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Results. Morocco has achieved significant results in the fight against tuber-

culosis, being its 6th development goal of this millennium, after the decline 

in tuberculosis between 1990 and 2015. The incidence rate estimated by the 

World Health Organization (WHO) decreased by 27% and the death rate 

decreased by 59%. According to ministry data, the prevalence indicators 

for tuberculosis cases increased from 75% to 85%, which allowed more 

diagnoses and treatments for already existing tuberculosis cases, maintain-

ing the treatment success rate at more than 86% since 1995 and reducing 

the dropout rate to just 7.9%. 

Moreover, the prevalence rate of drug-resistant tuberculosis remained very 

low, with 1% of initial resistance and 11% of secondary resistance. Moroc-

co has an integrated network of 26 centers specializing in the diagnosis and 

treatment of tuberculosis and respiratory diseases, in addition to health es-

tablishments and private clinics in certain districts. The national tuberculo-

sis control program involves overseeing the development of the National 

Strategic Plan for the period 2018-2021, which aims to reduce the number 

of tuberculosis related deaths by 40% by 2021. 

The program’s goal in particular is to bring the annual number of cases de-

tected to 36,300, to achieve a treatment success rate of at least 90% by 

2021, to increase the detection rate of drug-resistant tuberculosis to 75% 

and to achieve a treatment success rate of at least 80% by 2021. A multiple 

section framework for the elimination of tuberculosis will be developed by 

2030, according to a global approach, also taking in consideration the hu-

man rights aspect, in order to eliminate the risk factors and the socio-

economic factors considered as a key determinant of the spread of tubercu-

losis in Morocco and around the world. 

Conclusion. Thus, and through the interventions that will be implemented, 

this plan will guarantee the improvement of the detection rate and the ther-

apeutic success rate of Tuberculosis, including for multi-resistant forms, 

and consequently a significant reduction in mortality estimated to be related 

to tuberculosis. 
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Analogues nitrogenous bases and nucleosides realize their cytotoxic effect 

by mimicking a natural endogenous nucleosides (after their phosphoryla-

tion into nucleotides). The mechanism of action can be associated either 

with inhibition of enzymes or with the substitution of endogenous nucleo-
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sides as substrates during the synthesis of nucleic acid molecules, which 

leads to DNA and RNA damage and disruption of DNA methylation pro-

cesses. 
Often, the process of triphosphorylation of nucleoside analogues is difficult 

or impossible due to the high specificity of cell nucleoside- and nucleotide 

kinases. Nucleoside-5'-monophosphates cannot be used directly because 

their transport to the cell is extremely limited. In addition, they rapidly de-

grade to the corresponding nucleosides on the cell membrane.  
These reasons arouse wide interest in the synthesis of pronucleotides, i.e. 

chemically modified nucleoside monophosphates and their analogues, 

which would have the ability to penetrate into the cell and turn into the cor-

responding antimetabolites as a result of chemical or enzymatic transfor-

mations. 
The aim of the work is to evaluate the cytotoxicity of some modified nucle-

osides and nucleotides when they are exposed to lymphoid cells. 
Materials and research methods. Object of study – modified nucleosides: 

cytarabine (1), cyclocytidine HCl (2), nelarabin (5), and nucleotides: 

fludarabine phosphate (H+ – form) (3), fludarabine phosphate emoxipine 

salt (4),  
Peripheral blood was collected in sterile heparinized tubes, diluted 1: 1 with 

saline, layered on the density gradient of Histopaque-1077 («Sigma », 

Germany) and centrifuged for 30 min at 1500 on / min at 4°C. The result-

ing interphase ring mononuclear peripheral blood (MIC) was collected in 

sterile tubes and washed twice in saline for 10 min at 1500 on / min and 4 

°C. Cell culture viability of BMD was determined by flow cytometry using 

the Annexin A5 FITC / 7-AAD kit (Beckman Coulter, USA). 
Results and conclusions. Modified nucleotides (3) and (4), and nucleoside 

(5) in the studied concentration range of 10-5–10-7
 M exerted a cytotoxic 

effect on lymphoid cells mainly due to the induction of early and late apop-

tosis. It should be noted that at a concentration of 10-5 M, these compounds 

also increased the specific gravity of cells that underwent necrosis (from 

6.0 to 7.15%), which is extremely unfavorable at the extrapolation of these 

results to the human body. 
Modified nucleosides (1) and (2) in the investigated range of concentrations 

[10-5 M–10-7
 M for (2), and a concentration of 10-7 M for (1)] does not have 

a pronounced cytotoxic effect on the lymphocytes. The specific weight of 

viable cells in this case ranged from 95.51 to 97.15%. Cytarabine (1) at a 

concentration of 10-5–10-6 M induced early cell apoptosis (p <0.05) while 

maintaining the overall cell viability of up to 90%. 
 


