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Cerebral malaria (CM) is characterized by a dysregulated immune response that results in endothelial membrane destabilization
and increased microparticle (MP) production. Citicoline (CTC) is a membrane stabilizer used for the treatment of neurological
disorders. We evaluated the efficacy of CTC as adjunct therapy to aid recovery from experimental CM. We show that CTC re-
duces MP production in vitro; in combination with artesunate in vivo, confers partial protection against CM; and prolongs

survival.

he incidence of cerebral malaria (CM) is highly dependent on

the immune status of the population and the frequency of
Plasmodium falciparum transmission. This debilitating syndrome
is characterized by coma, seizures, and respiratory distress. In chil-
dren, the coma usually develops rapidly after a seizure, whereas in
adults its development is slower and takes 2 to 3 days (1).

During infection, the sequestration of mature-stage-parasitized
erythrocytes, platelets, and leukocytes within cerebral microvessels,
coupled with cytokine overproduction, leads to hypoxia (2), endo-
thelial activation, and blood-brain barrier disruption (3). During the
acute phase of pediatric CM, several pathophysiological mechanisms
are involved, including CD8™ T cell activation, (4) and the comple-
ment cascade (5), although disruption of the endothelium seems to
be a supported mechanism of cerebral dysfunction.

Evidence of a destabilized endothelium is the increased release
of endothelial-cell-derived microparticles (MP). In CM patients,
high titers of MP are detected in the blood coinciding with a rise in
the tumor necrosis factor (TNF) level, which returns to the base-
line postinfection (p.i.) (6). These elevated levels do not occur in
uncomplicated malaria or severe anemia (7). TNF plays a major
role in this mechanism, as it strongly induces endothelial vesicu-
lation (8).

Current therapies for CM are designed to target the pathogen
rather than the underlying pathogenic mechanisms responsible
for the manifestation of the pathology (9-11). In the last 5 years,
several novel compounds have been tested in animal models or in
humans as adjunct therapy to prevent tissue and brain alterations
during infection, including erythropoietin (EPO) (2, 12), defib-
rotide (13), atorvastatin (14, 15), the exogenous nitric oxide (NO)
donor dipropylenetriamine-NONOate (16), and others (17, 18).
EPO, atorvastatin, and NO have undergone U.S. FDA review and
been approved for other indications. However, most of these
compounds are new and have a long way to go from the benchtop
before being implemented as a line of treatment at the bedside.
Targeting membrane alteration in the same approach as for isch-
emia-reperfusion disorders paves the way for the use of a treat-
ment already used for patients. Citicoline (CTC) is used in the
United States and Europe by adults and children to improve brain
recovery after ischemic stroke and neurological and vascular dis-
orders (19-22). It works efficiently on damage after focal ischemia
(neuronal damage, blood-brain barrier dysfunction, behavioral
dysfunction) and brain edema (for a review, see reference 23) in
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mice, but its benefit for humans is still controversial (24). CTC is
anatural compound found in eukaryotic cells that regulates mem-
brane fluidity and is synthesized mainly by the CDP-choline path-
way (23-26).

We evaluated the efficacy of CTC, a membrane-stabilizing
agent, as adjunct therapy to enhance recovery from experimental
CM. In this study, we used both in vitro and in vivo models of CM.
Mouse models using Plasmodium berghei ANKA infection can
mimic CM pathology. P. berghei ANKA-infected mice develop a
lethal syndrome 7 days p.i. with a significant increase in MP in
their plasma at the time of onset of the neurological syndrome
(27, 28).

CTC confers protection against neurological syndrome in
murine CM. All of the mice used in this study were handled under
University of Sydney Animal Ethics Committee approval (approval
number K20/7-2006/3/4434). Mice were infected with P. berghei
ANKA by following protocols in previously published studies
(29). Eight-week-old female CBA mice received intraperitoneal
injections of 1 X 10° infected red blood cells. The cerebral syn-
drome usually occurred during the neurological phase, day 7 to 14
p.i. Mice that surpassed the neurological syndrome died during
the hyperparasitemia phase (day 14 onward) because of severe
anemia. Parasitemia was determined by light microscopy with
thin Diff-Quick-stained smears of blood collected from the tail
vein. Clinical presentation was monitored daily.

Starting on day 4 p.i., mice received intraperitoneal injections
of CTC (n = 28), artesunate (ART) (Sigma) (n = 21), or a com-
bination of CTC and ART (n = 14). CTC was solubilized in phos-
phate-buffered saline (PBS) and administered daily for 3 days.
Two doses (500 and 1,000 mg/kg) were used in separate experi-
ments. The regimens were chosen in accordance with literature on
mouse stroke models. A subeffective dose of ART (40 mg/kg) was
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FIG 1 CTC as adjunct therapy for mice with CM. Shown are the parasitemia
levels (A) and percentages of survival (B) of infected mice following treatment with
CTCalone (n = 28; open squares), ART (n = 21; closed triangles), a combination
of CTC and ART (n = 14; open triangles), or PBS (n = 28; closed squares).
Parasitemia was calculated from Diff-Quick-stained blood smears, and data are
presented as means * standard deviations. pRBC, parasitized red blood cells.

administered once at day 4 p.i. Control mice received PBS treat-
ment (n = 28).

Brain, lung, liver, and spleen tissue samples were collected
from mice that exhibited clinical signs of CM or were moribund.
The tissue was prepared for thin paraffin sectioning. The hema-
toxylin-eosin-stained sections analyzed had no histopathological
features associated with CM to widespread hemorrhage, a high
degree of edema and leukocyte and parasitized red blood cell ad-
herence to the endothelium throughout the brain, plugging of
microvessels, and some necrosis of microvessels (30). In this
study, histopathology was mainly used to confirm CM.

At day 7, the parasitemia of the two groups treated with ART
differed significantly from that of the control group (5.96, 2.6, and
2.35% in controls, ART, and ART plus CTC, respectively, [P =
0.0051 and P < 0.0001]) (Fig. 1). However, no significant differ-
ence in parasitemia between controls and the CTC-alone group
was found (P = 0.4081). After day 7, no significant difference in
parasitemia between the ART and ART-plus-CTC groups was
found either, suggesting that CTC by itself has no impact on the
parasite.

Control mice developed clinical CM between days 6 and 10 p.i.
When CTC was administered at 1,000 mg/kg, the onset of clinical
CM was delayed by at least 24 h. Thus, when mice were checked at
day 7, treatment with CTC alone had enhanced survival from 20.6
to 82.1% but all of the mice died before day 14. After day 14,
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FIG 2 Effect of CTC on MP production by D3 HBEC. HBEC were stimulated
with 100 ng/ml of TNF. The MP in the supernatant were counted in a flow
cytometer after annexin V-FITC labeling. (A) Incubation with CTC 2 h prior
to TNF stimulation. (B) Incubation with CTC concomitantly with TNF stim-
ulation. (C) Incubation with CTC 6 h after TNF stimulation.

survival increased from 0% (controls and CTC) or 23.8% (ART
alone) to 64.2% in the combined ART-plus-CTC group. Combi-
nation of CTC and ART prolonged survival by more than 6 days.
When used at 500 mg/kg, the trend of the CTC effect was similar to
that observed at the 1,000-mg/ml treatment but statistical tests fell
under the threshold of significance. Statistics were performed with
GraphPad Prism software. Survival curves were compared by us-
ing the Kaplan-Meier (log rank) test; P < 0.05 was considered
significant. Parasitemia in the control and other groups was com-
pared by using the Mann-Whitney ¢ test.

CTC decreases the production of MP by TNF-stimulated
HBEC. MP production by human brain endothelial cells (HBEC)
was studied in vitro (Fig. 2). Immortalized HBEC (D3 line) (31)
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were grown to confluence in EBM-2 medium (Lonza CC-3156) in
24-well plates at 37°C. MP production was induced by incubation
with TNF (100 ng/ml) overnight. CTC was added 2 h prior to,
concomitantly with, or 6 h after stimulation with TNF (doses, 0.1,
1, 10, 30, and 100 wM). Culture supernatants were collected, and
MP were labeled with annexin V-fluorescein isothiocyanate
(FITC), a known marker of MP, prior to flow cytometric analysis.

Negative controls for the experiment were obtained from rest-
ing cells. Positive controls were obtained from cells stimulated
with TNF (100 ng/ml) for 18 h, which induced a 2-fold increase in
MP vesiculation compared to that of resting cells. CTC at 0.1 pM
showed no apparent inhibition of MP production. However,
when added 2 h prior to TNF stimulation, CTC (1 to 10 uM)
reduced the formation of MP to the baseline level. When added 6
h after TNF stimulation, CTC (1 to 10 wM) induced a 70% reduc-
tion in MP production compared to that of the positive control
(P < 0.05 and P < 0.01, respectively). Again, at the lowest dose,
CTC had no significant effect.

In conclusion, data obtained in vivo clearly demonstrate that
CTC can confer partial protection against experimental CM. This
improvement of survival also fits in with a decrease in MP pro-
duction when HBEC are treated with CTC in vitro. These data
support a role for CTC in reducing MP production by stabilizing
the microvascular endothelium, similar to what is seen in other
vascular pathologies (32-35). CTC therapy can be proposed for
clinical studies of human patients to improve recovery from CM,
as it is already used as a food supplement for malnourished chil-
dren and has low toxicity.

ACKNOWLEDGMENTS

This work was supported by funds from the National Health and Medical
Research Council of Australia (NHMRC project grant 464893), the Aus-
tralian Research Council (DP0774425), and the Rebecca L. Cooper Med-
ical Research Foundation, Sydney, Australia.

We are grateful to P. O. Couraud for providing hCMEC/D3 cells and
to M. J. Jambou for her technical assistance on this project.

We have no conflict of interest to declare.

REFERENCES

1. von Seidlein L, Olaosebikan R, Hendriksen IC, Lee SJ, Adedoyin OT,
Agbenyega T, Nguah SB, Bojang K, Deen JL, Evans J, Fanello CI,
Gomes E, Pedro AJ, Kahabuka C, Karema C, Kivaya E, Maitland K,
Mokuolu OA, Mtove G, Mwanga-Amumpaire J, Nadjm B, Nansumba
M, Ngum WP, Onyamboko MA, Reyburn H, Sakulthaew T, Silamut K,
Tshefu AK, Umulisa N, Gesase S, Day NP, White NJ, Dondorp AM.
2012. Predicting the clinical outcome of severe falciparum malaria in Af-
rican children: findings from a large randomized trial. Clin. Infect. Dis.
54:1080-1090. http://dx.doi.org/10.1093/cid/cis034.

2. Hempel C, Combes V, Hunt NH, Kurtzhals JA, Grau GE. 2011. CNS
hypoxia is more pronounced in murine cerebral than noncerebral malaria
and is reversed by erythropoietin. Am. J. Pathol. 179:1939-1950. http://dx
.doi.org/10.1016/j.ajpath.2011.06.027.

3. Kim H, Higgins S, Liles WC, Kain KC, Sandra A. 2011. Endothelial
activation and dysregulation in malaria: a potential target for novel ther-
apeutics. Curr. Opin. Hematol. 18:177-185. http://dx.doi.org/10.1097
/MOH.0b013e328345a4cf.

4. Villegas-Mendez A, Greig R, Shaw TN, de Souza JB, Gwyer Findlay E,
Stumbhofer JS, Hafalla JC, Blount DG, Hunter CA, Riley EM, Couper
KN. 2012. IFN-y-producing CD4 * T cells promote experimental cerebral
malaria by modulating CD8" T cell accumulation within the brain. J.
Immunol. 189:968—-979. http://dx.doi.org/10.4049/jimmunol.1200688.

5. Ramos TN, Darley MM, Hu X, Billker O, Rayner JC, Ahras M, Wohler
JE, Barnum SR. 2011. Cutting edge: the membrane attack complex of
complement is required for the development of murine experimental
cerebral malaria. J. Immunol. 186:6657—6660. http://dx.doi.org/10.4049
/jimmunol.1100603.

604 aac.asm.org

20.

21.

. Pankoui Mfonkeu JB, Gouado I, Fotso Kuaté H, Zambou O, Amvam

Zollo PH, Grau GE, Combes V. 2010. Elevated cell-specific micropar-
ticles are a biological marker for cerebral dysfunctions in human severe
malaria. PLoS One 5:e13415. http://dx.doi.org/10.1371/journal.pone
.0013415.

. Combes V, Taylor TE, Juhan-Vague I, Mege JL, Mwenechanya J,

Tembo M, Grau GE, Molyneux ME. 2004. Circulating endothelial mi-
croparticles in Malawian children with severe falciparum malaria compli-
cated with coma. JAMA 291:2542-2544. http://dx.doi.org/10.1001/jama
.291.21.2542-b.

. Combes V, El-Assaad F, Faille D, Jambou R, Hunt NH, Grau GE. 2010.

Microvesiculation and cell interactions at the brain-endothelial interface
in cerebral malaria pathogenesis. Prog. Neurobiol. 91:140—-151. http://dx
.doi.org/10.1016/j.pneurobio.2010.01.007.

. Krishna S. 2012. Adjunctive management of malaria. Curr. Opin. Infect.

Dis. 25:484—488. http://dx.doi.org/10.1097/QCO.0b013e3283567b20.

. Shikani HJ, Freeman B, Lisanti MP, Weiss LM, Tanowitz HB, Desruis-

seaux MS. 2012. Cerebral malaria: we have come a long way. Am. J.
Pathol. 25:1484-1492. http://dx.doi.org/10.1016/j.ajpath.2012.08.010.

. Higgins SJ, Kain KC, Liles WC. 2011. Immunopathogenesis of falcipa-

rum malaria: implications for adjunctive therapy in the management of
severe and cerebral malaria. Expert Rev. Anti Infect. Ther. 9:803—819.
http://dx.doi.org/10.1586/eri.11.96.

. Hempel C, Hyttel P, StaalsA; T, Nyengaard JR, Kurtzhals JA. 2012.

Erythropoietin treatment alleviates ultrastructural myelin changes in-
duced by murine cerebral malaria. Malar. J. 11:216. http://dx.doi.org/10
.1186/1475-2875-11-216.

. Francischetti IM, Oliveira CJ, Ostera GR, Yager SB, Debierre-

Grockiego F, Carregaro V, Jaramillo-Gutierrez G, Hume JC, Jiang L,
Moretz SE, Lin CK, Ribeiro JM, Long CA, Vickers BK, Schwarz RT,
Seydel KB, Iacobelli M, Ackerman HC, Srinivasan P, Gomes RB, Wang
X, Monteiro RQ, Kotsyfakis M, Sé-Nunes A, Waisberg M. 2012. Defi-
brotide interferes with several steps of the coagulation-inflammation cycle
and exhibits therapeutic potential to treat severe malaria. Arterioscler.
Thromb. Vasc. Biol. 32:786-798. http://dx.doi.org/10.1161/ATVBAHA
.111.240291.

. Parquet V, Briolant S, Torrentino-Madamet M, Henry M, Almeras L,

Amalvict R, Baret E, Fusai T, Rogier C, Pradines B. 2009. Atorvastatin
is a promising partner for antimalarial drugs in treatment of Plasmodium
falciparum malaria. Antimicrob. Agents Chemother. 53:2248-2252. http:
//dx.doi.org/10.1128/AAC.01462-08.

. Dormoi J, Briolant S, Desgrouas C, Pradines B. 2013. Impact of meth-

ylene blue and atorvastatin combination therapy on the apparition of
cerebral malaria in a murine model. Malar. J. 12:127. http://dx.doi.org/10
.1186/1475-2875-12-127.

. Zanini GM, Martins YC, Cabrales P, Frangos JA, Carvalho LJ. 2012.

S-Nitrosoglutathione prevents experimental cerebral malaria. J. Neuro-
immune Pharmacol. 7:477-487. http://dx.doi.org/10.1007/s11481-012
-9343-6.

. Dai M, Freeman B, Bruno FP, Shikani HJ, Tanowitz HB, Weiss LM,

Reznik SE, Stephani RA, Desruisseaux MS. 2012. The novel ETA recep-
tor antagonist HJP-272 prevents cerebral microvascular hemorrhage in
cerebral malaria and synergistically improves survival in combination
with an artemisinin derivative. Life Sci. 91:687—692. http://dx.doi.org/10
.1016/;.1£5.2012.07.006.

. Achtman AH, Pilat S, Law CW, Lynn DJ, Janot L, Mayer ML, Ma S,

Kindrachuk J, Finlay BB, Brinkman FS, Smyth GK, Hancock RE,
Schofield L. 2012. Effective adjunctive therapy by an innate defense reg-
ulatory peptide in a preclinical model of severe malaria. Sci. Transl. Med.
4:135ra64. http://dx.doi.org/10.1126/scitranslmed.3003515.

. Hankey GJ. 2012. How effective is citicoline for acute ischaemic stroke?

Lancet 380:318—-320. http://dx.doi.org/10.1016/50140-6736(12)60912-X.
Davalos A, Alvarez-Sabin J, Castillo J, Diez-Tejedor E, Ferro J,
Martinez-Vila E, Serena J, Segura T, Cruz VT, Masjuan J, Cobo E,
Secades JJ. 2012. International Citicoline Trial on acute Stroke
(ICTUS) trial investigators. Citicoline in the treatment of acute isch-
aemic stroke: an international, randomised, multicentre, placebo-
controlled study (ICTUS trial). Lancet 380:349—-357. http://dx.doi.org
/10.1016/S0140-6736(12)60813-7.

Diederich K, Frauenknecht K, Minnerup J, Schneider BK, Schmidt A,
Altach E, Eggert V, Sommer CJ, Schibitz WR. 2012. Citicoline enhances
neuroregenerative processes after experimental stroke in rats. Stroke 43:
1931-1940. http://dx.doi.org/10.1161/STROKEAHA.112.654806.

Antimicrobial Agents and Chemotherapy


http://dx.doi.org/10.1093/cid/cis034
http://dx.doi.org/10.1016/j.ajpath.2011.06.027
http://dx.doi.org/10.1016/j.ajpath.2011.06.027
http://dx.doi.org/10.1097/MOH.0b013e328345a4cf
http://dx.doi.org/10.1097/MOH.0b013e328345a4cf
http://dx.doi.org/10.4049/jimmunol.1200688
http://dx.doi.org/10.4049/jimmunol.1100603
http://dx.doi.org/10.4049/jimmunol.1100603
http://dx.doi.org/10.1371/journal.pone.0013415
http://dx.doi.org/10.1371/journal.pone.0013415
http://dx.doi.org/10.1001/jama.291.21.2542-b
http://dx.doi.org/10.1001/jama.291.21.2542-b
http://dx.doi.org/10.1016/j.pneurobio.2010.01.007
http://dx.doi.org/10.1016/j.pneurobio.2010.01.007
http://dx.doi.org/10.1097/QCO.0b013e3283567b20
http://dx.doi.org/10.1016/j.ajpath.2012.08.010
http://dx.doi.org/10.1586/eri.11.96
http://dx.doi.org/10.1186/1475-2875-11-216
http://dx.doi.org/10.1186/1475-2875-11-216
http://dx.doi.org/10.1161/ATVBAHA.111.240291
http://dx.doi.org/10.1161/ATVBAHA.111.240291
http://dx.doi.org/10.1128/AAC.01462-08
http://dx.doi.org/10.1128/AAC.01462-08
http://dx.doi.org/10.1186/1475-2875-12-127
http://dx.doi.org/10.1186/1475-2875-12-127
http://dx.doi.org/10.1007/s11481-012-9343-6
http://dx.doi.org/10.1007/s11481-012-9343-6
http://dx.doi.org/10.1016/j.lfs.2012.07.006
http://dx.doi.org/10.1016/j.lfs.2012.07.006
http://dx.doi.org/10.1126/scitranslmed.3003515
http://dx.doi.org/10.1016/S0140-6736(12)60912-X
http://dx.doi.org/10.1016/S0140-6736(12)60813-7
http://dx.doi.org/10.1016/S0140-6736(12)60813-7
http://dx.doi.org/10.1161/STROKEAHA.112.654806
http://aac.asm.org

22.

23.

24.

25.

26.

27.

28.

29.

Secades JJ. 2012. Probably role of citicoline in stroke rehabilitation: re-
view of the literature. Rev. Neurol. 54:173-179. (In Spanish.) http://www
.revneurol.com/sec/resumen.php?or=pubmed&id=2011490.

Jambou R, El-Assaad F, Combes V, Grau GE. 2009. Citicoline (CDP-
choline): what role in the treatment of complications of infectious dis-
eases. Int. J. Biochem. Cell Biol. 41:1467-1470. http://dx.doi.org/10.1016
/j.biocel.2009.02.011.

Clark WM, Clark TD 2012. Stroke: treatment for acute stroke—the end
of the citicoline saga. Nat. Rev. Neurol. 8:484—485. http://dx.doi.org/10
.1038/nrneurol.2012.166.

Lizasoain I, Cardenas A, Hurtado O, Romera C, Mallolas J, Lorenzo P,
Castillo J, Moro MA. 2006. Targets of cytoprotection in acute ischemic
stroke: present and future. Cerebrovasc. Dis. 21(Suppl 2):1-8. http://dx
.doi.org/10.1159/000091698.

Weiss GB. 1995. Metabolism and actions of CDP-choline as an endoge-
nous compound and administered exogenously as citicoline. Life Sci. 56:
637-660. http://dx.doi.org/10.1016/0024-3205(94)00427-T.

Piguet PF, Kan CD, Vesin C. 2002. Thrombocytopenia in an animal
model of malaria is associated with an increased caspase-mediated
death of thrombocytes. Apoptosis 7:91-98. http://dx.doi.org/10.1023
/A:1014341611412.

van der Heyde HC, Nolan J, Combes V, Gramaglia I, Grau GE. 2006. A
unified hypothesis for the genesis of cerebral malaria: sequestration, in-
flammation and hemostasis leading to microcirculatory dysfunction.
Trends Parasitol. 22:503-508. http://dx.doi.org/10.1016/j.pt.2006.09.002.
Grau GE, Fajardo LF, Piguet PF, Allet B, Lambert PH, Vassalli P. 1987.
Tumor necrosis factor (cachectin) as an essential mediator in murine

January 2014 Volume 58 Number 1

30.

31.

32.

33.

34.

35.

Citicoline as Adjunct Therapy for Cerebral Malaria

cerebral malaria. Science 237:1210—1212. http://dx.doi.org/10.1126
/science.3306918.

Combes V, Rosenkranz AR, Redard M, Pizzolato G, Lepidi H, Vestwe-
ber D, Mayadas TN, Grau GE. 2004. Pathogenic role of P-selectin in
experimental cerebral malaria: importance of the endothelial compart-
ment. Am. J. Pathol. 164:781-786. http://dx.doi.org/10.1016/S0002
-9440(10)63166-5.

Weksler BB, Subileau EA, Perriére N, Charneau P, Holloway K,
Leveque M, Tricoire-Leignel H, Nicotra A, Bourdoulous S, Turowski
P, Male DK, Roux F, Greenwood J, Romero IA, Couraud PO. 2005.
Blood-brain barrier-specific properties of a human adult brain endo-
thelial cell line. FASEB J. 9:1872-1874. http://dx.doi.org/10.1096/1j.04
-3458fje.

Gutiérrez-Fernandez M, Rodriguez-Frutos B, Fuentes B, Vallejo-
Cremades MT, Alvarez-Grech J, Expésito-Alcaide M, Diez-Tejedor E.
2012. CDP-choline treatment induces brain plasticity markers expression
in experimental animal stroke. Neurochem. Int. 60:310—317. http://dx
.doi.org/10.1016/j.neuint.2011.12.015.

Alvarez-Sabin J, Roman GC. 2011. Citicoline in vascular cognitive im-
pairment and vascular dementia after stroke. Stroke 42:540-3. http://dx
.doi.org/10.1161/STROKEAHA.110.606509.

Baskys A, Hou AC. 2007. Vascular dementia: pharmacological treatment
approaches and perspectives. Clin. Interv. Aging 2:327-335. http://www
.ncbi.nlm.nih.gov/pmc/articles/PMC2685259/.

Garcia-Cobos R, Frank-Garcia A, Gutiérrez-Fernindez M, Diez-
Tejedor E. 2010. Citicoline, use in cognitive decline: vascular and degen-
erative. J. Neurol. Sci. 299:188-192. http://dx.doi.org/10.1016/j.jns.2010
.08.027.

aac.asm.org 605


http://www.revneurol.com/sec/resumen.php?or=pubmed&id=2011490
http://www.revneurol.com/sec/resumen.php?or=pubmed&id=2011490
http://dx.doi.org/10.1016/j.biocel.2009.02.011
http://dx.doi.org/10.1016/j.biocel.2009.02.011
http://dx.doi.org/10.1038/nrneurol.2012.166
http://dx.doi.org/10.1038/nrneurol.2012.166
http://dx.doi.org/10.1159/000091698
http://dx.doi.org/10.1159/000091698
http://dx.doi.org/10.1016/0024-3205(94)00427-T
http://dx.doi.org/10.1023/A:1014341611412
http://dx.doi.org/10.1023/A:1014341611412
http://dx.doi.org/10.1016/j.pt.2006.09.002
http://dx.doi.org/10.1126/science.3306918
http://dx.doi.org/10.1126/science.3306918
http://dx.doi.org/10.1016/S0002-9440(10)63166-5
http://dx.doi.org/10.1016/S0002-9440(10)63166-5
http://dx.doi.org/10.1096/fj.04-3458fje
http://dx.doi.org/10.1096/fj.04-3458fje
http://dx.doi.org/10.1016/j.neuint.2011.12.015
http://dx.doi.org/10.1016/j.neuint.2011.12.015
http://dx.doi.org/10.1161/STROKEAHA.110.606509
http://dx.doi.org/10.1161/STROKEAHA.110.606509
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2685259/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2685259/
http://dx.doi.org/10.1016/j.jns.2010.08.027
http://dx.doi.org/10.1016/j.jns.2010.08.027
http://aac.asm.org

	Potential Efficacy of Citicoline as Adjunct Therapy in Treatment of Cerebral Malaria
	CTC confers protection against neurological syndrome in murine CM.
	CTC decreases the production of MP by TNF-stimulated HBEC.
	ACKNOWLEDGMENTS


