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Abstract 

Cerebral Malaria (CM), a highly lethal form of severe malaria is known to cause inflammation that 

exacerbates pathology in the brain predominantly due to inflammatory immune response as a result of 

Plasmodium falciparum infection. There is limited progress in the development of new approaches for the 

treatment of CM. Therefore, in this study we investigated whether oral Ubidercarenone (Ubn) can regulate 

the induction of inflammatory immune response in experimental cerebral malaria (ECM). Three groups of 

mice were utilized for this study, one group of C57BL/6J mice was used as control; group two was only 

infected with Plasmodium berghei ANKA (PbA) and group three orally supplemented with 200mg/kg ubn 

followed by infection with PbA. Here we show that Ubn was able to protected majority of mice against 

ECM. Importantly, Ubn supplementation significantly hampered infiltration of inflammatory monocytes, 

T cells and cytotoxic granzyme B into the brain. Serum analysis showed a reduction in the levels of TNF- 

α in Ubn administered mice. Furthermore, Ubn administration resulted in decreased expression of 

chemokine CCR2 in the brain, leading to reduced levels of activated pathogenic T cells. Notably, anti- 

inflammatory cytokines IL-10 and IL-22 together with T-regulatory cells, which are associated with 

protection during ECM, were up-regulated in Ubn treated mice. These results demonstrates that Ubn can 

assuage PbA-mediated inflammatory responses usually witnesses during ECM. 
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1.0 INTRODUCTION 

Cerebral malaria (CM), is considered to be a highly fatal neurological syndrome caused by Plasmodium 

falciparum and is characterized by delirium, body ache, fever, coma and ultimately impaired consciousness 

[1]. Additionally, the pathology that is usually witnessed during CM is mediated by inflammatory processes 

following Plasmodium falciparum infection [2]. Animal models of CM show sequestration of the parasite 

in microvasculature and the adherence of parasitized erythrocytes in the endothelial lining of the brain [3]. 

Furthermore, pro-inflammatory mediators which include; infiltrated leukocytes, pro-inflammatory 

cytokines and chemokines play a major role in the pathogenesis of CM. 

Moreover, considerable evidence suggests that overwhelming induction of inflammatory processes is 

an important trigger mechanism that aids in malaria parasite clearance, but can also play a key role in the 

development of ECM [4]. Additionally, the situation is further worsened when the generation of pro- 

inflammatory cytokines overwhelms anti-inflammatory processes during plasmodium infection. Also the 

indispensable role of infiltrated inflammatory monocytes in the development of immunopathology in ECM 

has been described [5]. Both innate and adaptive immune systems play an important role during malaria 
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infection [6]. Chemokines are important chemo-attractant cytokines that are known to share high degree of 

sequence homology hence they play a vital role in bridging the innate and the adaptive immune system [7, 

8]. 

Because of the clinical importance of ECM complication, this study was set out to understand whether 

Ubidercarenone (ubn) can modulate some of the immunological factors that contribute to ECM. 

Ubidercarenone is an important bioenergetic factor in the electron transport chain and also a potent 

antioxidant that has been applied in the treatment of neurodegenerative diseases [9]. More importantly, the 

reduced form of Ubn when cultured with human fibroblast has been shown to down-regulate the levels of 

IL-1β and LPS induced TNF-α production from macrophage cells [10]. Likewise, in another study by 

Schmelzer et al. [11] clearly showed that the reduced form of Ubn is a potent anti-inflammatory that acts 

by decreasing the levels of pro-inflammatory cytokine TNF-α and RANTES and MIP1-α chemokine in 

human monocyte cell line under LPS challenge [12]. This proven role of Ubn in assuaging inflammation 

was critical in its application in the current study involving an ECM in C57BL/6J mouse model. The aim 

of this study was to systematically elucidate the putative impact of ubn on the initiation or regulation of 

inflammatory immune response in experimental cerebral malaria (ECM). Herein, this study demonstrate 

that Ubn can protect mice infected with PbA against inflammatory responses that are linked to aggravation 

of the pathophysiology observed during ECM. 

 

2.1 MATERIALS AND METHODS 

2.2 Ethics statement and Mice 

Ethical approval for this study was obtained from the Institute of Primate Research, Kenya. Female 

C57BL/6J mice (3-4 weeks old) were obtained from Kenya Medical Research Institute (KEMRI), Nairobi. 

The mice were fed on mice chow and water ad libitum and were reared in similar conditions. Mice were 

assigned randomly with n=5-6 mice per experimental group. Group one (Wild type naïve), Group two (Wild 

type PbA infected) and group three (Wild type Ubn+PbA). 

 

2.3 Treatment of mice with 200mg/kg Ubidercarenone and infection 

Mice were given orally 200mg/kg of Ubn (Zambom Group S.p.A., Italy) for 30 days prior to infection with 

PbA to the experimental group three and then continued thereafter until mice were sacrificed. Plasmodium 

berghei ANKA was used for this study, in which mice were intravenously infected with 5x104 infected red 

blood cell (iRBC). 

 

2.4 Euthanization and perfusion of mice 

Euthanization was carried out by injecting mice with ketamine (50mg/ml) and Rompun in a ratio of 4:1 

intramusculary. Euthanized mice were intracardially perfused with sterile PBS. Brain and spleen samples 

were extracted and then placed on ice for further preparation. 

2.5 Preparation of spleen and brain samples 

To obtain single spleen cells suspension, the spleen was perfused with collagenase A, followed by slicing 

the organ into small pieces and then digestion with collagenase for 30 min at 37 °C. Similarly, after 

intracardial perfusion of brain samples with 1% sterile PBS, the brains were harvested and single cell 

suspension prepared as spleen. Cells were counted and were adjusted to 1 x 107 per ml of cells with RPMI 

medium. 

 

2.6 Cytokine ELISA and flow cytometer 

Cytokines were quantified using cytokine-specific sandwich ELISA, for TNF-α, IL-10 and IL-22. ELISA 

kits were employed and used according to the manufacturers’ protocol. The plates were read at 450 nm. 

After preparation of single cell suspension both splenocytes and brain associated lymphocyte were stained 

with different antibodies followed by analysis for the expression of CD4, CD8, CD11b, CD11c, CD45, 

Ly6C, Ly6G, CCR7, CCR2, FoxP3, CTLA-4, CD25 and granzyme B in a FACS Canto II flow cytometer 

(BD, San Jose, USA). The data was analyzed with FACS Diva® software (Becton Dickinson). 
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2.7 Statistical analysis 

The mean differences between the treatment groups and the controls was determined using the one-way 

ANOVA followed by Bonferroni test for internal comparison between the different groups. Results are 

given as mean + SEM with significance level set at p<0.05.Data was analysed using Graph pad prism 5.0 

statistical software package. 

 

3.1 RESULTS 

3.2 Ubidercarenone treated mice have significantly decreased frequency of infiltration of T cells 

into the brain 

In the brain, the frequency of CD3+ and CD8+ T cells was significantly reduced in Ubidercarenone - 

supplemented mice (Fig. 1A-B). Therefore, these data strongly suggest that Ubidercarenone 

supplementation can profoundly down-regulate accumulation of these cells in the brain during PbA 

infection by maintaining a stabile BBB. 
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Fig 1: Sequestration of CD3+ and CD8+ T cells in the brain is decreased in Ubidercarenone mice 

(A) Percentage of CD3+ T cells in the brain and (B) Percentage of CD8+ T cells in the brain. Percentage of 

CD3+ and CD8+ T cells calculated as a percentage of infiltrating leukocytes.Percentage of CD3+ and CD8+ T 

infiltrated leukocyte values were compared by ANOVA, followed by a Bonferroni posttest (indicated level of 

significance: *P ≤ 0.05; ***P ≤0.001). 

 

3.3 Ubidercarenone administered mice have significantly decreased Granzyme B production by 

CD8+ T cells 
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Fig 2: Brain CD8+ T cell production of Granzyme B is altered before and after Co-Q10 administration during PbA infection 
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Absolute number of CD8+ T cells expressing Granzyme-B. Percentage of CD8+ T cells expressing Granzyme B was 

compared by ANOVA, followed by a Bonferroni posttest (indicated level of significance: ***P ≤0.001). n=5-6 mice per group. 

 

It was observed that WT PbA-infected mice had an increase in the total cell number of CD8+T granzyme 

B positive cells in comparison to the naive mice whereas the Ubidercarenone administered mice had very 

few numbers of cells that were producing granzyme B (Fig. 2). These phenomena can be attributed due to 

a reduction in the total number of CD8+ T cell in the brain. 
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Fig 2: Brain CD8+ T cell production of Granzyme B is altered before and after Co-Q10 administration during PbA 

infection 

Absolute number of CD8+ T cells expressing Granzyme-B. Percentage of CD8+ T cells expressing Granzyme 

B was compared by ANOVA, followed by a Bonferroni posttest (indicated level of significance: ***P ≤0.001). 

n=5-6 mice per group. 

 

3.4 Ubidercarenone administration interferes in CD8+T cells CCR2 expression in the brain during 

PbA-infection 

The results shows that Ubidercarenone orally-treated infected mice presented similar CCR-7 to WT 

PbA-infected mice (Fig. 3A). Interestingly, it was observed that Ubidercarenone orally administered and 

infected mice had reduced levels of CCR-2 relative to PbA-infected mice (Fig. 3B). Reduction in the CCR- 

2expression of chemokine receptors in Ubidercarenone administered mice clearly indicates less recruitment 

of cytotoxic CD8+ T cells in the brain of these mice. 
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Fig 3: Brains of Ubidercarenone supplemented mice contain reduced number of CD8+T cells phenotypes during 

PbA infection 

Levels of CCR7 (A) and CCR2 (B). Percentage and gMFI of CD8+ T phenotypes was compared by ANOVA, 

followed by a Bonferroni posttest (indicated level of significance: *P ≤ 0.05; ***P ≤0.001). n=5-6 mice per group. 
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3.5 The inflammatory monocyte levels are reduced in the brain of PbA-infected Ubidercarenone 

supplemented mice 

In this study infiltrated inflammatory monocytes were characterized as Ly6ChiLy6GnegCD11bhiCD45hi. 

The percentage of brain inflammatory monocytes was significantly reduced in Ubidercarenone 

supplemented mice in comparison with wild type PbA-infected mice (Fig. 4). 
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Fig 4: Low amount of inflammatory monocytes in Ubidercarenone supplemented mice 

Frequency infiltrating monocytes (Ly6ChiLy6GnegCD11bhiCD45hi). Percentage of monocytes was compared by 

ANOVA, followed by a Bonferroni posttest (indicated level of significance: *P ≤ 0.05;***P ≤0.001). n=5-6 mice 

per group. 

 

3.6 Ubidercarenone supplemented mice show a balance in levels of pro-inflammatory and anti- 

inflammatory cytokine profile at protein level 

Mice that suffer from ECM symptoms have been shown to produce excessive amounts of pro- 

inflammatory cytokines, and Ubidercarenone supplemented mice were found to have markedly reduced 

serum levels of some of the pro-inflammatory cytokines (Fig. 5A). Whereas, levels of IL-10 and IL-22, 

anti-inflammatory cytokines were significantly elevated in the infected Ubidercarenone supplemented mice 

(Fig. 5B–C). 
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Fig 5: Ubidercarenone protected mice have modulated levels of serum pro-inflammatory and anti-inflammatory cytokines 

Serum concentrations levels of TNF-α, IL-22 and IL-10 cytokines (A-C). Cytokine concentrations were determined by 

sandwich ELISA in the supernatants. Statistics= One Away ANOVA with Bonferroni posttest (indicated level of significance: 

*P ≤ 0.05; **P ≤0.01;***P ≤0.001). n=5-6 mice per group 

T
N

F
- 


  
[p

g
/m

l]
 

B
ra

in
  

m
o

n
o
c
y
te

s
 (

%
) 

IL
-
1
0

 [
p
g
/m

l]
 

IL
-
2
2

 [
p
g
/m

l]
 



12  

3.7 Ubidercarenone administration increases regulatory T cells in the spleen of mice infected with 

PbA 

The flow cytometric techniques to assess levels of CD4+ T regulatory cells in the spleen was conducted 

(Fig. 6A). On day 6 of ECM the frequency of CD4+CD25+FoXP3 (T regs) (Fig. 6B) were augmented in 

Ubidercarenone-supplemented mice in comparison to WT PbA-infected mice. In contrast, the frequency of 

CTLA-4 was comparable in the two groups of mice (Fig. 6C). These results suggest that Ubidercarenone 

can also have either direct or indirect influence on T regulatory cells, with a beneficial impact on other T 

cell effector responses that drive inflammation and pathogenesis in the ECM murine model. 
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Fig 6: Ubidercarenone supplementation induced the expansion of Tregs during PbA infection 

Flow cytometric gating strategy for T regulatory cells characterized as CD3+CD4+CD25+FOXP3+ (A). The 

frequency of CD4+CD25+FOxP3+ T regs (B) and the percentage (C) of CD4+CTLA+ Tregs were quantified by 

flow cytometry. The frequencies of T-regs were compared by ANOVA, followed by a Bonferroni posttest. 

Asterisks indicate significant differences: *P ≤0.05 **P ≤0.01. n=5-6 mice per group 

 

4.0 DISCUSSION 

This study shows enhanced immuno-modulatory role of Ubidercarenone against pro-inflammatory 
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molecules perforin and granzyme B [13]. Result from this study, shows that Ubidercarenone administration 

had an impact on T cell degranulation. A decrease in granzyme B secretion in the brains of Ubidercarenone 

administered mice compared to WT PbA-infected mice was observed from this study. This decrease in 

Granzyme B secretion may be due to impaired migration and homing of T cells into the brains of 

Ubidercarenone administered mice. These phenomenon is validated by the fact that degranulation of 
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CCR-2 on the Ubidercarenone administered CD8+ T cells. This is the most probable, since expression of 

these chemokine receptors is required for T cells trafficking into the brain [15]. 

One of the mediators that is very critical in initiating and aggravating immune-pathological events 

during ECM is the infiltration of high levels of inflammatory monocytes to the brain [5]. However, the 

inflammatory monocytes play a profound role in the destruction and regulation of P. chabaudi especially 

at the blood stage level [16]. Results from the current study, show that levels of inflammatory monocytes 

(Ly6ChiLy6GnegCD11bhiCD45hi) were down-regulated in the brains of mice that were treated with Ubn. 

Indeed, the reduced levels of these monocytes in the brains of Ubn treated mice can be associated with 

improved amelioration of deleterious events during ECM. Also, other studies associates secretion of TNF- 

α to inflammatory monocytes [17] similar phenotypes have been observed during contact dermatitis [18]; 

with concomitant functional role of ensuring that pathogenic effector CD8+ T cells are recruited into the 

brain [5]. Overall, diminished levels of inflammatory monocytes in Ubn receiving mice can also contribute 

to reduction of CD8+ T cells that are recruited in the brain. 

Based on serum, plasma and gene expression data, disruption of the tightly controlled pro-inflammatory 

as well as the important regulating anti-inflammatory cytokines is a hallmark of CM [4]. Ubidercarenone 

has been shown to attenuate pro-inflammatory cytokines and chemokines in vitro, due to its anti- 

inflammatory properties [12]. A marked reduction in levels of the pro-inflammatory cytokine TNF-α in 

Ubidercarenone administered mice was observed whereas the WT PbA-infected mice exhibited high levels 

of this pro-inflammatory cytokine. More importantly, IL-22 and IL-10, which are major anti-inflammatory 

cytokines, were significantly elevated in the infected Ubidercarenone supplemented mice. 

A significant portion of immune-regulatory mechanisms is governed by IL-10 cytokine family, which 

among others includes IL-22 [19]. Moreover, IL-22 has been observed previously to dampen T cell 

responses in ECM [20]. Because of the pivotal role of anti-inflammatory cytokines IL-10 and IL-22 in 

inhibiting CM, it therefore implies that elevation of IL-22 and IL-10 would decelerate the inflammatory 

responses during CM. This was remarkable and first demonstration that Ubidercarenone has the capacity 

to modulate inflammatory mediators associate with ECM. 

Regulatory T cells are highly versatile immune cells that expand during ECM and have been shown to 

have the capacity to suppress the function of effector T cell responses or B cell activation [21]. Our results 

show that Ubidercarenone-administered mice had augmented frequency of CD4+CD25+FoXP3 (T-regs) 

than WT PbA-infected mice. This is despite the fact that we did not observe expansion of CTLA-4 between 

Ubidercarenone and WT PbA-infected mice. Nonetheless, CD4+ natural regulatory T cells have been shown 

to protect mice against plasmodium infection through expansion of CTLA-4 [22]. In another study, it was 

shown that Vitamin D treatment sporadically expands T-reg population and protects the host against ECM 

[23]. This result therefore suggest that Ubidercarenone can also have either direct or indirect influence on 

T regulatory cells, with a beneficial impact on other T cell effector responses that drives inflammation and 

pathogenesis in the ECM murine model. 

 

5.0 CONCLUSION 

Ubidercarenone assuage inflammatory response due to Plasmodium parasites resulting in a significant 

reduction of clinical features associated with PbA infection complication in an experimental mouse model. 

 

6.0 ACKNOWLEDGEMENTS 

We wish to acknowledge the pivotal assistance of staff of Institute of Primate Research and the members 

of Prof. Orina Isaac research team. 

 

REFERENCES 
Ponsford, M. J., Medana, I. M., Prapansilp, P., Hien, T. T., Lee, S. J., Dondorp, A. M., & Turner, G. D. H. 

(2011). Sequestration  and Microvascular Congestion Are Associated With Coma in Human Cerebral 

Malaria. Journal of Infectious Diseases, 205(4), 663–671. doi:10.1093/infdis/jir812 

Schofield, L., & Grau, G. E. (2005). Immunological processes in malaria pathogenesis. Nature Reviews Immunology, 

5(9), 722–735. doi: 10.1038/nri1686 



14  

Idro, R., Marsh, K., John, C. C., & Newton, C. R. J. (2010). Cerebral Malaria: Mechanisms of Brain Injury and 

Strategies    for    Improved    Neurocognitive    Outcome.     Pediatric     Research,     68(4),     267– 

274.   doi:10.1203/pdr.0b013e3181eee738 

Angulo, I., & Fresno, M. (2002). Cytokines in the Pathogenesis of and Protection against Malaria. Clinical and 

Vaccine Immunology, 9(6), 1145–1152. doi:10.1128/cdli.9.6.1145-1152 

Schumak, B., Klocke, K., Kuepper, J. M., Biswas, A., Djie-Maletz, A., Limmer, A., & Dunay, I. R. (2015). Specific 

Depletion of Ly6Chi Inflammatory Monocytes Prevents Immunopathology in Experimental Cerebral 

Malaria. PLOS ONE, 10(4), e0124080. doi:10.1371/journal.pone.0124080 
Perlmann, P., & Troye-Blomberg, M. (2002). Malaria and the Immune System in Humans. Malaria Immunology, 

229–242. doi:10.1159/000058846 

Luster, A. D. (2002). The role of chemokines  in linking innate and adaptive immunity. Current Opinion in 

Immunology, 14(1), 129–135. doi:10.1016/s0952-7915(01)00308-9 

Luster, A. D. (1998). Chemokines chemotactic cytokines that mediate inflammation. New England Journal of 

Medicine, 338(7), 436–445. doi:10.1056/nejm199802123380706 

Henchcliffe, C. (2009). Coenzyme Q10 effects in neurodegenerative disease. Neuropsychiatric Disease and 

Treatment, 597. doi:10.2147/ndt.s5212 

Sohet, F. M., & Delzenne, N. M. (2012). Is there a place for coenzyme Q in the management of metabolic disorders 

associated with obesity? Nutrition Reviews, 70(11), 631–641. doi:10.1111/j.1753-4887.2012.00526.x 

Schmelzer, C., Lorenz, G., Rimbach, G., & Döring, F. (2007). Influence of Coenzyme Q10on release of pro- 

inflammatory chemokines in the human  monocytic  cell  line  THP-1.  BioFactors,  31(3-4),  211– 

217. doi:10.1002/biof.5520310308 

Schmelzer, C., Lorenz, G., Rimbach, G., & Döring, F. (2009). In Vitro Effects of the Reduced Form of Coenzyme 

Q10 on Secretion Levels of TNF-α and Chemokines in Response to LPS in the Human Monocytic Cell Line 

THP-1. Journal of Clinical Biochemistry and Nutrition, 44(1), 62–66. doi:10.3164/jcbn.08-182 

Potter, S., Chan-Ling, T., Ball, H. J., Mansour, H., Mitchell, A., Maluish, L., & Hunt, N. H. (2006). Perforin mediated 

apoptosis of cerebral microvascular endothelial cells during experimental cerebral malaria. International 

Journal for Parasitology, 36(4), 485–496. doi:10.1016/j.ijpara.2005.12.005 

D’Orlando, O., Zhao, F., Kasper, B., Orinska, Z., Müller, J.,  Hermans-Borgmeyer,  I.,  &  Bulfone-Paus,  S. 

(2012). Syntaxin 11 is required for NK and CD8+T-cell cytotoxicity and neutrophil degranulation. European 

Journal of Immunology, 43(1), 194–208. doi:10.1002/eji.201142343 

Groom, J. R., & Luster, A. D. (2011). CXCR3 in T cell function. Experimental Cell Research, 317(5), 620– 

631. doi:10.1016/j.yexcr.2010.12.017 

Sponaas, A.-M., Freitas do Rosario, A. P., Voisine, C., Mastelic, B., Thompson, J., Koernig, S., & Langhorne, J. 

(2009). Migrating monocytes recruited to the spleen play an important role in control of blood stage malaria. 

Blood, 114(27), 5522–5531. doi:10.1182/blood-2009-04-217489 

Hammond, M. D., Taylor, R. A., Mullen, M. T., Ai,  Y.,  Aguila,  H.  L.,  Mack,  M.,  &  Sansing,  L.  H. 

(2014). CCR2+Ly6Chi Inflammatory Monocyte Recruitment Exacerbates Acute Disability Following 

Intracerebral Hemorrhage. Journal of Neuroscience, 34(11), 3901–3909. doi:10.1523/jneurosci.4070- 

13.2014 

Chang, M. W., & Nakrani, R. (2014). Six Children With Allergic Contact Dermatitis to Methylisothiazolinone in Wet 

Wipes (Baby Wipes). PEDIATRICS, 133(2), e434–e438. doi:10.1542/peds.2013-1453 
Rutz, S., Wang, X., & Ouyang, W. (2014). The IL-20 subfamily of cytokines from host defense to tissue homeostasis. 

Nature Reviews Immunology, 14(12), 783–795. doi:10.1038/nri3766 

Sellau, J., Alvarado, C. F., Hoenow, S., Mackroth, M. S., Kleinschmidt, D., Huber, S., & Jacobs, T. (2016). IL-22 

dampens the T cell response in experimental malaria. Scientific Reports, 6(1). doi: 10.1038/srep28058 

Berretta, F., St-Pierre, J., Piccirillo, C. A., & Stevenson, M. M. (2011). IL-2 Contributes to Maintaining a Balance 

between CD4+Foxp3+ Regulatory T Cells and Effector CD4+ T Cells Required for Immune Control of 

Blood-Stage      Malaria      Infection.      The      Journal      of      Immunology,      186(8),       4862– 

4871. doi:10.4049/jimmunol.1003777 

Haque, A., Best, S. E., Amante, F. H., Mustafah, S., Desbarrieres, L., de Labastida, F., & Engwerda, C. R. 

(2010). CD4+ Natural Regulatory T Cells Prevent Experimental Cerebral Malaria via CTLA-4 When 

Expanded In Vivo. PLoS Pathogens, 6(12), e1001221. doi:10.1371/journal.ppat.1001221 

He, X., Yan, J., Zhu, X., Wang, Q., Pang, W., Qi, Z., & Cao, Y. (2014). Vitamin D Inhibits the Occurrence of 

Experimental Cerebral Malaria in Mice by Suppressing the Host Inflammatory Response. The Journal of 

Immunology, 193(3), 1314–1323. doi:10.4049/jimmunol.1400089 


