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9 Choline

Choline has multiple roles as an essential nutrient. A major dietary component found in eggs and liver, its absorption
in the intestine is mediated by choline transporters. The majority of choline is used to synthesize phosphatidylcholine,
the predominant lipid in cell membranes. As well as being essential in the synthesis of membrane components,
choline accelerates the synthesis and release of acetylcholine, an important neurotransmitter involved in memory
storage and muscle control. Choline is an essential element in neurodevelopment. As a major dietary source of methyl
groups, choline also participates in the biosynthesis of lipids, regulation of metabolic pathways, and detoxification in
the body.

Health outcomes associated with choline involve memory, heart disease, and inflammation, which also explain the
consideration of choline as a plausible intervention in traumatic brain injury (TBI). Although there are no human
studies examining the effect of supplementation during pregnancy on enhanced memory of the newborn, there are
animal studies showing that choline supplementation provided during hippocampal development has an effect on
maintaining memory in older age. This effect appears to involve changes in gene expression via gene methylation.
Changes in homocysteine due to choline supplementation are also hypothesized to reduce cardiovascular disease
(CVD) risk. In the Framingham Offspring Study, combined dietary intakes of choline and betaine were associated
with lower concentrations of homocysteine, a marker for inflammation. During the ATTICA study, a cross-sectional
survey (1,514 men and 1,528 women with no history of CVD) of health and nutrition being carried out in the region
of Attica, Greece, the association between inflammatory markers and choline intakes was measured. Participants who
consumed higher levels of choline (> 310 vs. <250 mg/day) had lower concentrations of C-reactive protein,
interleukin-6, and tumor necrosis factor-alpha (Detopoulou et al., 2008). For an overview of the metabolism,
functions, and health effects of choline, the reader is referred to previous reviews (IOM, 1998; Zeisel, 2006; Zeisel
and da Costa, 2009; Zeisel et al., 1991).

Because of its undesirable organoleptic characteristics when administered in doses that exceed the capacity of the
small intestine to absorb it, choline is not readily accepted by patients. The most common form of choline in the diet
is phosphatidylcholine, an ester of choline that is not used as a substrate by gut bacteria and does not result in fishy
body odor (Zeisel et al., 1983). Most studies reviewed in this chapter used an intermediary in the synthesis of
phosphatidylcholine, CDP-choline. CDP-choline is composed of cytidine and choline and is hydrolyzed in the small
intestine before absorption as citidine and choline. After absorption, citidine and choline are rephosphorylated and
then CDP-choline is resynthesized again. CDP-choline also serves as a donor of choline in the synthesis of
acetylcholine. This chapter includes evidence for the potential use of CDP-choline in TBI.

CHOLINE AND THE BRAIN

Choline has a critical role in neurotransmitter function because of its impact on acetylcholine and dopaminergic
function. Studies in animals suggest that CDP-choline supplements increase dopamine receptor densities and can
ameliorate memory impairment. In Parkinson’s disease, for example, CDP-choline may increase the availability of
dopamine. A Cochrane review of randomized trials testing the efficacy of CDP-choline in the treatment of cognitive,
emotional, and behavioral deficits associated with chronic cerebral disorders in the elderly revealed no evidence of a
beneficial effect on attention, but some evidence of benefit on memory function and behavior (Fioravanti and Yanagi,
2005). The brains of those with Alzheimer’s disease have decreased phosphatidylcholine and
phosphatidylethanolamine, and it has been suggested that CDP-choline may provide benefit by repairing cell
membrane damage and enhancing acetylcholine synthesis. Both sphingomyelin and phosphatidylcholine, major



constituents of brain membranes, are synthesized from the precursor choline (Zeisel, 2005). The role of choline in
regulating the synthesis of phospholipids (e.g., phosphatidylcholine, phosphatidylethanolamine, phosphatidylinositol,
and sphingomyelin) as constituents of cell membranes is reviewed in Saver (2008). This review also includes a
discussion of the evidence showing that choline promotes rapid repair of injured cell surfaces and mitochondrial
membranes as well as maintenance of cell integrity and bioenergetic capacity. Increases in biomarkers representative
of CDP-choline activity, such as phosphodiesters, were observed on proton magnetic resonance spectroscopy and
were associated with improvements in verbal memory in humans (Babb et al., 2002; Fioravanti and Yanagi, 2005).

It is hypothesized that CDP-choline may exert neuroprotective effects in an injured brain through its ability to
improve phosphatidylcholine synthesis (Adibhatla and Hatcher, 2002). In addition to its neuroprotective capability,
CDP-choline potentiates neurorecovery, which has led to its evaluation as treatment for both stroke and TBI in animal
models and in human clinical trials (Cohadon et al., 1982; Levin, 1991; Warach et al., 2000). The positive effects seen
in models of ischemia and hypoxia may be explained by increased Bcl-2 expression, decreased apoptosis, and reduced
expression of pro-caspase. Inhibiting caspase activity may decrease apoptotic activity and calcium-mediated cell
death. Supporting these ideas, in vitro studies have also revealed that choline deficiency induces apoptosis in the liver
by mechanisms independent of protein 53, which likely involve abnormal mitochondrial membrane
phosphatidylcholine, leakage of oxygen radicals, and activation of caspases (Albright and Zeisel, 1997; Albright et
al., 1996, 1998, 1999a, 199b, 2003; Chen et al., 2010). In humans, a choline-deficient diet also causes DNA damage
and apoptosis (da Costa et al., 2006).

In addition, CDP-choline is hypothesized to attenuate the loss of phospholipid and increase in fatty acids after global
and focal cerebral ischemia by preventing activation of phospholipase A2. CDP-choline may also act to protect
against oxidative stress since it has been shown to increase total glutathione levels, glutathione reductase activity,
decreased oxidized glutathione, and glutathione oxidation ratio (Adibhatla and Hatcher, 2005).

In rat models, the availability of choline to the fetus influences neurogenesis in the fetal brain (Craciunescu et al.,
2003), and choline status in early life influences neurogenesis rates in the adult hippocampus (Glenn et al., 2007), an
area of the brain that is often dysfunctional in TBI. Additionally suggesting choline mechanisms of action relevant to
TBI are the fact that in rodents, choline deficiency is associated with lipid peroxidation in liver (Ghoshal et al., 1984,
1990) and that deletion of a choline metabolism gene results in mitochondrial dysfunction in the liver, sperm, testis,
heart, and kidney (Johnson et al., 2010). A list of human studies (years 1990 and beyond) evaluating the effectiveness
of CDP-choline in providing resilience or treating TBI or related diseases or conditions (i.e., subarachnoid
hemorrhage, intracranial aneurysm, stroke, anoxic or hypoxic ischemia, epilepsy) in the acute phase in humans is
presented in Table 9-1; this also includes supporting evidence from animal models of TBI. The table includes the
occurrence or absence of adverse effects in humans.

USES AND SAFETY

In 1998, the Institute of Medicine (IOM) recognized choline as an essential nutrient (IOM, 1998; Zeisel and da Costa,
2009) and set the Adequate Intake (AI) for choline at 550 mg/day and 425 mg/day for men and women 19 years of
age and older, respectively. These levels were set based on the dietary intakes of the U.S. population, and on the
development of liver damage seen with lower intake. The Tolerable Upper Intake Level (UL) for choline is 3.5 g/day
for adults 19 years of age or older, based on fishy body odor and hypotension (IOM, 1998).

Choline is found in a variety of foods including eggs and liver. Deficiency has been clearly linked to atherosclerosis,
neurodevelopmental diseases, and liver disease (Penry and Manore, 2008). The human body is unable to synthesize
sufficient choline via direct methylation of phosphatidylethanolamine to phosphatidylcholine, so choline must also be
acquired via the diet. Analysis of choline intake has suggested a high level of deficiency in the U.S. population
(Fischer et al., 2005; Jensen et al., 2007). Choline deficiency has been linked to a variety of secondary disease
processes, such as liver disease; cardiac, neurodegenerative and neurodevelopmental problems; and breast cancer (Li
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and Vance, 2008; Zeisel, 20006). In addition, it is estimated that up to 50 percent of the population carries genetic
variations that require increased choline intake (Zeisel and da Costa, 2009).

Direct choline therapy, when administered in doses higher than the intestine can absorb, often leads to malodor that is
unacceptable to participants. The use of forms of choline that are efficiently absorbed and avoid this problem is
desirable. All the studies reported by the committee have used CDP-choline, an endogenous compound and
intermediary of the synthesis of phosphatidylcholine. CDP-choline was originally identified as the key intermediary in
the biosynthesis of phosphatidylcholine by Kennedy in 1956 (2003), and is now also sold as a dietary supplement.
However, there is no evidence that CDP-choline is the most effective form, and other forms of choline could be tested
in future TBI studies.

CDP-choline has been used in the treatment of cerebrovascular disorders for many years, under a variety of protocols
and to ameliorate various conditions. In several European countries, for example, CDP-choline is frequently
prescribed for cognitive impairment and in the treatment of Parkinson’s disease.

CDP-choline is generally considered safe; the side effect most noted in clinical trials has been mild diarrhea, with leg
edema, back pain with headache, tinnitus, insomnia, vision problems, and dizziness reported much less frequently
(Adibhatla and Hatcher, 2002; Clark et al., 1997; Levin, 1991). There were no adverse events reported even with
doses as high as 4,000 mg/day (Calatayud Maldonado et al., 1991). It is notable that in a study by Clark and
colleagues (2001), a dose of 2,000 mg/day by enteral administration did not induce severe adverse events at a rate any
higher than placebo in the 899 patients.

EVIDENCE INDICATING EFFECT ON RESILIENCE

The committee found no clinical or animal trials that have tested the potential benefits of choline or CDP-choline in
TBI or in other diseases or conditions included in the reviews of the literature (subarachnoid hemorrhage, intracranial
aneurysm, stroke, anoxic or hypoxic ischemia, epilepsy).

EVIDENCE INDICATING EFFECT ON TREATMENT

Human Studies

In human studies, patients who were administered CDP-choline early in the postischemia recovery process
demonstrated improved levels of consciousness (Tazaki et al., 1988) as well as improvements in the modified Rankin
scale (a measure of function after stroke) (Clark et al., 2001). Consistent with this observation, magnetic resonance
imaging data show a decrease in lesion volume with CDP-choline compared to placebo in a preliminary trial (Warach
et al., 2000). A meta-analysis was conducted of four randomized clinical trials of CDP-choline in stroke in the United
States (Davalos et al., 2002). Although the conclusion from pooling the data in the meta-analysis was positive and the
authors concluded that oral CDP-choline increases the probability of recovery, the results of the individual studies are
ambiguous. CDP-choline improved functional outcome and reduced neurological deficit in one of those studies (Clark
et al., 1997); however, two subsequent studies failed to demonstrate improvement, although a post hoc analysis
showed improvements in moderate to severe stroke cases (Clark et al., 1999, 2001). One of the studies (Clark et al.,
2001) showed a beneficial effect of CDP-choline as measured by the Rankin scale, a secondary outcome metric in
these trials. A separate meta-analysis of acute and subacute stroke, published in abstract form only, suggested a
positive treatment effect of CDP-choline precursors on rates of death and disability (Saver et al., 2002).

In early randomized clinical trials of CDP-choline in TBI, it was associated with faster recovery from focal motor
deficits in patients with severe TBI (Cohadon et al., 1982); improved recall design (a measure of memory) (Levin,
1991); a reduction of postconcussion symptoms following mild TBI (Levin, 1991); and reduced inpatient hospital stay
and requirement for outpatient follow-up (Calatayud Maldonado et al., 1991). CDP-choline has also been shown to



enhance cerebral blood flow. Among patients with TBI and very severe memory deficits, hypoperfusion of the inferior
left temporal lobe normalized after administration of CDP-choline (Leon-Carrion et al., 2000).

Clinical trials of CDP-choline in TBI have demonstrated efficacy in secondary outcome measures but not in primary
measures. These ambiguous results of some of the human trials in the United States may be due to a combination of
causes. Many of the trials used doses substantially lower than may be optimal for highest efficacy (Agut et al., 1983;
Clark et al., 1997). Also, this failure may have been due to substantial weaknesses in study designs, such as
insufficient sample size (Calatayud Maldonado et al., 1991; Cohadon et al., 1982; Tazaki et al., 1988) or lack of
sensitivity of the chosen outcomes measure (Glasgow Outcome Scale) (Clark et al., 2001). For example, Clark’s study
of patients with stroke did not show a significant difference in the primary outcome measure (an improvement of total
score by > 7 in the National Institutes of Health Stroke Scale), but post hoc analysis using a standard of “excellent
recovery” showed a possible treatment effect. In this study, the primary outcome measure may have been too stringent
(Clark et al., 2001). Differences in outcomes also may have been due to the route of administration of CDP-choline.
Although bioavailability data suggest that enteral and intravenous routes are similar, brain uptake of CDP-choline
may vary depending on the route of administration (Adibhatla and Hatcher, 2002; Grotta, 2002; Secades and Frontera,
1995). Theoretically, it is possible that intravenous administration may yield higher brain delivery (Agut et al., 1983;
Secades and Frontera, 1995).

Animal Studies

In animal models, CDP-choline has been demonstrated to exert acute neuroprotection, as well as positive effects in
chronic brain injury and stroke and in epilepsy.

A major mechanism of secondary injury in TBI is the formation of reactive oxygen species and lipid peroxidases,
which cause significant tissue damage. Animal models of TBI support a key role for oxidative stress (Ikeda and Long,
1990; Kontos et al., 1992). The exogenous administration of CDP-choline or its precursors significantly increased
levels of glutathione (Adibhatla et al., 2001; Barrachina et al., 2003; De la Cruz et al., 2000), a powerful endogenous
antioxidant. CDP-choline also attenuates release of arachidonic acid, cardiolipin, and sphingomyelin (Adibhatla and
Hatcher, 2002). Studies in animal models of ischemia and hypoxia also found that CDP-choline treatment improves
concentration of free fatty acids, decreases neurological deficits, and improves behavioral performance on learning
and memory (Rao et al., 2001). Increased expression of B-cell lymphoma 2, a regulator of apoptosis; decreased
apoptosis; and reduced expression of both pro-caspase (Krupinski et al., 2002) and cleaved caspase-3 (Mir et al.,
2003) also may explain the functional find ings. Inhibiting caspase activity may decrease apoptotic activity and
calcium-mediated cell death.

CDP-choline was found to be neuroprotective in an animal model of uninterrupted occlusion of the basilar artery after
subarachnoid hemorrhage (Alkan et al., 2001). CDP-choline was associated with greater arterial pressure, smaller
infarct volumes, and lower mortality than controls. These results also suggest that CDP-choline provides significant
neuroprotection during cerebral ischemia.

Dietary choline may promote functional recovery from status epilepticus (Holmes et al., 2002; Wong-Goodrich et al.,
2010). Following the status epilepticus, rats given a choline-supplemented diet for four weeks performed better on the
Morris water maze test than rats receiving a control diet (Holmes et al., 2002).

Animal studies (Baskaya et al., 2000; Dempsey and Raghavendra Rao, 2003; Dixon et al., 1997) demonstrated the
neuroprotective effect of CDP-choline in TBI. The studies showed that CDP-choline had a significant preventive
effect on TBI-induced neuronal loss in the hippocampus, decreased cortical contusion volume, and improved
neurological recovery. Additionally, there was a dose-dependent attenuation of chronic deficits in motor and spatial
performance following CDP-choline administration. Extracellular levels of acetylcholine, a key mediator of memory
processes, were increased (Dixon et al., 1997), suggesting that CDP-choline enhances cholinergic transmission and
may ameliorate chronic functional deficits. A second mechanism that may explain why CDP-choline improves



function in chronically injured animals focuses on observed decreases in dopamine following injury (Yan et al., 2001).
In such models, CDP-choline increased dopamine levels (Secades and Frontera, 1995; Yan et al., 2001), which
enhanced neurorecovery (Kline et al., 2004).

CONCLUSIONS AND RECOMMENDATIONS

Since 2000, several neuroprotective trials for TBI have failed to show efficacy in any of the interventions tested. One
reason may be that many of these agents have targeted one portion of the cascade of injury that occurs after TBI. Such
agents have a time-limited opportunity to prevent the secondary brain injury and are rarely involved in the restorative
process. An ideal agent would provide both neuroprotection and a means to facilitate the recovery process.

Although clinical trials in stroke and trauma have suggested efficacy in secondary outcome measures related to
functional outcome and cognition, design weaknesses in these studies may have affected findings in the primary
outcome. Design limitations include insufficient sample size (Tazaki et al., 1988), low dosage (Clark et al., 1997,
1999), variations derived from intravenous versus enteral delivery (Calatayud Maldonado et al., 1991; Clark et al.,
2001), and in some cases inadequate outcome measures (Clark et al., 2001).

Preliminary animal data suggest that CDP-choline works via numerous mechanisms to limit the acute secondary
injury cascade after ischemic and traumatic injury. In the more chronic setting, CDP-choline appears responsible for
an upregulation in acetylcholine synthesis. The diversity of CDP-choline’s mechanisms of action suggests that it may
offer neuroprotection and neurofacilitation to patients with TBI through multiple avenues, thereby increasing the
possibility of that treatment improving outcome. The optimal clinical dose and duration of treatment of CDP-choline
for injured patients is yet unclear.

There is one ongoing human trial on the effect of CDP-choline (Citicoline Brain Injury Treatment [COBRIT] trial) on
cognition and functional measures on severe, moderate, and complicated mild TBI being led by a member of the
committee (Zafonte et al., 2009). The committee recognizes the significance of this trial in that the findings will
reveal more insights about the potential for this nutrient in the treatment of TBI. It was the consensus of the
committee to emphasize the importance of monitoring the results of this trial before conducting more human studies.
If ongoing trials with CDP-choline and TBI patients show positive results, further studies are warranted to confirm the
optimal duration of treatment and clinical dose of choline for injured patients. Likewise, if those studies reveal that
choline is a promising intervention, the effect of choline supplementation prior to injury to improve resilience could
be explored by conducting animal studies. The impact on neurologic outcome of the choline deficiency observed in
the population needs to be explored. Although there are no data regarding supplementation to enhance resilience,
choline’s critical role in the maintenance of health suggests that individuals should be cautioned to avoid deficiency.
Based on findings from animal studies, it would be prudent to consider potential gender differences in the metabolism
of choline when designing studies (Fischer et al., 2007; Resseguie et al., 2007, 2011).

RECOMMENDATION 9-1. DoD should monitor the results of the COBRIT trial, a human experimental trial
examining the effect of CDP-choline and genomic factors on cognition and functional measures in severe, moderate,
and complicated mild TBI. If the results of that trial are positive, then DoD should conduct animal studies to define
the optimal clinical dose and duration of treatment for choline (CDP-choline) following TBI, as well as to explore
choline’s potential to promote resilience to TBI when used as a preinjury supplement.

REFERENCES

Adibhatla, R. M., and J. F. Hatcher. 2002. Citicoline mechanisms and clinical efficacy in cerebral ischemia.
Journal of Neuroscience Research 70(2):133—139. [PubMed: 12271462]

Adibhatla, R. M., and J. F. Hatcher. 2005. Cytidine 5'-diphosphocholine (CDP-choline) in stroke and other CNS
disorders. Neurochemical Research 30(1):15-23. [PMC free article: PMC1934404] [PubMed: 15756928]


https://pubmed.ncbi.nlm.nih.gov/12271462
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1934404/
https://pubmed.ncbi.nlm.nih.gov/15756928

Adibhatla, R. M., J. F. Hatcher, and R. J. Dempsey. 2001. Effects of citicoline on phospholipid and glutathione
levels in transient cerebral ischemia. Stroke 32(10):2376-2381. [PubMed: 11588329]

Agut, J., E. Font, A. Sacristan, and J. A. Ortiz. 1983. Bioavailability of methyl-14c CDP-choline by oral route.
Arzneimittelforschung 33(7A):1045-1047. [PubMed: 6684463]

Albright, C. D., and S. H. Zeisel. 1997. Choline deficiency causes increased localization of transforming growth
factor-betal signaling proteins and apoptosis in rat liver. Pathobiology 65(5):264-270. [PubMed: 9459496

Albright, C. D., R. Lui, T. C. Bethea, K.-A. da Costa, R. I. Salganik, and S. H. Zeisel. 1996. Choline deficiency
induces apoptosis in SV40-immortalized CWSV-1 rat hepatocytes in culture. The Federation of American
Societies for Experimental Biology Journal 10(4):510-516. [PubMed: 8647350]

Albright, C. D., R. I. Salganik, W. K. Kaufmann, A. S. Vrablic, and S. H. Zeisel. 1998. A p53-dependent G1
checkpoint function is not required for induction of apoptosis by acute choline deficiency in immortalized rat
hepatocytes in culture. The Journal of Nutritional Biochemistry 9(8):476—481.

Albright, C. D., C. B. Friedrich, E. C. Brown, M. H. Mar, and S. H. Zeisel. 1999. a. Maternal dietary choline
availability alters mitosis, apoptosis and the localization of TOAD-64 protein in the developing fetal rat septum.
Brain Research 115(2):123-129. [PubMed: 10407130]

Albright, C. D., A. Y. Tsai, C. B. Friedrich, M. H. Mar, and S. H. Zeisel. 1999. b. Choline availability alters
embryonic development of the hippocampus and septum in the rat. Brain Research 113(1-2):13-20. [PubMed:
10064869]

Albright, C. D., R. L. Salganik, C. N. Craciunescu, M. H. Mar, and S. H. Zeisel. 2003. Mitochondrial and
microsomal derived reactive oxygen species mediate apoptosis induced by transforming growth factor-betal in
immortalized rat hepatocytes. Journal of Cellular Biochemistry 89(2):254-261. [PubMed: 12704789]

Alkan, T., N. Kahveci, B. Goren, E. Korfali, and K. Ozluk. 2001. Ischemic brain injury caused by interrupted
versus uninterrupted occlusion in hypotensive rats with subarachnoid hemorrhage: Neuroprotective effects of
citicoline. Archives of Physiology and Biochemistry 109(2):161-167. [PubMed: 11780777]

Babb, S. M., L. L. Wald, B. M. Cohen, R. A. Villafuerte, S. A. Gruber, D. A. Yurgelun-Todd, and P. F.
Renshaw. 2002. Chronic citicoline increases phosphodiesters in the brains of healthy older subjects: An in vivo
phosphorus magnetic resonance spectroscopy study. Psychopharmacology 161(3):248-254. [PubMed:
12021827]

Barrachina, M., I. Dominguez, S. Ambrosio, J. Secades, R. Lozano, and I. Ferrer. 2003. Neuroprotective effect
of citicoline in 6-hydroxydopamine-lesioned rats and in 6-hydroxydopamine-treated SH-SY5Y human
neuroblastoma cells. Journal of the Neurological Sciences 215(1-2):105-110. [PubMed: 14568136]

Baskaya, M. K., A. Dogan, A. M. Rao, and R. J. Dempsey. 2000. Neuroprotective effects of citicoline on brain
edema and blood-brain barrier breakdown after traumatic brain injury. Journal of Neurosurgery 92(3):448—452.
[PubMed: 10701532]

Calatayud Maldonado, V., J. B. Calatayud Perez, and J. Aso Escario. 1991. Effects of CDP-choline on the
recovery of patients with head injury. Journal of the Neurological Sciences 103(Suppl.):S15-S18. [PubMed:
1940960]

Chen, M., L. Peyrin-Biroulet, A. George, F. Coste, A. Bressenot, C. Bossenmeyer-Pourie, J. M. Alberto, B. Xia,
B. Namour, and J. L. Gueant. 2010. Methyl deficient diet aggravates experimental colitis in rats. Journal of
Cellular and Molecular Medicine . Published electronically December 29, 2010. doi: 10.1111/5.1582-
4934.2010.01252.x. [PMC free article: PMC3822959] [PubMed: 21199330]


https://pubmed.ncbi.nlm.nih.gov/11588329
https://pubmed.ncbi.nlm.nih.gov/6684463
https://pubmed.ncbi.nlm.nih.gov/9459496
https://pubmed.ncbi.nlm.nih.gov/8647350
https://pubmed.ncbi.nlm.nih.gov/10407130
https://pubmed.ncbi.nlm.nih.gov/10064869
https://pubmed.ncbi.nlm.nih.gov/12704789
https://pubmed.ncbi.nlm.nih.gov/11780777
https://pubmed.ncbi.nlm.nih.gov/12021827
https://pubmed.ncbi.nlm.nih.gov/14568136
https://pubmed.ncbi.nlm.nih.gov/10701532
https://pubmed.ncbi.nlm.nih.gov/1940960
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3822959/
https://pubmed.ncbi.nlm.nih.gov/21199330

Clark, W., B. Williams, K. Selzer, R. Zweifler, L. Sabounjian, and R. Gammans. 1999. A randomized efficacy
trial of citicoline in patients with acute ischemic stroke. Stroke 30(12):2592-2597. [PubMed: 10582983]

Clark, W. M., S. J. Warach, L. C. Pettigrew, R. E. Gammans, and L. A. Sabounjian. 1997. A randomized dose-
response trial of citicoline in acute ischemic stroke patients. Neurology 49(3):671-678. [PubMed: 9305321]

Clark, W. M., L. R. Wechsler, L. A. Sabounjian, and U. E. Schwiderski. 2001. A phase Il randomized efficacy
trial of 2000 mg citicoline in acute ischemic stroke patients. Neurology 57(9):1595-1602. [PubMed: 11706098]

Cohadon, F., E. Richer, and B. Poletto. 1982. A metabolic precursor of phospholipids in severe traumatic
comas. Neurochirurgie 28(4):287-290. [PubMed: 6759958]

Craciunescu, C. N., C. D. Albright, M. H. Mar, J. Song, and S. H. Zeisel. 2003. Choline availability during
embryonic development alters progenitor cell mitosis in developing mouse hippocampus. The Journal of
Nutrition 133(11):3614-3618. [PMC free article: PMC1592525] [PubMed: 14608083]

da Costa, K. A., M. D. Niculescu, C. N. Craciunescu, L. M. Fischer, and S. H. Zeisel. 2006. Choline deficiency
increases lymphocyte apoptosis and DNA damage in humans. American Journal of Clinical Nutrition 84(1):88—
94. [PMC free article: PMC2430662] [PubMed: 16825685]

Davalos, A., J. Castillo, J. Alvarez-Sabin, J. Secades, J. Mercadal, S. Lopez, E. Cobo, S. Warach, D. Sherman,
W. Clark, and R. Lozano. 2002. Oral citicoline in acute ischemic stroke: An individual patient data pooling
analysis of clinical trials. Stroke 33(12):2850-2857. [PubMed: 12468781]

De la Cruz, J. P, J. Pavia, J. A. Gonzalez-Correa, P. Ortiz, and F. S. de la Cuesta. 2000. Effects of chronic
administration of s-adenosyl-l-methionine on brain oxidative stress in rats. Naunyn-Schmiedebergs Archives of
Pharmacology 361(1):47-52. [PubMed: 10651146]

Dempsey, R. J., and V. L. Raghavendra Rao. 2003. Cytidinediphosphocholine treatment to decrease traumatic
brain injury-induced hippocampal neuronal death, cortical contusion volume, and neurological dysfunction in
rats. Journal of Neurosurgery 98(4):867—873. [PubMed: 12691414]

Detopoulou, P., D. B. Panagiotakos, S. Antonopoulou, C. Pitsavos, and C. Stefanadis. 2008. Dietary choline and
betaine intakes in relation to concentrations of inflammatory markers in healthy adults: The ATTICA Study.
American Journal of Clinical Nutrition 87(2):424-430. [PubMed: 18258634]

Dixon, C. E., X. Ma, and D. W. Marion. 1997. Effects of CDP-choline treatment on neurobehavioral deficits
after TBI and on hippocampal and neocortical acetylcholine release. Journal of Neurotrauma 14(3):161-169.
[PubMed: 9104933]

Fioravanti, M., and M. Yanagi. 2005. Cytidinediphosphocholine (CDP-choline) for cognitive and behavioural
disturbances associated with chronic cerebral disorders in the elderly. Cochrane Database of Systematic
Reviews (2):CD000269. [PubMed: 15846601]

Fischer, L. M., J. A. Scearce, M. H. Mar, J. R. Patel, R. T. Blanchard, B. A. Macintosh, M. G. Busby, and S. H.
Zeisel. 2005. Ad libitum choline intake in healthy individuals meets or exceeds the proposed adequate intake
level. The Journal of Nutrition 135(4):826-829. [PMC free article: PM(C2435379] [PubMed: 15795442]

Fischer, L. M., K. daCosta, L. Kwock, P. Stewart, T.-S. Lu, S. Stabler, R. Allen, and S. Zeisel. 2007. Sex and
menopausal status influence human dietary requirements for the nutrient choline. American Journal of Clinical
Nutrition 85(5):1275-1285. [PMC free article: PMC2435503] [PubMed: 17490963 ]

Ghoshal, A. K., T. Rushmore, Y. Lim, and E. Farber. 1984. Early detection of lipid peroxidation in the hepatic
nuclei of rats fed a diet deficient in choline and methionine. Proceedings of the American Association for
Cancer Research 25:94.


https://pubmed.ncbi.nlm.nih.gov/10582983
https://pubmed.ncbi.nlm.nih.gov/9305321
https://pubmed.ncbi.nlm.nih.gov/11706098
https://pubmed.ncbi.nlm.nih.gov/6759958
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1592525/
https://pubmed.ncbi.nlm.nih.gov/14608083
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2430662/
https://pubmed.ncbi.nlm.nih.gov/16825685
https://pubmed.ncbi.nlm.nih.gov/12468781
https://pubmed.ncbi.nlm.nih.gov/10651146
https://pubmed.ncbi.nlm.nih.gov/12691414
https://pubmed.ncbi.nlm.nih.gov/18258634
https://pubmed.ncbi.nlm.nih.gov/9104933
https://pubmed.ncbi.nlm.nih.gov/15846601
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2435379/
https://pubmed.ncbi.nlm.nih.gov/15795442
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2435503/
https://pubmed.ncbi.nlm.nih.gov/17490963

Ghoshal, A. K., T. H. Rushmore, C. P. Buc, M. Roberfroid, and E. Farber. 1990. Prevention by free radical
scavenger ADS5 of prooxidant effects of choline deficiency. Free Radical Biology and Medicine 8(1):3-7.
[PubMed: 2323581]

Glenn, M. J., E. M. Gibson, E. D. Kirby, T. J. Mellott, J. K. Blusztajn, and C. L. Williams. 2007. Prenatal
choline availability modulates hippocampal neurogenesis and neurogenic responses to enriching experiences in
adult female rats. European Journal of Neuroscience 25(8):2473-2482. [PMC free article: PMC2435208]
[PubMed: 17445242]

Grotta, J. 2002. Neuroprotection is unlikely to be effective in humans using current trial designs. Stroke
33(1):306-307. [PubMed: 11779929]

Holmes, G. L., Y. Yang, Z. Liu, J. M. Cermak, M. R. Sarkisian, C. E. Stafstrom, J. C. Neill, and J. K. Blusztajn.
2002. Seizure-induced memory impairment is reduced by choline supplementation before or after status
epilepticus. Epilepsy Research 48(1-2):3—13. [PubMed: 11823105]

Ikeda, Y., and D. M. Long. 1990. The molecular-basis of brain injury and brain edema—the role of oxygen
free-radicals. Neurosurgery 27(1):1-11. [PubMed: 2198480]

IOM (Institute of Medicine). 1998. Dietary reference intakes for thiamin, riboflavin, niacin, vitamin B6, folate,
vitamin B12, pantothenic acid, biotin, and choline . Washington, DC: National Academy Press. [PubMed:
23193625]

Jensen, H. H., S. P. Batres-Marquez, A. Carriquiry, and K. L. Schalinske. 2007. Choline in the diets of the U.S.
population: NHANES, 2003-2004. The Federation of American Societies for Experimental Biology Journal
21:1b219.

Johnson, A. R., C. N. Craciunescu, Z. Guo, Y. W. Teng, R. J. Thresher, J. K. Blusztajn, and S. H. Zeisel. 2010.
Deletion of murine choline dehydrogenase results in diminished sperm motility. The Federation of American
Societies for Experimental Biology Journal 24(8):2752-2761. [PMC free article: PMC2909292] [PubMed:
20371614]

Kennedy, J. E., P. F. Clement, and G. Curtiss. 2003. WAIS-III processing speed index scores after TBI: The
influence of working memory, psychomotor speed and perceptual processing. Clinical Neuropsychologist
17(3):303-307. [PubMed: 14704894]

Kline, A. E., J. L. Massucci, X. C. Ma, R. D. Zafonte, and C. E. Dixon. 2004. Bromocriptine reduces lipid
peroxidation and enhances spatial learning and hippocampal neuron survival in a rodent model of focal brain
trauma. Journal of Neurotrauma 21(12):1712—1722. [PubMed: 15684763]

Kontos, C. D., E. P. Wei, J. I. Williams, H. A. Kontos, and J. T. Povlishock. 1992. Cytochemical detection of
superoxide in cerebral inflammation and ischemia invivo. American Journal of Physiology 263(4):H1234—
H1242. [PubMed: 1329563]

Krupinski, J., I. Ferrer, M. Barrachina, J. J. Secades, J. Mercadal, and R. Lozano. 2002. CDP-choline reduces
procaspase and cleaved caspase-3 expression, nuclear DNA fragmentation, and specific PARP-cleaved products

of caspase activation following middle cerebral artery occlusion in the rat. Neuropharmacology 42(6):846—854.
[PubMed: 12015211]

Leon-Carrion, J., J. M. Dominguez-Roldan, F. Murillo-Cabezas, M. D. Dominguez-Morales, and M. A. Munoz-
Sanchez. 2000. The role of citicholine in neuropsychological training after traumatic brain injury.
Neurorehabilitation 14(1):33—40. [PubMed: 11455066]


https://pubmed.ncbi.nlm.nih.gov/2323581
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2435208/
https://pubmed.ncbi.nlm.nih.gov/17445242
https://pubmed.ncbi.nlm.nih.gov/11779929
https://pubmed.ncbi.nlm.nih.gov/11823105
https://pubmed.ncbi.nlm.nih.gov/2198480
https://pubmed.ncbi.nlm.nih.gov/23193625
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2909292/
https://pubmed.ncbi.nlm.nih.gov/20371614
https://pubmed.ncbi.nlm.nih.gov/14704894
https://pubmed.ncbi.nlm.nih.gov/15684763
https://pubmed.ncbi.nlm.nih.gov/1329563
https://pubmed.ncbi.nlm.nih.gov/12015211
https://pubmed.ncbi.nlm.nih.gov/11455066

Levin, H. S. 1991. Treatment of postconcussional symptoms with CDP-choline. Journal of the Neurological
Sciences 103(Suppl.):S39-S42. [PubMed: 1940965]

Li, Z., and D. E. Vance. 2008. Phosphatidylcholine and choline homeostasis. Journal of Lipid Research
49(6):1187-1194. [PubMed: 18204095]

Maldonado, V., J. B. Perez, and J. Escario. 1991. Effects of CDP-choline on the recovery of patients with head
injury. Journal of the Neurological Sciences 103(Suppl.):S15-18. [PubMed: 1940960]

Mir, C., J. Clotet, R. Aledo, N. Durany, J. Argemi, R. Lozano, J. Cervos-Navarro, and N. Casals. 2003. CDP-
choline prevents glutamate-mediated cell death in cerebellar granule neurons. Journal of Molecular
Neuroscience 20(1):53—-59. [PubMed: 12663935]

Penry, J. T., and M. M. Manore. 2008. Choline: An important micronutrient for maximal endurance-exercise
performance? International Journal of Sport Nutrition and Exercise Metabolism 18(2):191-203. [PubMed:
18458362]

Rao, A. M., J. F. Hatcher, and R. J. Dempsey. 2001. Does CDP-choline modulate phospholipase activities after
transient forebrain ischemia? Brain Research 893(1-2):268-272. [PubMed: 11223016]

Resseguie, M., J. Song, M. D. Niculescu, K. A. da Costa, T. A. Randall, and S. H. Zeisel. 2007.
Phosphatidylethanolamine N-methyltransferase (PEMT) gene expression is induced by estrogen in human and

mouse primary hepatocytes. The Federation of American Societies for Experimental Biology Journal
21(10):2622-2632. [PMC free article: PMC2430895] [PubMed: 17456783]

Resseguie, M. E., K. A. da Costa, J. A. Galanko, M. Patel, I. J. Davis, and S. H. Zeisel. 2011. Aberrant estrogen
regulation of PEMT results in choline deficiency-associated liver dysfunction. The Journal of Biological
Chemistry 286(2):1649—-1658. [PMC free article: PMC3020773] [PubMed: 21059658]

Saver, J. L. 2008. Citicoline: Update on a promising and widely available agent for neuroprotection and
neurorepair. Reviews in Neurological Diseases 5(4):167-177. [PubMed: 19122569]

Saver, J. L., C. S. Kidwell, M. C. Leary, B. Ovbiagele, M. F. Tremwel, M. Eckstein, K. N. Ferguson, K. J.
Gough, J. N. Llanes, E. M. Eraklis, R. Masamed, and S. Starkman. 2002. Results of the field administration of

stroke treatment—Magnesium (FAST-MAG) pilot trial: A study of prehospital neuroprotective therapy. Stroke
33(1):66.

Secades, J. J., and G. Frontera. 1995. CDP-choline—Pharmacological and clinical review. Methods and
Findings in Experimental and Clinical Pharmacology 17(Suppl. B):1-54. [PubMed: 8709678]

Tazaki, Y., F. Sakai, E. Otomo, T. Kutsuzawa, M. Kameyama, T. Omae, M. Fujishima, and A. Sakuma. 1988.
Treatment of acute cerebral infarction with a choline precursor in a multicenter double-blind placebo-controlled
study. Stroke 19(2):211-216. [PubMed: 3278412]

Warach, S., L. C. Pettigrew, J. F. Dashe, P. Pullicino, D. M. Lefkowitz, L. Sabounjian, K. Harnett, U.
Schwiderski, R. Gammans, and I. Citicoline. 2000. Effect of citicoline on ischemic lesions as measured by
diffusion-weighted magnetic resonance imaging. Annals of Neurology 48(5):713-722. [PubMed: 11079534]

Wong-Goodrich, S. J., M. J. Glenn, T. J. Mellott, Y. B. Liu, J. K. Blusztajn, and C. L. Williams. 2010. Water
maze experience and prenatal choline supplementation differentially promote long-term hippocampal recovery
from seizures in adulthood. Hippocampus. Published electronically March 15, 2010. doi: 10.1002/hipo.20783.
[PMC free article: PMC2972409] [PubMed: 20232399]

Yan, H. Q., A. E. Kline, X. C. Ma, E. L. Hooghe-Peters, D. W. Marion, and C. E. Dixon. 2001. Tyrosine
hydroxylase, but not dopamine beta-hydroxylase, is increased in rat frontal cortex after traumatic brain injury.


https://pubmed.ncbi.nlm.nih.gov/1940965
https://pubmed.ncbi.nlm.nih.gov/18204095
https://pubmed.ncbi.nlm.nih.gov/1940960
https://pubmed.ncbi.nlm.nih.gov/12663935
https://pubmed.ncbi.nlm.nih.gov/18458362
https://pubmed.ncbi.nlm.nih.gov/11223016
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2430895/
https://pubmed.ncbi.nlm.nih.gov/17456783
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3020773/
https://pubmed.ncbi.nlm.nih.gov/21059658
https://pubmed.ncbi.nlm.nih.gov/19122569
https://pubmed.ncbi.nlm.nih.gov/8709678
https://pubmed.ncbi.nlm.nih.gov/3278412
https://pubmed.ncbi.nlm.nih.gov/11079534
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2972409/
https://pubmed.ncbi.nlm.nih.gov/20232399

Neuroreport 12(11):2323-2327. [PubMed: 11496104]

Zafonte, R., W. T. Friedewald, S. M. Lee, B. Levin, R. Diaz-Arrastia, B. Ansel, H. Eisenberg, S. D. Timmons,
N. Temkin, T. Novack, J. Ricker, R. Merchant, and J. Jallo. 2009. The citicoline brain injury treatment
(COBRIT) trial: Design and methods. Journal of Neurotrauma 26(12):2207-2216. [PMC free article:
PMC2824223] [PubMed: 19803786]

Zeisel, S. H. 2005. Choline: Critical role during fetal development and dietary requirements in adults. Annual
Review of Nutrition 26:229-250. [PMC free article: PMC2441939] [PubMed: 16848706]

Zeisel, S. H. 2006. Choline: Critical role during fetal development and dietary requirements in adults. Annual
Review of Nutrition 26:229-250. [PMC free article: PMC2441939] [PubMed: 16848706]

Zeisel, S. H., and K. A. da Costa. 2009. Choline: An essential nutrient for public health. Nutrition Reviews
67(11):615-623. [PMC free article: PMC2782876] [PubMed: 19906248]

Zeisel, S. H., J. S. Wishnok, and J. K. Blusztajn. 1983. Formation of methylamines from ingested choline and
lecithin. The Journal of Pharmacology and Experimental Therapeutics 225(2):320-324. [PubMed: 6842395]

Zeisel, S. H., K. A. Dacosta, P. D. Franklin, E. A. Alexander, J. T. Lamont, N. F. Sheard, and A. Beiser. 1991.
Choline, an essential nutrient for humans. The Federation of American Societies for Experimental Biology
Journal 5(7):2093-2098. [PubMed: 2010061]


https://pubmed.ncbi.nlm.nih.gov/11496104
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2824223/
https://pubmed.ncbi.nlm.nih.gov/19803786
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2441939/
https://pubmed.ncbi.nlm.nih.gov/16848706
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2441939/
https://pubmed.ncbi.nlm.nih.gov/16848706
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2782876/
https://pubmed.ncbi.nlm.nih.gov/19906248
https://pubmed.ncbi.nlm.nih.gov/6842395
https://pubmed.ncbi.nlm.nih.gov/2010061

Tables

TABLE 9-1 Relevant Data Identified for Citicoline/CDP-Choline

Reference Type of

Type of Study

Injury/Insult and Subjects

Tier 1: Clinical trials

Zafonte et  Mild,

al., 2009 moderate,
and severe
TBI

Stroke Saver, 2008

Davalos et  Moderate to
al., 2002 severe stroke

Randomized,
double-blind,
placebo-
controlled,
multi-center
trial

n%=1,292

Meta-analysis;
10 trials

n=2,279

Pooled data
analysis;
randomized,
placebo-
controlled,
double-blind
clinical trials

n=1,372
(583=placebo;
789=treatment)

Treatment

Findings/Results

Postinjury, 90 days Trial in progress

treatment of
citicoline (1,000
mg twice a day),
administered
enterally or orally

CDP-choline

Postinjury; oral
CDP-choline (500
mg, 1,000 mg, and
2,000 mg) vs.
placebo; treatment
within 24 hours
after injury

Mortality and disability rates are lower in CDP-
choline-treated patients than in placebo patients
(ORb=0.64, 95% CI: 0.54-.077, p < 0.00001; p
for heterogeneity=0.01, X2d=2 1.40).

Due to large amount of scatter in smaller studies,
another analysis of the 4 largest studies (n > 100)
was conducted; treatment effect on mortality and
disability was still significant (OR=0.70, 95% CI:
0.58-0.85; p=0.0003).

In patients with NIHSS (National Institutes of
Health Stroke Scale) > 8, overall recovery
occurred more often in CDP-choline-treated
patients (OR=1.30, 95% CI: 1.1-1.6; p < 0.004).
More CDP-choline patients (25.2%) achieved
NIHSS of 0-1, Barthel Index of > 95, and
modified Rankin Score of 0—1 than placebo
patients (20.2%).

There were no adverse effects observed due to the
treatments.

Global recovery after 3 months was seen in
25.2% of CDP-choline-treated patients and
20.2% of placebo-treated patients (OR=1.33;
95% CI: 1.10-1.62; p=0.0034). Greatest
improvement was seen in 2000 mg group, 27.9%
(OR=1.38, 95% CI: 1.10-1.72, p=0.0043).
Compared to placebo-group, CDP-choline-treated
group saw an increase of 29% on Barthel Index
score (95% CI: 3-62), 42% in modified Rankin
Score (95% CI: 8-88), and 28% on NIHSS (95%
CI: -1 to 65).

There is no significant mortalitv rate and overall



Reference

Clark et al.,
2001

Leon-
Carrion et
al., 2000

Warach et

Type of
Injury/Insult

Acute
ischemic
stroke,
NIHSS > 8

TBI

Acute

Type of Study Treatment

and Subjects

118-center, Postinjury; CDP-
choline (2,000 mg

per day); 6-week

randomized,
double-blind,

efficacy trial ~ treatment, 6-week

=899 follow-up
Exp 1: Non- Exp1:1gof
randomized CDP-choline
trial

Exp 2: 1 g/day of

n=7 patients CDP-choline or

with severe placebo

memory administered with
disorders who patients’

were neuropsychological

discharged > 6 treatment
months prior to
study

Exp 2:
Randomized
trial

n=10 patients
with severe
memory
deficits
(including the
7 patients from
Exp 1)

Randomized.  Post-iniurv. CDP-

frequency of adJeimdingsiRdsabtseen treated and
placebo groups. Significantly higher events were
found in the treatment group for anxiety and leg

edema (p=0.036 and 0.032, respectively).

At week 12, about the same proportion of patients
in placebo (51%) and treatment (52%) groups
showed a 7-point improvement on their NIHSS
scores.

Although the treatment group did significantly
better (27% vs. 21%; p=0.04) than placebo group
on the Barthel Index at week 6, it lost that
advantage at week 12.

There was no significant difference in mortality
rate or other serious adverse events (e.g.,
cardiovascular events, central nervous system
events) between the treatment and placebo
groups.

Expl1: Patients showed a hypoperfusion of the
inferior left temporal lobe at resting state, but
hypoperfusion disappeared after taking CDP-
choline.

Cerebral blood flow increased in the left temporal
areas and decreased in right frontal lobe.

Exp2: While the CPD-choline group improved in
all 5 measures of the neuropsychological
treatment, only improvements in verbal fluency
and Luria Memory Words were significant (p <
0.05).

There were no side effects reported for patients in
Exp 1. There were no observed side effects in
Exp 2.

From baseline to week 12. the distribution of



aRefooonce  iscHdmpicof
Inpreyshasult paagdiSabjects

Clark et al.,
1999

Clark et al.,
1997

lesions of 1—
120 cc in
cerebral gray
matter

Acute
ischemic

stroke,
NIHSS > 5

Acute
ischemic

stroke,
NIHSS >5

dointebBtady
controlled trial

n=100, onset
24 hrs or less

Randomized,
double-blind,
efficacy trial at
31 centers

n=394
(127=placebo,
267=CDP-
choline)

Randomized,
double-blind,
placebo-
controlled trial
at 21 centers

n=259

choltkeasotenty/
day) or placebo
administered orally
for 6 weeks,
follow-up for 12
weeks

Postinjury, oral
CDP-choline (500
mg/day); 6 weeks
of treatment, 6
weeks of follow-up

6 weeks of CDP-
choline (50 mg,
1,000 mg, or 2,000
mg daily) or
placebo

changes in ischehiidingsfResultse was not
significantly different between placebo group and
CDP-choline-treat group. However, CDP-choline
group showed significantly greater reduction (p <
0.01) in analysis of week 1 to week 12 change.
Significant (p < 0.0001) covariates of change in
lesion volume are: size of baseline perfusion
abnormality, baseline NIHSS score, and presence
of arterial lesion seen on MRA. Patients’
improvement of NIHSS > 7 points showed
greater lesion volume reduction (p < 0.001).

The difference in mortality rate between the
treatment and placebo group was not significant.
Edema of the extremities and back pain were
significantly higher in the CDP-choline group
than in the placebo group (p < 0.05 for both).

Post hoc analyses found that among patients with
baseline NIHSS > 8, CDP-choline-treated
patients were overall more likely to have a full
recovery (OR=1.9, p=0.04). No treatment effect
was seen in patients with baseline NIHSS < 8.

CDP-choline-treated patients were significantly
(p=0.01) more likely to achieve a 7-point
improvement in NIHSS score than placebo-
treated patients.

There was no significant difference in mortality
rate or other serious adverse events between the
treatment and placebo groups.

Primary analysis using NIHSS as a covariate
showed that, overall, CDP-choline had treatment
effect compared to placebo (p < 0.05).

The 500-mg group (OR=2.0) and the 20,00-mg
group (OR=2.1) achieved a significantly (p <
0.05) higher Barthel Index score at week 12.
Overall, CDP-choline treatment at week 12 was
associated with full recovery, as defined by
Barthel Index of > 95 (p=0.011); specifically, the
500-mg group had a significant (p=0.03)
improvement compared to placebo group.

The 500-mg group also significantly (p=0.03)
improved on Rankin Scale score. Treatment
effect on cognitive function (MMSE > 25) at 12
weeks was seen in 500-mg group (OR=2.6,
p=0.02) and the 2,000-mg group (OR=2.4,
p=0.03).



Reference Type of  Type of Study
Injury/Insult and Subjects

Levin, 1991 Mild to Randomized,
moderate double-blind,
closed head placebo-
injury controlled trial

n=14 men

Maldonado Severe and  Randomized,
etal., 1991 moderate single-blind
closed TBI, trial
GCS n=216
(Glasgow
Coma Score)
between 5
and 10

Tier 2: Observational studies
None found

Tier 3: Animal studies

Dempsey Moderate- Adult, male
and grade TBI,  Sprague-
Raghavendra controlled Dawley rats
Rao, 2003 cortical

impact (CCI)

Treatment

Postinjury, oral
CDP-choline (1 g)
or placebo

Conventional
treatment vs. CDP-
choline added to
conventional
treatment; follow-
up after 3 months

Postinjury,
intraperitoneal
injections of CDP-
choline (100, 200,
or 400 mg/ kg
body weight) or

There was no si%niﬁ ant difference in mortality
Findings/Results

rate or other serious adverse events between the

treatment and placebo groups. Adverse events

that were significantly higher in the treatment

groups than in the placebo group were dizziness

and accidental injury (p < 0.05).

Patients treated with CDP-choline had greater
improvement (100%) on tests recalling designs
than placebo-treated patients (29%, p < 0.02).

While placebo-treated patients have higher
absolute score on tests to create unique designs
than CDP-choline treated patients (p < 0.05)
during the 1-month follow-up, the change in
scores from baseline was not significantly
different between the two groups.

Although CDP-choline was well tolerated, there
were more complaints about gastrointestinal
distress from patients in the treatment group.

Patients treated with CDP-choline had shorter
hospital stays than control patients (p < 0.05).
CDP-choline group showed overall improvement
in all initial symptoms, but only the improvement
in character was significant (p < 0.05).

CDP-choline patients also showed significantly
better results on GOS (Glasgow Outcome Score)
(p=0.05). There was no significant difference
between groups in terms of mortality.

There were no adverse effects reported.

Compared to sham-injured rats, injured rats
treated with saline and 100 mg/kg of CDP-
choline had greater neuron loss in the CA2 and
CA3 regions of the hippocampus (p < 0.05 for
both). However, treatment with 200 mg/kg and
400 mg/kg of CDP-choline reduce the loss in the

eame recinng (N < 0 N5 ve inimred caline-treated



Reference Type of  Type of Study salinpyga iméngtes
Injury/Insult and Subjects Postinjury and 6

Baskayaet TBI, CCI Adult, male
al., 2000 Sprague-
Dawley rats

Dixon et al., TBI, lateral  Adult, male
1997 CCI Sprague-
Dawley rats

a n:sample size.
b OR: odds ratio.
¢ CI: confidence interval.

d y2: chi-square.

hours postinjury

Postinjury,
intraperitoneal
injections of saline
or CDP-choline
(50, 100, or 400
mg/ kg body
weight)
administered 5
minutes and 4—6
hours after injury

Postinjury, daily
intraperitoneal
injection of CDP-
choline (100 mg/
kg) for

18 days, beginning
1 day postinjury
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rats). Findings/Results

Treatment with 200 mg/kg and 400 mg/kg of
CDP-choline also reduced the volume of cortical
contusion by 21 mm’ (p <0.05).

Rats treated with 200 or 400 mg/kg of CDP-
choline significantly recovered their neurological
function by day 7 to 88% of their preinjury level
(p <0.05).

100 mg/kg CDP-choline significantly reduced
edema in the cortex (p < 0.05 vs. saline
treatment), while 400 mg/kg CDP-choline
significantly reduced edema in both the cortex
and the ipsilateral hippocampus (p < 0.05 vs.
saline treatment).

Doses of 100 and 400 mg/kg body weight CDP-
choline significantly (p < 0.05) reduced blood-
brain barrier breakdown in both the injured cortex
and ipsilateral hippocampus.

Compared to injured, saline-treated rats, CDP-
choline-treated rats had greater latency on beam
balancing task (p < 0.01) and shorter latency
beam walking task (p < 0.05) at day 1. The
difference between two groups in both tasks was
minimized by day 4.

CDP-choline treated rats also had shorter latency
in completing the Morris water maze than saline-
treated rats (p < 0.005).

Acetylcholine outflow was significantly increased
in the dorsal hippocampus (p < 0.014) and
neocortex (p < 0.036) after treatment with CDP-
choline.
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