
In-Vitro Toxicity Assessment of Antimalarial Drugs on Cultured Embryonic Rat Neurons, Macrophage (RAW 264.7), 

and Kidney Cells (VERO- CCl-81)
Rebecca Agboruche, Kalamazoo College

Dr. Debra Yourick, Dr. Diana Caridha, Walter Reed Army Institute of Research

ABSTRACT 

Malaria is endemic to 106 nations and currently threatens 

over half of the world’s population. Today it is becoming 

increasingly important to find effective antimalarial drugs 

with substantial half-lives in vivo and few adverse effects. 

In the United States, mefloquine remains the primary drug 

of choice for U.S. military deployments and civilians 

traveling to regions where malaria is prevalent. In 

previous studies, mefloquine has been proven to be 

highly neurotoxic resulting in adverse effects such as 

central nervous system damage, hallucinations, 

depression, paranoia and suicidal ideation.  Although in-

vitro toxicity assays have been conducted for numerous 

antimalarial drugs separately, relative composite studies 

have not been thoroughly explored. This study was 

performed to compare the relative toxic levels of eight 

antimalarial drugs to mefloquine in the rat macrophage 

(RAW 264.7), African green monkey kidney (VERO-CCl-

81), and neuronal cell lines.  For each drug, neurotoxicity 

was assessed by exposure of cultured embryonic rat 

neurons to varied concentrations of the drugs and activity 

was measured using a photo spectrophotometer to obtain 

the absorbance. Mefloquine exhibited the highest level of 

neurotoxicity in relation to all other antimalarial drugs with 

the exception of Tafenoquine as indicated by IC50 values.  

A general toxicity assay was also conducted to compare 

the effects of the antimalarial drugs in a rat macrophage 

and African green monkey kidney cell line, which were 

exposed to varied concentrations of the drugs for a 24 

hour incubation period. The general toxicity results 

indicated that mefloquine exhibited the highest degree of 

toxicity when compared to all eight antimalarial drugs as 

indicated by IC50 values. Collectively these data suggest 

that the profile of toxicity was significantly analogous in all 

three cell lines investigated.  It can be concluded that 

mefloquine is significantly more toxic in the RAW, VERO 

and neuronal cell lines than the eight antimalarial drugs 

investigated.

Reagents and Media.  Mefloquine and all antimlarial drugs within the 

investigation were obtained from the Walter Reed Army Institute of 

Research Chemical Inventory System.  

A. Neuronal Cell Culture. Neuronal primary cell cultures were 

established using cerebral cortices from embryonic day 15 rats.  The 

forebrain tissue was mechanically triturated and distributed with 

NCM (neuronal cell media) and 20:20 in 48-well culture plates 

(previously coated with poly-L-lysine and rinsed with Phosphate 

Buffered Saline/HEPES (PBS/HEPES) as described in the literature 

(4). 

B. Neurotoxicity assay.  Cultured embryonic rat neurons were 

exposed to graded concentrations of antimalarial drugs for a 20 

minute incubation period (37 ºC, 5% CO2) as previously described 

(4).  Plate layout is shown in Figure 2. 

General Toxicity Assay. Cultured Rat macrophage and kidney cells 

were exposed to graded concentrations of antimalarial drugs for a 24 

hour incubation period (37 C, 5% CO2) as previously described (4).    

C. Colorimetric MTT Assay. MTT substrate was utilized as an 

indicator of cell viability in both the neurotoxicity and general 

toxicity tests.  The TECAN instrument was utilized to measure the 

absorbance at 590 nm.  IC 50 values were determined using 

GraphPad Prism (5).

Experiments with Neuronal and RAW cell lines were conducted on 3 

consecutive weeks and the experiment was performed in duplicates 

or triplicates.  VERO cell lines were conducted for one week in 

duplicates or triplicates.  In each cell plate controls (no treatment) 

were placed. A single factor ANOVA was used to determine whether 

differences in group means existed across the experiment.  

Differences between the individual group means and values for the 

mefloquine control were determined using Dunnet’s test, with 

statistical significance (P<0.05) 

RESULTS

Control 120µM 48 µM 19.2 µM 7.7µM 3.1 µM

Antimalarial Drugs IC 50 values (µM) 

for neuronal cells

(1 repeat)

IC 50 values (µM) 

VERO

(1 repeat)

IC 50 values (µM) 

RAW 

(3 repeats)

Quinine > 120 > 120 > 120

Mefloquine 20.1  (17.2-24.6) 9.2 10.3

Amodiaquine > 120 58.8 (36.2-95.4) 25.2

Chloroquine > 120 > 120 > 120

Tafenoquine 12.1 (10-14.7) 19.3 (17.5-21.2) 12.6

Primaquine analog > 120 > 120 >120

Proguanil > 120 > 120 >120

Sulphafoxine > 120 > 120 >120

Doxycycline >120 > 120 >120

Table I.  Antimalarial drugs and their IC 50 values (µM) are compared in a Neurotoxicity 

assay (neuronal cell line) and general toxicity assay Kidney (VER0) and Macrophage (RAW)  

cell line

Figure 2. 48-well culture plate for Embryonic Rat Neuronal 

Cells.  Graded concentrations of antimalarial drugs (20mM 

stock) are added to each well.  Column one: Lockes control, 

Drug concentrations: Column two: 120 µM, Column three: 

48 µM, Column four: 19.2 µM, Column five: 7.7 µM, Column 

six: 3.07 µM

ANALYSIS/DISCUSSION

The elevated toxicity level of Mefloquine compared to eight antimalarial drugs has been verified within the neurotoxicity and general toxicity assays. In the 

neurotoxicity assay, Tafenoquine (IC 50 =12.1 µM) is the only antimalarial more neurotoxic than Mefloquine (IC 50 =20.1 µM) as indicated by the relative IC

50 values (Table I.)  However in the general toxicity assay (Macrophage and Kidney cell lines) Mefloquine retains the highest toxic levels among all eight 

antimalarial drugs (Table I.). This finding could possibly be attributed to different mechanisms of toxicity varies between the neuronal and kidney cell line. 

Tafenoquine and Mefloquine’s elevated level of toxicity in comparison to the other 7 antimalarial drugs in this study could possibly be attributed to 

molecular features which appear to correlate with 4-quinolinecarbinolamine compounds which include; one hydrogen bond acceptor function, one alipathic 

hydrophobic function and an aromatic ring function (Figure 5). These structural characteristics allow the quinolinecarbinolamines to cross the blood brain 

barrier more efficiently and accumulate in high concentrations.  Doxycycline, Sulphadoxine and Proguanil obtained IC 50 values >120 (Table I). Each 

compound lacks key structural characteristics which contribute to neurotoxicty (Figure 5). 

The neurotoxicity and general toxicity assays have obtained analogous IC 50 values for all antimalarial drugs tested;  In Table I., IC 50 values are 

consistently synonymous for all drugs in the neurotoxicity and general toxicity tests with the exception of  Amodiaquine and Chloroquine.  In the 

Neurotoxicity studies,  Amodiaquine and Chloroquine were both proven not to be neurotoxic however within the VERO kidney cell line, they both obtained 

IC 50 values less than 120 µM (Table I.).Within the Macrophage (RAW) cell line, Mefloquine obtained the lowest IC 50 value in comparison to all eight 

antimalarial drugs. P-values were acquired for statistical analysis which indicated that with an average of three repeats for the RAW macrophage cell line, 

there was no significant difference of IC 50 values between Mefloquine when compared to eight antimalarial drugs (P<0.01) with the exception of 

Tafenoquine which attained a significantly different mean IC 50 value from Mefloquine (P<0.05)  

CONCLUSIONS

The application of cell culture techniques is vital for determining potential toxic effects of drugs in drug 

development studies.  Antimalarial Drugs are essential components for eradicating the devastating effects 

of malaria.  It is essential that in combating this disease, toxic levels of drugs are alleviated as much a 

possible.  Although substantial advancements within malaria drug research have been made over the last 

four decades, discovering a drug that is potent, has an extensive half life, and low adverse side effects is 

key to truly finding a definitive cure. In the neurotoxicity screen, mefloquine exhibited the highest toxicity 

with the exception of tafenoquine. In the RAW and VERO cell line general toxicity screen mefloquine was 

the most toxic. The patterns of toxicity in the RAW, VERO and neuronal cell line are very similar to each 

other with few exceptions. While mefloquine is currently considered one of the most effective drugs 

against malaria, additional research can be conducted to evaluate toxicity levels in mefloquine and other 

antimalarial drugs which exhibit degrees of toxicity. 
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Mefloquine compared to Antimalarial Drugs P value

Mefloquine vs Quinine P < 0.01

Mefloquine vs Amodiaquine P < 0.01

Mefloquine vs Chloroquine P < 0.01

Mefloquine vs Tafenoquine P < 0.05

Mefloquine vs Primaquine analog P < 0.01

Mefloquine vs Proguanil P < 0.01

Mefloquine vs Sulphadoxine P < 0.01

Mefloquine vs Doxycycline P < 0.01

Table II. A comparison of the p-values (statistical significance P<0.05) between 

mefloquine and eight other antimalarial drugs from the VERO IC 50 values.

In vitro toxicity screens were used to analyze the relative toxicity of mefloquine 

when compared to eight antimalarial drugs.  IC 50 values were obtained from 

TECAN instrument and analyzed in Graph Pad Prisim;  Mefloquine exhibited the 

highest level of neurotoxicity ( IC 50=20.1) with the exception of Tafenoquine  (IC 

50=12.1) Table I.  In the general toxicity assay wiith VERO kidney cells and 

macrophage cells, mefloquine obtained the highest degree of toxicity as evidenced 

by an IC 50 value of 9.2 and 10.3 respectively (Table I).
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plates
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Figure 3. MTT colorimetric assay . Physical representation of purple MTT 

formazan formation to to verify cell viability through metabolically 

active living cells. 

Figure 5. Core structure of the 4-quinolinecarbinolamines
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Figure 4.  Inhibitory Dose Response Curves of Neuronal Cell Exposure to Mefloquine, Tafenoquine and Chloroquine. Absorbance at 

540 nm is plotted against Log Concentration (M).  A: Dose response curve for mefloquine, IC50 value= 20.1 µM (10-14.7).  B: Dose

response curve for tafenoquine, IC50 value=12.1µM (10-14.7). C: Dose response curve for chloroquine ,IC50 value is greater than 120 

µM.      
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Figure 6. Doxycycline, Sulphadoxine and Proguanil. Each 

chemical structure lacks key structural characteristics which contribute to 

neurotoxicty (Figure 5).
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