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ABSTRACT 

Malaria is a disease caused by protozoan plasmodium transmitted to humans by infected female 

Anopheles mosquitoes. According to WHO report of 2015, there were 214 million worldwide 

cases of malaria with 438,000 deaths. Ninety percent of world’s malaria cases occur in Africa, 

where the disease is recognized as a serious impediment to economic and social development. 

Despite advancement in malaria research, the disease continues to be a global problem especially 

for developing countries. Currently, there is no effective vaccine for malaria control. In addition, 

though there are effective drugs for treatment of malaria, this could be lost to the drug resistance 

in different Plasmodium species. The most lethal form is caused by P. falciparum which has 

developed resistance to many chemotherapeutic agents and possibly to the current drugs of 

choice. Reducing the impact of malaria is a key to achieving the sustainable development goals 

which are geared towards eradicating the disease. Covalent bitherapy is a rational and logical 

way of drug design which entails joining a couple of molecules with individual intrinsic action 

into a unique agent, hence packaging dual-activity into one hybrid molecule. The main objective 

of this study was to synthesize, determine the efficacy and safety of antiplasmodial hybrid drug 

comprising of sarcosine and 3-Chloro-4-(4-chlorophenoxy) aniline for management of 

plasmpodial infections. The hybrid drug was synthesized by adding thionyl chloride to sarcosine 

in order to form acyl chloride which was added to aniline to form sarcosine-aniline hybrid drug. 

In vivo efficacy was done using mice and in vitro cytotoxicity assay was done using vero cells. 

Data for in vivo drug assays and cytotoxic assays were analyzed using Microsoft excel software 

from which ED50 and CC50 of each drug concentration was determined. Using SPSS software 

version 20, one way ANOVA was applied for comparing in vivo efficacy and cytotoxicity of 

hybrid drug against control drugs. In vivo evaluation was carried out using P. berghei ANKA 

strain sensitive to quinolone. The ED50 of sarcosine-aniline hybrid drug was 6.49mg/kg 

compared to that of aniline derivative which was 3.61mg/kg. The ED50 of control drugs were 

3.56mg/kg, 2.94mg/kg and 1.78 mg/kg for artesunate-aniline hybrid drug, artesunate and CQ 

respectively. There was a significant difference (P<0.05) between ED50 of sarcosine-aniline 

hybrid and both controls including 3-Chloro-4-(4-chlorophenoxy) aniline, artesunate, artesunate-

aniline hybrid and chloroquine. Cytotoxicity results revealed that hybrid drug was safe to vero 

cells with a CC50 of 50.18±3.53µg/ml, whereas the CC50 of artesunate, chloroquine and 

doxorubicin were 19.69±3.26, 57.96±3.85 and 1.96 ± 0.59 µg/ml respectively. Sarcosine-aniline 

hybrid was significantly less toxic compared to artesunate and doxorubicin (P < 0.05). Sarcosine-
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aniline hybrid drug was also safe to mice, as no mice died and no significant loss of weight after 

administering them with 2000mg/kg of the hybrid for 14 days. Therefore, covalent bitherapy 

should be used in drug development for drug resistance mitigation.  

KEY WORDS: Chemical synthesis, ED50, CC50, Antimalarial resistance, Sarcosine-aniline 

hybrid. 
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CHAPTER ONE 

 INTRODUCTION 

1.1 Background 

Chemotherapy has been the backbone of malaria control strategy. The plasmodia species that are 

considered responsible for malaria in humans are: P. vivax, P. falciparum, P. ovale, P. malariae  

and  P. knowlesi (CDC, 2015).  However, P. falciparum, the parasite that causes over 90% of all 

global malaria cases is more frequently becoming resistant to classical antimalarials, 

necessitating an urgent need for research and synthesis of new antimalarial agents, preferably 

with novel mode of action (Rosenthal, 2003). In the past two decades, only a few compounds 

belonging to a new class of antimalarial drugs, including amino-alcohols such as mefloquine, 

halofantrine and lumefantrine, sesquiterpene trioxanes such as artemisinin derivatives and 

naphthoquinones such as atovaquone were developed for clinical usage (Saifi et al., 2013b). 

Currently, artemisinin based combination therapy (ACT) is considered as the gold standard 

against P. falciparum, in which the regimen uses a double combination therapy geared towards 

delay of resistance, or circumventing it altogether (Jadhav et al., 2015). Many approaches to 

antimalarial drug discovery deployed include optimization of therapy with available drugs such 

as: combination therapy, developing analogs of the existing drugs, evaluation of potent agents 

from natural products especially plants, use of compounds originally developed against other 

diseases, evaluation of drug-resistance reversers (chemosensitizers) as well as new 

chemotherapeutic targets (Rosenthal, 2003). 

Currently, chemotherapy is the mainstay of malaria control strategy. However, reports from 

South-East Asia, indicate parasite resistance to artemisinin based drugs which are considered 

as gold standard in treatment of malaria according to WHO (Wells et al., 2015). This suggests 

the need to develop new antimalarial drugs that are effective against malaria parasite based on 

new mode of action, molecular targets and chemical structure. In silico studies have shown 

that sarcosine (N-methyl glycine) is able to bind to Asparatate Carbomyl Transferase, an 

enzyme involved in PYRIMIDINE biosynthesis of the parasite. In addition, it was shown that 

3-Chloro-4-(4-chlorophenoxy) aniline (aniline derivative) can bind to P. f ENR (Enoyl Acyl 
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Carrier Protein Reductase), an enzyme which catalyze the last step of the elongation cycle in 

the biosynthesis of fatty acids (Cronan, 2016) thereby inhibiting the parasite growth. 

Nevertheless, no experimental study has been conducted to confirm this aspect of the two to 

have antiplasmodial activity singly or in a hybrid molecule. Globally, malaria transmission 

occurs in three main WHO regions, where African region accounts for the most global 

cases(88%),followed by  South-East Asia region (10%) and the Eastern Mediterranean region 

(2%) (WHO, 2015). 

It is estimated that 3.2 billion people in 95 countries and territories are at risk of being infected 

with plasmodium species and developing disease (Figure 2.1), and 1.2 billion are at high risk, 

where more than1 in 1000 people have chance of getting malaria in a year. Results from the 

World Malaria Report of 2015 show that the malaria cases were ranging between 149 to 303 

millions or an average of 214 million cases of malaria globally. The African region accounted for 

most global cases of malaria (88%), followed by the South-East Asia region (10%) and the 

Eastern Mediterranean region (2%). In addition, the number of people that died of malaria was in 

the range of 236, 000 to 635, 000, representing an average of 438 000 malaria deaths. The high 

burden was heaviest in the WHO African Region (Figure 2.1), where an estimated 90% of all 

malaria deaths usually occur (Figure 2.1), and in children aged under 5 years, who accounted for 

more than two thirds of all deaths (WHO, 2015a). This is because children of this age group  are 

highly susceptible to infection, illness than adults (Snow et al., 2005). From the year 2000, 

malaria incidence rates fell by 37% globally, and by 42% in Africa whereas the malaria mortality 

rates went down by 66% in the African region and by 60% globally (WHO, 2015).  

 

1.2 Problem Statement 

According to WHO report of 2015, almost ninety percent of world’s malaria cases occur in 

Africa, especially in endemic regions (WHO, 2015b), where the disease is recognized as a 

serious impediment to economic and social development (Ohashi et al., 2002). The high rate of 

the global malaria burden is found in sub-Saharan Africa. In 2015, 88% of global malaria cases 

and 90% of global malaria deaths were reported in sub-Saharan Africa, bearing the highest 

global burden. Up to seventy percent (70%) of Kenyans are at risk and experts argue that climate 

change is fueling malaria cases in Kenya (Elizabeth et al., 2008). According to WHO, World 

Malaria Report of 2014, it showed that 100% of the Rwandan population is at risk of being 
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infected with malaria parasites as confirmed by the President’s Malaria Initiative (PMI) in 

Rwanda survey reported in 2015 (PMI, 2015). Malaria cases rose from 514,173 in 2014 to 

1,957,000 as confirmed by the report from Ministry of Health in Rwanda (Rwanda Ministry of 

Health, 2016). Currently, chemotherapy is the mainstay in malaria control and artemisinin based 

combination therapies (ACTs) have been advocated as the therapy of choice to handle 

widespread drug resistance in P. falciparum malaria (Jadhav et al., 2015). However, reports from 

Southeast Asia, indicate possibility of parasite resistance to artemisinin based drugs, the current 

drug of choice in malaria chemotherapy, thus suggesting a novel development to malaria 

therapies. Many other antimalaraial drugs of choice have developed resistance over time, for 

instance chloroquine resistance was documented on every continent with malaria in 1972-1990. 

In the late 1990s, mefloquine resistance emerged in malaria from Southeast Asia (Wells et al, 

2015). Using in silico drug design approach, it was shown that sarcosine and 3-Chloro-4-(4-

chlorophenoxy) aniline can inhibit enzymes involved in pyrimidine and lipid membrane 

biosynthesis of the parasite, thereby blocking its growth and multiplication. Malaria remains a 

challenging disease in its diagnosis and control. Even though, there are some effective drugs for 

treatment of malaria, this could in the near future be lost to drug resistance in Plasmodium 

species. Furthermore no effective vaccine has been successful so far (Doolan et al., 2003). The 

rapid emergence of P. falciparum strains resistance to the available antimalarial drugs and cross-

resistance of parasites against antimalarial agents has resulted in the real need for new drugs to 

control malaria (Wells et al., 2015). Despite improvement in the malaria diagnosis and control, 

parasite resistance to antimalarial drugs continues to be a serious threat, hence the need for new 

antimalarial drugs. 

1.3 Justification of the study 

In search for new drugs based on how the antimalarial drug discovery pipeline has changed over 

the past 10 years, it is urgent to look for new biological molecules that are effective against 

malaria parasite based on new mode of action, molecular targets and chemical structure. 

Sarcosine and 3-Chloro-4-(4-chlorophenoxy) aniline were suggested to have antiplasmodial 

activity based on bioinformatics studies. Sarcosine  acts by binding to P. falciparum ATCase 

(Florence et al., 2012) , an enzyme involved in pyrimidines biosynthesis for the parasite survival, 

whereas 3-Chloro-4-(4-chlorophenoxy) aniline can inhibit the Enoyl-acyl carrier protein (ACP) 

reductases (ENRs), which catalyzes the last step of the elongation cycle in the biosynthesis of 
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fatty acids (Cronan, 2016). Covalent linking of sarcosine and 3-Chloro-4-(4-chlorophenoxy) 

aniline can carry a dual activity with different mode of action for inhibiting plasmodial growth. 

Based on the urgent need in drug development, it was necessary to validate this claim in this 

study. The expected outcome was that sarcosine-aniline hybrid could contain the dual activity of 

inhibiting the pyrimidine and fatty acids biosynthesis which might circumvent the parasite 

resistance to ACTs. Sarcosine-aniline hybrid was envisaged to be a safe and affordable 

antimalarial molecule in treatment of plasmodial infections. Sarcosine-aniline hybrid Sarcosine 

can be cheap compared to artesunate and lumefantrine combination (coartem), a current drug of 

choice for treating malaria. Sarcosine-aniline hybrid can be considered as a safe drug by the fact 

that it targets parasites proteins involved in nucleic acid synthesis without affecting host cells. 

1.4 Research questions 

a. Does sarcosine-aniline hybrid drug have any bioactivity on plasmodial cells?  

b. Is sarcosine-aniline hybrid safe to mice and vero cells? 

1.5 Hypothesis 

Sarcosine-aniline hybrid has no antiplasmodial activity. 

1.5 General objective 

To synthesize, determine the efficacy and safety of antiplasmodial hybrid drug comprising of 

sarcosine and 3-Chloro-4-(4-chlorophenoxy) aniline for management of plasmodial infections. 

1.6 Specific objectives  

1. To synthesize antimalarial hybrid comprising of sarcosine and 3-Chloro-4-(4-chlorophenoxy) 

aniline.  

2. To determine in vivo antiplasmodial activity of sarcosine-aniline hybrid. 

3. To determine in vivo toxicity of the hybrid using mice and cytotoxicity using vero cells. 
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CHAPTER TWO 

 LITERATURE REVIEW 

2.1 Epidemiology of malaria 

Malaria is a mosquito-borne tropical disease caused by Plasmodium species (Aminake & Pradel, 

2013). The protozoan Plasmodium is a eukaryotic unicellular pathogen belonging in 

apicomplexa group), which is transmitted to humans by infected female Anopheles mosquitoe 

(Aminake & Pradel, 2013). The Plasmodia species that are considered responsible for malaria 

disease in humans are: P. vivax, P. falciparum, P. ovale, P. malariae  and  P. knowlesi (CDC, 

2015). It is highly prevalent in developing countries, especially in sub-Saharan Africa (WHO, 

2015). It is also found in Central and South America, Asia and Oceania (Hay et al., 2004).  P. 

falciparum is the most prevalent species than others (Howes et al., 2011). P. vivax is the species 

which is difficult to control due to its biological features that distinguish it from P. falciparum 

(Moyes et al., 2012). P. vivax sporozoites develop faster than P. falciparum within the mosquito, 

and with wider temperature ranges, which allows it to be greatly distributed geographically 

(Gething et al., 2010). The other most crucial feature of P. vivax biology is its capacity to relapse 

in the weeks or months through a dormant liver stage called hypnozoite (White, 2011). P. vivax 

endemicity is based on the distribution of the Duffy-negative phenotype (Dean, 2005). Duffy 

glycoprotein is a receptor that binds chemicals that are secreted by blood cells (cytokines) during 

inflammation (Dean, 2005). it also a receptor for Plasmodium vivax, a protozoan parasite that 

invades erythrocytes and causes malaria (Dean, 2005). In most cases, Duffy negative or Duffy 

null phenotype (FY a-b-) individuals are more resistant to infection by P. vivax because they do 

not express duffy antigen on their RBCS, and this phenotype is mostly found in Africa at highest 

frequencies (Howes et al., 2011). P. malariae infections are commonly found in sub-Saharan 

Africa and the southwest Pacific. Plasmodium ovale prevalence is more limited to areas of 

tropical Africa, Guinea, the eastern parts of Indonesia and the Philippines and in different parts 

of Southeast Asia (Mueller et al., 2007). 
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Figure 2.1: Global distribution of Malaria throughout the world (WHO, 2015) 

Figure 2.1 shows that most of the malaria cases occur in Africa followed by Southeast Asia and 

Latin America. From the same figure, it is also shown that malaria has been eradicated in USA 

and Europe.  

2.2 Biology of malaria infection  

2.2.1 Mode of transmission  

The primary transmission of malaria occurs when an infected female anopheles mosquito 

(vector) feeds from human host. The other rare ways of transmission include transfusion of blood 

from infected persons, use of contaminated sharp materials such as: needles and syringes, and 

from mother to child transmission during delivery (WHO, 2013).  

There are about 460 species of Anopheles mosquito genus that have been identified up to date, 

and over 100 can transmit malaria (Dash et al., 2007). Many mosquitoes were found in India 

with 58species (Jadhav et al., 2015). The examples of these include anopheles gambiae, 

anopheles funestus and anopheles stephensi, Anopheles culicifacies, Anopheles fluviatilis, 

Anopheles minimus, Anopheles sundaicus, Anopheles dirus (Shiff, 2006) and (Jadhav et al., 

2015). 
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2.2.2 The life cycle of P. falciparum in the human host and the anopheles mosquito vector  

The life cycle is approximately identical for all plasmodium species that may infect humans. The 

infection undergoes three major stages: the infection of a human with sporozoites, the asexual 

reproduction and the sexual reproduction. The two first stages take place exclusively in the 

human body (Figure 2.2), while the third stage starts in the human body and it is completed in 

the female anopheles mosquito (Weekley & Smith, 2013). 

 

Figure 2.2: Life cycle of Plasmodium species (Srinivas, 2015) 

 

As the above figure (Fig 2.2) shows, the human infection starts when the already infected female 

Anopheles feeds from a person, injecting Plasmodium parasites, in sporozoites stages, into the 

bloodstream. The next stage is the asexual reproduction that is further divided into two phases: 

the exoerythrocytic phase which occurs outside the erythrocyte and the erythrocytic which takes 

place inside the red blood cell. After 60 minutes the sporozoites pass into the first target which is 

human liver. Inside liver tissue, the sporozoites begin subsequent division leading to schizonts 
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formation between 6 to 7 days. Every schizont develops into merozoites, an exoerythrocytic 

schizogony that is released into the blood circulation which marks the final step of the 

exoerythrocytic phase during the asexual reproductive step (Figure 2.2). However, P. ovale and 

P. vivax sporozoites might not follow the reproduction process and remain dormant for weeks or 

even years in the liver, the state in which they are called hypnozoites (Jadhav et al., 2015). They 

might be stimulated after a long time such as weeks, months or years, which lead to relapses of 

merozoites and their penetration in the blood stream. The exoerythrocytic period is not 

pathogenic and might not show symptoms or clinical signs of the disease (Srinivas, 2015). 

Merozoites liberated into the blood stream, invade the erythrocytes. This invasion is the starting 

of the erythrocytic phase. After invasion, the first stage is the formation of a ring stage that 

transforms into a trophozoite. The next stage is the formation of erythrocytic schizont which 

consists of forming immature and mature schizont. Every mature schizont grows and give to 

merozoites, an erythrocytic schizogony, which after Red Blood Cells rupture, are released in the 

blood stream, so that they can invade other erythrocytes. This is when clinical signs are noticed 

(Jadhav et al., 2015). Inside RBCs, there is also differentiation of the parasite into gametocytes, 

forms that do not cause pathogenicity. Once the female anopheles mosquito takes a blood meal 

from infected person, it picks up these gametocytes. The gametocytes grow into microgametes, 

which are male gametocytes and macrogametes as the female gametocytes during gametogenesis 

(Figure 2.2). The period required for the gametocytes to become mature varies for each 

Plasmodium species. For example, the gametocytes of P. vivax and P. ovale take 3 to 4 days to 

reach maturity, but it is 6 to 8 and 8 to 10 days for P. malariae and for P. falciparum respectively 

(Weekley & Smith, 2013). 

Inside the mosquito gut, the nucleus of microgamete undergoes subsequent divisions to produce 

eight nuclei. Every nucleus fertilizes a macrogamete which results in formation of a zygote, 

which further becomes the ookinete. Then, ookinete enters inside the wall of the mosquito 

midgut, in which it encysts into oocyst. Within the oocyst, the ookinete nucleus continues to 

divide and produce a lot of sporozoites (sporogony). This shows the termination of the third 

stage of sexual reproduction or sporogony which lasts 8 to 15 days. This is followed by rupture 

of oocyst in which the sporozoites are deposited within the mosquito cavity and get their 

direction to its salivary glands (Jadhav et al., 2015). When the infected mosquito feeds again on 
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a host, it inoculates the sporozoites into the human blood circulation, which starts a new cycle 

(Figure 2.2).P. falciparum is a protozoan parasite which multiplies in different stages from ring 

stage to gametocytes stage (Figure 2.3). Under microscope, parasites can be observed with 100x 

objective after staining it with giemsa stain. On figure 2.3, 1 represents normal red blood cell,   

2-10 correspond to ring-stage trophozoites, 10-18 are mature trophozoites, 19-26 are schizonts, 

27-28 are mature macrogametocytes (female) and 29-30 are mature microgametocytes (male). 
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Figure 2.3: Appearance of P. falciparum blood stage parasites on thin blood smears (Coatney et 

al., 1971) 
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2.3 Classification and mode of action of antimalarial drugs  

The antimalarial compounds are classified based on the stage of the parasite to be targeted and 

their mode of use, either as prophylaxis or treatment. There are different stages of malaria life 

cycle and each stage differs by morphology, metabolism and antimalarial drug sensitivity (Basco 

et al., 2001). 

a) The best classification of antimalarial drugs is based on their life cycle (Jadhav et al., 2015). 

The possible stages of drug therapy known so far are categorized into 4 different groups:  

1) Drugs that kill the sporozoites injected by the mosquito or prevents the sporozoites from 

entering the liver. Examples: Pyrimethamine, lumefantrine and mefloquine (Delves et al., 2012). 

2) Compound that destroy the hypnozoites residing in hepatocytes or prevent them from 

becoming merozoites. Examples: Pyrimethamine, artemether, artesunate, Dihydroartemisinin, 

atovaquone and Primaquine (Saifi et al., 2013b). 

3) Drug that can eliminate the merozoites in the blood or prevent them from developing into 

further stages until they reach gametocytes. Examples: Pyrimethamine and atovaquone, 

chloroquine, artemether (Delves et al., 2012) 

4) Antimalarial drugs that can kill the gametocytes before they can enter the mosquito, therefore 

preventing development into zygotes. Examples: Mefloquine and amodiaquine (Kiszewski, 

2011). 

b) There are four major types of antimalarials drugs that have been used so far: the quinolines 

(chloroquine, quinine, mefloquine, amodiaquine, primaquine), the antifolates (pyrimethamine, 

proguanil and sulfadoxine), the artemisinin derivatives (artemisinin, artesunate, artemether, 

arteether) and hydroxynaphthaquinones such as atovaquine (Saifi et al., 2013). 

2.3.1 Quinolines 

The group of quinolone drugs include: chloroquine, amodiaquine, quinine and mefloquine 

(Figure 2.4). Chloroquine is an alkaline drug which accumulates in high concentration in 

vacuoles of the parasite and raises its pH (Aminake & Pradel, 2013). Actually, malaria parasite 

digest host cell’s hemoglobin to obtain amino acids and the free heme is released. This heme has 

capacity to create oxidative damage to cell membranes and parasite proteins through redox-
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active free heme (ferriprotoporphyrin IX [PPIXFe]) which is toxic (Loup et al., 2007). Then, the 

parasite detoxifies it by using enzyme: haeme polymerase which converts toxic haeme into 

hemazoin compound which is non-toxic to the parasite. Chloroquine inhibits the parasitic 

enzyme haeme polymerase, thereby resulting in the aggregation of toxic haeme within the 

parasite, thereby causing the death of the parasite. In fact, Chloroquine stacks with heme to form 

a stable π-π complex, PPIXFe-chloroquine, which is not incorporated into hemozoin and which 

leads to the death of the parasite via a redox process (Loup et al., 2007). Quinine has the same 

mode of action as chloroquine but with some differences, chloroquine causes clumping of the 

malaria pigment, whereas quinine antagonizes this process (Saifi et al., 2013b). Mefloquine drug 

also acts via formation toxic complexes with free haeme which in turn damage membranes and 

interact with other plasmodial components (Dassonville et al., 2011).         

 

 

Figure 2.4: Examples of quinoline drugs (Aminake & Pradel, 2013)  

2.3.2 Antifolates 

Sulfadoxine andpyrimethamine are examples of antifolate (Figure 2.5). Pyrimethamine inhibits 

the dihydrofolate reductase (DHFR)  of Plasmodium whereas Sulfadoxine inhibits 

dihydropteroate synthase (DHPS) (Aminake & Pradel, 2013), thereby blocking the biosynthesis 

of pyrimidines and some amino acids which are so essential for DNA synthesis and cell 

multiplication (Saifi et al., 2013a). This leads to failure of nuclear division at the time of schizont 

formation in erythrocytes and liver (Bloland, 2001). 
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Figure 2.5: Structures of Sulfadoxine and Pyrimethamine (Aminake & Pradel, 2013)  

2.3.3 Artemisinin and its derivatives  

Artemisinin and its derivatives: artesunate, artemether and arteether (Figure 2.6) are the drugs of 

choice that are currently being used and their mode of action is based on the production of free 

radicals within the plasmodium vacuole (Aminake & Pradel, 2013). Artemisinin alkylates heme 

and forms a well-defined heme-artemisinin adduct mixture (Loup et al., 2007). These adducts 

cannot be able to crystallize into hemozoin, therefore inducing oxidative damages to the parasite 

biomolecules (Loup et al., 2007). These free radicals can damage the lipids, membranes and the 

structures of the organism, and inhibit its growth by inhibiting some enzyme such as 

sarcoendoplasmic reticulum Ca2+ATPase (Jadhav et al., 2015). In severe malaria, artemisinin 

and its derivative compounds produce faster parasite clearance and resolution of fever than 

quinine.   Artemisinins also reverse coma more quickly than quinine (Delves et al., 2012). 

Artesunate 

Artesunate is the sodium salt of the hemisuccinate ester of artemisinin. It is soluble in water but 

has poor stability in aqueous solutions at neutral or acid pH. It can be given orally, rectally or by 

the intramuscular or intravenous routes (Krishna, Uhlemann, & Haynes, 2004).  

Artemether 

Artemether is the methyl ether of dihydroartemisinin. It is more lipid soluble than artemisinin or 

artesunate. It can be given as an oil-based intramuscular injection or orally. It is also 

coformulated with lumefantrine (previously referred to as benflumetol) for combination therapy 

(Krishna et al., 2004).  
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Figure 2.6: Structures of artemisisnin, artesunate and artemether (Aminake & Pradel, 2013). 

2.3.4 Hydroxynaphthaquinones  

Atovaquone is a hydroxynaphthaquinone which inhibits cytochrome c reductase activity in P. 

falciparum by binding to the cytochrome bc1 complex of the parasite mitochondrial electron 

transport chain which results in a loss of mitochondrial function (Aminake & Pradel, 2013). The 

malaria mitochondria electron transport chain disposes of electrons generated by dihydroororate 

dehydrogenase during the synthesis of pyrimidines. The inhibition of this process by atovaquone 

leads towards the death of the parasite (Bloland, 2001). Atovaquone can also dissipate the 

mitochondrial membrane potential of the malaria parasite which might kill the parasite by 

initiating a process similar to apoptosis (Delves et al., 2012).The molecular weight of 

atovaquone is 366.837 g/mol and its structure is C22H19ClO3 (Figure 2.7) 

 

 

Figure 2.7: Structure of atovaquone (Aminake & Pradel, 2013)  
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2.4 Resistance to current drugs of choice 

Artemisinin resistance is explained as a delay in parasite clearance following the treatment by an 

artesunate as a solely monotherapy drug, or after treatment with an artemisinin-based 

combination therapy. Such resistance represents partial resistance. The high resistance rate have 

been observed in Cambodia, Thailand and Greater Mekong sub-region (WHO, 2015c). In the 

study done in GMS, a molecular marker of artemisinin resistance was identified and it was 

proved that the mutations in the Kelch 13 (K13) propeller region are linked to the delayed 

parasite clearance for both in vitro and in vivo experiments (WHO, 2015c). 

2.5 Antimalarial drug toxicity 

Primaquine was proved to cause the toxic reactions in blood, such as: Leucopenia, 

granulocytopenia, formation of methahaemoglobin (cyanosis), and acute intravascular 

haemolysis (Ogutu et al., 2014). Quinine was found to be a good drug for treating severe malaria 

because of its rare cardiovascular or Central Nervous System (CNS) toxicity, but it was shown to 

cause hypoglycemia, fever, confusion and respiratory arrest (Hussien, 2007). Artemether-

lumefantrine showed the capability of fast parasite clearance in case of P. malariae. However it 

has some adverse effects such as: abdominal pain, anorexia, nausea, vomiting, diarrhea and 

central nervous system disorder including headache and dizziness. In addition, mefloquine can 

cause serious neuropsychiatric whereas pyrimethamine is able to cause agranulocytosis if the 

recommended dose is exceeded (Saifi et al., 2013b). Chloroquine showed various adverse 

reactions such as neurotoxicity resulting in headache, confusion, depression, leukopenia, 

granulomatous hepatitis, retinopathy, rashes, pruritus and cardiovascular toxicity (Bosman, 

2003). Amodiaquine was revealed to cause hepatotoxicity, especially leading to liver damage 

through formation of an electrophilic metabolite, which in turn cause hypersensitivity reactions 

(Alkadi, 2007). 

2.6 In silico studies of sarcosine and aniline  

Sarcosine was found to bind the parasite target such as proteins that are involved in parasite 

survival. For instance, in silico studies by using molecular docking, suggested that sarcosine can 

bind to P. falciparum ATCase (Florence et al., 2012).  P. falciparum ATCase is a highly 

regulated enzyme that catalyzes the first committed step in pyrimidine biosynthesis, the 

condensation of aspartate and carbomoyl phosphate to form N-carbomoyl-L-aspartate and 
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inorganic phosphate. The malaria parasite obtains the preformed purines by the salvage pathway 

and synthesizes pyrimidines de novo. Parasite cannot utilize preformed pyrimidines and must 

synthesize them from biocarbonate and glutamine (Bloland, 2001).  

Enoyl-acyl carrier protein (ACP) reductases (ENRs) catalyze the last step of the elongation cycle 

in the biosynthesis of fatty acids (Cronan, 2016). Εnoyl acyl carrier protein reductase catalyses 

the NAD (P)-dependent reduction of a trans-2,3 enoyl moiety into a saturated acyl chain, the 

second reductive step in the fatty acid biosynthesis pathway (Cronan & Massengo, 2009). In 

different studies done, it was shown that compounds such as the diazaborines and triclosan are 

able to inhibit the ENR enzyme(Rima et al., 2002). Using bioinformatics studies, P. falciparum 

genome was screened and it was found that P. f ENR (Enoyl Acyl Carrier Protein Reductase) can 

be a drug target in order to inhibit the parasite survival. Using docking tool (Arguslab 

software),it was found that aniline can be a ligand to target protein (ENR), thereby inhibiting its 

activity (Florence et al., 2012). 

2.7 Sarcosine 

Sarcosine is a molecule which is an intermediate compound and byproduct formed during 

glycine synthesis and degradation. It is converted into glycine with the aid of the enzyme called 

sarcosine dehydrogenase. On the other hand, the glycine-N-methyl transferase transforms 

glycine into sarcosine. Sarcosine is a fundamental amino acid encountered in body tissues, 

especially in muscles (NIH, 2015). Furthermore, it is synthesized from the nutritious intake of 

Choline and during methionine metabolism, in which it acts as an intermediate compound during 

the conversion of choline to glycine. It is then transformed into glycine, which is a crucial 

component of protein and it has a function in many physiological processes as an essential 

metabolic source of living cells components such as creatine, glutathione, serine and purines. In 

the blood serum, sarcosine concentrations are standardized to be 102.3ng/mL in men and 

80.8ng/mL in women. Reference amount of sarcosine found in urine are 138.5ng/mL and 

94.8ng/mL in men and women respectively. Urinary sarcosine was found to be correlated with 

urinary creatinine (Cernei et al., 2013). 

The formula of sarcosine is C3H7NO2 (Figure 2.8), with net charge equal to zero (NIH, 2015). Its 

average Mass is 89.09322, ionization energy (IE) is 9.20 eV, Critical Pressure (Pc) is 5585.83kPa 
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and Critical temperature is 643.02 K. Sarcosine is soluble in water and it reacts with acids, 

carboxylic; amides and imides (NIH, 2015). 

 

 

Figure 2.8: Structure of sarcosine (NIH, 2015)  

2.8 Sarcosine in clinical diagnosis and treatment 

Sarcosine is used as an antipsychotic ability in treatment of schizophrenia. It reduces 

neurocognitive and general psychopathological symptoms. In addition, it was proved to act as a 

type 1 glycine transporter inhibitor and a glycine agonist. It increases glycine concentrations in 

the brain, thus causing the increase of NMDA receptor activation and a reduction in symptoms 

(Cernei et al., 2013). Actually, N-methyl-D-aspartate (NMDA), one subtype of glutamate 

receptors, plays an important role in learning and memory.  Sarcosine was found to be an 

enhancing agent of N-methyl-D-aspartic acid (NMDA) and therefore can be used adjunctive 

therapy in treating schizophrenia and depression. Sarcosine was shown to play a great role in 

patients suffering from schizophrenia and no toxicity was observed (Doolan et al., 2003).  

2.9 3-Chloro-4-(4-chlorophenoxy) aniline 

It is a chemical compound with molecular weight is 254.11g/mol, with the formula: 

C12H9Cl2NO,(Figure 2.9), CAS: 24900-79-6 (NIH, 2015). It is used for research purposes (NIH, 

2015).  
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Figure 2.9: Structure of 3-Chloro-4-(4-chlorophenoxy) aniline (NIH, 2015)   

2.10 Use of hybrid molecules in malaria chemotherapy 

Hybrid molecules are promising antimalaraial drug candidate as it entails covalently linking 

molecules into one molecule. Hybrid molecules can be classified into four classes: Conjugate 

hybrids, in which both the pharmacophores are joined by stable linker which is not a part of 

either of the individual pharmacophores. Cleavage conjugate hybrids, in which molecules are 

joined by a linker designed to be metabolized inside the biological system in order to release the 

two independent pharmacophores that interact at different targets. Fused hybrids, in which the 

size of the linker is decreased or removed such that the framework of the pharmacophores is in 

close contact. Merged hybrids, have their frameworks merged by taking advantage of the 

common pharmacophore in the structures of the starting compounds, which give rise to smaller 

and simpler molecules (Chauhan & Sharma, 2010). Hybrid drugs have many advantages over 

single or combined drugs with improved pharmacokinetic profiles and potential activity against 

resistant strains (Lödige & Hiersch, 2015). Hybrid drugs are absorbed, distributed, metabolized, 

and excreted at one single rate. With hybrid drugs there is no competition for plasma protein 

binding as in the case of single drugs (Lödige & Hiersch, 2015). Trioxaquine is one example of 

conjugate hybrid, made by covalently linking a trioxane to a quinolone. The endoperoxide ring is 

essential for the antimalarial activity of artemisinin. Trioxane has alkylating ability from 

endoperoxide which facilite the drug’s penetrarion into infected erythrocytes and an 

aminoquinoline moiety which facilitates the accumulation in the parasite vacuole and for the 

interaction with free heme (Garah et al., 2008).  
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2.11 Use of model organisms in drug discovery and development  

Model organisms have been used for long time as a mainstay of basic and applied researches in 

the life sciences era (Greek, 2013). In all models developed, only the animal model became the 

central model in medical research, pharmaceutical and biotechnology researches, including drug 

discovery, preclinical studies, and toxicology (Greek, 2013). Animals models that have long 

been used are mammalian species such as mice, rats, dogs, cats, pigs and primates (Haberman, 

2010). In recent studies, employment of other species in animal mode have emerged in research 

studies. These include many invertebrate and lower vertebrate animal models such as 

Caenorhabditis elegans, fruit fly Drosophila, and zebrafish. The adoption of using such 

invertebrates and zebrafish as animal models was driven by the era of advances in genomics, 

where the different findings pointed out that not only genes but also some pathways, tend to be 

conserved during evolution (Haberman, 2010).  

Nowadays, researchers use animal models for basic research, in developing new therapeutic 

strategies to treat human diseases, in drug discovery and preclinical studies of drug safety and 

efficacy. The drug discovery and development research entails target identification and 

validation, drug screening and lead optimization, toxicity and safety screening, thus it can 

provide the information of pharmacokinetic patterns of a drug such as absorption, distribution, 

metabolism, elimination and toxicity (ADMET) of a given drug or chemical compound (Greek, 

2013). The approach of creating the new animal models is very crucial because of the poor 

predictive values in some therapeutic areas of oncology and central nervous system diseases 

which in turn cause major drug attrition during drug development (Haberman, 2010). Thus the 

introduction of human model based on induced pluripotent stem (iPS) cells can serve as a 

cutting-edge in organisms model researches with improved prediction in understanding 

physiology and pathway of many human diseases (Haberman, 2010).  Mouse models are suitable 

sustems to study human diseases  because their genetic  makeup is closed to humans, easy to 

handle, accurate histological results generated which help in predicting treatment for human 

diseases including cancer (Kim & Sharpless, 2012).  

2.12 Use of cell lines to study drugs toxicity 

Cell lines used in experimental research are developed either in-house, purchased from cell bank 

or it can be acquired from other Laboratories (Geraghty et al., 2014). Cell lines can be classified 
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into three categories such as normal cell lines (taken from a tumor tissue and culture as a single 

cell type), transformed cell lines (Normal cells that have undergone a genetic change to be tumor 

cells) and stem cell lines (master cells that generate other differentiated cell types) (Eltayeb, 

2006). Many cell lines have been used for long time ago, U937 is a cell line isolated from a 

human with leukemia and it has been used for forty years ago in research studying mostly the 

function of genes and their defects in encoding protein especially in cancer development (Roy et 

al., 2008). Hela cell lines have been isolated from a 31years old woman in Baltmore, US and 

they are still used nowadays in cervical cancer studies (Lucey et al., 2009). C2C12 and the rat 

cell line L6 are used to assess and investigate the growth of muscle cells (Lawson, 2000). L6 Rat 

Myoblast Cell Line expresses GLUT4 protein containing a fourteen amino acid epitope of 

human c-myc, therefore it can be used to study glucose uptake and GLUT4 translocation 

(Coppock et al., 1996). L6 cell lines can be used also to screen new compounds against diabetes 

(Coppock et al., 1996). Vero cells are extracted from the kidney of the African green monkey, 

Cercopithecus aethiops (Levenbook et al., 1984). They are quite homologous with human body 

cells. According to the British Standard 6920-2.5:2000, healthy Vero cells are triangular in shape 

(Liao et al., 2010).  Different studies done on viral vaccine production, showed that vero cells are 

suitable systems for  isolation and growing influenza A and B viruses for vaccine production 

(Govorkova et al., 1996).  
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Study design  

This project was a prospective lab based experimental study carried out at Kenya Medical 

Research Institute (KEMRI), Centre for Biotechnology Research and Development (CBRD), 

Malaria unit.  

3.2 Materials 

3.2.1 Sources of chemicals  

Sarcosine, aniline, thionyl chloride, Dichloromethane, Magnesium sulfate and ammonium 

chloride, and Thin Layer Chromatogaraphy (TLC) plates provided by Sigma Aldrich, Kenya.  

3.2.2 Experimental animals and parasites 

Female Swiss albino mice 50 mice were got from the animal house of the Center for 

Biotechnology and Research Development at Kenya Medical Research Institute (KEMRI) where 

the animal experiments were carried out. The animals were six weeks old, weighing 20 to 22g, 

and they were kept in mice cages and were allowed to access mice pencils (Ungafeed Company 

Ltd) and water prior experimental testing. Plasmodium berghei ANKA strains, sensitive to 

quinolone and artemisinin based drugs were obtained from the Unit of Malaria, Centre for 

Biotechnology and Research and Development, Kenya Medical Research Institute. Parasites 

were maintained and cryopreserved in freezer (-80oC). The parasite was subsequently maintained 

in the laboratory by serial blood passage from mouse to mouse on weekly basis. 

3.2.3 Vero Cells 

Vero cells were obtained from Center for Traditional Medicine Drugs and Research (CTMDR), 

KEMRI. Vero cells are kidney cells extracted from an African green monkey (Cercopithecus 

aethiops). They were stored in nitrogen tank (-191oC) in Biological department, CTMDR, 

KEMRI. 
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3.3 Coupling aniline to sarcosine 

3.3.1 Procedure for coupling aniline to sarcosine.  

Thionyl chloride (1.5 mL, 20 mmol) was added to sarcosine (0.09 g, 1.0 mmol) and the resulting 

suspension was refluxed for 6 hours to give a clear yellow solution. Excess thionyl chloride was 

removed in vacuo and the acid chloride was dissolved in dry dichloromethane (CH2Cl2) (10 mL) 

and cooled to 0°C. A solution of 3-Chloro-4-(4-chlorophenoxy) aniline (4.0 mmol) and 

triethylamine (0.20 mL, 2.0 mmol) in dry CH2Cl2 (2.5 mL) was added via cannula. The resulting 

mixture was stirred at room temperature for 16 hours during which time a white precipitate was 

formed. The suspension was washed with half-saturated aqueous ammonium chloride solution (2 

× 6 mL) and water (2 × 3 mL), then dried over anhydrous magnesium sulphate (MgSO4) and 

concentrated in vacuo. The formation of hybrid molecule was monitored by Thin Layer 

Chromatography (TLC). 

3.3.2 Thin Layer Chromatography procedure 

The TLC was run by spotting the sarcosine-aniline hybrid on TLC plate in a solvent system of 

ethyl acetate (2ml).The plate was dried in order to observe and take a photo of the spot, in a 

small container that has a lid mix of about 4g of silica gel and 1g of iodine crystals. The TLC 

plate was placed in the mixture and shaked gently in order to get in contact with the TLC plate 

for 5minutes. The plate was taken to fluorescent machine under UV to observe dark spots of 

aniline and sarcosine-aniline hybrid. After TLC experiment, the location of each spot on the plate 

was represented by calculating its Retention factor (Rf). The Retention factor (Rf) was calculated 

by dividing the distance travelled by the compound by the distance from the baseline to the 

solvent front (Spangenberg et al., 2011).  

(Vissers et al., 1995) 

3.4 In vivo efficacy of sarcosine-aniline hybrid  

3.4.1 Procedure for in vivo efficacy 

This consisted of in vivo evaluation of hybrid drug against P. berghei ANKA, a rodent parasite 

which is commonly used in antimalarial studies (Fidock et al., 2004). Swiss albino donor mouse 

was inoculated with P. berghei ANKA and parasitaemia was assessed after 5 days under 
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microscope using giemsa staining technique. The donor mouse was sedated using carbon dioxide 

in order to collect blood via cardiac puncture in heparinized tube using a syringe and a needle. 

Carcasses were pooled in a bio-hazard container and stored at room temperature while waiting to be 

incinerated. Afterwards, the experimental mice were infected with inoculums of 1x107 parasitized 

erythrocytes using intraperitoneal method. The mice were grouped into five groups consisting of 

5 mice per group. The sarcosine-aniline hybrid was dissolved in 10% of tween-80 and daily oral 

drug administration was done for 4 days. Blood for making thin blood smear was collected from the 

tip of the mouse tail. The efficacy of the drug was measured by comparison of blood parasitaemia 

after the four days of therapy (that is on day 5 post-infection). The ones still alive at the end of the 

experiments were killed by sacrificing them using carbon dioxide gas followed by incineration. 

3.4.2 Determination of the dose 

The determination of the dose to be administered was calculated individually according to each 

mouse weight. In this regard, these formulas were applied:                   

HED (mg/kg) = Animal Dose (mg/kg)*[Animal Km / Human Km], Where HED stands for 

Human Equivalent Dose and Km which is a conversion factor. 

With Km (a constant) = Weight/Body surface area 

For an adult human of 60kg, with body surface area of 1.6, Km= 60/1.6=37 

For mice of 0.02kg, with body surface area of 0.007, Km= 0.02/0.007=3 

(Shannon et al., 2007). 

Dosage (mg/kg) = 
𝐷𝑟𝑢𝑔 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (

𝑚𝑔

𝑚𝑙
)∗𝑉𝑜𝑙𝑢𝑚𝑒 (𝑚𝑙)

𝐵𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 (𝐾𝑔)
 

From the above second formula: 

Volume (ml) of drug to be given to each mouse = 
𝐵𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 (𝐾𝑔) ∗ 𝐷𝑜𝑠𝑎𝑔𝑒 (𝑚𝑔/𝑘𝑔)

 𝐷𝑟𝑢𝑔 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑚𝑔/𝑚𝑙)   
 

(Research Animal Resources Center, 2016) 

3.4.3 Administration of the drug 

Administration of the dose for testing drugs and reference drugs (artesunate and chloroquine) to 

assess the treatment of the experimental groups had been done using oral method, with varying 

dosages of 10, 5, 2.5, 1.25 and 0.625mg kg-1. The control groups had been given the normal 

saline alongside testing using the same procedure. The parasitaemia was checked for every 24 

hours from time of infection for 4 days. Thin blood smears were prepared from each mouse tail 



 
 

24 
 

venous blood. The smears were prepared by giemsa staining technique and the parasitaemia of 

individual mouse had been checked  using light microscope (Kalra et al., 2006).  

3.4.4 Procedure for giemsa staining 

Prepared thin blood smears were fixed with methanol for 1-2 minutes after placing them on the 

staining rack at horizontal flat position. Smears were then flooded with Giemsa working solution 

and allowed to be stain for 10 to 20 minutes. After this, slides were rinsed with tap water and 

then dried on air dryer (Ogutu et al., 2014). Microscopy examination was done using light 

microscope for observation of parasitized red blood cells. The following formula was used to 

calculate the percentage parasitemia: 

 The Percentage of parasitaemia =
Number of parasitized RBCs/field 

Total number of RBCs/field 
 ∗ 100 

(Kalra et al., 2006) 

After 4 days, the percentage (%) chemosuppression of each drug was determined using the 

formula: 

Percentage chemosuppression =  100 − [(
𝐴−𝐵

𝐴
) × 100](Peters et al., 1975)  

Where A is the mean parasitaemia in the negative control group and B is the parasitaemia in the 

test group. The dose that cured 50% of infected animals had been determined as Effective dose 

(ED50) using a non-linear regression logistic dose-response model. 

3.5 Cytotoxicity assays 

3.5.1 Preparation of drugs solutions  

To conduct in vitro toxicity, stock solutions of the test compound and reference drugs were 

prepared with sterile water. The drugs which were insoluble in water had their solubility been 

enhanced by first dissolving 10mg in 100µl of 100% dimethyl-sulfoxide. The test samples were 

prepared as a 1mg ml–1 stock solution. Further dilutions were prepared on the day of biological 

assays. All the drug solutions were stored at 4°C for later use. 

3.5.2 Culture of the vero cells 

Cells were maintained in Minimum Essential Eagles Medium (MEM) containing 10% fetal 

bovine serum (FBS), penstrep, and glutamine. Vero cells were cultured using T-75 culture flasks. 

The flasks were kept at 37oC in 5% CO2 and the cells passaged every 2 to 3 days in order to keep 
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the cells alive. Trypsinization was carried out to detached cells which overlap each other and 

counted using the hemocytometer counter (New bauer).  

3.5.3 Procedure for cytotoxicity assay  

Using a 96 micro well plate, a cell density of 20,000 vero cells were seeded and incubated for 24 

hours at 37 °C under 5% CO2 to allow cells to attach to the surface/base of the plate.  

 Sarcosine-aniline hybrid drug as the test drug and controls were added in triplicate to the 

cultured cells using a concentration range 100ug/ml and subsequent dilutions were carried out 

over 7 folds, from 100, 50, 25, 12.5, 6.25, 3.125, 1.5625 to 0.78125 µg/ml. The plates were 

incubated for 48 hours at 37°C under 5% CO2 to allow the reaction to occur. After 48 hours, 3-

(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetra-zolium bromide (MTT) was added  for calorimetric 

measurement of the ability of a drug to kill the vero cell lines. DMSO was added to each well 

and mixed to ensure cell lysis and dissolving of the formazan crystals. 

Optical density was read using Multi Skan Ex reader machine 48X, from Thermo Fisher 

Scientific company in a UV–visible spectrophotometry at 562 and 690 nm. The amount of 

formazan measured was directly proportional to the number of viable cells. The results were 

recorded as optical density (OD) per well at each drug concentration and analyzed using 

Microsoft Excel software 2010, from which the percentage of cytotoxicity (PC) was calculated 

using the following equation: 

Percentage cytotoxicity = [(A – B)/A] × 100 (Mosmann, 1983).  

Where A is the mean OD of untreated cells and B is the mean OD at each drug concentration. 

The drug concentration that leads to 50% inhibition of cell growth (CC50) was determined by 

non-linear regression logistic dose-response model.  

3.6 In vivo toxicity studies 

In this step, acute toxicity was done. Three dosages, such as 2000 mg kg-1 and 300 mg kg-1 and 

50mg/kg were administered orally to mice in three groups and the fourth group which served as 

control received water as a placebo. Each group consisted of 3 mice and the monitoring of 

weight and number of dead mice was monitored and recorded after each 4 days over an interval 
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of 14 days. Clinical signs were also recorded during the study period. At the end of experiment, the 

mice were killed by sacrificing them using concentrated carbon dioxide gas followed by incineration. 

3.7 Ethical considerations 

Handling of animals was done in accordance to the KEMRI Guide for Care and Use of 

Laboratory animals. Ethical clearance was sought from Scientific Ethic Review Unit (SERU), in 

KEMRI (Protocol number: KEMRI/SERU/CBRD/PROP155/3324). Mice were handled with a 

lot of care as stipulated in guidelines set by KEMRI Animal Care and Use Committee (Ref 

Number: KEMRI/CBRD/MP/AH/01). The end points of the mouse experiment in the in vivo 

assays were set to consider with the development of the clinical signs such as impaired 

ambulation which prevents animals from reaching food or water, excessive weight loss and 

extreme emaciation, lack of physical or mental alertness, difficult labored breathing and 

prolonged inability to remain upright. To avoid severe and enduring distress mice that showed 

those clinical signs were killed through euthanasia using carbon dioxide gas into a closed 

chamber and then incinerated.  
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CHAPTER FOUR 

RESULTS 

4.1 Sarcosine-aniline hybridization 

The sarcosine-aniline hybrid drug was synthesized by coupling sarcosine to 3-Chloro-4-(4-

chlorophenoxy) aniline as shown in the following reactions: 

H
N

OH

O

S

Cl Cl

O

H
N

Cl

O

SO2   +   HCl

Thionyl chlorideSarcosine Acyl chloride  

Reaction 4.1: Reaction between sarcosine and thionyl chloride 

Reaction 4.1 shows the reaction between sarcosine and thionyl chloride in dicloromethane 

solvent in order to form acyl chloride. This reaction is irreversible because SO2 and HCl gasses 

that are lost in reaction mixture. 

 

Reaction 4.2: Coupling acyl chloride to 3-Chloro-4-(4-chlorophenoxy) aniline 

Reaction 4.2 illustrates the reaction between acyl chloride and 3-Chloro-4-(4-chlorophenoxy) 

aniline to form 3-Chloro-4-(4-chlorophenoxy) methyglycylanilide at room temperature. In this 

reaction, there is a nucleophilic substitution of Cl by NH2. The formation of sarcosine-aniline 
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hybrid was spotted on thin layer chromatography and observed as band under UV light (Plate 

4.1). 

 

Plate 4.1: Thin Layer Chromatography results 

Plate 4.1, shows the results of sarcosine-aniline hybrid formation on Thin Layer Chromatography 

plate. EtOAc stands for ethyl acetate and solvent system used to run this TLC consisted only of 

EtOAc (100% concentrated). Aniline was used as a control in the middle of the plate (second 

column). From left to right, for the first and third column, the first spots closer to the base line of 

the columns is 3-Chloro-4-(4-chlorophenoxy) aniline, then the spots closer to the top are 

Sarcosine-aniline hybrid. The sarcosine-aniline hybrid is less polar than 3-Chloro-4-(4-

chlorophenoxy) aniline, so it would elute faster than 3-Chloro-4-(4-chlorophenoxy) aniline. The 

Retention factor (Rf) value for the sarcosine aniline hybrid (S-A) was 4.4/5.8=0.76 and the Rf of 

aniline was 4/5.8=0.69. 
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 4.2 In vivo efficacy studies 

Table 4.1: ED50 of sarcosine-aniline hybrid versus control drugs on P. berghei ANKA 

   P value 

 DRUGS ED50 1 2 3 4 5 6 

1 Sarcosine-aniline 

hybrid drug 

6.49mg/kg  0.000* 0.000* 0.000* 0.000* 0.000* 

2 Aniline 3.61mg/kg 0.000*  0.000* 0.000* 0.000* 0.000* 

3 Artesunate-

aniline hybrid 

3.56 mg/kg 0.000* 0.1  0.000* 0.000* 0.000* 

4 Artesunate 2.94mg/kg 0.000* 0.424 0.000*  0.000* 0.000* 

5 Chloroquine  1.78 mg/kg 0.000* 0.000* 0.000* 0.000*  0.000* 

6 Sarcosine No activity 0.000* 0.000* 0.000* 0.000* 0.000*  

*significant: P< 0.05, 

Table 4.1 shows the effective dose of the drug which inhibits the growth of P. berghei ANKA 

sensitive strain to quinoline and artemisinin based drugs parasites by 50% after four days of oral 

treatment. The ED50 of sarcosine-aniline hybrid was 6.49mg/kg. The other drugs and compounds 

such as artesunate, artesunate-aniline hybrid, chloroquine and sarcosine were used as controls. 

Sarcosine did not show in vivo activity. 

Table 4.1 also describes the comparisons of ED50 of sarcosine-aniline hybrid drug against 

artesunate, artesunate-aniline hybrid, 3-Chloro-4-(4-chlorophenoxy) aniline and chloroquine. 

There was a significant difference between the ED50 of sarcosine-aniline hybrid drug against 

artesunate, 3-Chloro-4-(4-chlorophenoxy) aniline, and chloroquine (P value <0.05).  



 
 

30 
 

 

Figure 4.1: Percentage of parasitemia chemosupression of sarcosine-aniline hybrid 

Figure 4.1 shows the percentage of chemosupression of parasitaemia for sarcosine-aniline 

hybrid, aniline derivative, artesunate, artesunate-aniline hybrid and chloroquine after 4days of 

oral treatment. The percentage of chemosupression for mice treated with with 10mg/kg of 

sarcosine aniline hybrid was 52% whereas those treated with 3-Chloro-4-(4-chlorophenoxy) 

aniline, it was 68%. No parasites observed under microscope for the mice treated with 10mg/kg 

of artesunate and that of chloroquine. 

Table 4.2: Parasitemia in mice growth of sarcosine-aniline hybrid after stopping treatment 

Drugs Day 7 Day 9 Day 11 

Sarcosine-aniline hybrid  9.74 12.98 15.61 

Aniline 6.97 9.03 11.84 

Artesunate 0.00 0.2 0.67 

Chloroquine 0.00 0.03 0.42 

 

Table 4.2 shows the actual average of parasitemia at day 7, 9 and 11 after stopping the treatment 

with 10mg/kg. The parasitemia of sarcosine-aniline hybrid was 9.74%, 12.98% and 15.61% on 
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day 7, 9 and 11 respectively. The recrudescence of CQ and artesunate reappeared on day 9 with 

0.03% and 0.2% respectively.  

Table 4.3: Survival rate of mice after 11 days of in vivo efficacy testing 

Dosage Sarcosine-

aniline 

hybrid 

Sarcosine 3-Chloro-4-(4-

chlorophenoxy) 

aniline 

Artesunate 

 

Artesunate-

aniline 

hybrid 

Chloroquine 

10mg/kg 3 1 4 5 3 5 

5mg/kg 2 2 2 3 2 4 

2.5mg/kg 1 1 3 4 3 4 

1.25mg/kg 1 1 3 3 3 3 

0.625mg/kg 1 0 1 2 1 3 

 

Table 4.3 shows the number of mice which survived up to 11days of experiment, which is 7days 

after stopping oral drug administration. For sarcosine-aniline hybrid, 3 mice among 5 survived 

for the groups which received 10 mg/kg, and 2 mice survived in group which received 5 mg/kg 

whereas only 1mouse survived for the groups which received 2.5 mg/kg, 1.25 mg/kg and 

0.625mg/kg. Up to day 11, all mice which received 10mg/kg of artesunate and chloroquine 

survived along in vivo efficacy testing.  
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4.3 In vivo toxicity 

Acute toxicity 

Table 4.4: Number of dead mice following different dosage administrations 

Group Dosage of hybrid drug 

administered orally 

Number of mice 

per group 

Number of dead 

mice after 14 days 

Group 1 2000mg/kg 3 0 

Group 2 300mg/kg 3 0 

Group 3 50mg/kg 3 0 

Control group 0mg/kg 3 0 

 

Table 4.4 illustrates the number of dead mice during acute toxicity testing for 14 days.The three 

groups of mice received different dosage (2000mg/kg, 300mg/kg, 50mg/kg) of sarcosine-aniline 

hybrid drug and the control group did not receive any dosage rather water. For all groups, the 

initial weights were ranging from 20 to 22g and they were all females. No mice died in all 

groups for 14 days. 
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Table 4.5: Weights of mice according to hybrid dosage during acute toxicity experiment 

Table 4.5 describes the weight of each individual mouse in each group and the weight variation 

in for 14 days of acute toxicity testing. The three groups of mice received different dosage 

(2000mg/kg, 300mg/kg, 50mg/kg) of sarcosine-aniline hybrid drug and the control group did not 

receive any dosage rather water. The initial weights for all groups were ranging from 20 to 22g 

and they were all females. The weights were recorded after 4 days of intervals. The mean 

average of weight for the mice which received 2000mg/kg was 21.34g after 14days. The mean 

average of weights for the mice which received 300mg/kg, 50mg/kg and control group were 

21.58g, 22.24g and 22.33g respectively after 14 days of acute toxicity testing (table 4.5). 

Groups Dosage Mice Day 1 Day 5  Day 9 Day 14 Mean  SD Mean 

average 

Group 1 2000mg/kg  M1 20 19.4 20.1 21.5 20.25 0.88 21.34 

M2 21 20.5 22.0 24 21.87 1.54 

M3 22 21 21.5 23.1 21.90 0.89 

Group 2 300mg/kg  M1 20 19.7 20.6 21.7 20.50 0.88 21.58 

M2 21 20.3 21.9 23.1 21.57 1.20 

M3 22 21.6 22.7 24.3 22.69 1.19 

Group 3 50mg/kg M1 20 20.6 21.2 23.4 21.3 1.48 22.24 

M2 21 21.4 22.5 24.2 22.27 1.43 

M3 22 21.5 24.0 25.1 23.15 1.69 

Control 

group 

Placebo M1 20 20.7 21.0 23.5 21.17 1.28 22.33 

M2 21 21.6 22.9 24.1 22.4 1.38 

M3 22 22.1 24.2 25.4 23.42 1.66 
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Table 4. 6: Multiple comparison of mice’s weights among groups after acute toxicity testing   

Groups of mice to be compared according to dosage  Mean difference Significance 

Group1 (2000mg/kg)VS Group2(300mg/kg) -0.24667 0.990 

Group1 (2000mg/kg)VS Group3(50mg/kg) -0.90000 0.714 

Group1 (2000mg/kg)VS Control group(placebo) -0.99000 0.654 

Group2 (300mg/kg)VS Group3(50mg/kg) -0.65333 0.862 

Group2 (300mg/kg)VS Control group(placebo) -0.74333 0.812 

Group3 (50mg/kg)VS Control group(placebo) 0.09000 1.000 

*significant: P value < 0.05 

Table 4.6 shows comparisons between groups of mice which received different dosages from the 

highest (2000mg/kg) to the lowest (50mg/kg) as well as control group which did not receive 

drug. There was no significant difference between mice which received 2000mg/kg and mice 

which received 300mg/kg (P value of 0.990), 50mg/kg (P value of 0.714) and control group (P 

value of 0.654), the drug and between the control group.   

 

Table 4.7: Records of clinical signs in mice during acute toxicity  

Group Dosage of hybrid drug 

administered orally 

Number of mice 

per group 

Number of mice which 

developed clinical signs 

Group 1 2000mg/kg  3 0 

Group 2 300mg/kg  3 0 

Group 3 50mg/kg 3 0 

Control group 0mg/kg 3 0 
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Table 4.7, shows that no mice developed physical clinical signs for all dosages used in this study. 

The assessed signs were impaired ambulation, excessive weight loss, extreme emaciation, lack of 

physical or mental alertness, difficult breathing and prolonged inability to remain upright. 

4.4 Cytotoxicity results  

Table 4.8: CC50 values of the different antimalarial drugs against vero cells 

SN DRUGS Mean CC50 in µg/ml SD 

1 Sarcosine-aniline hybrid 50.18 3.53 

2 Chloroquine 57.96 3.85 

3 Artesunate 19.69 3.26 

4 Doxorubicin 1.96 0.59 

 

Table 4.8 shows the CC50, Standard deviation (SD) of the mean of sarcosine-aniline hybrid drug 

against vero cells after triplicate experiments. 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) assay was employed which is based on the ability of a 

mitochondrial dehydrogenase enzyme from viable cells to cleave the tetrazolium rings of pale 

yellow MTT and thereby form dark blue formazan crystals which are largely impermeable to cell 

membranes, resulting in their accumulation within healthy cells’cytoplasm. Chloroquine and 

artesunate were used as standard drugs which are used to treat malaria whereas doxorubicin was 

used as a known cytotoxic drug. During experiment, the starting concentration (highest) for both 

drugs was 100µg/ml. Sarcosine-aniline hybrid showed a CC50 of 50.18µg/ml while the CC50 of 

doxorubicin was 1.96µg/ml. 

If CC50 of a drug is lesser than 2 µg/ml, a drug is considered as cytotoxic, when CC50 is 2-89 

µg/ml, a drug is considered as moderately cytotoxic and when it is above 90 µg/ml, a drug is 

considered as not cytotoxic (safe) (Engineering, n.d. Retrieved from 

http://www.who.int/tdr/grants/workplans/en/cytotoxicity_invitro.pdf, on 10th June 2016) 
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Table 4.9: CC50 values of sarcosine-aniline hybrid versus other antimalarial drugs  

SN Cell type to be compared Mean Difference P value 

1 Vero Sarcosine-aniline hybrid VS Vero Chloroquine -7.78 0.006* 

2 Vero Sarcosine-aniline hybrid VS Vero Artesunate 30.48 0.000* 

3 Vero sarcosine-aniline hybrid VS Vero Doxorubicin 48.21 0.000* 

*significant: P value < 0.05 

Table 4.9 describes the comparisons of CC50 of sarcosine-aniline hybrid drug against artesuante, 

chloroquine and doxorubicin. There was a significant difference between the CC50 of sarcosine-

aniline hybrid drug against chloroquine, artesunate and doxorubicin. The highest mean difference 

was observed between the CC50 of sarcosine-aniline hybrid and doxorubicin (48.21) whereas the 

lowest mean difference was observed between sarcosine-aniline hybrid and chloroquine (-7.78). 

Therapeutic index of sarcosine-aniline hybrid  

Therapeutic index (TI) of drug is equal to its lethal dose concentration divided by its effective 

dose (LD50/ED50). The LD50 of sarcosine-aniline hybrid was estimated to be greater than 

5000mg/kg and its ED50 was 6.49mg/kg. Therefore the Therapeutic Index of sarcosine-aniline 

hybrid drug was greater than 770.41(Muller & Milton, 2012). 

 

 

 

 

 

 

 



 
 

37 
 

CHAPTER FIVE 

DISCUSSION 

5.1 Sarcosine-aniline hybridization  

In this study,the two molecules were used to synthesize a hybrid: 3-Chloro-4-(4-chlorophenoxy) 

aniline and sarcosine. The molecular purity of 3-Chloro-4-(4-chlorophenoxy) aniline and 

sarcosine was 97% and 98% respectively as confirmed by the manufacturer labels upon their 

delivery in Kenya by Sigma Aldrich. The sarcosine was completely soluble in water but the 

solubility of 3-Chloro-4-(4-chlorophenoxy) aniline and the hybrid in water was very low. They 

were soluble in dimethyl sulfoxide (DMSO), and slightly soluble in Tween-80. It is clear that the 

low solubility of sarcosine-aniline hybrid affected the drug absorption, distribution and its 

metabolism. Confirmed by thin layer chromatography, the hybrid (was successfully synthesized 

using 3-Chloro-4-(4-chlorophenoxy) aniline and sarcosine pharmacophores. 

5.2 In vivo efficacy of sarcosine-aniline hybrid  

Results from this study showed that sarcosine-aniline hybrid drug has in vivo antimalarial 

activity. However, sarcosine, when used singly was not having inhibition activity against P. 

berghei ANKA sensitive strain (ED50 not detectable). This was due to different reasons, such as 

sarcosine being transformed into glycine by glycine-N-methyl transferase enzyme. The ED50 of 

sarcosine-aniline hybrid drug was 6.49mg/kg whereas that of 3-Chloro-4-(4-chlorophenoxy) 

aniline alone was 3.61mg/kg. There was a significant difference between ED50 of sarcosine-

aniline hybrid and both controls such as 3-Chloro-4-(4-chlorophenoxy) aniline, artesunate, 

artesunate-aniline hybrid drug and chloroquine. On the hand, there was no significant difference 

between ED50 of artesunate-aniline hybrid drug and 3-Chloro-4-(4-chlorophenoxy) aniline as 

well as between 3-Chloro-4-(4-chlorophenoxy) aniline and artesunate. In the study done on in 

vivo antiplasmodial potentials of the combinations of four Nigerian antimalarial plants extracts, 

the ED50 of CQ using oral administration pathway was 2.2 mg/kg (Adebajo et al., 2014), and this 

is in agreement with current study where the ED50 of chloroquine was 1.78 mg/kg. 

 The in vivo activity of sarcosine-aniline hybrid drug was less than that of other control drugs 

used in this study. This may be due to other conversions of the hybrid drug which may occur 

along oral administration pathway such as in the bowels. As a result this can prevent hybrid 
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molecule from reaching the target sites. The type of drug administration method for effectiveness 

of a drug can also be of a great concern. Therefore, if sarcosine-aniline hybrid drug can be 

administered intravenously or subcutaneously, it might also improve its efficacy as well as its 

bioavailability. It is known that the artesunate has a shorter half-life and its combination with 

other drugs increases its bioavailability. The half-life of both 3-Chloro-4-(4-chlorophenoxy) 

aniline and sarcosine is not yet known in order to determine their stability while combined or 

hybridized with other compound or drugs. Artesunate-aniline hybrid drug was active than both 3-

Chloro-4-(4-chlorophenoxy) aniline and artesunate when used singly. This might be because 

artesunate is a semi-synthetic derivative of artemisinin whose water solubility facilitates 

absorption and provides an advantage over other artemisinins. In addition, artesunate is rapidly 

hydrolyzed to dihydroartemisinin, which is the most active schizonticidal metabolite (Li & 

Weina, 2010). In contrast, 3-Chloro-4-(4-chlorophenoxy) aniline being a low water soluble 

compound might affect the artesunate solubility in resultant hybrid drug.  

A study done on potent in vivo anti-malarial activity and representative snapshot 

pharmacokinetic evaluation of artemisinin-quinoline hybrid, the three synthesized artemisinin-

quinoline hybrids were differing from each other by one methyl group in the linker and position 

in the chain, their ED50 were 1.1, 1.4 and <0.8 mg/kg respectively using intraperitoneal route and 

12, 16 and 13 mg/kg respectively  using oral route (Lombard et al., 2013). The ED50 of 

artesunate was 1.8 mg/kg using oral route with 80mg/kg as highest dosage and it was <1mg/kg 

using intraperitoneal route (Lombard et al., 2013), these results differ slightly with my results 

because of the dosages and methods used, in current study, no intraperitoneal method used rather 

oral method. In another study done on oral artesunate dose-response relationship in acute 

Falciparum malaria, the effective doses were determined after treating patients from whom the 

infections were detected with a dose varying from 0 to 250 mg of artesunate together with a 

curative dose of mefloquine, the resultant ED50 was 1.6 mg/kg (Angus et al., 2002), this result 

differ with current study as the artesunate here was combined with mefloquine and the study 

used the patients while in my study I used P.berghei in mice. 

The percentage of chemosupression for sarcosine-aniline hybrid was around 55% whereas that of 

aniline was 68%, the percentage of chemosupression was 100% for mice treated with 10mg/kg 

of artesunate and chloroquine. However, there was a recrudescence after 5 days post treatment 

for both mice treated with artesunate and chloroquine whereas for other drugs, there was a 
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continuous increase of the parasitemia after stopping the treatment (Table 2). The recrudescence 

in mice treated with artesunate and chloroquine, might be due to some remnant parasites which 

survived after stopping the treatment. In the study done on antimalarial activity of methanolic 

leaf extract of piper betle L, there was 100% of chemosupression for the mice treated with 

chloroquine with 20 mg/kg using oral route (Al-adhroey et al., 2011), which agrees with current 

study where the percentage of chemosupression was 100% at day four following oral treatment 

at 10 mg/kg. In the study conducted on antiplasmodial activity of methanol root bark extract of 

Alstonia Boonei against Plasmodium berghei infection in mice, chloroquine showed  a 

chemosupression of 91.7 at 5 mg/kg administered orally to mice at day 4 of experiment 

(Onwusonye & Uwakwe, 2014). The difference in values with this study was due to the different 

dosages used.  

The number of mice which survived up to 11days of experiment during in vivo efficacy testing 

was recorded. Actually after 7days when the drug administration was stopped, the number of 

mice which were still alive was different according to the type of drug and its dosage. This is 

because at this dosage there was a 100% of parasites’ growth inhibition. According to current 

study, there was where the low drug dosage showed a high number of survived mice compared 

to the higher dosage concentration of the same drug.  

5.3 In vitro toxicity of sarcosine-aniline hybrid  

In-vitro toxicity tests are the alternative method approaches to animal acute toxicity evaluation 

(Frión-herrera et al., 2014). Vero cell lines are usually employed in prospective studies to 

determine the cytotoxic effect of different natural and artificial products (Frión-herrera et al., 

2014). Cytotoxicity results from this study, showed that the hybrid drug was safe to vero cells. 

When compared to other standard drugs, sarcosine-aniline hybrid was significantly less toxic 

compared to artesunate. There was also a significant difference between cytotoxicity of hybrid 

drug and that of CQ against mammalian cell lines. In the study done on effects of chloroquine to 

inhibit dengue virus type 2 replication in vero cells but not in C6/36 cells, the concentrations 

equal or greater than 500 µg/ml showed major cytotoxicity but the the concentrations equal or 

lesser than 50µg/ml did not reveal cytotoxicity effects on vero cells (Juvenal et al., 2013). These 

results agree with study, where the CC50 of chloroquine was 57.96µg/ml.  
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Therefore, the side effects caused by CQ such as neurotoxicity, leukopenia, retinopathy and 

cardiovascular toxicity might be absent, reduced or increased for sarcosine-aniline hybrid drug, 

but this requires chronic toxicity to be done using mice so that blood parameters and 

histopathology of liver, kidney, heart and brain dysfunction might be elucidated. Doxorubicin 

was significantly more toxic than hybrid drug to vero cells. Doxorubicin served as a control in 

cytotoxicity studies as it was revealed that it is more toxic to cancerous cells and even to normal 

cells including vero cells which had been used in this study. Doxorubicin’s cytotoxicity is based 

on its capacity to bind to DNA-associated enzymes (topoisomerases), intercalate with DNA base 

pairs, and target multiple molecular targets in order to produce a wide range of cytotoxic effects. 

It also activates the Bcl-2/Bax apoptosis pathway when it interacts with cells’ membranes (Tacar, 

Sriamornsak, & Dass, 2013). 

5.4. Acute toxicity of sarcosine-aniline hybrid 

Acute toxicity showed that the hybrid drug was safe to mice. There was no dead mice observed 

with 2000mg/kg, so the LD50 is expected to be above 5000mg/kg, thus this drug is classified in 

category 5 according to OECD/OCDE guideline for testing chemical compounds (Guideline, 

Testing, & Chemicals, 2001).The weights measured during acute toxicity testing showed that the 

weight loss was observed in first week of experiment and increased in the second week of 

experiment for the group which received 2000 mg/kg and 300mg/kg. There was a continuous 

gain in weights for the group which received a single dose of 50mg/kg and control group. There 

was no significant difference in weights within and between groups at the end of acute toxicity 

experiment. No clinical physical signs of discomfort such as impaired ambulation, excessive 

weight loss, lack of physical or mental alertness, difficult breathing, prolonged inability to 

remain upright and extreme emaciation observed during acute toxicity experiment. Therapeutic 

index of a drug is the ratio that compares the blood level  concentrations  at which a given drug 

is toxic (lethal dose) and the concentration at which the drug is effective (effective dose), which 

is a vital criteria for drug selection (Xie et al., 2006). 

Therapeutic index of sarcosine-aniline hybrid drug is greater than 770.41, which confirms its 

safety as the concentration required to cause toxicity (>5000mg/kg) is far greater than that of 

required to kill the parasites (6.49 mg/kg) (Muller & Milton, 2012). The closer the TI is to 1, the 

more dangerous is and the larger the therapeutic index (TI) the safer the drug is (Muller & 

Milton, 2012). In fact, if the TI is small, the drug might be dosed thoroughly and the patient 



 
 

41 
 

receiving the drug should be monitored carefully for any clinical signs of drug toxicity (Muller & 

Milton, 2012). The study done by Xie et al., (2006), on new potential antimalarial agents: 

Therapeutic-Index evaluation of Pyrroloquinazolinediamine and its prodrugs in a rat model of 

severe malaria, the therapeutic index of artesunate was 4 (Xie et al., 2006). When compared the 

results from Xie et al., (2006), the therapeutic index of sarcosine-aniline hybrid is 192.6 folds 

greater than that of artesunate which implies that the sarcosine-aniline hybrid is safer than 

artesuante. 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS   

6.1 Conclusions  

The following were the conclusion of this study: 

Sarcosine-aniline hybrid has been synthesized using sarcosine and 3-Chloro-4-(4-

chlorophenoxy) aniline pharmacophores and the product formation was monitored and 

confirmed by Thin Layer Chromatogaraphy.  

Sarcosine-aniline hybrid drug is a promising antiplasmodial prodrug as it showed activity for in 

vivo studies with an ED50 of 6.49 mg/kg, which is within acceptable ranges of drugs used to treat 

severe malaria (WHO. (2015d)).  

The findings of this study point out that sarcosine-aniline hybrid drug is safe to vero cells with 

CC50 of 50.18±3.53µg/ml compared to doxorubicin which is most toxic with CC50 of 1.96±0.59 

µg/ml. The acute toxicity results showed no dead mice up to the dosage of 2000mg/kg using oral 

administration for 14 days, and there was no significant loss of weight in mice within and 

between groups with different dosages of sarcosine-aniline hybrid as well as control group.  

6.2 Recommendations  

1. There should be use of covalent bitherapy in drug development. 

2. The use of covalent biotherapy in drug resistance mitigation is recommended. 

3. It is recommended that other preclinical trial testing such as in vitro activity and chronic 

toxicity are carried out prior passing to clinical trial phase.  

4. The solubility of sarcosine-aniline hybrid drug was low, so new ways of improving its 

solubility can serve as great advantages for better in vivo and in vitro activity.  

5. The intravenous, subcutaneous as well as other mode of drug administration can be tried for 

further improvement of hybrid drug uptake in the targeted sites. 
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