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ABSTRACT

Background: A considerable challenge exists in the measuring of the therapeutic level of antimalarial drugs in the body. Current intensive pharmacokinetic studies often rely on determining the drug levels in blood or urine samples. Drug levels in saliva have been shown in a few studies to correlate linearly with that in the blood in adult patients and healthy volunteers. Thus, correlation between plasma and saliva drug levels in children, who bore the burden of morbidity and mortality associated with malaria requires evaluation.

Materials and Methods: Precise, accurate, rapid and cost-effective isocratic reverse-phase high performance liquid chromatographic (RP-HPLC) method was adapted, optimized and validated for the estimation of Piperaquine phosphate (PIP) in spiked plasma and saliva. The drug was estimated using Cecil C18 (250 mm x 4.6 mm i.d-5μm particle size) column. A mobile phase composed of phosphate buffer, acetonitrile, methanol in proportion of 40:30:30 v/v, at a flow rate of 1.0 mL/min was used for the separation. Detection was carried out at 340nm.

Results: The linearity range obtained was 10-80 μg/mL with retention times (t R ) of 2.347 min, 2.839 min and 2.346 min for standard, spiked plasma and spiked saliva samples of Piperaquine respectively. The correlation coefficient value was found to be 0.996 for standard sample. Precision studies showed % RSD (Relative standard deviation) values less than 2% for the drug in all the selected concentrations of the standard solution. The percentage recoveries PIP was in the range of 97.47-99.94 %. The assay results of were 97.47 % (plasma) and 99.94 % (saliva) samples of PIP. The limit of detection (LOD) and limit of quantification (LOQ) were 0.388 μg/mL and 1.174 μg/mL for PIP respectively in the standard samples.

Conclusion: This validated method was successfully used for the quantitative analysis of standard salt of piperaquine in spiked plasma and saliva.
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INTRODUCTION
Piperaquine phosphate (Figure 1) is a white to pale yellow salt whose chemical constituent is 1, 3-Bis (4-(7-chloroquinolin-4-yl) piperazin-1-yl) propane tetraphosphate tetrahydrate. Piperaquine phosphate is a bisquinoline anti-malarial drug, belonging to the 4-aminoquinoline class, which shows good activity against chloroquine-resistant Plasmodium strains. 1, 2 Studies have shown that the inhibition of the haem-digestion pathway in the parasite food vacuole is most likely responsible for its plasmodicidal activity 3,4 and may act by inhibition of the transporters that efflux chloroquine from the parasite food vacuole. 5 Piperaquines bulky bisquinoline structure may be important for activity against chloroquine resistant strains. 6 
[image: ]
Figure 1. Structure of Piperaquine phosphate

Literature survey reveals Automated Solid Phase Extraction (ASPE) and Liquid Chromatographic Method (LCM), Capillary Zone Electrophoresis (CZE), high-performance liquid chromatographic (HPLC) and LC/MS/MS methods for the estimation of Piperaquine phosphate alone or in combination with other drugs has been employed to determine its concentration in pharmaceutical formulations and biological samples. The method developed for the determination of Piperaquine phosphate by RP-HPLC in pharmaceutical dosage forms by Laxmi et al. 7 was modified and adapted for the quantification of piperaquine concentration in standard, spiked plasma and saliva solutions. The analysis was carried out to develop and validate an efficient method for the analysis of piperaquine in biological fluids of children prone to malaria attack. The proposed method was optimized and validated using the International Conference on Harmonization (ICH) guidelines. 
MATERIALS AND METHODS 
Instrumentation: A High-Performance Liquid Chromatographic (HPLC) method for quantitative estimation of Piperaquine phosphate using Cecil HPLC system a Hypersil C18 column (250 mm x 4.6 mm, 5μ) was used. The instrument was equipped with a DAD or UV detector. A 20 μL rheodyne injector port was used for injecting the samples. Data was analysed using Powerstream version 4.2 software. 
Chemicals and Solvents 
The working standard salt of Piperaquine phosphate was obtained from stored reserve from previous study. HPLC grade water was obtained from Cellpore Water Purification System in the Multidisciplinary Research Laboratory (MCRL), University of Ibadan (UI); methanol [HPLC Grade], Acetonitrile [HPLC Grade] and orthophosphoric acid of AR grade were provided by Prof Akintunde Sowunmi (D.Sc.) through the WHO TDR Research Grant (WHO ID 900733 Training Grant). Potassium dihydrogen phosphate was provided by Multidisciplinary Central Research Laboratory, University of Ibadan.
Chromatographic conditions 
Column: Cecil C18 (250 mm x 4.6 mm i.d., 5 μm particle sizes) 
Mobile phase: Phosphate buffer, acetonitrile, methanol in proportion of 40:30:30 v/v 
Detector: 340 nm 
Injection volume: 10 μl 
Flow rate: 1mL/min 
Temperature: Ambient 
Run time: 20 min 
Diluent: Methanol
Preparation of Phosphate buffer
A 2.72 g of KH2PO4 was weighed accurately and transferred into a 1000 mL volumetric flask. About 500 mL water (HPLC grade) was added to dissolve the KH2PO4 salt. After complete dissolution, the final volume was adjusted to 1000 mL with same water. The pH of the buffer was checked and adjusted to 3.0 with ortho-phosphoric acid.
Preparation of mobile phase
Mobile phase was prepared by mixing 400 mL phosphate buffer (pH 3), 300 mL acetonitrile (HPLC grade) and 300ml of methanol (HPLC grade). A mixture of phosphate buffer: acetonitrile: methanol (40:30:30) was degassed in an ultrasonic water bath for 30 minutes and filtered through 0.45 μ filter under vacuum.
Diluent Preparation
HPLC grade Methanol was used as diluent.
Preparation of Piperaquine phosphate Standard, Plasma and Saliva Sample Solutions
Standard Solution Preparation
The standard solutions were prepared by weighing accurately 10 mg of Piperaquine phosphate (working standards) and transferred into 10 mL clean dry volumetric flasks. About 7 mL of methanol was added to the flask and sonicated to dissolve the powders completely. Final volume was adjusted to the mark with methanol. From the Stock solutions, 2.0 mL Piperaquine phosphate solution was transferred into 10 mL volumetric flasks and diluted up to the mark with same diluent.
Sample Solution Preparation
Frozen samples of plain plasma and saliva samples stored at -30oC were removed from deep freezers and allowed to thaw at room temperature. 10 – 80 μL of standard piperaquine phosphate solution from stock was added to spike the plasma and saliva samples to 1 mL in Eppendorf tubes.
Injection of standards and samples into the chromatographic system
A volume of 10 μL of each standard, spiked plasma and saliva sample solutions were injected into the chromatographic system. The retention times, peaks areas and percentage assay of the drug in standard, plasma and saliva samples solutions were automatedly determined by the HPLC software. 
RESULTS
The calibration curve (Figure 2) was constructed by plotting absorbance versus concentration and the regression equations were calculated. The results are shown in Table 1. 
[image: ]
Figure 2. Assay calculation for Piperaquine phosphate
The assay results, expressed as % of the concentrations of the drugs in standard solution, spiked plasma and saliva samples injected into the HPLC system, are in Tables 1, 2 and 3. This indicates that the adapted methodology eluted adequate amount of the drug injected into it.

Table 1: Assay of Piperaquine Phosphate from samples of standard solutions
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Table 2: Assay of Piperaquine phosphate from samples of spiked plasma 
[image: ]
Table 3: Assay of Piperaquine phosphate from samples of spiked saliva 
[image: ]
Method Validation: 
1) System Suitability
System Performance parameters of developed HPLC method were determined by injecting standard solutions. Parameters such as number of theoretical plates (N), tailing factor, resolution (R), retention time (tR) were determined. The results are shown in Table 4, it indicates good performance. 
Table 4: System suitability parameters of Piperaquine phosphate
[image: ]
2) Linearity
The linearity of the analytical procedure is its ability (within a given range) to obtain the test results which are directly proportional to the concentration (amount) of analyte in the sample.
Preparation of stock solution
The stock solution was prepared by weighing accurately and transferred 25 mg Piperaquine phosphate (working standard) into 25 mL clean dry volumetric flasks. About 15 mL of diluent was added to the Piperaquine phosphate standard in the flask and sonicated to dissolve the powders completely. Final volume was adjusted to the mark with the same solvent. Above prepared Stock Solutions were used for the further dilution to prepare the following Levels:
a) Preparation of Level – I (10 µg/mL of Piperaquine phosphate): 1 mL Piperaquine phosphate stock solution was transferred into a 10mL volumetric flask and diluted up to the mark with diluent. 
b) Preparation of Level – II (20 µg/mL of Piperaquine phosphate): 2 mL Piperaquine phosphate stock solution was transferred into a 10mL volumetric flask and diluted up to the mark with diluent. 
c) Preparation of Level – III (40 µg/mL of Piperaquine phosphate): 4 mL Piperaquine phosphate stock solution was transferred into a 10mL volumetric flask and diluted up to the mark with diluent. 
d) Preparation of Level – IV (80 µg/mL of Piperaquine phosphate): 8 mL Piperaquine phosphate stock solution was transferred into a 10mL volumetric flask and diluted up to the mark with diluent. 
The above stated dilution proportions were repeated for Piperaquine phosphate spiked plasma and saliva samples. Thawed plasma and saliva were used as diluent in place of methanol for Piperaquine phosphate spiked plasma and saliva samples respectively. 
Injecting the Solutions to the Chromatographic System
Each level of standard solution was injected to the chromatographic system and the peak area was measured. The calibration curve (Figure 1) was constructed by plotting absorbance versus concentration and the regression equations were calculated. The results are shown in Table 5.

Table 5: Linearity of Piperaquine phosphate in standard, spiked plasma and saliva samples by RP-HPLC
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3) Precision
The precision of an analytical procedure expresses the closeness of measurements obtained from multiple sampling of the same homogenous sample under the prescribed conditions. Precision may be considered at three levels: repeatability, intermediate precision and reproducibility. The precision of an analytical procedure is usually expressed as the variance, standard deviation or coefficient of variation of a series of measurements. 
a. System Precision: The system precision was carried out to ensure that the analytical system is working properly. The results obtained are tabulated as Table 6. 
b. Method Precision: In method precision, a homogenous sample of the standard solution was analysed three times and was checked whether the process produce consistent results for the standard solution. The results are tabulated as Table 6. 
Procedure: The standard solution was injected for three times and measured the area and retention time (tR) for all three injections in HPLC. The % RSD for the area of five replicate injections was found to be within the specified limits. 
Acceptance Criteria: The % RSD for the area of three standard injections results should not be more than 2 %.







Table 6: System and method precision of Piperaquine phosphate for standard solution, spiked plasma and saliva samples
[image: ]
4) Accuracy: The accuracy of an analytical procedure expresses the closeness of agreement between the value which is accepted either as a conventional true value or an accepted reference value and value found. 
Preparation of Spiked Plasma and Saliva Sample solutions
The prepared Stock solution of standard Piperaquine phosphate was used for the further dilution to prepare the following levels of spiked plasma and saliva samples:
a. Preparation of Level – I (10 µg/mL of Piperaquine phosphate): 1 mL Piperaquine phosphate stock solution was transferred into a 10mL volumetric flask and diluted up to the mark with thawed plasma or saliva. 
b. Preparation of Level – II (20 µg/mL of Piperaquine phosphate): 2 mL Piperaquine phosphate stock solution was transferred into a 10mL volumetric flask and diluted up to the mark with thawed plasma or saliva.
c. Preparation of Level – III (40 µg/mL of Piperaquine phosphate): 4 mL Piperaquine phosphate stock solution was transferred into a 10mL volumetric flask and diluted up to the mark with thawed plasma or saliva.
d. Preparation of Level – IV (80 µg/mL of Piperaquine phosphate): 8 mL Piperaquine phosphate stock solution was transferred into a 10 mL volumetric flask and diluted up to the mark with thawed plasma or saliva.


Table 7: Accuracy and % Recovery from Standard, Plasma and Saliva samples
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5) Limit of Detection (LOD)
The limit of detection (LOD) is the smallest concentration that can be detected but not necessarily quantified as an exact value. LOD is calculated from the formula; LOD = 3.3σ /S 
Where, σ = standard deviation of the response, S = slope of calibration curve 
6) Limit of Quantitation (LOQ)
The limit of quantitation is the lowest amount of analyte in the sample that can be quantitatively determined with precision and accuracy. LOQ was calculated from formula: 
LOQ = 10σ /S 
where, σ = standard deviation of the response, S = slope of calibration curve 
LOD, LOQ are shown in the Table 8.

Table 8: LOD and LOQ of Piperaquine phosphate in standard samples
[image: ]
Discussion
The study aimed to develop a methodology for the quantitative analysis of Piperaquine phosphate (PIP) in two biological samples, specifically plasma and saliva. Many pharmacokinetic studies typically rely on blood and urine samples. 8 PIP is an essential antimalarial drug, and ensuring its optimal therapeutic levels in patients is crucial for effective malaria treatment. The novel aspects here is the exploration of saliva as a potential medium for monitoring PIP levels in children, given its correlation levels in adults. 
The use of RP-HPLC is well established in pharmaceutical and clinical research. 8 In this research, an isocratic reverse-phase high-performance liquid chromatographic (RP-HPLC) method was successfully adapted, optimised, and validated for the study. This methodology is crucial in assessing the therapeutic levels of PIP in patients, particularly in children who bore greater morbidity and mortality risk from malaria infections. This method has several key advantages, including precision, accuracy, rapidity, and cost-effectiveness. It is important to note that the study adapted and modified an existing RP-HPLC method originally developed for pharmaceutical formulations, demonstrating its versatility for analysing biological samples. 9, 10 1, 12 
The method employs a Cecil C18 column, which is appropriate for this analysis. The mobile phase consisting of phosphate buffer, acetonitrile and methanol is suitable for the separation of PIP. The detection at 340 nm ensures that PIP can be quantified accurately. The linearity range obtained from 10 – 80 μg/mL and low relative standard deviation values (<2%) indicate that the method is both reliable and robust. The RSD values obtained is like the values obtained by Bonthu and Prasanna (2014). 13 Furthermore, the correlation coefficients, precision studies and percentage recoveries all fell within acceptable limits. The consistency and reliability of the method which exhibited excellent precision was indicated by the low relative standard deviation values.
In any analytical method, accuracy is a critical aspect and the study assessed this through spike recovery experiments. 14-16 The mean recovery values for PIP from standard, plasma and saliva samples are within acceptable ranges, demonstrating the method’s ability to accurately measure PIP concentrations in various sample types. The high recovery values in the spiked saliva samples, particularly at the 80 μg/mL level (99.94%), are particularly encouraging, as this indicates the method’s applicability in non-invasive sample collection for paediatric patients.
The system suitability for the analysis indicated by the theoretical plates number, tailing factor, resolution and retention time are all well within acceptable limits. This confirms the method’s repeatability and reliability. The linearity is demonstrated by constructing calibration curves, which show direct relationship between concentration and absorbance, a critical factor in accurate quantification.
Precision, as evaluated for system and method precision, is well within acceptable limits, further establishing the reliability of the method.  The study’s evaluation of accuracy and recovery in spiked plasma and saliva samples is a vital aspect. The high mean recovery percentages for both standard and spiked samples indicate the method’s ability to accurately measure PIP in these matrices.
The validation of the methodology according to International Conference on Harmonization (ICH) guidelines is a key to the strength of this study. 14-16 The method sensitivity is crucial for detecting low drug concentrations, especially in paediatric patients. The limits of detection (LOD) and quantification (LOQ) were determined, and the study found them to be 0.388 μg/mL and 1.174 μg/mL respectively. These values indicate the method’s ability to detect and quantify PIP at low concentrations, further supporting its suitability for use in paediatric patients. 
CONCLUSION
[bookmark: _Hlk151691812][bookmark: _Hlk151691583]The method development for the assay of PIP concentration in human plasma and saliva showed sufficiently that the process was adequate to quantify the concentration of PIP in both sample types. The system suitability tests demonstrated the robustness of the HPLC system, and the method showed good performance, as indicated by the theoretical plates, tailing factor, retention time and resolution. The methodology adheres to established standards and guidelines, ensuring its reliability, precision, and accuracy. The ability to analyse PIP levels in saliva, particularly in children, is an innovative approach that can have significant implications in antimalarial therapy. Findings from this study offers a solid foundation for further research and clinical applications in the armament of malaria eradication efforts.
Limitations of the study: The sample size was small; however, the reproducibility of the method was validated for use in subsequent studies with larger samples.
Future research direction: This study was carried out on samples of plasma and saliva collected from healthy adult volunteers. Further studies in children who had malaria infection is recommended to ultimately correlate clinical and parasitological response to drug levels. The determination of drug levels in saliva is expected to enable non-invasive assessment of antimalaria usage, especially in rural settings where high-tech monitoring processes may not be accessible.  
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image5.emf
Drug %  Assay  Amount in  mg   Sample  Quantity  (µg/mL)  Sample  Peak area  (mAs)  Heigh t (mA)  Eluted  Quantity  (µg/mL)  Assay %  

Piperaquine  phosphate  10  38.9  7.5  8.866  88.66  

20  -  -  -  -  

40  -  -  -  -  

80  350.6  28.6  79.953  99.94%  

 


image6.emf
Drug  Theoretical  plates  Tailing  factor  Retention  time  Resolution  

Piperaquine  phosphate  1663  1.327  2.322  0.127    

 


image7.emf
S/No.   Conc. taken  in µg/mL  (Standard)  Conc. taken  in µg/mL  (Plasma)  Conc.  taken in  µg/mL  (Saliva)  Peak  area of  Standard  Peak  area of  Plasma  Peak  area of  Saliva  

1   10  10  10  45.900  9.750  5.192  

2   20  20  -  84.900  16.470  -  

3   40  40  -  173.700  23.040  -  

4   80  80  80  356.400  26.280  79.950  

 


image8.emf
S/N  Sample  (ppm)  Retention  time  (Standard)  Conc.  taken in  µg/mL  (Standard)  Retention  time  (Plasma)  Conc.  taken in  µg/mL  (Plasma)  Retentio n time  (Saliva)  Conc.  taken in  µg/mL  (Saliva)  Peak area  of  Standard  Peak  area of  Plasma  Peak  area of  Saliva  

1.  10  02:36.1  10.000  02:39.8  9.747  02:29.4  8.866  43.8  42.7  22.8  

2.  20  02:34.9  20.000  02:41.5  16.472  -  -  84.9  72.2  -  

3.  40  02:35.6  40.000  02:44.1  23.037  -  -  173.7  101.0  -  

4.  80  02:33.5  80.000  02:39.0  26.284  02:38.8  79.953  356.1  115.3  350.6  

Average   02.35.3  37.5  02.41.3  18.885  02.34.0  42.573  167.625  82.8  186.7  

SD   0.0099  26.8095  0.0195  6.3504  0.047  37.380 5  120.103 9  27.8741  163.9  

%RSD   0.4806  82.5519  0.9354  38.8287  2.8393  124.1741  84.2424  38.8723  124.1508  
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Accuracy  Level %   Mean recovery  of Piperaquine  phosphate (%)  Standard  Mean recovery  of Piperaquine  phosphate (%)  Plasma  Mean recovery  of Piperaquine  phosphate (%)  Saliva  

10  100.00  97.47  88.66  

20  100.00  82.36  -  

40  100.00  57.59  -  

80  100.00  32.86  99.94  
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Drug  LOD  LOQ  

Piperaquine phosphate (Standard)  0.388  1.174  
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image3.emf
Drug %  Assay  Amount in  mg   Sample  quantity  (ug/mL)  Sample  peak area  (mAs)  Height  (mA)  Standa rd  Purity  Assay %  

Piperaquine  phosphate  10  45.1  3.0  99.80 %  99.75%  

20  83.2  6.3  -  -  

40  167.8  15.3  -  -  

80  355.3  32.2  -  -  

 


image4.emf
Drug %  Assay  Amount in  mg   Sample  Quantity  (µg/mL)  Sample  Peak    Area  (mAs)  Height  (mA)  Eluted  Quantity  (µg/mL)  Assay %  

Piperaquine  phosphate   10  42.7  6.9  9.747  97.47  

20  72.2  8.5  16.472  82.36  

40  101.0  15.0  23.037  57.59  

80  330.1  24.7  75.278  94.10  

 


