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Abstract  21 

This study aimed to analyze the interaction of primaquine (PQ), chloroquine (CQ), and 22 

liposomes to support the design of optimal liposomal delivery for hepatic stage malaria 23 

infectious disease. The liposomes were composed of hydrogenated soybean 24 

phosphatidylcholine, cholesterol, and distearoyl-sn-glycero-3-phosphoethanolamine-N-25 

(methoxy[polyethyleneglycol]-2000), prepared by thin film method, then evaluated for 26 

physicochemical and spectrospic characteristics. The calcein release was further evaluated to 27 

determine the effect of drug co-loading on  liposomal membrane integrity. The results 28 

showed that loading PQ and CQ into liposomes produced changes in the infrared spectra of 29 

the diester phosphate and carbonyl ester located in the polar part of the phospholipid, in 30 

addition to the alkyl group (CH2) in the nonpolar portion. Moreover, the thermogram 31 

revealed the loss of the endothermic peak of liposomes dually loaded with PQ and CQ at 32 

186.6°C, which is identical to that of the phospholipid. However, no crystallinity changes 33 

were detected through powder X-ray diffraction analysis. Moreover, PQ, with either single or 34 

dual loading, produced the higher calcein release profiles from the liposomes than that of CQ. 35 

The dual loading of PQ and CQ tends to interact with the polar head group of the 36 

phosphatidylcholine bilayer membrane resulted in an increase in water permeability of the 37 

liposomes. 38 

 39 

Keywords: infectious disease, primaquine; chloroquine; liposomes; dual loading; calcein 40 

release; lipid membrane 41 

  42 
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Introduction 43 

Primaquine (PQ) is the only effective anti-malarial used for the treatment of sporozoites in 44 

the hepatic phase of malaria infectious disease. However, it lacks efficacy against the asexual 45 

form of Plasmodium spp. in blood, indicating that it can not be used as a monotherapy, but 46 

should be administered in combination with blood schizonticides1–3. In addition, the use of 47 

PQ is limited by its tendency to cause serious side effects, including hemolysis in individuals 48 

deficient in glucose-6-phosphate dehydrogenase1,2,4–6. Despite its currently limited 49 

therapeutic use because of widespread resistance7–9, the combined use of chloroquine (CQ), a 50 

blood schizonticide, reduces the toxicity of PQ while increasing its activity. A study by 51 

Fasinu et al. (2016) reported that CQ influences several metabolic pathways known to play a 52 

role in the activity and toxicity of PQ, encompassing the effect of hemolysis10. In particular, 53 

CQ suppresses the number of metabolites generated through CYP2D6-mediated metabolism. 54 

Moreover, CQ changes the disposition and pharmacokinetic profiles of PQ, resulting in 55 

higher drug levels and tissue exposure11. In addition, the combination is also used clinically 56 

in the treatment of Plasmodium vivax malaria, and CQ also enhances the sensitivity of 57 

Plasmodium falciparum to PQ12. The use of liposomes as drug delivery carriers increases the 58 

activity of anti-malaria drugs13. However, PQ is known to influence the structure of the 59 

liposomal bilayer membrane. Basso et al. (2011) reported the existence of an electrostatic 60 

interaction between the negative charges of a phosphate group on the polar phospholipid 61 

portion of dimyristoylphosphatidylcholine (DMPC) and a positive nitrogen charge in the PQ 62 

structure14. Furthermore, a hydrophobic interaction also occurs between the quinoline ring of 63 

PQ and the hydrocarbon chain of DMPC14,15. Therefore, the existence of these two 64 

interactions leads to the insertion of PQ into the DMPC structure, thereby disrupting the 65 

arrangement and dynamics of the acyl chain rotation and resulting in enhanced fluidity of the 66 

bilayer membrane. Conversely, it was reported that CQ induces the opposite effect via its 67 

interaction with the polar part of dipalmitoylphosphatidylcholine (DPPC), causing the 68 

absorption of CQ molecules on the surface of the liposomes15–17. This inhibits the movement 69 

of the acyl chain, consequently enhancing the rigidity of the bilayer membrane16. 70 

Changes in liposome membrane rigidity affect drug release18,19, as denoted by the more rapid 71 

drug release from egg yolk phosphatidylcholine, which possesses a more fluid structure, than 72 

from the relatively rigid DPPC20. Moreover, lipids constituted in a non-rigid liposomal 73 

membrane often cause leakage of entrapped drugs, a condition known to affect the 74 

therapeutic index18,19,21. In this case, membrane rigidity is influenced by the characteristics of 75 

the lipid composition employed, as well as the addition of cholesterol to the exterior of the 76 

liposomal membrane21,22. Furthermore, drug release is potentially influenced by the presence 77 

of precipitation or the aggregation of drugs in the liposomes23. A previous study reported the 78 

tendency for colloidal aggregate formation between drugs and polymers in liposomes which 79 

can slow drug release24.  80 

Combining two or more drugs within the same nanocarrier using a dual loading technique can 81 

control the drug release rate, thereby affecting the biodistribution and metabolism of each 82 

drug25. A previous study under taken by the authors of this article revealed that the dual 83 

loading of PQ and CQ significantly influenced the efficiency of drug trapping and release26. 84 

In single-loaded liposomes, the encapsulation efficiencies were 72% ± 4% for PQ and 56% ± 85 

15% for CQ, whereas in co-loaded liposomes, they were 6% ± 1% and 31% ± 2%, 86 

respectively. In addition, liposomes co-loaded with PQ and CQ exhibited relatively slower 87 

drug release than those loaded with either drug alone. It has been reported that the 88 

encapsulation of two drugs in the same nanocarrier can modify the release profile of each 89 

when they both interact with the bilayer membrane27. Optimal delivery to hepatocytes should 90 

constitute the main objective when treating a malarial sporozoite invasion. Both positive 91 

therapeutic effects and reduced hemolysis in cases of patients suffering from glucose-6-92 
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phosphate dehydrogenase deficiency should be produced. Therefore, the use of liposomes as 93 

drug carriers is indispensable, rendering an effective strategy for further liposome 94 

formulation essential in order to achieve high and stable drug encapsulation. 95 

In the current study, the effect of dual-loaded PQ and CQ on the integrity of the liposomal 96 

bilayer membrane was analyzed in relation to changes in membrane rigidity. This evaluation 97 

involved determining the physicochemical characteristics and release profile of the 98 

fluorescent compound calcein as indicators of membrane leakage28–30. Calcein was used 99 

because of the ease with which it is entrapped in the aqueous intraliposomal phase because of 100 

its low Log P-value. In addition, calcein is hydrophilic and exhibits no interaction with the 101 

liposomal membrane31. Analyzing the integrity of the liposomal bilayer membrane is 102 

extremely important for observing the level of carrier leakage which is positively correlated 103 

with stability during distribution through systemic circulation before reaching the 104 

hepatocytes. It is anticipated that the data obtained will prove useful for evaluating changes in 105 

the membrane structure of liposomes containing PQ and CQ. 106 

 107 

Results and Discussion 108 

This study aimed to provide information related to the effect of PQ and CQ co-loading on the 109 

integrity of the bilayer membrane of liposomes. This analysis should be beneficial for 110 

designing optimal PQ and CQ delivery systems for malaria therapy, especially with regard to 111 

the hepatic phase. The liposomes were analyzed to determine their physicochemical 112 

characteristics and assess their calcein release profiles to confirm the integrity of the 113 

liposomal membrane. The physicochemical characteristics were specifically, evaluated using 114 

FTIR spectroscopy, P-XRD, and DTA. These evaluations were performed to analyze the 115 

interaction between the drugs and the lipid membrane of the liposomes36,37.  116 

In a previous study, the drug-to-lipid ratios of PQ and CQ were optimized during the drug 117 

loading process26, in consideration of the dose ratios of both drugs in clinical practice38–40. In 118 

this study, a saturated phospholipid, i.e. HSPC, was used as the lipid component and the 119 

liposomes were prepared under equal conditions. Moreover, citrate buffer pH 5.0 was 120 

employed as the hydrating solution since low pH may result in hydrolysis of phospholipid. In 121 

the previous report referred to above, a change in pH of the citrate buffer from 4.0 to 5.0 122 

reduced drug loading with the result that only 35% of PQ and 69% of CQ was encapsulated 123 

in the liposomes32,41. Moreover, the report showed that incubating the mixtures at a higher 124 

temperature than Tm of phospholipid, i.e. 60oC, reduced the encapsulation efficiencies of PQ 125 

and CQ due to the increase in membrane water permeability causing a decrease in pH 126 

gradient during heating32,41. All liposomes were similar with regard to particle size, PDI, and 127 

ζ-potential, reflecting the fact that loading PQ and CQ had no significant effects on their 128 

physical characteristics. However, when PQ was dually loaded with CQ into liposomes, the 129 

encapsulation efficiency decreased significantly, as shown in the authors’ previous study26. 130 

However, there were differences in their spectroscopic and crystallinity profiles, as 131 

demonstrated by the findings of this study. 132 

 133 

Physical characteristics of the liposomes 134 

The particle size, PDI, ζ-potential, drug encapsulation efficiency, and loading capacity of 135 

Lipo-PQ, Lipo-CQ, and Lipo-PQCQ are presented in Table 1. The results revealed no 136 

significant differences in the obtained values, as particle size, PDI, and ζ-potential ranging 137 

from 114.0 nm to 130.8 nm, 0.24–0.31, and −16.38 to −12.33 mV, respectively. Following 138 

dual loading of these two drugs, the encapsulation efficiencies decreased significantly from 139 

approximately 80% to 7% and 54% to 31% respectively for PQ and CQ. The loading 140 

capacities were approximately 16% and 6% for Lipo-PQ and Lipo-CQ, but there were 141 

significant reductions in the amounts of PQ and CQ loaded into Lipo-PQCQ which stood at 142 
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only 1% and 4% in each case. While PQ is soluble in water39, its solubility is still almost 10-143 

30 times lower than that of CQ which is categorized as freely water soluble40. The solubility 144 

of both drugs has been known to be affected by pH39,40. The contrasting solubility probably 145 

influences the intraliposomal physical condition of drugs after active loading using a pH 146 

gradient which may affect the drug loading. However, in this study, the drugs i.e. PQ and CQ 147 

were added as drug  solutions in PBS pH 7.4 (the outer liposomal phase) with citrate buffer 148 

pH 5 as the intraliposomal phase, in order to ensure that solubility exerts a minimal influence 149 

on the research results. Moreover, the transmission electron microscopy (TEM) images reveal 150 

that no drug aggregates were observed inside the liposomes, as presented in Supplementary 151 

Fig. S1. These results show that both PQ and CQ are still soluble in the intraliposomal media, 152 

thus providing  no or minimal effects of drug solubility on membrane integrity. These results 153 

were similar to those of the previous study26 proving that dual loading of PQ and CQ affects 154 

drug encapsulation without changing particle size or ζ-potentials. Consequently, 155 

physicochemical analysis is required. Having identified the typical interactions, appropriate 156 

further courses of action would be decided on for optimal dual delivery of PQ and CQ in 157 

cases of malaria. 158 

 159 

Table 1. Characteristics of liposomes loaded with primaquine/PQ (Lipo-PQ), 160 

chloroquine/CQ (Lipo-CQ), and both drugs (Lipo-PQCQ) following incubation at 60°C for 161 

20 minutes. Each value represents the mean ± SD (n = 3). 162 

 163 

Formula Particle size 

(nm) 

Polydispersity 

index (PDI) 

ζ-Potential 

(mV) 

Encapsulation 

Efficiency (%) 

Loading 

Capacity (%) 

Lipo-PQ 114.0 ± 4.2 0.24 ± 0.04 -12.33 ± 2.98 80.65 ± 11.26 16.50 ± 3.70 
Lipo-CQ 123.4 ± 5.9 0.31 ± 0.01 -16.38 ± 3.91 54.56 ± 10.59 6.05 ± 0.97 

Lipo-PQCQ 130.8 ± 8.3 0.31 ± 0.01 -12.33 ± 2.98 
7.17 ± 2.25 (PQ) 

31.78 ± 3.85 (CQ) 
1.02 ± 0.37 (PQ) 
4.52 ± 0.63 (CQ) 

 164 

 165 

Analysis of the physicochemical characteristics of the liposomes 166 

FTIR profiles of the liposomes 167 

In this study, FTIR analysis was used to determine the interactions of PQ and CQ with the 168 

liposomal membrane by observing the absorption band in the wavenumber ranges of 169 

particular functional groups. This included the diester phosphate (R–PO2–R′) and carbonyl 170 

ester (R–CO–O–R′) located in the polar part of the HSPC phospholipid, as well as the alkyl 171 

group (CH2) in the nonpolar portion42,43. Lipo-PQ, Lipo-CQ, and Lipo-PQCQ were analyzed 172 

for their spectra identification using FTIR, and their profiles were compared with those of 173 

Lipo-Blank, free PQ, and free CQ. As shown in Fig. 1, in accordance with the wavenumbers 174 

of each functional group listed in Table 2, variations in the absorption intensity of functional 175 

groups were observed among the liposomes. The FTIR spectrum of Lipo-PQ exhibited 176 

absorption bands with reduced intensities in the wavenumber ranges of carbonyl ester and 177 

diester phosphate groups compared with the findings for Lipo-Blank. It has been reported that 178 

PQ interacts electrostatically with lipid polar head group causing local acyl chain disorder 179 

and less densely packed bilayer membrane gel. Moreover, the quinoline ring of PQ inserts 180 

between the acyl chain of the hydrophobic tail of phospholipids causes membrane 181 

fluidity14,15. Therefore, the primaquine has probably been completely concealed inside the 182 

liposomes, producing the similar FTIR spectra of the Lipo-Blank and Lipo-PQ.  183 

 184 

 185 
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 186 

Figure 1 Fourier-transform infrared spectra of primaquine, chloroquine, blank liposomes 187 

(Lipo-Blank), primaquine-loaded liposomes (Lipo-PQ), chloroquine-loaded liposomes (Lipo-188 

CQ), and liposomes loaded with both primaquine and chloroquine (Lipo-PQCQ) analyzed 189 

using the KBr pellet method. 190 

 191 

Meanwhile, Lipo-CQ and Lipo-PQCQ featured no phosphate and carbonyl group bands at 192 

1740 cm-1 and 1230 cm-1, which reflect the interfacial and head region of the bilayer 193 

membrane44. Hence, it was assumed that interaction probably occurred between the drugs and 194 

liposomes rendering them undetectable.  195 

Furthermore, the CH3, CH2, and CH bonds of Lipo-CQ and Lipo-PQCQ exhibited weaker 196 

absorption bands than those of Lipo-Blank and Lipo-PQ. The absorption band of the alkyl 197 

group possibly serves as an indicator of the lipid sequence which reflects the order of 198 

arrangement. The shift to a higher wavenumber, reduction in intensity, and widening of the 199 

absorption band were indicative of an increase in the gauche conformation of the aliphatic 200 

lipid chain43. The FTIR spectrum also revealed a decline in intensity of Lipo-PQ compared 201 

with those of Lipo-CQ and Lipo-PQCQ, indicating an increase in the gauche conformation of 202 

its hydrocarbon chain. Thus, the arrangement and density of the hydrocarbon chain had 203 

changed, possibly reflecting increased membrane fluidity45.  204 

 205 

Table 2. The peak absorbance value of the infrared spectra of free primaquine (PQ), free 206 

chloroquine (CQ), blank liposomes (Lipo-Blank), primaquine-loaded liposomes (Lipo-PQ), 207 

chloroquine-loaded liposomes (Lipo-CQ), and liposome co-loaded with primaquine and 208 

chloroquine (Lipo-PQCQ) 209 

 210 

Functional 

Groups 

Wavenumber (cm-1) 

Ref. 
Prima-

quine 

Chloro-

quine 

Lipo-

Blank 
Lipo-PQ Lipo-CQ 

Lipo-

PQCQ 

O-H/N-H 

stretching 

3550-
3200 

3297 
3411; 
3236  

3442 3441 3441 3437 

CH3, CH2, 

CH 

stretching 

3000-
2850 

2968; 
2945; 
2883  

2969; 
2935; 
2850  

 
2956; 
2919; 
2851  

 

2920; 
2851  

2924 2923 
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R-CO-OR’ 

(carbonyl 

ester) 

1740 - - 1738 1739 - - 

C=C 

stretching 

1630-
1680 

- - 1636 1636 1632 1638 

C-C ring 

stretching 

(quinolone) 

1612 1612 1614 - - - - 

C-N 

stretching 
1558 1533 1552 - - - - 

CH2, CH3 

bending 

1470-
1350 

1469; 
1430; 
1385 

1458; 
1393; 
1368 

1467; 
1384  

1384 
1458; 
1384  

1457; 
1384  

R-PO2
- -R’ 

(diester 

phosphate)  

1250-
1220 

1234 1245 1254 1253 - - 

C-O 

stretching 

1250-
970 

1165 1132 1120 1165 1121 1121 

P-O 

Asymmetric 

stretching  

1058 1050 1065 1067 1070 1074 1066 

N+-CH3 

(choline)  
970 - - - - - - 

=C-H, =CH2 
995-
880 

953;899  
942; 907; 

881 
951; 863 950; 861  953; 863  952; 865  

  211 

  212 

P-XRD profiles of the liposomes 213 

The diffractograms of the liposomes were obtained using P-XRD. As shown in Fig. 2, the P-214 

XRD pattern of the free PQ and free CQ exhibited several sharp peaks indicative of 215 

crystallinity. However, these crystal patterns were absent from the diffractograms of Lipo-216 

PQ, Lipo-CQ, and Lipo-PQCQ, as well as Lipo-Blank. The X-ray diffractogram patterns of 217 

liposomes displayed sharp peaks showing a high degree of crystallinity and all these samples 218 

had peaks identical to one another, indicating a similar degree of crystalinity.  219 

   220 

 221 
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 222 

Figure 2 Powder X-ray diffraction analysis of primaquine, chloroquine, blank liposomes 223 

(Lipo-Blank), primaquine-loaded liposomes (Lipo-PQ), chloroquine-loaded liposomes (Lipo-224 

CQ), and liposomes loaded with both primaquine and chloroquine (Lipo-PQCQ). 225 

 226 

 227 

DTA profiles of the liposomes 228 

In addition, the effects of PQ and CQ on the changes in the physical properties of liposomes 229 

were also supported by the DTA thermograms. The DTA results of liposomal membranes are 230 

contained in Figures 3–4. As shown in Fig. 3, two endothermic peaks were observed for 231 

HPSC at 77.0°C and 195.1°C, one endothermic peak and one exothermic peak were found for 232 

DSPE-mPEG2000 at 53.7°C and 143.1°C, respectively, and a single endothermic peak was 233 

identified for cholesterol at 146.9°C. Moreover, endothermic peaks were identified at 44.6°C, 234 

84.2°C, 186.6°C, and 241.0°C for Lipo-Blank. Meanwhile, following liposome formation, 235 

the peaks in the Lipo-Blank thermogram were identical to those of each of the lipid 236 

components, although some melting point shifts were identified. 237 

 238 
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 239 

Figure 3 Differential thermal analysis of hydrogenated soybean phosphatidylcholine (HSPC), 240 

distearoyl-sn-glycero-3-phosphoethanolamine-N-(methoxy[polyethylene glycol]-2000) 241 

(DSPE-mPEG2000), cholesterol, and blank liposomes (Lipo-Blank). 242 

 243 

Figure 4 presents the DTA thermograms of drug-loaded liposomes, free PQ, and free CQ. PQ 244 

had a sharp endothermic peak at 200.2°C and a broad peak at 71.0°C. Conversely, two sharp 245 

endothermic peaks were found at 188.5°C and 216.6°C for CQ. The drug-encapsulated 246 

liposomes displayed significant changes compared with those of the free drugs. Lipo-PQ had 247 

no identical endothermic peak to that of PQ. Moreover, compared with the findings for Lipo-248 

Blank, the endothermic peak at 186.6°C was not present, while a new endothermic peak 249 

appeared at 244.7°C. There were also peak shifts at 44.0°C and 81.2°C. Moreover, in the 250 

thermogram of Lipo-CQ, the endothermic peak at 44.0°C had disappeared, whereas an 251 

identical peak observed for Lipo-Blank had shifted to 183.8°C. Lipo-CQ also had no identical 252 

peak to that of CQ, but a weak broad endothermic peak appeared at approximately 210°C. 253 

Meanwhile, Lipo-PQCQ experienced broad endothermic peaks at 62.1°C and 75.3°C and a 254 

sharp peak at 239.1°C. However, the peak at 186.6°C was absent. The thermogram peaks of 255 

Lipo-PQCQ were identical to those of PQ and Lipo-PQ. 256 

 257 
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 258 

Figure 4 Differential thermal analysis of blank liposomes (Lipo-Blank), primaquine-loaded 259 

liposomes (Lipo-PQ), chloroquine-loaded liposomes (Lipo-CQ), and liposomes loaded with 260 

both primaquine and chloroquine (Lipo-PQCQ). 261 

 262 

There were shifts and losses of endothermic peaks in both the Lipo-PQ and Lipo-CQ 263 

thermograms compared with the findings in the Lipo-Blank thermogram. Furthermore, the 264 

endothermic peak displayed a major transition of the crystalline gel-liquid phase within the 265 

liposomes which is gelatinous at higher temperatures46. In addition, the Lipo-PQCQ 266 

thermogram demonstrated the loss of the endothermic peak at 186.6°C, identical to that for 267 

HSPC observed in the Lipo-Blank thermogram. The loss of the endothermic peak identical to 268 

that of HSPC was also observed in the Lipo-PQ thermogram, but not in the Lipo-CQ 269 

thermogram. The loss or decline of this peak is indicative of an increase in the distance 270 

between membranes which can reduce the strength of the phospholipid arrangement in the 271 

gel phase14,15. This change is usually accompanied by a reduction in membrane rigidity 272 

together with decreased van der Waals bonds between acyl chains and phospholipids46,47. 273 

Therefore, Lipo-PQCQ may experience diminished strength of its phospholipid arrangement 274 

as denoted by a liquid phase, resulting in increased fluidity of the bilayer membrane of the 275 

liposomes.  276 

 277 

NMR spectra of liposomes 278 

Data obtained via NMR analysis are proton signals which include chemical shifts and 279 

multiplicity, as well as signal integration. From the results of 1H NMR, both CQ and PQ 280 

experienced interactions with liposomes. 281 

The 1H NMR spectrum of Lipo-Blank featured chemical shifts at 3.02 (s, 9H) and 3.82 ppm 282 

(m, 2H), which reflected the proton signals of C13 and C14, respectively, which bound to N 283 

atoms in the polar head of lipids in the bilayer (Fig. 5A). Moreover, the signals of C20,20′ 284 

bound to the CH3 group underwent a chemical shift at 0.70 ppm (m, 3H). The proton signals 285 

of alkyl (C–C) groups bound to an acyl group was observed for C1-10 and C1′-10′ with a 286 

chemical shift at 1.09 ppm (m, 40H). In addition, the proton signals of C19 and C19′ 287 

experienced chemical shifts at 2.14 (m, 2H) and 1.41 ppm (m, 2H), respectively. In addition, 288 

the proton signals of C12 and C12′ appeared at 2.01 (m, 2H) and 1.67 ppm (m, 2H), 289 

respectively. These signals reflect the hydrocarbon chain as the hydrophobic portion of the 290 
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lipid bilayer. C–O groups which were observed at C15, C16, C17, and C18, appeared as 291 

chemical shifts at 5.10 (m, 1H), 4.10 (m, 2H), 3.48 (m, 2H), and 3.40 ppm (m, 2H), 292 

respectively. 293 

 294 

 295 

Figure 5 1H nuclear magnetic resonance spectra of blank liposomes (Lipo-Blank), 296 

primaquine-loaded liposomes (Lipo-PQ), chloroquine-loaded liposomes (Lipo-CQ), and 297 

liposomes loaded with both primaquine and chloroquine (Lipo-PQCQ) in CDCL3 at 400 298 

MHz. 299 

 300 

However, the NMR spectra of Lipo-PQ and Lipo-CQ were similar to those of Lipo-Blank, as 301 

shown in Figs. 5B–C. However, dual loading of PQ and CQ into liposomes resulted in the 302 

appearance of the proton signals of the aromatic quinoline ring of PQ, whereas that of CQ 303 

had weak signal intensity, as shown in Fig. 5D. Some proton signals were noted for the 304 

aromatic ring of PQ. The proton signals of C1 bound to N and C2 atoms appeared as chemical 305 

shifts at 8.53 (m, 1H) and 7.49 ppm (m, 1H), respectively. Moreover, the chemical shift at 306 

8.16 ppm (d, J = 7.1 Hz, 1H) indicated that C3 was coupled to the proton of C2. The proton 307 

signals of C4 and C6 in the aromatic ring appeared as chemical shifts at 7.49 (m, 1H) and 308 

6.65 ppm (d, J = 7.3 Hz, 1H), respectively, coupled with N7, whereas the C5 methoxy group 309 

was represented by the chemical shift at 3.07 (s, 3H). The N7 proton signal appeared as a 310 

chemical shift at 6.25 ppm (m, 1H). The NMR spectra provided evidence that the signal 311 

intensity of the aromatic quinoline ring was stronger for PQ than for CQ. This indicates that 312 

PQ had an important role in the fluidity of the membrane. 313 

 314 

Profile of calcein release from liposomes 315 

The effect of dual drug loading on membrane integrity was supported by the profiles of 316 

calcein release from the liposomes which was higher for Lipo-PQCQ and Lipo-PQ than for 317 

Lipo-CQ, as presented in Figure 6. The results illustrated that the Lipo-CQ had the lowest 318 
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percent calcein release of 7% after 48 hours. Conversely, the percent calcein release for Lipo-319 

PQ and Lipo-PQCQ was relatively similar, ranging from 17%–20%. It is known that drug 320 

release from liposomes increases with increasing fluidity of the membrane31. Therefore, it has 321 

been established that the dual loading of PQ and CQ affected the fluidity of liposomes. 322 

 323 

 324 

 325 

Figure 6 Profiles of calcein release from primaquine-loaded liposomes (Lipo-PQ), 326 

chloroquine-loaded liposomes (Lipo-CQ), and liposomes loaded with both primaquine and 327 

chloroquine (Lipo-PQCQ) in phosphate-buffered saline (pH 7.4) at 37°C. 328 

 329 

The physicochemical characteristics of the liposomal membrane and calcein release profile 330 

revealed that Lipo-PQ had relatively higher fluidity than Lipo-CQ leading to increased 331 

calcein release. Furthermore, the decreased integrity observed in Lipo-PQCQ was attributable 332 

to the increased membrane fluidity resulting from the interactions of PQ and CQ with the 333 

phospholipid bilayer. However, in a previous study, dual loading of PQ and CQ resulted in 334 

slower drug release compared with that in single drug-loaded liposomes26. Calcein is a 335 

polyanionic molecule with negative surface potential charges which mainly diffuses through 336 

the phospholipid bilayer31. The burst release of calcein during the first hour of this study 337 

could be due to the higher amount of unionized calcein molecules in the low pH of the 338 

intraliposomal phase containing citrate buffer pH 5.047. This would, in turn, cause the release 339 

of a larger amount of calcein in the outer phase. The previous study of calcein release from 340 

liposomes also indicated that approximately 20–25% of calcein release from liposomes 341 

occurs in buffer pH 7.4. This is lower than that the 40–50% released from the liposome in pH 342 

4.0 over a period of 48 hours48. However, due to the high intrinsic permeability of protons 343 

through the lipid bilayer, H3+ ions will permeate from the acidic intraliposomal phase to the 344 

exterior until a state of equilibrium is reached. This resulted in no further calcein release to 345 

that observed in the early phase49,50. It has been reported that calcein release is limited by 346 

lipid packing order31 and drug interaction within the bilayer membrane.48 The stronger the 347 

interaction between the drug and lipid, the less calcein will be desorbed leading to burst 348 
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effects. In this study, the interaction between PQ, CQ, and liposomes was observed, resulting 349 

in burst release of calcein from liposomes.  350 

Moreover, as confirmed by the NMR and FTIR spectra, interaction could occur between PQ, 351 

CQ, and liposomes resulting in similar calcein release profiles of Lipo-PQ and Lipo-PQCQ, 352 

although the use of CQ could rigidify the bilayer membrane16,49. This may be attributable to 353 

the differences in chemical characteristics between calcein and PQ/CQ. Further research 354 

evaluating the molecular interaction and changes in liposomes structure is required to confirm 355 

the results of this study. These findings will provide some insights into the design of 356 

liposomes for delivering the combination of PQ and CQ specifically for hepatic stage 357 

malaria. 358 

  359 
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Conclusions 360 

As delivery of PQ in thes early stages of sporozoite invasion of the liver largely determines 361 

the success of preventing blood stage malaria infection, a strategy combining PQ load with 362 

CQ, a blood schizontocide, in liposomes offers strong therapeutic efficacy as well as reduced 363 

drug toxicities. However, this study reveals that dual drug loading of PQ and CQ into 364 

PEGylated liposomes greatly affects liposomal membrane fluidity. Changes in the FTIR 365 

spectrum intensities and DTA profiles were indicative of those in the gauche conformation of 366 

the hydrocarbon chain of the phospholipid, and of increased calcein release from liposomes 367 

which indicate the fluidity of the bilayer membrane of the liposomes. These results suggest 368 

that further studies on designing a theoretical model for enhancing liposome stability, either 369 

by using optimizing liposome formulation or other strategies to reduce membrane fludity, are 370 

imperative to support the development of strategies for the liposomal delivery of drugs 371 

targeting hepatic stage malaria. 372 

 373 

Methods 374 

Materials 375 

Primaquine bisphosphate (PQ) was purchased from Sigma-Aldrich (Rehovot, Israel), while 376 

Chloroquine diphosphate (CQ) was obtained from Sigma-Aldrich (Gyeonggi-do, South 377 

Korea). Hydrogenated soybean phosphatidylcholine (HSPC) and 1,2-distearoyl-sn-glycero-3-378 

phosphoethanolamine-N-(methoxy[polyethyleneglycol]-2000) (DSPE-mPEG2000), with an 379 

average molecular weight of 2,800, were procured from Nof Corporation (Tokyo, Japan). 380 

Cholesterol was obtained from Wako Inc., Ltd. (Osaka, Japan). Calcein was acquired from 381 

Nacalai Tesque Inc. (Kyoto, Japan). KH2PO4, Na2HPO4, chloroform, and methanol were 382 

purchased from Merck Inc. (Darmstadt, Germany). Sephadex® G-50 was obtained from 383 

Sigma-Aldrich (Steinheim, Germany). Other reagents and materials used were of the finest 384 

grade available. 385 

 386 

Preparation of liposomes 387 

The liposomes were prepared by means of thin-film hydration26 using the formula listed in 388 

Table 3. All lipid components, including HSPC, cholesterol, and DSPE-mPEG2000, were 389 

initially dissolved in chloroform before being homogenously mixed in a round-bottom flask. 390 

The organic solvent was subsequently evaporated using a rotary evaporator to form a thin 391 

lipid layer which was then hydrated with citrate buffer (pH 5.0) and extruded to produce 392 

liposomes of 100 nm in size. The extrusion process consisted of passing through three 393 

membranes with various pore sizes; the first with a pore size of 400 nm, the second with a 394 

pore size of 200 nm and the third with a pore size of 100 nm. Each step involved passing 395 

liposomes through a polycarbonate membrane in 30 repeated cycles by means of an extruder 396 

kit with a heating block (Avanti® Mini–Extruder, Avanti Polar Lipid Inc., Alabama, USA) at 397 

55-60oC. Furthermore, each drug was consequently loaded using a pH gradient method. The 398 

liposomal outer phase was replaced by passing the liposomes through a Sephadex® G-50 399 

column saturated with phosphate-buffered saline (PBS, pH 7.4). The mixture was then mixed 400 

with PQ and CQ solution and incubated for 20 minutes at 60°C. This was followed by 401 

separation of the PQ- and CQ-loaded liposomes from the free drugs using a Sephadex® G-50 402 

column (Sigma-Aldrich). 403 

 404 

Table 3. Formulation of blank and drug-loaded liposomes 405 

 406 

Component 
Formulation 

Lipo-Blank Lipo-PQ Lipo-CQ Lipo-PQCQ 
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PQ - 1.00 - 1.66 mg 

CQ - - 3.33 mg 1.66 mg 

HSPC 5.94 mg 5.94 mg 5.94 mg 5.94 mg 

DSPE-mPEG2000 1.94 mg 1.94 mg 1.94 mg 1.94 mg 

Cholesterol 2.13 mg 2.13 mg 2.13 mg 2.13 mg 

Note: 407 

PQ: primaquine; CQ: chloroquine; HSPC: hydrogenated soybean phosphatidylcholine; 408 

DSPE-mPEG2000: distearoyl-sn-glycero-3-phosphoethanolamine-N-(methoxy[polyethylene 409 

glycol]-2000). 410 

The molar ratio of HSPC:DSPE-mPEG2000:cholesterol was 59:5:36. Primaquine and 411 

chloroquine were added by considering the weight ratios of the drugs to the lipid components 412 

of the liposomes, which were 1:10 for primaquine:total lipid in primaquine-loaded liposomes 413 

(Lipo-PQ), 1:3 for chloroquine:total lipid in chloroquine-loaded liposomes (Lipo-CQ), and 414 

1:1:6 for primaquine:chloroquine:total lipid in liposomes loaded with primaquine and 415 

chloroquine (Lipo-PQCQ). 416 

 417 

Determination of particle size and ζ-potential of liposomes 418 

The preparation was evaluated for particle size and polydispersity index (PDI) via dynamic 419 

light scattering, and ζ-potential was determined via electrophoresis light scattering using a 420 

Delsa™ Nano C Particle Analyzer at room temperature (25°C). Approximately 100 µl of 421 

liposomes were diluted with 3 ml of distilled water and then placed into a cuvette to 422 

determine the particle size, PDI, and ζ-potential. 423 

 424 

Evaluation of encapsulation efficiency and drug loading capacity 425 

After PQ, CQ, and their combination (PQCQ) had been loaded into liposomes, the mixtures 426 

were eluted through a Sephadex® G-50 column with PBS 7.4 to separate free drugs from their 427 

encapsulated counterparts. The samples were then lysed with methanol (50%, v/v), with PQ 428 

and CQ subsequently being determined by means of UV spectrophotometric method as 429 

previously reported26.  430 

The encapsulation efficiency (EE) and loading capacity (LC) were calculated using equations 431 

(1) and (2) respectively26,38:  432 

 433 

 ��(%) =
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����	�����
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����	���������	
� �
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 435 
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� �
 ��������� �����
�
��
× 100  (2) 436 

 437 

 438 

Spectroscopy and crystallography of the liposomes 439 

Fourier-transform infrared (FTIR) spectroscopy of liposomes 440 

The FTIR profiles of liposomes were analyzed using an FTIR spectrophotometer (Shimadzu, 441 

Kyoto, Japan). The freeze-dried liposomes were finely crushed and mixed with potassium 442 

bromide at a weight ratio of 1:100. The mixture was then pressed in a mechanical mold to 443 

form thin and translucent pellets, which were subsequently examined at wavenumbers of 444 

4000–450 cm-1. The results of the infrared spectra obtained for the samples were compared 445 

with the literature values. 446 
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 447 

Powder X-ray diffraction (P-XRD) analysis of liposomes 448 

P-XRD analysis was performed using a PRD instrument (Phillips X'Pert PRO PANalytical, 449 

Netherlands). Freeze-dried liposomes were placed in a container and flattened. This process 450 

was performed under the following conditions: Cu metal anode, Kα filter, voltage of 40 kV, 451 

30 mA, and 2ø of 5°–90°. 452 

 453 

Differential thermal analysis (DTA) of liposomes 454 

A DTA instrument (Mettler Toledo FP 85, Switzerland) was used to perform a DTA. The 455 

dried liposomes were placed in aluminum crucibles and subsequently heated from 30°C to 456 

300°C at a rate of 5°C/min. 457 

 458 

Nuclear magnetic resonance (NMR) analysis of liposomes 459 

The 1H NMR spectra of blank liposomes (Lipo-Blank) and liposomes loaded with PQ (Lipo-460 

PQ), CQ (Lipo-CQ), and both drugs (Lipo-PQCQ) were analyzed using a JEOL 400 ECA 461 

spectrophotometer (JEOL, Tokyo, Japan) at 400 MHz33. Approximately 5 mg of freeze-dried 462 

samples were dissolved in CDCL3 to produce a concentration of 10 mg/mL with the data 463 

integration subsequently analyzed by computer using JEOL Delta v5.04. 464 

 465 

Calcein release test as an indicator of membrane leakage 466 

Preparation of calcein-loaded liposomes 467 

The liposomes were composed of HSPC, cholesterol, and DSPE-mPEG2000 at a molar ratio of 468 

55:40:5 using the thin-layer method. The thin lipid layer formed was then hydrated with a 469 

citrate buffer pH 5.0 containing 17 mM calcein, followed by the extrusion process using a 470 

100-nm polycarbonate membrane. At the next stage, the calcein-loaded liposomes were 471 

separated from free calcein by passing the liposomes through a Sephadex® G-50 column 472 

saturated with PBS. The eluted liposomes were mixed with PQ and CQ solution, followed by 473 

incubation at 60°C for 20 minutes. Finally, to obtain liposomes loaded with calcein and PQ 474 

and/or CQ, the liposomes were passed through a Sephadex® G-50 column saturated with 475 

PBS. 476 

 477 

Calcein release study 478 

Calcein release was studied using the dialysis method.24 Liposomes containing equivalent 479 

amounts of 2 mM calcein were inserted into the Spectra Por® 7 dialysis membrane with a 480 

MWCO of 3500 Da. PBS pH 7.4 was used as the release medium with an agitation speed of 481 

400 rpm at 37°C., Sampling was subsequently conducted after 0.5, 1, 2, 4, 8, 12, 24, and 48 482 

hours, with each sample replaced with the same volume of PBS pH 7.4, heated at 37°C. The 483 

cumulative amount of calcein released from liposomes was determined using a GloMax®-484 

Multi+ Detection System (Promega) in the fluorescence mode at λex = 490 nm and λem = 485 

530 nm34.  486 

Because of medium dilution during the release test procedure, the quantified amount of 487 

calcein was corrected using the dilution factor contained in equation (3), as follows35:  488 

�� = �′� +
�

!
∑ �#
$%

� &%  (3) 489 

Description: 490 

Cn: measured percent drug release at time point n after correction 491 

C′n: measured percent drug release at time point n before correction 492 

Cs: measured percent drug release at time point n − 1 493 

a: volume of the obtained sample (ml) 494 

b: volume of released medium (ml) 495 

 496 
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Statistical analysis 497 

All data were obtained from three replicates and presented as the mean ± SD. In addition, 498 

differences were further analyzed using one-way analysis of variance followed by the least 499 

significant difference test. Significance was indicated by p<0.05. 500 

  501 
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Figure Legends 700 

Figure 1 Fourier-transform infrared spectra of primaquine, chloroquine, blank liposomes 701 

(Lipo-Blank), primaquine-loaded liposomes (Lipo-PQ), chloroquine-loaded liposomes (Lipo-702 

CQ), and liposomes loaded with both primaquine and chloroquine (Lipo-PQCQ) analyzed 703 

using the KBr pellet method. 704 

 705 

Figure 2 Powder X-ray diffraction analysis of primaquine, chloroquine, blank liposomes 706 

(Lipo-Blank), primaquine-loaded liposomes (Lipo-PQ), chloroquine-loaded liposomes (Lipo-707 

CQ), and liposomes loaded with both primaquine and chloroquine (Lipo-PQCQ). 708 

 709 

Figure 3 Differential thermal analysis of hydrogenated soybean phosphatidylcholine (HSPC), 710 

distearoyl-sn-glycero-3-phosphoethanolamine-N-(methoxy[polyethylene glycol]-2000) 711 

(DSPE-mPEG2000), cholesterol, and blank liposomes (Lipo-Blank). 712 

 713 

Figure 4 Differential thermal analysis of blank liposomes (Lipo-Blank), primaquine-loaded 714 

liposomes (Lipo-PQ), chloroquine-loaded liposomes (Lipo-CQ), and liposomes loaded with 715 

both primaquine and chloroquine (Lipo-PQCQ). 716 

 717 

Figure 5 1H nuclear magnetic resonance spectra of blank liposomes (Lipo-Blank), 718 

primaquine-loaded liposomes (Lipo-PQ), chloroquine-loaded liposomes (Lipo-CQ), and 719 

liposomes loaded with both primaquine and chloroquine (Lipo-PQCQ) in CDCL3 at 400 720 

MHz. 721 

 722 

Figure 6 Profiles of calcein release from primaquine-loaded liposomes (Lipo-PQ), 723 

chloroquine-loaded liposomes (Lipo-CQ), and liposomes loaded with both primaquine and 724 

chloroquine (Lipo-PQCQ) in phosphate-buffered saline (pH 7.4) at 37°C. 725 

 726 

 727 

Table Legends 728 

Table 1. Characteristics of liposomes loaded with primaquine/PQ (Lipo-PQ), 729 

chloroquine/CQ (Lipo-CQ), and both drugs (Lipo-PQCQ) following incubation at 60°C for 730 

20 minutes. Each value represents the mean ± SD (n = 3). 731 

 732 

Table 2. The peak absorbance value of the infrared spectra of free primaquine (PQ), free 733 

chloroquine (CQ), blank liposomes (Lipo-Blank), primaquine-loaded liposomes (Lipo-PQ), 734 

chloroquine-loaded liposomes (Lipo-CQ), and liposome co-loaded with primaquine and 735 

chloroquine (Lipo-PQCQ)  736 

 737 

Table 3. Formulation of blank and drug-loaded liposomes 738 

 739 



Dear Editor,  

Many thanks for the comments. We really appreciate any corrections to improve our 

manuscript. We have revised the manuscript as peer reviewers’ suggestions. Please see our 

comments below.  

 

Reviewer Comments: 

 

Reviewer 1 

1. The title makes one suggest that paper is dedicated to the specialities of 

interaction beween two drugs and phosphatidilcholine liposomes. In fact, we see 

the case of certain composition of individual drugs, certain dual combination and 

specific composition of the liposomes that could not be called just 

phosphatidylcholine liposomes. So, the title should be more specific to content of 

the paper or the correct analysis should be presented. 

Answer:  

Many thanks for the comments; we have revised the title of the manuscript to be: 

Page 1 line 1-2: “Interaction of primaquine and chloroquine with PEGylated 

phosphatidylcholine liposomes” 

 

In addition, we have added a keyword of infectious disease in the page 2 line 24 and 40 and 

Page 3 line 45.  

 

2. The fluidity of the membrane could be directly studied via methods like 

fluorescence anisotropy. 

Answer: 

Many thanks for the comment. There are many papers reporting the use of fluorescence 

anisotropy to measure the changes on phospholipids membrane fluidity, however, we have no 

facilities inside our campus, as well as in other research facilities outside campus to measure 

this parameter.  The urgency to analyze these drugs interaction with liposome membrane 

encourages us to use available resources. The use of calcein as a dye used for liposome 

leakage assay has been largely reported since it has self-quenching inside the liposome, and 

increases over time when it was leaked from liposomes1,2. Moreover, it has been known that 

calcein permeation accros phospholipid bilayer is highly affected by membrane fluidity as 

indicated by the changes of lipid stacks density with deformation of liposomes3. So, we used 

this method to analyze the membrane integrity, which is also evaluated with other parameters 

such as PXRD diffractogram, DTA thermogram which measures the enthalpy and 

temperature of lipid phase transition of heat-induced phase changes reflecting drug with 

membrane interaction4 , proton NMR spectra to further analyze the interaction and chemical 

structural changes on the liposomes. 

 

3. The selected drugs have few magnitude differences in solubility in water and 

also could be affected by pH. This should be discussed thoroughly. 

Answer:  

Many thanks for the comments.  

It has been known that Primaquine phosphate has high solubility in water and other solvents 

as the following: https://onlinelibrary.wiley.com/doi/epdf/10.1002/jps.23006 . 

Media Solubility 

Water pH 7.1 8.82 mg/mL 

Simulated gastric intestinal fluid pH 1.2 8.34 mg/mL 

Simulated gastric intestinal fluid pH 4.5 9.86 mg/mL 



Simulated gastric intestinal fluid pH 6.8 10.86 mg/mL 

Simulated gastric intestinal fluid pH 7.5 11.54 mg/mL 

 

Moreover, Primaquine has been classified as highly soluble and high permeable drug (BCS 

class 1). A 1% w/v solution has a pH of 2.5 to 3.5.  Solutions are acid to litmus. 

 

On the other hand, Chloroquine phosphate is freely soluble in water, which is about 100-

333.33 mg/mL. The solubility is sufficiently high over the pH range of 1.0-6.8 

https://onlinelibrary.wiley.com/doi/epdf/10.1002/jps.20343  

 

We have added a sentence regarding the solubility of these two drugs, as the following: 

Page 5 line 142-152:  

PQ is soluble in water5, its solubility is still almost 10-30 times lower than that of CQ which 

is categorized as freely water soluble6. The solubility of both drugs has been known to be 

affected by pH5,6. The contrasting solubility probably influences the intraliposomal physical 

condition of drugs after active loading using a pH gradient which may affect the drug loading. 

However, in this study, the drugs i.e. PQ and CQ were added as drug solutions in PBS pH 7.4 

(the outer liposomal phase) with citrate buffer pH 5 as the intraliposomal phase, in order to 

ensure that solubility exerts a minimal influence on the research results. Moreover, the 

transmission electron microscopy (TEM) images reveal that no drug aggregates were 

observed inside the liposomes, as presented in Supplementary Fig. S1. These results show 

that both PQ and CQ are still soluble in the intraliposomal media, thus providing no or 

minimal effects of drug solubility on membrane integrity.   

 

We have also added Figure to the manuscript as the following 

In the supplementary files:  

Analysis of liposomes morphology 

A drop of liposome was applied to a carbon-coated copper grid and left for a minute to allow 

particles to adhere to the carbon substrate. The excess dispersion of liposomes was then 

removed with a piece of filter paper. A drop of a 1% uranyl acetate solution was applied to 

the sample for one minute before being allowed to air-dry. Finally, the samples were 

observed with a transmission electron microscope (JEOL-JEM 1400). 

 

Supplementary Figure S1 Transmission electron microscopy (TEM) images of primaquine-

loaded liposomes (Lipo-PQ), chloroquine-loaded liposomes (Lipo-CQ), and liposomes 

loaded with both primaquine and chloroquine (Lipo-PQCQ) stained with uranyl acetate. The 

scale bar is 100 nm. 

 

 



4. The profiles of calcein release are not described and discussed enough. One 

can see sharp release in first minutes of measurement and no further release 

during 48 hours. So, is this step artefact or the membranes receive additional 

stabilization during release of the calcein? 

Answer: 

Regarding the burst release of calcein in this study during the first hour of sampling time, it 

could be due to the higher amount of unionized calcein molecules in the low pH of 

intraliposomal phase containing citrate buffer pH 5.07, thus producing greater amount of 

calcein released into the outer phase resulted in burst release profiles in the early time 

sampling. The previous study of calcein releas from liposomes also showed that 

approximately 20–25% calcein release from liposomes in buffer pH 7.4, which is lower than 

that of in pH 4.0 of about 40–50% calcein released from the liposome in a period of 48 h8. 

However, due to high intrinsic permeability of protons through lipid bilayer, H3+ ions will 

permeate out from acidic intraliposomal phase toward the outside, until reaching equilibrium 

condition, thus resulted in no further calcein release as seen in the early time9,10.  

 

We have added discussion in the manuscript as the following:  

Page 12 line 336-345: 

The burst release of calcein during the first hour of this study could be due to the higher 

amount of unionized calcein molecules in the low pH of the intraliposomal phase containing 

citrate buffer pH 5.07. This would, in turn, cause the release of a larger amount of calcein in 

the outer phase. The previous study of calcein release from liposomes also indicated that 

approximately 20–25% of calcein release from liposomes occurs in buffer pH 7.4. This is 

lower than that the 40–50% released from the liposome in pH 4.0 over a period of 48 hours8. 

However, due to the high intrinsic permeability of protons through the lipid bilayer, H3+ ions 

will permeate from the acidic intraliposomal phase to the exterior until a state of equilibrium 

is reached. This resulted in no further calcein release to that observed in the early phase9,10. 

 

5. Conclusions should be broadened. 

Answer:  

Many thanks for the comment. We have revised the conclusion as the following:  

Page 14 line 361-372:  

As delivery of PQ in thes early stages of sporozoite invasion of the liver largely determines 

the success of preventing blood stage malaria infection, a strategy combining PQ load with 

CQ, a blood schizontocide, in liposomes offers strong therapeutic efficacy as well as reduced 

drug toxicities. However, this study reveals that dual drug loading of PQ and CQ into 

PEGylated liposomes greatly affects liposomal membrane fluidity. Changes in the FTIR 

spectrum intensities and DTA profiles were indicative of those in the gauche conformation of 

the hydrocarbon chain of the phospholipid, and of increased calcein release from liposomes 

which indicate the fluidity of the bilayer membrane of the liposomes. These results suggest 

that further studies on designing a theoretical model for enhancing liposome stability, either 

by using optimizing liposome formulation or other strategies to reduce membrane fludity, are 

imperative to support the development of strategies for the liposomal delivery of drugs 

targeting hepatic stage malaria. 

 

6. Abbreviations of lipids in abstract should be substituted with full names. 
Answer: 

Many thanks for the comment. We have revised the abbreviation of lipids in the abstract 

section, as the following:  

Page 2 line 24-25: 



…hydrogenated soybean phosphatidylcholine, cholesterol, and distearoyl-sn-glycero-3-

phosphoethanolamine-N-(methoxy[polyethyleneglycol]-2000), 

 

 

Reviewer 2 

Review comments on MS: "Interactions of primaquine and chloroquine with 

phosphatidylcholine liposomes" by Andang Miatmoko, Ira Nurjannah, Nuril Fadilatu 

Nehru, Noorma Rosita, Esti Hendradi, Retno Sari and Juni Ekowati. 

 

In this study, the authors investigate the effect of PQ and CQ loading on the integrity of 

the liposomal bilayer membrane.  The authors used various methods to characterize the 

physicochemical and spectroscopic properties of PEGylated HSPC liposomes.  They 

found that the presence of PQ and CQ in the liposome bilayer affects the fluidity of the 

phospholipid membrane, leading to increased calcine release from liposomes.  

 

This is a very interesting and well-made study.  Its findings are not only relevant to the 

malaria disease but have an impact also on the influence of additives to liposomes as 

carriers and their physicochemical and spectroscopic characteristics.  I recommend 

accepting this work for publication after relating to the following points:  

 

Major comment: 

1. The authors should correlate the results to the liposome stability with respect to 

their aggregation and content release. 

Answer:  

Many thanks for the comments. In this study, we did not evaluate the stability of liposomes 

after loading with drug, however; after preparation, there were no aggregates or any 

precipitation visually observed in our samples up to 2 weeks. We have observed the TEM 

images of liposomes loaded with PQ, CQ, and both drugs, and there were no precipitates 

observed in the images, which reflect that PQ, CQ, and both PQ-CQ loaded in the liposomes 

were in molecular states and not forming the drug aggregates inside the liposomes. These 

result may indicate that no tendency to aggregate or precipitate during the storage.  

We have added some discussion about this in the manuscript as the following:  

Page 5 line 142-152:  

While PQ is soluble in water5, its solubility is still almost 10-30 times lower than that of CQ 

which is categorized as freely water soluble6. The solubility of both drugs has been known to 

be affected by pH5,6. The contrasting solubility probably influences the intraliposomal 

physical condition of drugs after active loading using a pH gradient which may affect the 

drug loading. However, in this study, the drugs i.e. PQ and CQ were added as drug  solutions 

in PBS pH 7.4 (the outer liposomal phase) with citrate buffer pH 5 as the intraliposomal 

phase, in order to ensure that solubility exerts a minimal influence on the research results. 

Moreover, the transmission electron microscopy (TEM) images reveal that no drug 

aggregates were observed inside the liposomes, as presented in Supplementary Figure 1. 

These results show that both PQ and CQ are still soluble in the intraliposomal media, thus 

providing  no or minimal effects of drug solubility on membrane integrity. 

 

We have also added PBS pH 7.4. and citrate buffer pH 5.0 in the method section as the 

following:  

Page line 469: citrate buffer pH 5.0 

Page line 480: PBS pH 7.4 

Page line 482: PBS pH 7.4 



 

 

About the drug release, in our previous published reports, dual loading of PQ and CQ 

resulted in slower drug release compared with that in single drug-loaded liposomes26 

We have already stated this report in manuscript page line as the following:  

Page 3 line 82-87: 

A previous study under taken by the authors of this article revealed that the dual loading of 

PQ and CQ significantly influenced the efficiency of drug trapping and release26. In single-

loaded liposomes, the encapsulation efficiencies were 72% ± 4% for PQ and 56% ± 15% for 

CQ, whereas in co-loaded liposomes, they were 6% ± 1% and 31% ± 2%, respectively. In 

addition, liposomes co-loaded with PQ and CQ exhibited relatively slower drug release than 

those loaded with either drug alone. 

 

Minor comments: 

1. Line 24 replace spectroscopic instead of spectrospical 

Answer:  

Many thanks, we have revised the spectroscopical with spectroscopic (Page 2 line 26).  

 

2. Line 62 more references are needed. 

Answer:  

We have revised sentences in Page 3 line 59-63 as the following: 

“Basso et al. (2011) reported the existence of an electrostatic interaction between the 

negative charges of a phosphate group on the polar phospholipid portion of 

dimyristoylphosphatidylcholine (DMPC) and a positive nitrogen charge in the PQ structure14. 

Furthermore, a hydrophobic interaction also occurs between the quinoline ring of PQ and the 

hydrocarbon chain of DMPC14,15.” 

14. Basso, L. G. M., Rodrigues, R. Z., Naal, R. M. Z. G. & Costa-Filho, A. J. Effects of 

the antimalarial drug primaquine on the dynamic structure of lipid model membranes. 

Biochim. Biophys. Acta - Biomembr. 1808, 55–64 (2011). 

15. Barroso, R. P., Basso, L. G. M. & Costa-Filho, A. J. Interactions of the antimalarial 

amodiaquine with lipid model membranes. Chem. Phys. Lipids 186, 68–78 (2015). 

 

The reference has been referred to the statements in the paragraphs. And the data about 

interaction of primaquine with phospholipids are limited at present.  

 

3. Axis fonts of Figure 5 are too small 

Answer:  

Many thanks for the comment. We have revised Figure 5 in Page 11 line 294 as the 

following:  



 
Figure 5 1H nuclear magnetic resonance spectra of blank liposomes (Lipo-Blank), 

primaquine-loaded liposomes (Lipo-PQ), chloroquine-loaded liposomes (Lipo-CQ), and 

liposomes loaded with both primaquine and chloroquine (Lipo-PQCQ) in CDCL3 at 400 

MHz. 

 

 

4. Black lines connecting the symbols in Figure 6 should not be in smooth mode and tick 

marks are missing in the X axis.    

Answer:  

Many thanks for the comment. We have revised Figure 6 in Page 12 line 324 as the 

following:  

 
Figure 6 Profiles of calcein release from primaquine-loaded liposomes (Lipo-PQ), 

chloroquine-loaded liposomes (Lipo-CQ), and liposomes loaded with both primaquine and 

chloroquine (Lipo-PQCQ) in phosphate-buffered saline (pH 7.4) at 37°C. 
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