962 with the
Kefauver-Harris drug amendment. This amendment estab-
lished that drugs should show substantial evidence of efficacy
before receiving NDA approval.?? However, the FDA needs (o
show more responsiveness to changing knowledge and in-
creased willingness to reconsider indications and
contraindications in the light of newer experience, such as the
approval of new uses for old drugs.”® It is also important that
off-label use of compounds be brought up- to-date with cur-
rent FDA policies, and to emphasize the responsibility of the
prescribing physician in the use of these compounds."!
Neverthless, these initial findings discussed here need to be
pursued by more researches so that the potential benefits could
be passed on to the patients.
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