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CDP-choline (cytidine-5'-diphosphocholine) is a unique form of choline that readily passes
through the blood-brain barrier directly into brain tissue. CDP-choline is a rate-limiting
intermediate in the biosynthesis of phosphatidylcholine, an important component of the neural
cell membrane. CDP-choline has been found to be of value in studies on animals and humans.

CDP-choline (cytidine-5'-diphosphocholine) is also known by its drug name, Citicholine.
Citicoline is approved as a drug in Europe and Japan for use in stroke, head trauma, and other
neurological disorders. It is presently being evaluated in phase II/III stroke trials in the United
States. (D'Orlando and Sandage 1995)

Choline and pantothenic acid (vitamin B5) are used to produce acetylcholine, the major
neurotransmitter that transmits nerve impulses between neurons. Choline is also needed for cell
membrane integrity, and to move fats in and out of cells. Choline is, therefore, essential for
proper brain function as the brain is composed of millions of nerve cells and is composed almost
entirely of fats. CDP-choline may reduce central nervous system ischemic injury by stabilizing
cell membranes and reducing free radical generation.

Animal Studies of CDP Choline

There have been five animal studies conducted on CDP-Choline:

e CDP-choline alone and in combination with urokinase resulted in a significant
decrease in neuronal damage in a study on rats with focal ischemia induced by
occlusion of the middle cerebral artery. (Shuaib, Yang et al. 2000)

e CDP-choline was shown to significantly attenuate blood-brain barrier (BBB)
dysfunction after transient forebrain ischemia was induced in gerbils. CDP-choline
substantially attenuated edema at 3 days and reduced neuronal death after 6-day
reperfusion. (Rao, Hatcher et al. 1999)

e In a study of rats with induced carotid artery embolisms, CDP-choline was shown to
reduce the median infarct size from 37% in the control group to 22% at a dose of 250
mg/kg and 11% at a dose of 500 mg/kg. CDP-choline was also studied in
combination with recombinant tissue plasminogen activator (rtPA). The infarct size
was 24% with rtPA 5 mg/kg, 11% with rtPA and 250 mg/kg CDP-choline, and 19%
with rtPA and 500 mg/kg CDP-choline. (Andersen, Overgaard et al. 1999)

e A study examined the effects of CDP-choline with medial cerebral artery occlusion
induced in spontaneous hypertensive rats. CDP-choline significantly improved
behavioral dysfunction. (Aronowski, Strong et al. 1996)

e A study of CDP-choline used to treat ischemia induced in rats demonstrated that
CDP-choline significantly reduced infarct volume with a trend towards reducing brain
edema and mortality. (Schabitz, Weber et al. 1996)



Human Studies of CDP Choline

Four studies of intravenously administered CDP-choline have been conducted outside the
United States:

A multi-center double-blind placebo-controlled study of citicoline (1000 mg per day
intravenously for 14 days was conducted on patients with acute, moderate to severe
cerebral infarction. One hundred thirty-three patients received CDP-choline
treatment, and 139 received placebo. The group treated with CDP-choline showed
significant improvements in level of consciousness compared with the placebo-
treated group, and CDP-choline was an entirely safe treatment. (Tazaki, Sakai et al.
1988)

A double-blind placebo-controlled study of citicoline (750 mg per day intravenously
for 10 days) used within 48 hours of stroke onset showed a significant improvement
on a quantified neurological assessment scale rating motor strength, muscular force,
sensation, higher cortical function, and ambulation at 90 days. Patients treated with
citicoline were significantly more likely to be ambulatory compared with placebo-
treated patients at 90 days. (Goyas, Bastard et al. 1980)

A second double-blind, placebo-controlled trial of intravenous citicoline (250 mg
three times a day for 10 days) in stroke patients treated within 48 hours of their
symptoms found that a significantly higher percentage of patients had a very good to
fairly good recovery with citicoline versus placebo treatment at 10 days after stroke.
(Boudouresques and Michel 1980)

A small double-blind, placebo-controlled study examined the effects of citicoline
(1000 mg per day of intravenous for 30 days) or placebo in 19 patients with acute
stroke treated within 48 hours. In comparison to their baseline assessments, 76% of
the citicoline-treated patients demonstrated improvement compared with only 31% of
the placebo-treated patients. (Corso, Arena et al. 1982)

Two trials of orally administered CDP-choline have been conducted in the United States by

Clark et al:

A randomized, double-blind, multi-center trial of CDP-choline was conducted on 259
stoke patients. Both the 500-mg per day citicoline group and the 2,000-mg per day
citicoline (orally) group had a significant improvement in terms of the percent of
patients who had a favorable outcome on the Barthel Index at 90 days. There were no
drug-related serious adverse events or deaths in this study. This study suggests that
oral citicoline can be used safely with minimal side effects in acute stroke treatment.
Citicoline appears to improve functional outcome and reduce neurologic deficit with
500 mg of citicoline appearing to be the optimal dose. (Clark, Warach et al. 1997)

In follow-up study, published in the journal Stroke, 394 patients with acute (24 hours)
ischemic stroke received either citicholine (500 mg orally daily) or placebo for 6
weeks. No difference was found between the placebo and citicholine-treated groups.
The authors, however, found a significantly higher percentage of patients with mild
strokes in the placebo group (34%) than those treated with citicholine (22%). The
researchers also found a similar discrepancy in the previous study (above). (Clark,
Warach et al. 1997) Reanalysis of the data found that the 2000 mg dose provided the



greatest therapeutic effect (instead of the 500 mg dose.) For this reason, the authors
have chosen to use the 2000 mg dose in future trials. (Clark, Williams et al. 1999)

One of the key between the US and non-US trials was the dose and form used. Those
conducted in the United States by Clark et al used oral doses of citicholine (500 and 2000 mg),
whereas the non-US trials used intravenous citicholine at various concentrations and doseages
(750 mg per day, 250 mg three times a day, and 1000 mg per day). (Clark, Williams et al. 1999)

Unfortunately, the FDA may never approve Citicholine as a drug based on the results of the
second US study.
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