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"1 in 4 British adults experience at least one diagnosable mental health problem in any one year, and one in six experiences this at any given
time." - The Office for National Statistics Psychiatric Morbidity report (2001)

Depression is something that can affect anyone at any time in their life. It is particularly
common amongst teenagers. Over 340 million are predicted to be living with major
depression, with women affected approximately twice as much as men. Depression is also
predicted to be the world's second largest disease burden by 2020 [1].

More recently attitudes towards mental health problems have changed, and mental health
problems are now recognised as clinical conditions rather than a weakness of the patient.
Because of this more research is being done relating to the development of new drugs. One
of the drugs to come out of this research is citalopram.

The structure of citalopram.

History
This molecule was first synthesised in 1972 by the Danish pharmaceutical company Lundbeck [4], who patented the molecule prior to
performing clinical trials. The clinical trials and development of the molecule took a total of 15 years, and it was shown that the drug was
effective in combatting anxiety-based depression. Citalopram, although having a broad side-effect profile (see later) was, and still is, the best
drug of its class at inhibiting serotonin re-uptake channels, which is the main action for antidepressants in treatment (see later) [5]. The drug
was first released in Denmark in 1989 under the trade name Cipramil. The drug's strong reputation spread and by 1998 the drug could be
prescribed to anyone in the USA, under the trade name Celexa [6]. Cipramil grew to become Lundbeck's dominant product, representing over
78% of the company s total turnover in 1999, making a profit of about 720 million Denmark Kroner, about £120 million [7]. Citalopram
continued to be Lundbeck's best selling product until 2003, when their drug patent ran out.

In medical science, before development of a drug takes place, a patent is usually obtained. This stops the drug company from spending the
development costs for a drug - often upwards of $250 million, just for someone else to make the same molecule, vastly decreasing profits. A
patent is usually awarded for approximately 20 years. When the patent runs out it allows any other company to sell generic copies of the drug,
provided it is exactly the same molecule. The open market then drives down prices so that developing countries can afford it.

In Citalopram's case, lower prices meant the drug became the drug of choice, along with Fluoxetine (formally known as Prozac) in the
treatment of depression for many health services, such as the NHS. Citalopram's popularity is growing year on year. In 2006 around 12 million
units of Citalopram were prescribed [8]. In 2007 this figure increased to 16 million units [9] indicating a 35% increase over a 12 month period
and a 77% increase from 2005. The drug is currently the 2nd most popular antidepressant on the market, behind Fluoxetine, but this may
change over the next few years.
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A prediction of the growth of use of citalopram in comparison to fluoxetine, the current most popular antidepressant.

Common uses
Citalopram's popularity comes from its treatment in depression; however pharmacologists are starting to find further uses for this drug.
Depression is often linked with anxiety disorders; their symptoms in many cases are interchangeable. Citalopram is often used if the patient is
suffering from depression, but they suddenly get panic symptoms. The drug has also been seen to improve the quality of life of patients with
panic disorder [10].

Recent studies have shown the drug gives a positive response in the treatment of binge-eating disorder [11]. The drug also has potential in
the treatment of other eating disorders such as bulimia. Due to these findings scientists are researching the role of citalopram in the treatment
of anorexia [12]. Initial findings have been quite encouraging [13].

SSRI drugs such as citalopram are also considered the drug of choice for the treatment of OCD (obsessive-compulsive disorders.) [14,5]

How does the drug work?
The nervous system forms the basis for communication around the body, and it does this by the transmission of electrical signals though long,
thin cells called neurons. Electrical pulses travel rapidly through neurons to the end of the cell (the terminal). The arriving pulse creates a
voltage at the terminal and causes the release of special chemical messengers, known as neurotransmitters. Once these neurotransmitters
have been released from the first (presynaptic) neuron, they are in an open space known as the synaptic cleft. The neurotransmitter is now
between the presynaptic neuron and another cell, which could be another neuron, or any other type of cell. These cells have receptors on their
surface; if the neurotransmitter has the correct shape it can bind to a receptor causing an effect. The type of receptor that the transmitter
binds to determines the actions of the corresponding cell. There are two types of receptor which a neurotransmitter can bind to. These are:

Transmitter-Gated ion channels, generally located on neurons. The neurotransmitter binds to this type of receptor and an ion channel
opens, causing millions of charged ions to enter the cell. This is the basis for carrying an electrical signal across the body, through
neurons, to reach the target cell.
G-protein-coupled receptor. This type of receptor is present at the surface of cells on a target organ. When a neurotransmitter binds to it
a conformation change in the receptor occurs. A component of the receptor leaves which eventually activates other processes inside the
target cell. This may be to activate an enzyme, cause a muscle contraction, or start any chemical process in the body.

After a short amount of time the neurotransmitter is removed from the synaptic cleft so to allow another round of neurotransmission. The
neurotransmitter is removed by enzymes which break down the neurotransmitter in the synaptic cleft. Another way the body removes
neurotransmitters is by neurotransmitter-reuptake-channels located on the surface of the presynaptic neuron. These are a group of channels
which act as a pump, causing the neurotransmitter to re-enter the 1st neuron [15]. A diagram of this is shown below.
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The elements that affect chemical transmission in the synaptic cleft.

So how does this relate to citalopram?
Sufferers of depression are seen to have a 'chemical imbalance' in the brain. They lack sufficient amounts of the neurotransmitter serotonin
which has an important part to play in mood, emotional behaviour and sleep [15]. Citalopram blocks reuptake channels on the surface of
neurons. This means it takes a longer time for serotonin to be removed from the synaptic cleft and so serotonin gets increased exposure at
serotonin receptors [5]. Serotonin gets has a longer time to bind to receptors, and so gives the effect of having a higher concentration of the
neurotransmitter in the synaptic cleft. The effect of this is increased neurotransmitter-receptor interactions, so an increased response occurs.
It is this mechanism of action that classes citalopram as a selective serotonin reuptake inhibitor (SSRI).

 
The role of citalopram as a selective serotonin reuptake inhibitor (SSRI).

Are there any problems with this drug?
The SSRI class of antidepressants (of which citalopram is a member) are widely considered the first line of treatment for depression and mild
anxiety disorders. However there are a great deal of problems, which vindicates the vast amount of research currently going into developing
new drugs and drug targets. Problems with citalopram include:

The drug is not effective enough in approximately 30% of patients [16].
Despite the blocking of reuptake channels occurring quickly after taking the drug, anti depressant action takes approximately 2-4 weeks
to start occurring[17].
Citalopram should be used in extreme caution in women who are breast-feeding due to the excretion of the unmetabolised drug present
in breast milk [18].
Treatment has to last for a very long time, up to 12 months at a time. Once treatment is complete the drug dosage has to be reduced
over a period of weeks.
The therapeutic dosage is different with each patient and must be built up gradually over time [19].
There are a lot of side-effects involved. Citalopram is considered to have one of the best side-effect profiles out of all the SSRI's. The
SSRI class of drug is also considered to have the best side-effect profile compared to the other type of antidepressant drugs.

Very common side effects include:

Gastro-intestinal effects (such as vomiting, abdominal pain, diarrhoea, constipation), increased anxiety, drowsiness, insomnia, dry mouth,
increased sweating and a general feeling of weakness [20].

Common side effects include

Itchiness, persistent migraine, strange dreams, decreased libido, failure to orgasm, loss of memory, mood changes, altered appetite,
confusion, rapid heartbeat, yawning, pins and needles, changes in blood pressure [20].

http://www.chm.bris.ac.uk/motm/serotonin/home1.htm


Rare but serious side effects

In the first few weeks of treatment some patients experience increased thoughts of self harm and suicide. This is particularly common in
children under the age of 18, and for this reason these drugs are generally not prescribed to children [21].
There are some cases of 'serotonin syndrome', a condition where muscles contract and relax uncontrollably [22].
Some patients taking citalopram for the treatment of anxiety disorders may experience heightened anxiety over the first 3 weeks of
treatment [22].

The main problem is that the actual cause of depression is unknown, and very little is known about what any antidepressant drugs actually do.
The actual role of serotonin in the condition is also currently unexplained. Serotonin levels are increased quickly after admission but
antidepressant effects are not observed for weeks afterwards. This suggests that secondary effects made by the brain upon the increase in
serotonin are responsible for the clinical effects, not the initial drug action [17].

It is known that the drug increases the amount of serotonin at serotonin receptors. The problem with this is that there are as many as 13
different types of serotonin receptors, which all have different effects on the body. Citalopram may not have the same levels of response in re-
uptake channels in all of these systems, but the increased stimulation of these receptors may cause many of the side-effects.

Controversy and the future
Citalopram has been available as a generic drug since 2003. This means that any drug company can now synthesise the drug, and sell it as
theirs, meaning Lundbeck, the company who had the patent, could no longer sell it as a unique product. However they had a way around this
issue: molecules (such as citalopram) with a lack of internal symmetry are known as chiral. Citalopram actually exists as 2 optical isomers with
exactly the same molecular formula and the same connectivity. The only difference is that they have different coordination in space. The two
isomers look almost the same, but they are mirror images of each other. It is obvious that the two isomers are different because one can
never be moved or rotated to look exactly the same as the other without moving bonds; in short they cannot be superimposed on each other.
Isomers related to each other in this way are known as enantiomers, and are labelled either R or S. The two are mirror images of each other,
and non superimposable. Escitalopram contains just the S isomer.

S enantiomer of citalopram R enantiomer of citalopram

A drug and receptor generally bind via a 'lock and key' mechanism. That means a drug can only bind to a receptor if it fits exactly into the
receptor's binding site. From research it was found that the S enantiomer of citalopram was the pharmacologically useful isomer. It was
claimed to be the only isomer which could bind to the serotonin reuptake channels. The R isomer had no useful pharmacological effect, in fact
there were speculations that this isomer was only causing side-effects or, more interestingly, inhibiting the effects of the S isomer [23].

Lundbeck set about trying to separate the S isomer from the S/R mixture in Citalopram. In 2002 they built a facility especially to do this [4]
calling the S isomer 'escitalopram'. When results of clinical trials looked hopeful, they patented the drug in 1994. When drug development had
finished, Lundbeck started marketing Escitalopram as their drug. The medical world was watching closely to see what would happen next. How
were Lundbeck allowed to have a valid patent on what was essentially half of the same drug they were selling before? This had large
implications on thousands of drugs in the same situation.

The generic drug companies who were making Citalopram previously were outraged and didn't see why they couldn't try their own methods to
separate the R/S mixture, but under the patent they were not allowed. In 2006 the U.S. food and drug association granted permission for Ivax
(a large drug company) to make a generic version of the drug. Within days Lundbeck took them to court. The court decided "the patent
covering the drug's active ingredient was valid, enforceable and infringed by Ivax's proposed generic version" [24]. In short; generic versions
could not be made of the drug. Two years later, Generics UK Ltd took Lundbeck to court contending the extent of the monopoly Lundbeck had
with escitalopram. In the first hearing it was judged that Lundbeck could not have a complete patent over escitalopram. The effect of allowing
such a patent would give them a monopoly over that product in whatever way it was made. The judge ruled that the only thing the patent
covered was a new way of making the product; basically the method used to separate the two enantiomers was the subject of the patent, not
the physical discovery of the S isomer. Lundbeck naturally appealled against this decision. At the second hearing the higher court suggested
that the S isomer was the "invention in itself". The judge decided using the logic: "In an ordinary product claim, the product is the invention. It
is sufficiently enabled if the specification and common general knowledge enables the skilled person to make it. One method is enough." This
ruling meant that even though Lundbeck only had one way of obtaining the S isomer, they had a patent preventing other companies from
making the drug, even if it used different methodology [25].

Despite the numerous battles to protect escitalopram, the general opinion of the effectiveness of this new drug was extremely mixed among
medical professionals. Upon initial release the drug was seen to be better than other drugs on the market. However it was sold at far higher
prices than citalopram, and doctors agreed the new treatment was not cost effective [26]. This is demonstrated in table 1.

Table 1: A comparison of the price of citalopram (the R/S mixture) and escitalopram (just the S isomer.) The S isomer is hypothesised to
be the active compound, so the amount of active compound in each drug is the same. Prices correct from November 2006.

Drug Quantity of drug / Number of tablets     Cost to the NHS (in 2009)
Citalopram (Generic) 20 mg / 28 £1.26

Escitalopram (Lundbeck) 10 mg / 28 £14.91 [20] 
 

Lundbeck conducted study after study to prove to the medical world that escitalopram was better than citalopram. The published results of
escitalopram's clinical trials certainly express this [27]. There are other independent studies which also agree that escitalopram is the drug of
choice. Conversely there have also been reports suggesting that the R enantiomer of citalopram plays a role in blocking the reuptake channels,

http://www.chm.bris.ac.uk/motm/citalopram/S.mol
http://www.chm.bris.ac.uk/motm/citalopram/R.mol


theoretically making citalopram the better drug [28]. The future may show further studies which help clarify which drug is the better
treatment, but for the time being doctors are generally sticking with citalopram as it has proven results.

Further Reading
The details of the patent awarded for citalopram.

More information on the basics of neurotransmission (click on the link to the nervous system in the A2 menu).

Bibliography
1. D.A Slattery, A.L Hudson, D.J Nutt, J. Fundam. Clin. Pharm., 2004, 18, p1-21
2. J.L. Carrasco, C. Sandner, J, Int, J, Clin Pract, 2005, 59, p1428-1434.
3. Material safety data sheet.
4. H. Lundbeck A/S, Lundbeck history: milestones, H. Lundbeck A/S, Copenhagen, 2009.
5. S.M. Stahl, Psychopharmacology of Antidepressants, Martin Dunitz, London, 1997, ch 5, p40-60.
6. H. Lundbeck A/S, Lundbeck company history 1990-2005, H. Lundbeck A/S, Copenhagen, 2009.
7. H. Lundbeck A/S, Lundbeck annual report 1999, 2000, p11
8. Anon, The top 200 generic drugs by units 2006, drug topics, 5/3/2007.
9. Anon, The top 200 generic drugs by units 2007, Drug Topics, 18/02/2008

10. B. Bandelow, D.I. Stein , O.T. Dolberg, H.F. Andersen, DS Baldwin, Pharmacopharamacopsychiatry, 2007, 40, 152-156.
11. S.L. McElroy, J.I. Hudson, S Malhotra, J.A. Welge, E.B. Nelson, P.E. Keck, J. Clin. Psychiatry, 2003, 64, p807-813
12. S.J. Crow, J.E. Mitchell, J.D. Roerig, K. Steffen, J. Int. J. Eat. Disord, 2009, 41, p1-8
13. S. Fassino, P. Leombruni, G.A. Daga, A. Brustolin, G. Migliaretti, F. Cavallo, G.G. Rovera, Europ. Neurophysopharm., 2002, 12, p453-459
14. A.W. Goddard ,A. Shekhar, A.F. Whiteman, C.J. McDougle, Drug. Discov. Today., 2008, 13, 325-332
15. M.F. Bear, B.W. Connors, M.A. Paradiso, 'Neuroscience - Exploring the Brain', 3rd edn, Lippincott Williams & Wilkins, Philadelphia, 2007,

103-147.
16. A. Doris, K Ebmeier, P Shajahan, Lancet., 1999, 354, 1369-1375
17. H.P. Rang, M.M. Dale, J.M. Ritter, R.J. Flower, Rang and Dale's Pharmacology, 6th edn, Churchill Livingstone Elsevier, China, 2007, p 558-

574
18. H. Nordeng, Y.K. Bergsholm, E. Bohler, O. Spigset, Tidsskrift. For. Den. Norske. Laegeforening., 2001, 121, p199-203
19. N.L Keltner, D.G Folks, Psychotropic Drugs, 4th edn, Elsevier, St. Louis, 2005, p179-181
20. British Medical Association, British National Formulary, 52nd Edn, Pharmaceutical Press, 2006.
21. Sandoz - patient information leaflet of citalopram.
22. Generic UK ltd - patient information leaflet, of citalopram.
23. C. Sánchez, K.P. Bogeso, B. Ebert, E.H. Reines, C. Braestrup, Psychopharmacology, 2004, 174, p163-176.
24. M. Laforte, US court upholds Lexapro patent. firstword, 14/07/2006.
25. Anon, The Biogen test revisited, Intellectual Property Expert Group (ipeg), 11/04/2008 http://www.ipeg.eu/blog/?p=157
26. Anon, Study slams single isomer antidepressant, drugresearcher.com, 15/01/2004
27. H. Lundbeck A/S, Results of Cipralex(TM) (escitalopram) clinical trials, H. Lundbeck A/S, 09/05/2001.
28. J. Lundberg, J.S. Christophersen, K.B Petersen, H. Loft, C. Halldin, L. Farde, Int. J. Neuropsychopharm., 10, p777-785

 Back to Molecule of the Month page.        [DOI:10.6084/m9.figshare.5255050]

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=RE34,712.PN.&OS=PN/RE34,712&RS=PN/RE34,712
http://www.biologymad.com/
http://img.orion.fi/liitteet/200423.pdf
http://www.lundbeck.com/aboutus/history/milestones/default.asp
http://www.lundbeck.com/aboutus/History/Company_history/1990/default.asp
http://www.materials.lundbeck.com/lundbeck/83/
http://drugtopics.modernmedicine.com/drugtopics/issue/issueDetail.jsp?id=11446
http://drugtopics.modernmedicine.com/drugtopics/data/articlestandard//drugtopics/072008/491181/article.pdf
http://www.firstwordplus.com/Fws.do?src=corp_site&articleid=7474B41ED0D14C20894E262219E24B62
http://www.ipeg.eu/blog/?p=157
http://www.drugresearcher.com/Emerging-targets/Study-slams-single-isomer-antidepressant
http://www.lundbeck.com/investor/releases/ReleaseDetails/Release_46_EN.asp
http://www.chm.bris.ac.uk/motm/motm.htm
http://dx.doi.org/10.6084/m9.figshare.5255050

