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ABSTRACT
Malaria is a life-threatening disease caused by parasites of the genus Plasmodium and is transmitted to humans by the
bite of female mosquitoes of the genus Anopheles. WHO has reported 219 million cases of malaria and 435,000
deaths were estimated in 2017. The anti-malarial treatment more frequently used is based on Chloroquine, which has
been used for several decades. This prolonged application has caused the parasite to develop resistance to the use of
the mentioned drug, so it becomes necessary to search for new treatments. In addition, some tetrahydro-(2H)-1,3,5thiadiazine-2-thione (THTT) derivatives have been previously studied as possible trypanosomicides, obtaining
satisfactory results in the treatment to Trypanosoma cruzi; Trichomonas vaginalis and T. b. rhodesiense, although no
studies against malaria have been reported. In the present work, six bis-THTT derivatives were evaluated as potential
anti-malarial drugs (JH1, JH2, JH3, JH4, JH5, and JH6) with BALB/c mice, which were inoculated with Plasmodium
berghei ANKA strain and Plasmodium yoelii 17XL strain. The percentages of parasitemia were determined for each
tested compound, which was assessed daily on smears from tail blood, stained with Giemsa’s reagent and observed
under light microscopy as evidence of cure. Our results showed that JH2 and JH4 presented effective parasitemia
control similar to chloroquine in P. berghei. Besides, JH5 and JH6 exhibited better results than Chloroquine with P.
yoelii infection. In summary, four of the six bis-THTT derivatives tested, could be considerate as potential new drugs
to infection malaria rodent control. Immune response essays should be realized in order to confirm our preliminary
results.
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INTRODUCTION
Malaria is caused by protozoan parasites belonging to the genus Plasmodium and it has several characteristic
symptoms, such as a very fast fever between 8-9 hours. Malaria has a mortality rate of 1-2 million people in tropical
and sub-tropical regions, with 90% of this amount corresponding to children living in sub-African countries 1. There
are several species of human malaria, such as P. vivax, P. ovale, P. malariae, P. knowlesi and P. falciparum, the
latter is the most fatal in human malaria.
Currently, there are several difficulties with anti-malarial treatments because of drug resistance in endemic areas of
high transmission. In this sense, the development of new effective drugs has been discouraging due to the low
efficiency of them, and in consequence, the need for low-cost drugs without toxicity problems has grown to avoid
resistance to anti-malarial drugs 2,3 .
In previous study the tetrahydro-(2H)-1,3,5-thiadiazine-2-thione (THTT) derivatives were studied as possible
trypanosomicides, obtaining satisfactory results in the treatment to Trypanosoma cruzi; Trichomonas vaginalis and T.
b. rhodesiense 4. In the present work, we evaluated the anti-malarial activity of six Bis-THTT derivatives in BALB/c
strain mice inoculated with two Plasmodium strains rodent parasites (P. yoelii and P. berghei). Because, P. berghei is
analogous to P. falciparum that generate malaria in human, they have a life cycle, structure, physiology, and
pathology very similar5. In the same way, P. yoelii 17XL is analogous to P. vivax 6.
The effect of the cure was evaluated by observation microscopy optical from smears from each experimental group
of mice treated with Bis-THTT derivative compounds and chloroquine (CQ) as cure control.

MATERIAL AND METHODS
Strains of Plasmodium berghei ANKA and Plasmodium yoelii 17XL were used in vivo the experiments to evaluated
six THTT compounds. The parasites were kept cryopreserved (20% glycerol at -80 ° C) and passed through an
intraperitoneal (IP) inoculation of 200 ml in adult female BALB/c mice (two mice per strain), approximately by 10
weeks. The parasitaemia was monitored daily until reaching a value equal to or higher than 40% of parasitaemia, by
means of smears fixed with absolute methanol and stained with Giemsa´s, through optical microscopy immersed.
Mice with parasitemia greater than 40% were sacrificed and their blood was collected using heparinized Krebs
solution (0.9% NaCl + 4.2% sorbitol in a 1:20 dilution of Heparin). The blood obtained was purified through a
column of Cellulose (CF-11 (Sigma), Buffer NaCl 0. 9%), thus retaining the white blood cells and eluting the
parasitized red blood cells (PRBCs). The PRBC sample was centrifuged at 2,000 rpm for five minutes at 4 °C, and
then the pellet was resuspended in Krebs solution. Subsequently, the concentration of PRBC was determined in the
Neubauer chamber.
The inoculum with P. berghei and P. yoelii (5000 PRBCs, parasite red blood cells in 200 µl) was administered
intraperitoneally to 48 female BALB/c mice, (24 mice inoculated with P. berghei and 24 mice inoculated with P.
yoelii) 7.
Six bis-THTT derivatives was called JH1, JH2, JH3, JH4, JH5, and JH6 were evaluated as possible anti-malarial
compounds. CQ was used as cure control of malaria infection. The bis-THTT derivative compounds were used at a
concentration of 20 mg/kg. To dissolve the compounds we used Dimethyl Sulfoxide (DMSO) at 1 %, and cellulose at
1% and Tween 80 at 0.5% were used as vehicle solution of compounds. The treatments were administered orally by
4 days consecutive (3 days after infection with parasites). In order to determinate the cure effect the parasitaemia was
monitored daily by smears, fixed with absolute methanol and stained with Giemsa´s 8.

RESULTS AND DISCUSSION
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Six compounds (JH1, JH2, JH3, JH4, JH5 and JH6) were evaluated as anti-malarial drugs and compared to CQ to
control of malaria parasites infection. The parasitemia was monitored daily after the first administration of the BisTHTTs derivative compounds and CQ was used as a positive control of cure. In Figure 1 shows the parasitaemia
percentages after the challenge with P. berghei (Figure 1A and 1B). JH2 and JH4 showed a control infection better
than the other tested compounds; although these do not exceed 17% of parasitemia up to 14 days after treatment.
However, JH2 and JH4 compounds were not more effective than CQ in the control of the percentage of parasitemia.
In order to the mice infected with P. yoelii, the percentage of parasitemia (Figure 1C and 1D) were not higher of 10
% for JH5 and JH6 derivative compounds. Our preliminary studies showed that CQ continues to be the best drug for
malaria infection control, in this case, rodent malaria. But JH2 and JH4 presented a similar percentage of parasitemia
on day 14 with P. berghei infection. The infection control without any treatment was longer to P. berhei than P.
yoelii, and a possible explanation is that P. berghei strain is less virulent, because this strain was passed more time
that the P. yoelii through the vertebrate host 9.
On the other hand, to P. yoelii infection, the JH5 and JH6 between 12 to 14 days were very similar the control of
infection that CQ. This suggests that JH5 and JH6 could be a good alternative in areas resistant to chloroquine
treatment.

Fig. 1. Parasitemia-Time profile using BALB/c mice following the administration of 4 dose regimen of 20 mg/kg, Chloroquine
(n=3), JH1 (n=3), JH2 (n=3), JH3 (n=3), JH4 (n=3), JH5 (n=3) and JH6 (n=3), administered 72 hours after IP inoculation with 105
P. berghei (Panels A and B) parasitized-erythrocytes and P.yoelii (Panels C and D). Data are shown as total parasitemia (mean
percentage of infected erythrocytes/ total erythrocytes ± SD), starting from the time of drug administration. Parasitemia was
monitored daily by smears fixed with absolute methanol and Giemsa´s stained.
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Figure 2. Blood smear of BALB/c mice infected with P. berghei (Panel A) and P. yoelii (Panel B), treated with the JH2, JH4, JH5 y
JH6 compounds respectively and Chloroquine as cure control. The orange circles show red blood cells with parasites in merozoite
stage and the red circles point out red blood cells with parasites in the mature schizonte stage.

Figure 2 shows different pictures from infected blood smears with the Plasmodium parasite 10. Figure 2A
corresponds to P. berghei, and the orange circles point out the parasite in merozoite stage (A.1, A.2, A.3 and A.4).
Figure 2B shows the blood smear with P. yoelii infection, and the red circles indicate the red blood cells with
parasites in mature schizonte stage. In consequence, the P. yoelii infection was not very well controlled with JH5 and
JH6 compounds, because the parasites can develop mature schizont stage. In addition, the P. yoelii strain is more
virulent that P. berghei as we mention above. In both strain CQ presented less infection and this demonstrated that it
the best treatment to malaria infection.

CONCLUSION
Our results suggest that the six bis-THTT tested have different behavior depending on the strain of Plasmodium to
which the treatment was applied. In this case, the treatment was more effective in mice infected with P. yoelii,
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equivalent to Plasmodium vivax species in Humans. As shown in Figure 1, JH2 and JH4 had anti-malarial effect for
P. berghei, and compounds JH5 and JH6 also had anti-malarial effect for P. yoelii infections. These compounds
controlled the infections, presenting 17% parasitaemia by day 14. Nevertheless, they did not exceed the Chloroquine
efficiency, which showed 10% parasitaemia at day 14 post-treatment.
However, cytotoxic evaluation of tested compounds in the VERO cell line with a MTS colorimetric test of the
company Promega and its evaluation of the humoral response in indirect ELISA assays with the hyperimmune sera
of mice immunized with each of these compounds must be done in order to corroborate the reported results.
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