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EXTRACTED PECTIN FROM CITRUS SINESIS FRUIT PEELS AS A PHARMACEUTICAL EXCIPIENT.	Comment by Dr. Kapil Kumar: There is a slight update in this draft with a different extraction method than usual, the evaluation of the results obtained is also quite adequate	Comment by Dr. Kapil Kumar: Change the title to Extraction of pectin from Citrus sinensisas fruit peels and its efficiency as a suspending agent.

ABSTTRACT

The aim of the study was to evaluate the efficiency of the extracted pectin derived from Citrus sinensisas a suspending agent in the formulation of artemether-lumefantrine fixed-dose oral powder for suspension. Analytical techniques such as Fourier transform infrared (FTIR), Differential scanning calorimetry (DSC) were carried out to ascertain the compatibility of the ingredients to be used in the formulation, the active pharmaceutical ingredients and the extracted pectin; excipient. The extracted pectin was used as an excipient in the formulation of a fixed-dose combination of artemether-lumefantrine powder for oral suspension. The formulated powder for suspension was analyzed for flow-ability, flow rate, sedimentation rate, re-dispersibility, dissolution rate, and short-term stability study. The pH for the extracted pectin and the reconstituted suspensions were 3.5 and 3.7 respectively. Among the batches formulated, the concentrations at which the extracted pectin exhibited suspending property was from 3.0 %w/v. The formulated artemether-lumefantrine granules for oral suspension had angle of repose, bulk and tapped densities, Hausner’s and Carr’s index of 30 °, 0.35g/mL, 0.42 g/mL, 1.20 and 15.00 %, respectively.  For the reconstituted suspension, the sedimentation volume of the optimizedbatch was almost 100 %, the redispersibility was 2-3 agitations through  an angle 180 °. The flow rate of the suspension was 5.46g/min, while the particle size was 7.20 µg. The viscosities at 30rpm and 60rpm ranged from 19.50_27.20cP, and 12.80_ 21.30, respectively. The 75 %w/w drug released from the dosage form for artemether and lumefantrine occurred after 80 and 90 min. respectively. The short term stability of artemether at days 0, 30, 60, 90 and 180 were, 91.70± 0.01, 91.35 ±0.00  90.13 ±0.02, 89.35± 0.03 and 85.50 respectively. Also, the stability of lumefantrine during the same period were 91.18 ± 0.00, 91.17 ± 0.03, 88.43± 0.01, 82.75 ± 0.00, and 81.77 ± 0.02 respectively. It could be inferred from this research work that the granules/powder for oral suspension (artemether/lumefantrine) prepared with the extracted pectin exhibited good suspending activity.	Comment by Dr. Kapil Kumar: Please divide the abstract in below sections 
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INTRODUCTION.	Comment by Dr. Kapil Kumar: The author explains quite clearly about the background of his research

Excipients have been defined in so many ways; including as inert substances used as vehicles and diluents for drugs. The problem with this definition is that in recent years excipients have proved to be anything except inert, not only possessing the ability to react with other ingredients in the formulation, but also to cause adverse and hypersensitivity reactions in patients. These reactions range from a mild rash to a potentially life-threatening reaction. Different brands of the same drug may contain different excipients, especially preservatives and colorants. The Consumer Medicines Information provides a list of excipients, and information on the safety of individual excipients can be found in drug reference guides.	Comment by DELL: Author did capture the statement of the existing problem (s) and proper justification.	Comment by DELL: The introduction manages a theoretical framework and sufficient background to support the objectives of the work, the number of references is adequate.

The word excipient is derived from the Latin excipere, meaning ‘to except’, which is simply explained as ‘other than’.  Pharmaceutical excipients are basically everything other than the active pharmaceutical ingredient. Ideally, excipients should be inert, however, recent reports of adverse reactions have suggested otherwise.“Pharmaceutical excipients are substances other than the active pharmaceutical ingredient (API) that have been appropriately evaluated for safety and are intentionally included in a drug delivery system.”Ideal Excipient Properties of   ideal excipients include stability and reproducibility, no untoward interaction with the drug (API), pharmacologically inert, desired functionality and cost effectiveness.The best new therapeutic entity in the world is of little value without an appropriate delivery system[1]. Today, medicines are available in many dosage forms including tablets, capsules, oral liquids, topical creams and gels, transdermal patches, injectable products, implants, eye products, nasal products, inhalers and suppositories. Pharmaceutical excipients are substances included in a pharmaceutical dosage form not for their direct therapeutic action, but to aid the manufacturing process, to protect, support or enhance stability, or for bioavailability or patient acceptability. They may also assist in product identification and enhance the overall safety or function of the product during storage or use [2].	Comment by DELL: The introduction section adequately explains the framework and problems of the research.
Good and properly articulated.

Thousands of different excipients are used in medicines and make up, on average, about 90% of each product. According to industry experts, they represent a market value of €3 billion (almost $4 billion) accounting for 0.5% of the total pharmaceutical market [3].
Ideally, an excipient is pharmacologically inactive, non-toxic, and does not interact with the active ingredients or other excipients. However, in practice few excipients meet these criteria. Toxicity may relate to compounds used as excipients in the final dosage form, or to residues of compounds (such as solvents) used during the manufacturing process [2].


MATERIALS AND METHODS	Comment by DELL: The materials and methods are very long and should be summarized to be more relevant to work.
	Comment by Dr. Kapil Kumar: The process of sample extraction and evaluation is quite clear, but it still requires supporting data in the form of NMR if measurements are also carried out

Materials
The following materials were used as procured locally without further purification; Sodium carboxyl methyl cellulose, xanthan gum (Acofarma, Madrid, Spain), citric acid, Polyethylene glycol 4000, talc (Merck, Germany), absolute ethanol, methanol, conc. HCl, methyl – 4 – hydroxybenzoate, propyl – 4 – hydroxy benzoate (BDH, England). Distilled water (Madonna University Industerial Pharmacy laboratory, Elele, Rivers State.). Citrus sinensis fruits were sourced from Obla orchard, Ajobe, Otukpo-Icho, Otukpo local government area, Benue State.
The pectin was extracted from the Citrus sinensis fruit peels at Madonna University Industrial Pharmacy Laboratory, Elele. Rivers State.
Artemether and lumefantrine powders were gift from Emzor pharmaceuticals Ltd, Lagos, Nigeria. All other reagents were of analytical grade and were used as such.
Methods
Collection of Citrus sinensis fruits
The fruits of Citrus sinensis were procured on the 25thof November 2019 from Obla orchard in Ajobe, Otukpo- Icho, Otukpo LGA of Benue State, North Central Region, Nigeria. TheCitrus sinensis fruits were authenticated/identified by Prof. G.E Omakhua, Department of Forestry and Wild Life Management, Faculty of Agriculture, University of Port Harcourt with herbarium number UPHR0477 and preserved in the university herbarium for future reference.
Sample Preparation	Comment by DELL: The research methodology is clearly described to address the problem statement and to achieve current research objectives. 

The procured fruits of Citrus sinensis were physically examined to ascertain their level of wholesomeness. Each of the fruits was cut into four parts and the peels removed, a soft white substance inside the skin of the fruit. The peels were further cut into smaller pieces and washed with sufficient quantity of clean water to remove the glycosides. The peels were then weighed using a digital electronic weighing balance, dried under shade for fourteen days, pulverized, weighed and then stored in air- tight containers awaiting extraction in later days [4, 5].
Extraction of pectin from the prepared sample
According to the method of Enkuahone (2018) with a little modification, 100g of the prepared sample was weighed and transferred into a 1000 mL beaker containing 500 mL of distilled water containing 2.5  mL concentrated HCI and properly mixed. The slurry was boiled for 45 min, and the temperature was maintained at 120 0C. It was filtered using Whatman filter paper No 1. The cake was washed with about 250 mL of boiled water and the combined filtrate was cooled to about 28 0C to minimize heat degradation of the pectin extract. The filtrate was precipitated with absolute alcohol in the ratio of 1:2 pectin extract- absolute alcohol, with thorough stirring with a magnetic stirrer for about 30 min, which makes the pectin float on the surface. The gelatinous pectin flocculants was then skimmed off. The pectin extract so obtained was purified by washing in fresh absolute ethanol twice the volume of the extract. This was then pressed on a muslin cloth to remove the residual HCl and universal salt from the extract.The extracted pectin was dried in an oven between 30º-40 ºC and stored in a desiccator for future use.
 Fourier transform infrared (FTIR) spectroscopy	Comment by DELL: Well designed and adequate. It is covered by the researcher very well.

The FTIR spectra of the samples were obtained using FTIR spectroscope (Agilent Technology Cary 630 FTIR, California). The sampling operation was initiated by starting and selecting transmittance mode, The crystal was properly cleansed with organic solvent and checked against the collecting background. 15 mg  of the extracted pectin, artemether,  lumefantrine, and the formulation ( a combination of artemether, lumefantrine and the extracted pectin as the suspending agent) were taken , closed and pressed to make a pellet on top of the crystal and the alignment of  sample was checked. All the samples were appropriately coded for identification, and then, the machine was set for sampling. After sampling, the ‘peak’ was picked and selected for labeling. The peaks were printed as spectra.
Differential scanning calorimetry(DSC)

All the samples were thoroughly dried to avoid damaging the equipment. 5 mg of the sample (the extracted pectin), the unloaded drugs (artemether and lumefantrine), and the drugs ( a combination of artemether, lumefantrine and the extracted pectin as the suspending agent) was weighed in a Tzero hermetic aluminum pan directly. The pan was then covered with its lid and put in a blue holder and the holder was pressed .The handle was pulled down to seal the pan and the lid. This procedure was repeated with an empty pan as a reference. The sealed pans were placed in the sample tray after allotting and noting the slot numbers. Also the reference pan was placed in a reference slot after noting the slot number, and kept safe for multiple runs using a differential scanning calorimeter (Netzsch 204 F1, Germany) equipped with an auto-sampler. The power to the cooler was turned on. The software was opened, TA Universal Analysis on the desktop of the computer. The nitrogen gas tank held at 20 psi was turned on at sample purge flow of 50 mLmin-1. Then all the data of the samples were entered on the program; name, sample weight, slot number, reference number and data storage location.Then, the procedure was entered at temperature range of equipment of -80 to 400 °C.  At the end of the procedure, the cooling system was automatically turned off, but the nitrogen gas was turned off. And for data transfer procedure, files were opened for the samples being processed and all the data collected were presented indicating the temperature for the beginning, middle, and end of transition appeared on the screen which were then saved. Then, the thermograph was displayed for all the samples as coded earlier.	Comment by DELL: Too lengthy, reduce its content

Elemental analysis
Inductively Coupled Plasma-Optical Emission Spectroscopy (ICP-OES) and FTIR data detected the presence of elements.

Melting point determination of the extracted pectin powder
The open capillary method using a Stuart melting point apparatus (Bibby Scientific Ltd, UK) was used to determine the melting point of the extracted pectin powder at room temperature. A small quantity of the extracted pectin powder was packed into a sample capillary tube, and the tube inserted into the melting point apparatus. The temperature over which the powder melts (°C) in the tube was recorded as the melting point. This determination was done in triplicate [6].
Formulation table.









Table 1: Composition of artemether/ lumefantrine granules containing the extracted pectin as the suspending agent
	Ingredient
	A1
	A2
	A3
	A4
	A5
	A6
	A7
	A8
	A9
	A10

	Artemether (mg)
	240
	240
	240
	240
	240
	240
	240
	240
	240
	240

	Lumefantrine (mg)
	1440
	1440
	1440
	1440
	1440
	1440
	1440
	1440
	1440
	1440

	Pectin (mg)
	300
	600
	900
	1200
	1500
	1800
	2100
	2400
	2700
	3000

	Citric acid (mg)
	30
	30
	30
	30
	30
	30
	30
	30
	30
	30

	Methyl paraben (mg)
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6

	Propyl paraben (mg)
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6

	Coconut flavor (mg)
	30
	30
	30
	30
	30
	30
	30
	30
	30
	30

	Talc (mg)
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6

	Total granule Weight 
	2058
	2358
	2658
	2958
	3258
	3558
	3858
	4158
	4458
	4758








Formulation of the granules for oral suspension	Comment by DELL: The structure is compact, sequential and logical. Methodology indicates meticulous and excellent data collection.


6 mg 6 mg and 300 mg quantity methyl-4-hydroxyl benzoate, propyl- 4-hydroxy benzoate, and the extracted pectin were accurately weighed using a digital weighing balance (M-Metlar Analytical Balance, Germany) respectively, into a glass mortar well triturated for size reduction and homogeneously mixed.  A drop of freshly prepared distilled water was added and properly mixed.  240 and 1440 mg of artemether and lumefantrine, respectively, were weighed into another glass mortar and was properly triturated.  30 mg citric acid was weighed into the same glass mortar.  The contents of the two glass mortars were homogeneously mixed, and passed through sieve No 1. The damp granules were dried in a desiccator for 24 h, and the dried granule were passed through sieve No 2.  6 and 30 mg quantity of talc powder and coconut powder were weighed respectively, and added to the dried granules in the glass mortar. Then, the granules were properly mixed, packaged in a sterile amber-coloured plastic bottle, and stored in a desiccators for analysis. This procedure was repeated for the other concentrations of the extracted pectin as in Table 1. In each case, triplicate formulations were carried out [7].

Analysis of granules for oral suspension.
Angle of repose and the flow rate

The angle of repose of artemether/lumefantrine granules for oral suspension containing the extracted pectin as the suspending agent was determined using the static method with some modifications. A 13.5 cm long plastic pipe opened at both ends with an internal diameter of 4 cm was placed on a paper on a flat surface and 50 g of the granule of each batch was poured from the upper end. The pipe was lifted up to discharge the granules to form a heap of height, h and the edge of the granule heap was carefully marked without distortion to estimate its diameter. The time it took the granule to flow through the long plastic pipe was also recorded.	Comment by DELL: Too lengthy, reduce its content

These determinations were carried out in triplicate and the mean was taken. The angle of repose and the rate were calculated using the formula in equations 1 and 2, respectively [8].
 Ø= tan-1 (2h/d)                                                                  Eq. 1
Where h is the height of the granule heap, d is the diameter of the heap and Ø is the angle of repose.

Flow rate = Eq.2

Bulk density

A 20 g quantity powder of each of the batches of the artemether/lumefantrine granules was weighed and transferred into various clean and dry 25 mL glass measuring cylinder respectively, and placed on a smooth flat surface. The volume occupied by the granules was noted. The determination was done in triplicates and the densities were calculated according to the formula;

Bulk density = Eq.  3

Tapped density
A 20 g granules was accurately weighed from each batch using a digital electronic weighing balance, and then transferred into a clean and dry 25 mL measuring cylinder placed on a flat smooth surface. The measuring cylinder was tapped on the smooth flat surface from a height of about 4 cm until a constant volume was obtained. Triplicate determinations were made and the readings were taken. The densities were calculated using the formula in equation 4 [10].
							Eq.  4



Determination of true density of the granules
The non-solvent liquid used for the determination of the true density of the granules was n- hexane. An empty dry 25 mL pycnometer (Mettler, Germany) was weighed and recorded as W1.  A 0.5 g of artemether/lumefantrine granules  was accurately weighed and poured into a 25 mL pycnometer. The pycnometer with its content was weighed and the weight recorded as W2.The granule was discharged, and the pycnometer was filled with n- hexane, covered and the spills were cleansed.  Then, the pycnometer was reweighed and recorded as W3. The pycnometer was emptied and 0.5 g of artemether/lumefantrine granules was weighed and transferred into the empty and dry pycnometer. The remaining space was filled with n-hexane. The pycnometer, with its content, was weighed and recorded as W4.These determinations were carried out in triplicates. The density of the granule was calculated using equation 5.	Comment by DELL: Too lengthy, reduce its content


Density of granules = Mass of granules (g)/Volume of granules (mL)
                            = Eq.5
Where 0.6606 is the relative density of n-hexane.


 Hausner ratio (quotient) and Carr’s index

The Hausner ratio was calculated using the formula in equation 6.

Hausner’s RatiO, H.R = = Eq.6

The Carr’s index was calculated using the formula in equation 7.

Carr’s Index, C.I = Eq.7
   Where, Db and Dtare bulk and tapped density, respectively


Evaluation of the reconstituted suspension

Sedimentation rate /volume	Comment by DELL: Too lengthy, reduce its content


15ml of the reconstituted powder of artemether/lumefantrine for oral suspension of the different batches containing the extracted pectin as the suspending agent was transferred into 25 ml graduated glass measuring cylinder and placed on flat smooth surfaces undisturbed. The sedimentation rate for the various batches were monitored every 12 h and then every 24 h for 5 days. The ultimate volume of the sediment Vu and the original volume of the suspension Vo were noted and recorded. The percentage sedimentation volume for the different batches of the reconstituted suspension was calculated according to the formula in equation 8 [11].

F = 	Eq. 8

Where F is the sedimentation volume,   Vu is the ultimate volume of the sediment, and V0 is the original volume of the reconstituted suspension.
This determination was carried out in triplicates, and the mean taken.

Flow rate of the reconstituted suspension

10ml of theartemether/lumefantrine reconstituted suspension was pipetted using a 10ml glass pipette. It was allowed to flow and the flow time taken was taken and recorded. The flow rate of the reconstituted suspension was calculated using the formula in equation 9 [12].

Flow Rate, F.R = Eq. 9

This determination was carried out in triplicates for all the batches, and the mean values were taken

pH measurement
The pH measurements of the reconstituted suspensions of the various batches of artemether-lumefantrine granules was carried out daily for 5 days using a digital pH meter (Hanna instruments, USA). The pHdetermination was carried out for all the batches and a marketed in triplicates, and results were recorded.

Re-dispersibility study
The granules of artemether-lumefantrine suspension were reconstituted to 60ml using freshly  prepared distilled water. The reconstituted suspensions were kept in stoppered dispense bottles stored at room temperature for 5 days. At regular interval, one dispensing bottle was taken and turned upside down at an angle of 180° until there was no sediments at the bottom of the bottle. The number of turns before re-dispersion occurred were noted and recorded [12].

Viscosity
The viscosities of the different batches of the reconstituted suspension of the various batches of artemether-lumefantrine and a marketed product were determined at room temperature using a Brookfield Synchro electric viscometer, model LVF at 30 and 100 rpm (spindle No 2). These determinations were carried out in triplicates and the results obtained were recoded [13].

Particle size
The particle size of the reconstituted artemether-lumefantrine suspension was measured by microscopic technique. Briefly, a smear of the suspension was prepared on a glass slide. The sizes were, then, measured using calibrated eye-piece micrometer. The particle size of the marketed product was also determined using the same procedure.

Organoleptic properties
The reconstituted suspensions of artemether-lumefantrine and a marketed product were examined respectively for their organoleptic properties such as color, taste, odor, and the observations were recorded. The determination was carried out in triplicate. 

Dissolution studies of the formulated artemether/lumefantrine granules for oral suspension 

Preparation of 0.1M methanolic HCl

Concentrated HCl (8.5 mL) was accurately measured and transferred into a glass measuring cylinder containing 50 mL methanol. The solution was properly mixed and allowed to cool. The solution was then transferred into a 1000 mL glass measuring cylinder and made up to the mark with adequate methanol. The solution was properly mixed by gently stirring the solution with a long glass stirring rod.	Comment by DELL: Too lengthy, reduce its content


Plotting of calibration curve
Artemether 
 200 mg of the pure sample of artemether was dissolved  and made up to 50mL of the freshly prepared 0.1M methanolic HCl making a stock solution of concentration of 4 mg/mL. The serial dilutions were made from the stock solution to concentrations of 0.16, 0.64, 1.44, 2.56, 4.0 and 5.76µg/mL respectively. The absorbance for each concentration was determined using UV/Vis
Spectrophotometer at a maximum wavelength, λmax 213 nm. 0.1M methanolic HCl was used as the blank. Triplicate determinations were made for each concentration.

Lumefantrine 
50 mg of lumefantrine  pure sample was accurately weighed, dissolved, and made up to 50mL with freshly prepared 0.1M methanolic HCl tomake a stock solution of concentration 1 mg/mL. Serial dilutions were prepared from the stock solution to get 0.04, 0.16, 0.36, 0.64, 1.0μg/mL. of lumefantrine. Absorbance for each concentration was measured at maximum wave length, λmax; 254nm, using the 0.1M methanolic HCl as the blank. Triplicate determinations was carried out for each concentration [14].

Dissolution/Release rate studies
The dissolution/release rate of the prepared granules of artemether-lumefantrine containing the extracted pectin was determined using the paddle method. The dissolution apparatus was filled with 900 mLof freshly prepared 0.1M mathanolic HCl, and allowed to equilibrate at 37± 0.5 0C.
The powder for oral suspension equivalent to 20 mg of artemetherwas introduced into the dissolution compartments. The dissolution apparatus was set at a speed of 50 rpm at λmax value of 213 nm.using the paddle method.5 mL of the solution was withdrawn at predetermined intervals up to 2 h, and replaced with the same volume of the dissolution medium to maintain the sink condition. The concentration of the drug dissolved in the media was calculated from the Beer’s plot.  The percentage of drug released was compared to the label. These were carried out in triplicates and the results were recorded. For the determination of the release rate of lumefantrine, the same procedure was used. However, the powder for oral suspension equivalent to 120 mg of the lumefantrine and a λmax of 254 were used [15].

Short term stability studies of the formulated artemether/lumefantrine powder for oral suspension 	Comment by DELL: Too lengthy, reduce its content


An amount of the powder for oral suspension equivalent to 120 mg lumefantrine was carefully weighed into a 100 ml volumetric flask and dissolved with 50 mL of 0.1M methanolic HCl. The mixture was stirred with a magnetic stirrer at 1000 rpm for 15min. The resulting solution was made up to 100ml with 0.1M mathanolic HCl. The solution was then properly mixed and filtered through a Whatman’s No 1 filter paper.  The first 5mL of the filtrate was discarded.  The remaining filtrate was diluted to 0.16mg/mL and analyzed using UV/Vis spectrophotometer at the predetermined λmax.The absorbance was obtained and the actual concentration of lumefantrine was calculated using the standard calibration curve equation. The percentage content of the active ingredient was calculated using the formula in equation 10.
For the analysis of the content of artemether, an amount of the powder equivalent to 20 mg of artemether was weighed into a 100 mL volumetric flask, and dissolved in 50 mL of  0.1 M methanolic HCl. The same steps taken for the analysis of lumefantrine was repeated for artemether.

Percentage content of API =                          Eq. 10
The procedure was repeated for all the batches.


Data and statistical analysis.
Data were analyzed using statistical package for social sciences (SPSS Version 23). The results were expressed as mean ± SD. The differences between means of the measured parameters were compared using one-way ANOVA.

RESULTS AND DISCUSSION	Comment by Dr. Kapil Kumar: The discussion of the results is conveyed by the author sequentially using supporting parameters
	Comment by Dr. Kapil Kumar: Some of the supporting data in the form of graphics is unclear due to poor layout


Yield of the pectin extracted from Citrus sinensis fruit peels

An alcoholic extraction of Citrus sinensis fruit peels was carried out in an acidic medium and pectin extract was obtained. The percentage yield was 8 %W/W as shown in Table 16.  This result slightly differs from those of earlier reports which stated that pectin yield was 12-14 % [17]. This slight difference may be due to the differences in the extraction conditions.We carried out the extraction at 120 ºC at pH 2.2 for 45 min. In contrast, the extraction reported in the literature was 95 ºC at pH 1.5 for 105 min.  The higher temperature of 120 ºC may had resulted in the degradation of the extracted pectin. In addition, the shorter extraction period and higher pH could had resulted in a lower yield. Therefore, the optimum extraction conditions for higher yield should be pH less than 2, temperature lower than 100 ºC and an extraction period of close to 2 h the pH should be lower than 2, the extraction period must be long enough, about 2 h [18, 19]. The yield also decreases with increase in fruit maturation [20].  	Comment by DELL: The results of the research are relevant to the objectives and the central idea established from the title of the work. The results allow establishing the conclusions of the investigation.





Table 2: Yield of pectin extracted from Citrus sinensis fruit peels

	S/NO                 Citrus sinensis fruit peels (g)                   Pectin yield (%) 

	1
	100
	8.0

	2
	100
	9.0

	3
	100
	7.0

	Mean
	100
	8.0

	S.D
	0.00
	0.00



*S.D = Standard Deviation.


Thermal and/or non-thermal/ spectroscopic analysis
These analyses were carried out to determine the compatibility of the pure drug samples with the excipient to be used in the formulation by observing the presence of any interaction which is manifested either by increase or decrease in major peaks and troughs or a complete disappearance of major spectra.

Fourier transform infrared (FTIR) for the extracted pectin	Comment by DELL: Too long description
 FTIR spectroscopy is an analytical technique used to identify organic, polymeric, and in some cases inorganic materials. The FTIR analytical technique uses infrared light to scan test samples and observe chemical changes. Each molecule or chemical structure will produce a unique spectral finger print of the sample, making FTIR analysis a great tool for chemical identification and/or contamination detection [25].
 A change in the characteristic pattern of absorption bands clearly indicates a change in the composition of the material or the presence of contamination. If by visual inspection, the problems are identified, then origin could be determined by FTIR micro analysis.Pectin is made up of carboxylic and alcoholic hydroxyl groups. From the spectrum of the extracted pectin, the following peaks were deduced;1025 cm-1 for C = O,  1237.5 cm-1 for OH,  1319 – 1420 cm-1 for – OH - , 1638 cm-1 for C = C,  1990 – 2109 cm-1 for aromatic combination bands, 2818.5 cm-1 for methyl C-H and 3287.5 cm-1 for polymeric OH stretch [23]. The extracted pectin + artemether; the peaks are 872.2 cm-1, 991.5 cm1,  1025 cm-1,  1103.1 cm-1, 1371.1 cm-1, 1736.3 cm-1,  3350 cm-1. These spectral values fall within the mid IR region which could be divided into four sub-region; 

1. Single bend sub-region 4000 – 2500cm-1
2. Triple bend sub-region 2500 – 2000cm -1 
3. Double bend sub-region 2000 – 1500cm-1-1
4. Finger point sub-region 1500 – 600cm-1Since the peak are more than 5, each for the  extracted pectin shows that they are complex molecules [24]. Comparing the FTIR of the extracted pectin and its combinations with the active pharmaceutical ingredients, the differences are only but a slight bend/shift from the originals. This result indicates a little or no chemical interaction between the excipient, the extracted pectin and the active pharmaceutical ingredients.

[image: ]
Fig 1: FTIR of the extracted pectin.
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Fig 2: FTIR of the extracted pectin-artermether combination


[image: ]
Fig 3: FTIR of the extracted pectin-lumefantrine combination

Differential scanning calorimetry
The thermographs of the extracted pectin and the loaded formulations is shown in Figuures 8-10. The onset of melting transition of artemether,lumefantrine and the extracted pectin were 30, 75and 30 °C respectively. These values are below the respective melting points of excipients and excipient-drug combination. This result indicates their instability at such high temperatures. The formulations were carried out in an air-conditioned laboratory and the drying process was carried out in desiccators within 24 h of the excipient- drug combination.  Thus, the formulated powder for oral suspension were kept in desiccators for maximum stability. The findings here revealed high thermal stability of the extracted pectin that melts at about 150 ºC which is relatively high, but, a glass transition at about 160 ºC as shown in Fig.8. When the extracted pectin is combined with lumefantrine, the melting point was reduced to about 115 ºC and transition occurred at about 125 ºC. In contrast, the melting point was maintained at 150 ºC. When the extracted pectin was combined with artemether. More so, there was no change in the thermographs of the active pharmaceutical ingredients and those of the combined excipient and the active pharmaceutical ingredients. These findings indicate chemical stability and compatibility of the excipients and the active pharmaceutical ingredients as earlier reported [25].	Comment by DELL: Too long description






[image: ]
        Fig. 8: Thermograph of the extracted pectin.	Comment by Dr. Kapil Kumar: Please check figure numbers. Figure numbers 4,5,6,7 are missing


[image: ]
Fig 9: Thermograph of the extracted pectin-artemether combination.




[image: ]
Fig 10: Thermograph of the extracted pectin-lumefantrine combination.

 Elemental analysis of the extracted pectin
The extracted pectin consists of a greater mass of oxygen molecules (55.28), which stimulates the aerobic microorganisms for easy degradation. It also contains 39.74 ± 0.31 carbon atom and 5.00 ± 0.20 of calcium for the required strength. This result is shown in Table 3. These elements are the major make up of organic compounds which are non-toxic, eco-friendly, biodegradable and safe. The calcium component helps in its gelling property that has been greatly exploited as an excipient/delivery system. These results are as reported in previous works [27].



Table 3: Elemental analysis of the extracted pectin	Comment by Dr. Kapil Kumar: No need of this table, content of it is already mentioned in text

	Element
	Mass (%)

	Carbon (C)               
	39.74 ± 0.31

	Oxygen (O)
	55.28 ± 0.36

	Calcium (Ca)
	  5.00 ± 0.20





Melting point determination of the extracted pectin 
The melting point for the extracted pectin powder was 151 ºC as shown in Table 4. This high melting temperature implies that the extracted pectin will be stable at temperatures below 151 °C. This value falls within the melting point range of 150-154 ºC of pectin reported by previous workers [28].  However, caution should be taken when combined with active pharmaceutical ingredients to prevent excessive melting point depression of the product[29].




Table 4: Melting point determination of the extracted pectin.	Comment by Dr. Kapil Kumar: No need of this table, content of it is already mentioned in text


	S/No
	Melting point. (%)

	1
	154

	2
	148

	3
	150

	Mean
	151

	S.D
	 ± 0.33


*S.D = Standard Deviation.

Flow properties of artemether-lumefantrine granules formulated withthe extracted pectin.	Comment by DELL: Too long description, reduce it

Micromeritic study data of pectin for bulk density and bulkiness, true density, total porosity, powder flow behavior is shown in Table 5. The bulkiness value indicated that the extracted pectin is a ‘heavy’ powder.The total porosity has been correlated with dissolution rate. It was also found that the higher the porosity, the faster the rate of dissolution. Pectin exhibited good flow characteristics.

 Angle of repose
The angle of repose for the extracted pectin is shown in Table 5 and its angle of repose was 30.00 ± 0.04. This indicates a good flow into the final container, and the extracted pectin powder will not stick together. This finding means that the extracted pectin could produce good tablets with minimal tablet weight variation [11]. 

Bulk and Tapped density
The results of the determination of bulk and tapped densities of the extracted pectin powder are shown in Table 5. The bulk densities were consistently less than the tapped densities of the extracted pectin powder, which indicates reduction of powder volume on tapping. The bulk density calculated was 0.35±0.01 and the tapped density was 0.42±0.00 g/mL for the extracted pectin. There was no significant difference in the bulk densities (p<0.05). It was also similar in the tapped densities.

Hausner’s quotient and Carr’s index
The Hausner’s quotient of the extracted pectin powder was 1.20 ± 0.00 and Carr’s index was 15.00 ± 0.01 % as shown in Table 5. These are good flow indices which means the extracted pectin are loose as powders in the packaging containers. Good flow-ability is desirable in proper die filling and production of tablets with very limited tablet weight variation and granules not sticking together in their final containers [11].

Flow rate of the extracted pectin powder
The calculated flow rate of the extracted pectin is shown in Table 5. It was 5.46 ± 0.01 g/min, an indication of a good flow property. Therefore, it would be good for preparation of powder for suspension and tablets with good physical properties, uniformity in weight and content, and desirable hardness and friability properties.
Particle density
The determined particle density was 1.57 ± 0.01 g/mL as shown in Table 5. This is the density of the particulate solid or powder that make up the powder devoid of air or fluid or space [30, 31].


Table 5: Micromeritics properties of the extracted pectin powder

	Parameter                                                              Result.

	Bulk density (g/mL)
	0.35 ±  0.01

	Tapped density (g/mL)
	0.42 ± 0.00

	Angle of repose  (0)
	30   ± 0.04

	Flow rate (g/min)
	5.46 ± 0.01

	Carr’s index (%)
	15  ±  0.01

	Hausner’s quotient
	1.2  ±  0.00

	Particle density (g/mL)
	 1.57± 0.01



Evaluation of the reconstituted suspension
 The sedimentation volume/rate	Comment by DELL: Too long description, reduce it

There was a decline in the sedimentation volume of the artemether/lumefantrine suspension during the 5 day storage period as shown in Fig 11. The sedimentation volume was 100% initially indicating stability of the suspension. When allowed to stand undisturbed for the duration of the study, various volumes of particles were observed. The rate of sedimentation decreases with the concentration of the suspending agent and increase in storage duration. The sedimentation volume or ratio can be related to the viscosity of the suspension as the rate of sedimentation is inversely proportional to the viscosity of the dispersion medium [32]. The suspensions with high viscosity had their drug particles suspended much longer than those of less viscosity.The viscosity of the suspension vary with the concentration of the suspending agent, in this case, the extracted pectin. The sedimentation rate is also a function of the particle size of the insoluble solids in the suspension. The larger the particle size, the greater the tendency to sediment. Smaller particles could stay suspended for a longer period of time [33]. Based on these findings, batches A6-A10 suspension were stable and follow this order from the findings and in that ascending order; A6< A7 <A8 < A9 < A10.  The concentration of the extracted pectin that gave the best properties of an ideal suspension like slow sedimentation rate, elegance, pourability and re-dispersion is batch A8; 4 %w/v [34]. 


Fig 11: Percentage sedimentation volume.	Comment by Dr. Kapil Kumar: Batch???????


This Figure missing some information related to batches, different color represents to which batch?

Re-dispersion of the reconstituted suspension
 The Result of the re-dispersibility study of the reconstituted artemether- lumefantrine suspension is shown in Fig. 12. Half of the formulation batches A1, A2, A3, A4 and A5 have difficulties in re-dispersing. This is likely due to low concentration of the extracted pectin in the formulation as suspending agent. Whereas formulations of batches A6, A7, A8, A9 and A10 were readily re-dispersed with moderate shaking with very few forming cakes.These batches contain higher concentrations of extracted pectin.  Caking may be attributed to closely packed bed devoid of inter-particulate pores on settling, leading to difficulties in flow of the diluents into the bed upon agitation in order to aid re-dispersion. One of the attributes of a good suspension is its ability to re-disperse its sediment on moderate agitation. Therefore, the fewer the number of agitations before re-dispersion is achieved, the more effective the suspending agent. The order of re-dispersion is as follow: A6 < A7 < A8 > A9 < A10 [33]. A good suspension is easily re-dispersed (low re-dispersion number) in order to ensure uniformity of administered doses after shaking the bottle.  From the results batch A8 with concentration of 4 %w/v is the most stabilized formulation [13].It exhibited properties of an ideal suspension including slow sedimentation rate, elegancy, pourability and re-dispersibility [34]	Comment by DELL: Too long description



Fig 12: Re-dispersion of the formulation	Comment by Dr. Kapil Kumar: Batch???????


This Figure missing some information related to batches, different color represents to which batch?


Dissolution rate studies
The in vitro dissolution rate studies showed that none of the batches had 75 % release after about 80 and 90 min. for artemether and lumefantrine respectively. Though the formulations are for immediate (conventional) release but to be administered every 12 h. Approximately100 % of artemether and lumefantrine release was obtained after 120 min. These results are shown in Fig 13 and 14. As the concentration of the suspending agent, that is, the extracted pectin was increased, the drug release was continuously being increased, with few exceptions.  When higher concentrations of the extracted pectin was used as suspending agent, flocculated suspensions were produced, and  were easily re-dispersed on moderate agitation even after days. The release of artemether from the formulation was faster and higher than lumefantrine. For the release of lumefantrine, batch A9 had the least rate of release, though, reached the peak like other batches in terms of their release. These drug release results are in agreement with previous reports. Currently dissolution methods for fixed- dose artemether-lumefantrine suspension is not in the official monographs. The available methods, using independent dissolution conditions for each active pharmaceutical ingredients and/or considering the relative effect of dissolution method variables described in literature by researchers demonstrated relative long dissolution time of about 120 min [34, 35].	Comment by DELL: Too long description



 Fig 13: Artemether percentage cumulative release.



Fig 14: Lumefantrine percentage cumulative released.

Short term stability study of the formulated artemether-lumefantrine powder for oral suspension
The short term stability studies for the formulated artemether/lumefantrine was carried out for a period of 180 days by analyzing the drug content at days 0, 30, 60, 90, and. 180. The artemether content in the formulated granules reduced from 91.70 % at day 0 to 85.50 % at day 180 while the lumefantrine reduced from 91.18 % at day 0 to 81.77 % at day 180, as shown in Fig. 15 below. an The percentage actual content released was higher for artemether than lumefantrine which could be linked to their short and long half- life of 2-3 h and 2-6 days respectively. These values obtained are  very close to those earlier reported, but, lower and this might be due to difference in methods used; in this work the usual dissolution apparatus was used, whereas, the previous workers used chromatography as earlier reported [16]. Though, the official acceptable range is 90-110 %w/w [36]. 	Comment by DELL: Too long description



Fig.15: Short term stability study for artemether and lumefantrine.	Comment by Dr. Kapil Kumar: For what red and blue colored lines? Mention in curve

LIMITATIONS OF THE STUDY	Comment by Kapil: Please add this section

CONCLUSION
It could be inferred from the results of this research that the granules of artemether-lumefantrine for oral suspension formulated with the extracted pectin as suspending agent as from 3.0- 5.0 %w/v were stable and thus, considered as good  powder for oral suspension. The batch A8, containing 4.0 %w/v of the extracted pectin as the suspending agent gave the best properties of an ideal suspension in terms of elegance, sedimentation rate, and re-dispersion. Its sediment was in a flocculated state.The drug release, but, not the short term stability studies of formulated granules for oral suspension were within the acceptable pharmacopoeia limits, the stability study being slightly below. These go further to prove that the extracted pectin is a good suspending agent. It was also discovered that the higher the concentration of the extracted pectin, the faster the rate of drug release from the formulation [37]. 	Comment by DELL: Implication of current study’s results to academic and/or policy makers can map the interpretation of main findings appropriately.
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% Sedimentation volume
Batches	A6	0	1	2	3	4	5	100	100	98	96	96	94	Batches	A7	0	1	2	3	4	5	100	100	100	96	96	95	Batches	A8	0	1	2	3	4	5	100	100	100	98	98	96	Batches	A9	0	1	2	3	4	5	100	100	100	100	98	95	Batches	A10	0	1	2	3	4	5	100	100	100	100	100	98	Days

% sedimentation vol.



Re-dispersion of the formulation
Batch	A6	1	2	3	4	5	3	2	4	3	4	Batch	A7	1	2	3	4	5	2	3	3	3	4	Batch	A8	1	2	3	4	5	2	2	3	3	3	Batch	A9	1	2	3	4	5	3	3	4	3	3	Batch	A10	1	2	3	4	5	2	2	3	3	3	Days

NO of turns



Artemether % cumulative released
Batch A6	Time/min	0	5	10	20	30	40	50	60	70	80	90	100	110	120	0	5.09	12.29	19.989999999999938	27.67	36.480000000000004	45.160000000000011	54.93	65.649999999999991	77.8	83.29	85.58	88.240000000000023	90.72	Batch A7	Time/min	0	5	10	20	30	40	50	60	70	80	90	100	110	120	0	5.85	13.01	20.27	28.5	37.64	46.13	56.25	66.849999999999994	78.64	83.440000000000026	85.910000000000025	89.64	90.27	Batch A8	Time/min	0	5	10	20	30	40	50	60	70	80	90	100	110	120	0	5.96	13.18	20.64	28.82	37.790000000000013	47.790000000000013	58.120000000000012	68.959999999999994	80.86999999999999	83.51	87.7	90.54	94.5	Batch A9	Time/min	0	5	10	20	30	40	50	60	70	80	90	100	110	120	0	6.08	13.25	20.73	29.07	38.130000000000003	47.790000000000013	58.28	69.11999999999999	80.910000000000025	83.53	89.11	91.35	95.58	Batch A10	Time/min	0	5	10	20	30	40	50	60	70	80	90	100	110	120	0	6.21	13.46	21.08	29.34	38.6	48.49	59.120000000000012	75.03	82.26	86.63	91.16	93.33	97.11	
Percentage released



Lumefantrine % cumulative released
BatchA6	Time/min	0	5	10	20	30	40	50	60	70	80	90	100	110	120	0	0.8	2.6	5.2	8.2100000000000009	13.01	20.420000000000002	31.439999999999987	45.05	61.68	79.739999999999995	85.33	86.940000000000026	89.53	Batch A7	Time/min	0	5	10	20	30	40	50	60	70	80	90	100	110	120	0	1.21	3.21	6.02	9.23	14.63	22.25	33.260000000000012	46.97	63.790000000000013	83.53	86.940000000000026	89.5	89.73	Batch A8	Time/min	0	5	10	20	30	40	50	60	70	80	90	100	110	120	0	1.4	3.4099999999999997	6.22	9.11	14.52	22.130000000000031	33.15	47.09	63.91	83.61999999999999	87.53	89.73	90.23	Batch A9	Time/min	0	5	10	20	30	40	50	60	70	80	90	100	110	120	0	1.6	3.2	5.41	8.41	11.82	17.420000000000002	25.24	36.450000000000003	50.56	67.5	87.93	90.54	92.25	Batch A10	Time/min	0	5	10	20	30	40	50	60	70	80	90	100	110	120	0	1.2	3.2	6.6099999999999985	10.220000000000001	15.43	23.64	35.260000000000012	49.89	66.92	87.13	88.95	90.09	91.98	
Percentage of lumefantrine released



Stability study for artemether and lumefantrine 
AR	Day	0	30	60	90	180	91.7	91.35	90.13	89.35	85.5	LU	Day	0	30	60	90	180	91.179999999999978	91.169999999999987	88.43	82.75	81.77	
Percentage content of the drugs
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