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Abstract

Sitagliptin is a dipeptidyl peptidase-4 (DPP-4) inhibitor that is used orally in conjunction with
diet and exercise to control sugar levels in type 2 Diabetes Mellitus patients. This study
aimed to extemporaneously prepare SiP solution (1% w/v) using pure Sitagliptin phosphate
(SiP) powder and assess its stability according to pharmaceutical regulatory guidelines.
Four SiP solutions, coded T1, T2, T3, and T4, were extemporaneously prepared using pure
SiP powder as a source of API. The most suitable one, in terms of general organoleptic
properties, was selected for further investigations, including stability studies. For this last
purpose, samples of the T4 solution were kept under two storage conditions, room tempera-
ture (25°C and 60% Relative Humidity) and accelerated stability conditions (40°C and 75%
Relative Humidity). Assay, pH, organoleptic properties, related substances, and microbial
contamination were evaluated for 4 consecutive weeks. A High-Performance Liquid Chro-
matography (HPLC) analytical method was developed and validated to be used for the anal-
ysis and quantification of SiP in selected solution formulation. The adopted formula had a
pH on the average of 3 to 4. During the stability tests, all pH values remained constant. Fur-
thermore, after 4 weeks of storage under both conditions, the SiP concentration was close
to 100%. A stable SiP extemporaneous solution was successfully prepared using pure SiP
powder. Patients with swallowing problems who use feeding tubes and are unable to take
oral solid dosage forms may benefit from this research. Community pharmacists can pre-
pare the solution using sitagliptin powder as the source of the active ingredient.

Introduction

Diabetes mellitus (DM) is a metabolic disorder characterized by a high blood sugar level result-
ing from defects in insulin secretion, insulin action, or both [1, 2]. Untreated hyperglycemia is
associated with long-term complications including retinopathy with a potential loss of vision,
nephropathy leading to renal failure, and peripheral neuropathy with risk of foot ulcers, ampu-
tations [3]. Diet and exercise can help some people to manage type 2 diabetes [4]. However,
when lifestyle changes aren’t enough to lower blood sugar levels, the physician may prescribe
suitable antidiabetic drugs. Some of these drugs are administered orally such as o.-glucosidase
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inhibitors, Biguanides, DPP-4 inhibitors, Glucagon-like peptides, Sulfonylureas, and Megliti-
nides [5]. Gliptins are a group of the most common drugs used for lowering high blood glu-
cose. SiP chemically is 3-amino-1-(3-trifluoromethyl)-6,8-dihydro-5H-(1,2,4) triazolo[4,3-a]
pyrazin-7-yl]- 4-(2,4,5-trifluorophenyl) butane-1-phosphoric acid hydrate] (Fig 1) [6].

SiP is the most commonly prescribed gliptin to treat diabetes mellitus, alone or with metfor-
min. SiP binds to the dipeptidyl peptidase 4 enzyme, inhibiting the breakdown of glucagon-
like peptide (GLP)-1 and glucose-dependent insulinotropic peptide (GIP) [7]. These hor-
mones are released by the gut after meals and target the pancreas by raising glucose-dependent
insulin secretion and decreasing glucagon output from pancreatic o-cells [8]. SiP has many
side effects including arthralgia, myopathy, pruritus, pancreatitis and it may increase hepatic
enzymes level [9]. Unfortunately, SiP is available in markets only as a solid dosage form which
is unsuitable for patients with swallowing problems. In fact, the prevalence of swallowing diffi-
culties is one of the most common problems among pediatric and geriatric patients [10]. This
problem will increase in elderly people as a result of many reasons including Alzheimer’s dis-
ease, carcinoma, and stroke. Patients with this problem will be less compliant and receive less
than optimal treatment with tablets and capsules [11]. Patients having swallowing problems or
underuse of feeding tubes may face serious challenges when they should be administered solid
oral dosage forms. Accordingly, the community or hospital pharmacist should develop or pre-
pare a new convenient oral liquid dosage form for those patients [12-15]

Therefore, the involved pharmacist should raise several questions to manage such cases,
such as if the drug is available in a suitable liquid formulation and, if not, whether they can for-
mulate a convenient oral liquid formulation of the drug or not [14, 15]

To the best of our knowledge, only glibenclamide and metformin are available as a liquid
dosage form to treat diabetes mellitus. Unfortunately, SiP is only available as a solid dosage
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Fig 1. Chemical structure of SiP.
https://doi.org/10.1371/journal.pone.0262068.g001
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form. This study was conducted to prepare a SiP oral liquid dosage form and to evaluate its
chemical and physical stability using bulk SiP powder.

Materials and methods
Materials

For this study, SiP powder, Sorbitol, Mannitol, peppermint flavor, cherry flavor powder, and
strawberry flavor powder were obtained from Pharmacare -PLC Ramallah, Palestine.

Instruments and chromatographic conditions

The high-performance liquid chromatography (HPLC) system (Dionex, Thermo Scientific)
consisted of an ultimate 3000 model pump (SN 8031808), autosampler (SN 8031972), column
oven (SN 8031817), PDA detector (SN 8031310), and Chromeleon software V.6.8 (Dionex,
Germany). Weights were measured using Oahu’s balance (R1097) (Switzerland), and pH was
detected by using Mettler-Toledo PH meter (TYPE: MP225) (ID: RI015) (Columbus, US). A
multichannel stirrer model (MS -52M) (Jeio-Tech, Korea) was used to confirm dissolving, and
a stability chamber for accelerated storage conditions at 40 °C and 75% RH (RI 091) (Mem-
mert, Germany) was used to evaluate the quality of the product at these harsh conditions. A
UV-spectrophotometer (Jasco V 730, Japan) was used to check the suitable wavelength at
which SIP showed the maximum absorbance.

Chromatographic conditions

To make a mobile phase ratio of 1:1, 500 ml of 0.1 M potassium dihydrogen phosphate buffer
(13.6 g potassium dihydrogen phosphate dissolved in 1000 ml of distilled water) and 500 ml of
methanol were combined. Phosphoric acid was used to change the pH to 4.5, after which the
solution was degassed and filtered through a 0.45 membrane filter. The column oven tempera-
ture was 222°C, the run time was approximately 20 minutes, and the analyte retention time
was approximately 6.3 min.

Formulation of SiP oral solution

A quality by testing (QbT) method was applied to guarantee the desired final quality of the SiP
solution. Accordingly, several trials were carried out to achieve the most suitable formula that
met the desired quality in terms of compliance of taste and dissolving behavior as shown in
Table 1. Initially, the organoleptic properties of the suggested formulas were evaluated by the
formulator himself. These tests were approved by the local ethics committee (Institutional
Review Board [IRB] of An-Najah National University). After that, the formula that showed the

Table 1. Formulation of SiP oral solution.

Ingredients T1 T2 T3 T4
Sitagliptin Phosphate Monohydrate 64¢g 64¢g 64¢g 64¢g
Liquid Sorbitol 70% w/v 140 ml 140 ml 140 ml 140 ml
Mannitol l4g l4g l4g l4g
Peppermint 2 ml 0 0 0
Cherry 2g 3g 3g 0
Strawberry 0 0 2¢g 4g
Purified water up to 640 ml to produce 1% w/v concentration 640 ml ml 640 ml 640 ml

https://doi.org/10.1371/journal.pone.0262068.t001
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most suitable taste, odor, and color was selected for stability studies according to the ICH
guidelines for stability studies except analysis time intervals [16].

The SiP solution (T4) was prepared to a final concentration of 10 mg/ml. Three samples
were taken from the stored SIP solution for initial analysis and the remaining samples were
stored at room temperature and in the stability chamber for stress conditions to analysis at 0,
7,14, 21, and 28 days.

The T4 oral solution was made in triplicate using 6.4 g of the drug dissolved in 30 ml of dis-
tilled water. After that, 140 ml of 70% sorbitol w/v was applied to the previous mixture. Mean-
while, mannitol was continuously mixed into the mixture using a magnetic stirrer. The flavor
(Strawberry) was then dissolved in 10 ml of water and added to the resulting mixture. Finally,
filtered water was applied until the required amount was achieved, and the mixture was thor-
oughly mixed to produce a homogenized solution. The obtained solutions were poured into
plastic bottles with a capacity of 100 ml. Three bottles were held at room temperature for sta-
bility testing, while the other three were put in an accelerated stability chamber (40°C, 75%
RH).

Quality control of the oral solution

The obtained oral solutions were first examined for clarification, flavor, odor, and color.
Chemical and physical stability, assay, pH, and microbial contamination were all studied fur-
ther using the formula that provided the best results.

Chemical analysis

According to the validation portion, the amount of SiP in the obtained solution was investi-
gated using a new validated HPLC analytical process. The HPLC experimental conditions
were optimized on the Octadecyl silane C18 chemically bonded column (C18 150 X 4.6 porous
silica column with 5 p particle size or equivalent) that was purchased from ACE, (United King-
dom). The mobile phase was prepared by mixing 500 ml of 0.1M potassium dihydrogen phos-
phate buffer (13.6 g of potassium dihydrogen phosphate dissolved in 1000 ml distilled water)
and 500 ml of methanol to make a mobile phase ratio of 1:1. Phosphoric acid was used to
adjust the pH to 4.5, after that the solution was degassed and filtered through a 0.45 membrane
filter. After being analyzed using a UV-spectrophotometer in the UV range (220-320), the
maximum absorption was located at a wavelength of 260 nm (260 nm). The flow rate used was
0.5 ml/minute and the injection volume was 10 pl.

Analytical validation

The method was validated under the ICH guidelines [17, 18]. Parameters such as system suit-
ability, selectivity, linearity, range, accuracy (recovery), and precision (repeatability) were all
validated. For example, separated normal and placebo solutions were analyzed under the same
conditions to determine the method’s specificity. The results were compared with that of a
sample solution that had been analyzed on the same day to check if there is any interference
between the SiP peak and any other peak in the chromatogram. To determine the accuracy of
the method, three different concentrations were prepared at 60%, 100%, and 140% of the final
assay concentration for SiP. Three samples were taken from each concentration. Two injec-
tions were given to each sample. For SiP, standard solutions were prepared with the same con-
centrations as the final assay concentration. The accuracy parameter (percent of recovery) was
calculated. On the other hand, the precision parameter was determined on six sample- solu-
tions with a final concentration of 0.1285 mg/ml for SiP. The sample and the standard solu-
tions were prepared as directed in the specificity test. The precision parameter (coefficient of
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variation) was calculated. To assess the linearity of the method, five concentrations of the sam-
ple solutions were employed for constructing calibration curves covering a concentration
ranging from 0.0771 to 0.1799 mg /ml. Concerning ruggedness and robustness, the same trial
was used to prepare the sample solutions that were used in each part of the ruggedness and
robustness parameter. Standard and sample solutions were prepared and analyzed by two dif-
ferent analysts, different flow rates, different % buffer in the mobile phase, different pH values
for the mobile phase, different two instruments, different two columns, and filter versus centri-
fuge. Parameters of system suitability were determined by injecting six samples each one com-
posed of 10.0 pl of the standard solution with a final concentration of 0.1285 mg/ml SiP.
According to the obtained chromatograms, parameters such as injection precision, tailing fac-
tor and theoretical plates were calculated. This analytical procedure validation was conducted
using three trials of the product and one trial of the placebo product that was prepared in the
laboratory.

Preparation of stock, sample, and standard solutions

Diluent. Highly purified water was prepared by using a Millipore Milli-Q Plus water puri-
fication system.

Standard stock solution. Transfer 64.25 mg of Sitagliptin phosphate monohydrate RS/
WS (accurately weighed) to 50 ml volumetric flask, add 40 ml of diluent, stir and sonicate to
dissolve, dilute to volume using the same diluent, and mix.

Standard solution. Using a volumetric pipette, transfer 5 ml of standard stock solution to
50 ml volumetric flask, diluted to 50 ml using diluent, and mix well.

Sample solution. Using a volumetric pipette, transfer 5 ml of the reconstituted solution
(64.25 mg of Sitagliptin phosphate monohydrate) to a 100 ml volumetric flask, add 75 ml of
diluent, shake and sonicate for 30 min, leave to return to room temperature, dilute with diluent
to the volume, and mix. After that, transfer 10 ml of the supernatant to a 50-ml volumetric
flask, dilute with diluent to volume, and mix. Pass a portion of this solution through a nylon
filter having a 0.45-um, reject the first 10 ml, and use the filtrate as the Assay preparation.

Procedure. Inject 10 pl of the standard solution and sample solution directly into the HPLC
column under the optimized chromatographic conditions. Suitability requirements were fixed
for column efficiency to be not less than 800 theoretical plates from the SiP peak, tailing factor
not more than 2.0, and relative standard deviation below 2.0% for the standard solution.

Microbial contamination testing

This test was conducted according to the pharmacopeial specification and guidelines [19]. Pre-
cisely, to prepare the culture media, 28 g of nutrient agar dehydrated powder was dissolved
using 1000 ml of distilled water. The obtained solution was brought to boiling and kept under
vigorous mixing. Then, the solution was sterilized by placing it in the autoclave for 15 min at
125°C. The sterilized solution was then poured into sterilized Petri dishes. Then, the Petri
dishes were placed for 24 h in the refrigerator. After that, 0.1 ml of each syrup was placed on
the petri dish and incubated for 48 h at 37°C, and then by visual inspection using the colony
counter we detected the presence of Escherichia coli, total aerobic microbial count, or total
combined yeast and mold counts.

Results

SiP powder was used to make a T4 oral solution. The pH, assay, related substances, organolep-
tic properties (Table 2), and microbial contamination of this oral solution were all tested
(Table 3). Also, T4 was subjected to further stability studies as reported in Table 2. This
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Table 2. Quality control tests for solutions from pure powder.

Q.C. 0 Day 7 Days 14 Days 21 Days 28 Days

25°C 40°C 25°C 40 °C 25°C 40 °C 25°C 40 °C 25°C 40 °C
Assay (%w/v) 98.5 N/A 100.2 97.47 100.7 98.8 101.7 99.8 102.1 100.2

+0.3 +0.36 +0.3 +0.3 +0.4 +0.3 +0.3 +0.3 +0.3
Related substances (%w/v): Unspecified impurities

0.04 0.04 0.05 0.07 0.07 0.07 0.07 0.08 0.07 0.08
Total impurities 0.04 0.04 0.05 0.07 0.07 0.07 0.07 0.08 0.07 0.08
pH 3 3.1 3.1 3.5 3.2 3.6 3.3 3.7 3.5 4
Organoleptic Properties Complies Complies Complies Complies Complies

https://doi.org/10.1371/journal.pone.0262068.t002

formula showed good chemical, physical, and microbial stability during the whole period of
study (4 weeks). Indeed, the drug concentration remained unchanged despite being stored
under room or accelerated conditions for one month. In addition, all other stability parame-
ters remained stable as per day 0.

Regarding the microbial stability of SiP, no signs of contamination were observed as sum-
marized in Table 3.

Stress degradation studies showed that alkaline degradation is the major degradation path-
way of SiP. Actually, the forced degradation analysis aimed to see how well the analytical
method could classify and differentiate degradation products from unbroken SiP. The results
showed that the HPLC approach used can distinguish the main degradation product (fumarate
adduct) with a relative retention time of 1.25 min (Fig 3).

Since all validation parameters were within the acceptable ranges as stated, the used analyti-
cal method was found to be accurate for the assay of SiP in the prepared solutions (Table 4).
Moreover, the parameters of system suitability were assessed and they were within the accep-
tance criteria as summarized in Table 5. The related substances test was carried out according
to the European Pharmacopeia (EP 9.0) method of analysis [20]. The approach was precise
since isolated normal and placebo solutions were tested under the same conditions and the
results were compared to those of a reference solution analyzed the same day, with no interfer-
ence between the SiP peak and any other peak in the chromatogram. The retention time
obtained for SiP was about 5. 48 min as reported in Fig 2. Additionally, stress testing was per-
formed under different stress conditions, including degradation by 0.IN HCI, 0.1N NaOH,
H,0,, light, and heat. At all the conditions, there was no interference between the SiP and any
other degrades and the purity of the SiP was 0.999 as reported in Table 6. The method also was
accurate since the analyzed three different concentrations (60%, 100%, and 140%) of SiP solu-
tions showed the percent of recovery of 99.43%, 101.29%, and 101.02%, respectively. On the
other hand, the calculated precision parameter showed a coefficient of variation equal to
0.48%. To determine the method’s linearity, a linear calibration curve was created using five
SiP concentrations ranging from 0.0771 to 0.1799 mg/ml. The obtained calibration curve
showed a correlation coefficient close to 1 and a Y-intercept equal to 11904.150 and a limit of
detection equal to 77.1 pug/ml, which ensures that the method is linear within this range.

Table 3. Microbial limit tests after 28 days of storage at room temperature.

Microbiology Results Limits
Escherichia coli bacteria Negative/ml Absent
Total combined yeast and molds count < 10 cfu/ml not more than 10" cfu/ml
Total aerobic microbial count < 10 cfu/ml not more than 10 cfu/ml

https://doi.org/10.1371/journal.pone.0262068.t003
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Table 4. Summary results of the validation of the assay of SiP solution.

Parameter | Statistical Measure

Result Limits

Specificity | No interference between SiP chromatogram and other Complies | No interference between the active material peak and any other
chromatograms peaks.

Accuracy | For 60% 99.43 98.00-102.00
For 100% 101.29
For 140% 101.02

Linearity | « Correlation Coefficient
« Y-Intercept

Precision | Coefficient of Variation (RSD)

https://doi.org/10.1371/journal.pone.0262068.1004

0.99930 « Min 0.9950
11904.150 | « +£2.0% of the average area
0.48% Maximum of 2.0%

Standard and sample solutions were prepared and evaluated by two separate analysts, with dif-
ferent flow rates, percent buffer in the mobile phase, pH values for the mobile phase, different
two instruments, different two columns, and filter versus centrifuge, and no major variations
were identified. No significant differences were observed due to these changes as the coeffi-
cient of variance for all of them was below the recommended limit of 2% (Tables 4 and 7). The
system suitability was determined by injecting 10.0 pl of the standard solution and finding the
results within the recommended range. The relative standard deviation on six replicate injec-
tions was found to be 0.63%, tailing factor 1.9+0.2%, and the column efficiency expressed by
several theoretical plates for the six replicate injections and was 4222.

Once the appropriate formula was assessed for solubility and organoleptic properties, it was
stored at two storage conditions, room temperature (25+3°C) and accelerated conditions
(40°C/75% RH), to assess its stability. Throughout the stability analysis, the solution exhibited
chemical, physical, and microbial stability (4 weeks). In fact, there was no appreciable change
in pH which remained within the accepted range (3-4) till the end of the study period and the
mean % of remained SiP was close to 97% + 0.2 at room temperature. Also, until the end of the
fourth week of storage, bottles stored under stability conditions of 40°C/75% RH displayed
similar stability. Furthermore, there were no visible signs of organoleptic changes such as
odor, color, or crystal formation in the solutions. Furthermore, the solutions showed no signs
of microbial contamination and no signs of microbial development, as claimed in Table 3.

Discussion

The pharmacist faces difficulties in community and hospital pharmacy practice with the prepa-
ration of liquid dosage forms that are not commercially available for pediatric and geriatric
patients who have trouble swallowing tablets or capsules, as well as patients who may obtain
medicines through nasogastric or gastrostomy tubes [21]. To the best of our knowledge, SiP is
not available in any liquid oral dosage forms that could not be suitable for patients with swal-
lowing difficulties. In fact, during the Covid-19 epidemic where geriatric patients with diabetes
are considered highly vulnerable to ending up in the ICU, and having a suitable liquid dosage
form for this important drug may be of great help to the physicians. At the beginning of the

Table 5. Summary results of system suitability.

Parameter Results Limit

Injection Precision (RSD) 0.63 < 2.0% (for six injections).
Tailing Factor 1.2 <20

Number of Theoretical Plates 4222 > 2000

Capacity Factor 7.5 >2

https://doi.org/10.1371/journal.pone.0262068.t005
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Fig 2. HPLC chromatograms of SiP sample (A) and reference standard (B).
https://doi.org/10.1371/journal.pone.0262068.9002

development of the oral liquid formulation, it was noted that the SiP bulk powder was freely
soluble in water. As a result, an oral solution of this drug can be conveniently prepared without
compromising absorption, as is the case for water-insoluble drugs. Furthermore, SiP has an
oral bioavailability of about 87%, and its pharmacokinetic parameters are unaffected by food
intake. Besides, it reaches maximum plasma concentration within 3 h [22]. Accordingly, there
is no need for either dissolution or bioequivalence studies (as in capsules, tablets, and suspen-
sions) to demonstrate that the administered dose is bioequivalent to the brand tablets. On the
other hand, a strong bitter taste of the solution was detected. As a result, several attempts were
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Fig 3. HPLC Chromatogram of SiP and its degradation products substance (A and B before and after magnification.
https://doi.org/10.1371/journal.pone.0262068.9003

Table 6. Summary results of SiP stressed conditions.

Stress solution | Assay after one Degradation of the main Interference with the main Purity check for the main UV spectrum for the main
day peak peak peak peak

H,O keptat 60 | 99.6% No No 0.999 Similar

°C

0.1 N NaOH 86.2% Partial No 0.999 Similar

3% H,0, 97.6% No No 0.999 Similar

0.1 N HCI 96.7% No No 0.999 Similar

At120°C 97.8% No No 0.999 Similar

In UV Chamber | 99.1% No No 0.999 Similar

Initial result for the stock solution was = 99.3%.

Retention time for the main peak was = 5.48 min.

https://doi.org/10.1371/journal.pone.0262068.t006
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Table 7. Summary ruggedness and robustness results of the assay validation of SiP solution.

Ruggedness | Coefficient of Different

and Variation. analyst
Robustness (RSD)

Coefficient of | 0.84
Variation.
(RSD)

https://doi.org/10.1371/journal.pone.0262068.t007

Different Different Different % Different pH Different Different Filter vs | Max

time Flow rate buffer in the for mobile instruments | Columns | centrifuge | 2.0%
analysis mobile phase phase
0.10 0.41 0.10 0.54 0.53 0.61 0.69

made to disguise or mitigate this unfavorable bitterness. At the end of our attempts, we suc-
cessfully developed a new extemporaneous SiP oral liquid formula with suitable organoleptic
properties. Also, a new analytical method was developed and validated to assess the quality
and stability of the obtained SiP extemporaneous solution using pure SiP powder [23]. Based
on validation parameters such as specificity, device linearity, suitability, accuracy, range, preci-
sion, and ruggedness, the current validation study aims to ensure that the established SiP solu-
tion assay method is successful and reproducible. The validated HPLC method showed that
SiP was eluted after 5.45 min of the run while the main related substance was eluted 6.467 (Fig
2A and 2B). A freshly prepared solution of SiP was tested using this HPLC method and corre-
lated with the SiP reference standard. In fact, both retention time and the shape of the peaks
were comparable between the reference standard solutions and the sample (Fig 2).

The stress degradation studies showed that alkaline degradation is the major degradation
pathway of SiP (Fig 3) [24, 25]. As a result, it’s critical to build an HPLC system that can iden-
tify degradation products. As a consequence, the approach can be used to investigate the stabil-
ity of SiP oral solution. After that, the selected formula was assessed for its assay, pH, microbial
contamination, and organoleptic properties including color, smell, taste, and turbidity during
the whole period of the study (one month) to estimate the expiry date of the obtained formula
(Tables 2 and 3). At the end of the 28 days, more than 97% of the initial concentration of SiP
was detected in the solutions which were stored in a selected stability condition. Moreover, no
observable changes in color, odor or apparent microbial growth were observed in any sample
during the stability study’s period. Besides, no apparent change in the mean pH was observed
in any of the tested samples. Since the SiP liquid dosage form is not commercially available,
community and hospital pharmacists may benefit from this knowledge because they can pre-
pare such a formula on a prescription using pure SiP powder. This could be very useful for a
wide range of patients who need oral hypoglycemic drugs in a liquid dosage form.

Conclusion

Using pure SiP powder, an extemporaneous SiP solution was successfully prepared. In terms
of stability and organoleptic properties, the used formula was of high quality. The community
pharmacist can extemporaneously prepare the solution using this active ingredient from the
sponsor of the generic. Scientific details and instructions on how to compound commercial
immediate-release tablets into oral solution, as well as information on the solution’s expiration
date, should be provided in pharmaceutical manufacturers’ product inserts.

Acknowledgments
The authors would like to acknowledge An-Najah National University for its support.

Author Contributions
Conceptualization: Abdel Naser Zaid.

PLOS ONE | https://doi.org/10.1371/journal.pone.0262068 March 16, 2022 10/12


https://doi.org/10.1371/journal.pone.0262068.t007
https://doi.org/10.1371/journal.pone.0262068

PLOS ONE

Sitagliptin oral solution

Data curation: Nidal Jaradat.

Investigation: Tharaa Abu Salah, Sameera Siaj, Lana Omari.

Methodology: Yara Abu Zaaror.

Project administration: Abdel Naser Zaid.

Supervision: Abdel Naser Zaid, Yara Abu Zaaror.

Validation: Aiman Kaddumi, Mashhour Ghanem.

Writing - original draft: Tharaa Abu Salah, Sameera Siaj, Lana Omari.

Writing - review & editing: Abdel Naser Zaid, Nidal Jaradat.

References

1.

10.

1.

12.

13.

14.

15.

Poolsup N, Suksomboon N, Amin M. Effect of treatment of gestational diabetes mellitus: a systematic
review and meta-analysis. PloS one. 2014; 9(3):€92485. https://doi.org/10.1371/journal.pone.0092485
PMID: 24658089.

Saeedi P, Petersohn |, Salpea P, Malanda B, Karuranga S, Unwin N, et al. Global and regional diabetes
prevalence estimates for 2019 and projections for 2030 and 2045: Results from the International Diabe-
tes Federation Diabetes Atlas. Diabetes Res Clin Pract. 2019; 157:107843. Epub 2019 Sep 10. https://
doi.org/10.1016/j.diabres.2019.107843 PMID: 31518657.

Group UPDS. Intensive blood-glucose control with sulphonylureas or insulin compared with conven-
tional treatment and risk of complications in patients with type 2 diabetes (UKPDS 33). The lancet.
1998; 352(9131):837-53. http://dx.doi.org/10.1016/S0140-6736(98)07019-6. PMID: 9742976.

Colberg SR, Sigal RJ, Fernhall B, Regensteiner JG, Blissmer BJ, Rubin RR, et al. Exercise and type 2
diabetes: the American College of Sports Medicine and the American Diabetes Association: joint posi-
tion statement. Diabetes Care. 2010; 33(12):e147—e67. https://doi.org/10.2337/dc10-9990 PMID:
21115758.

Gillies CL, Abrams KR, Lambert PC, Cooper NJ, Sutton AJ, Hsu RT, et al. Pharmacological and lifestyle
interventions to prevent or delay type 2 diabetes in people with impaired glucose tolerance: systematic
review and meta-analysis. BMJ. 2007; 334(7588):299. Epub 2007 Jan 19. https://doi.org/10.1136/bm);.
39063.689375.55 PMID: 17237299.

Rasparini M, Tufaro RR, Minelli C. Process for the production of sitagliptin. Google Patents; 2014.

Hayes J, Anderson R, Stephens JW. Sitagliptin/metformin fixed-dose combination in type 2 diabetes
mellitus: an evidence-based review of its place in therapy. Drug Des Devel Ther. 2016; 10:2263. https://
doi.org/10.2147/DDDT.S93076 PMID: 27486305.

Davis JA, Singh S, Sethi S, Roy S, Mittra S, Rayasam G, et al. Nature of action of Sitagliptin, the dipepti-
dyl peptidase-IV inhibitor in diabetic animals. Indian J Pharmacol. 2010; 42(4):229-33. hitps://doi.org/
10.4103/0253-7613.68425 PMID: 20927248.

Plosker GL. Sitagliptin: a review of its use in patients with type 2 diabetes mellitus. Drugs. 2014; 74
(2):223-42. https://doi.org/10.1007/s40265-013-0169-1 PMID: 24407560.

Scott LJ. Sitagliptin: a review in type 2 diabetes. Drugs. 2017; 77(2):209-24. https://doi.org/10.1007/
s40265-016-0686-9 PMID: 28078647.

Hermansen K, Kipnes M, Luo E, Fanurik D, Khatami H, Stein P, et al. Efficacy and safety of the dipepti-
dyl peptidase-4 inhibitor, sitagliptin, in patients with type 2 diabetes mellitus inadequately controlled on
glimepiride alone or on glimepiride and metformin. Diabetes Obes Metab. 2007; 9(5):733—45. Epub
2007 Jun 26. https://doi.org/10.1111/j.1463-1326.2007.00744.x PMID: 17593236.

Hansen DL, Tulinius D, Hansen EH. Adolescents’ struggles with swallowing tablets: barriers, strategies
and learning. Pharm World Sci. 2008; 30(1):65-9. Epub 2007 Jun 27. https://doi.org/10.1007/s11096-
007-9142-y PMID: 17594531.

Morris H. Dysphagia in the elderly-a management challenge for nurses. Br J Nurs. 2006; 15(10):558—
62. https://doi.org/10.12968/bjon.2006.15.10.21132 PMID: 16835552.

Allen LV. The art, science, and technology of pharmaceutical compounding. Washington, DC: Ameri-
can Pharmaceutical Association; 2002.

Zaid AN, Assali M, Zalmout S, Basheer AJEJoHP. Compounding and stability evaluation of atorvastatin
extemporaneous oral suspension using tablets or pure powder. Eur J Hosp Pharm. 2017; 24(3):157—
61. https://doi.org/10.1136/ejhpharm-2016-000913 PMID: 31156928

PLOS ONE | https://doi.org/10.1371/journal.pone.0262068 March 16, 2022 11/12


https://doi.org/10.1371/journal.pone.0092485
http://www.ncbi.nlm.nih.gov/pubmed/24658089
https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.1016/j.diabres.2019.107843
http://www.ncbi.nlm.nih.gov/pubmed/31518657
http://dx.doi.org/10.1016/S0140-6736(98)07019-6
http://www.ncbi.nlm.nih.gov/pubmed/9742976
https://doi.org/10.2337/dc10-9990
http://www.ncbi.nlm.nih.gov/pubmed/21115758
https://doi.org/10.1136/bmj.39063.689375.55
https://doi.org/10.1136/bmj.39063.689375.55
http://www.ncbi.nlm.nih.gov/pubmed/17237299
https://doi.org/10.2147/DDDT.S93076
https://doi.org/10.2147/DDDT.S93076
http://www.ncbi.nlm.nih.gov/pubmed/27486305
https://doi.org/10.4103/0253-7613.68425
https://doi.org/10.4103/0253-7613.68425
http://www.ncbi.nlm.nih.gov/pubmed/20927248
https://doi.org/10.1007/s40265-013-0169-1
http://www.ncbi.nlm.nih.gov/pubmed/24407560
https://doi.org/10.1007/s40265-016-0686-9
https://doi.org/10.1007/s40265-016-0686-9
http://www.ncbi.nlm.nih.gov/pubmed/28078647
https://doi.org/10.1111/j.1463-1326.2007.00744.x
http://www.ncbi.nlm.nih.gov/pubmed/17593236
https://doi.org/10.1007/s11096-007-9142-y
https://doi.org/10.1007/s11096-007-9142-y
http://www.ncbi.nlm.nih.gov/pubmed/17594531
https://doi.org/10.12968/bjon.2006.15.10.21132
http://www.ncbi.nlm.nih.gov/pubmed/16835552
https://doi.org/10.1136/ejhpharm-2016-000913
http://www.ncbi.nlm.nih.gov/pubmed/31156928
https://doi.org/10.1371/journal.pone.0262068

PLOS ONE

Sitagliptin oral solution

16.

17.

18.
19.

20.
21.

22,

23.

24,

25.

ICH Harmonisation for better Health. Quality Guidelines Switzerland. 2015. Available from: https://
www.ich.org/page/quality-guidelines.

Walfish S. Analytical methods: a statistical perspective on the ICH Q2A and Q2B guidelines for valida-
tion of analytical methods. BioPharm Int. 2006; 19(12):1-6.

Swartz ME, Krull IS. Analytical method development and validation. USA: CRC Press; 2018.

Uddin MS, Al Mamun A, Akter N, Sarwar MS, Rashid M, Amran MS. Pharmacopoeial standards and
specifications for pharmaceutical oral liquid preparations. Arch Curr Res Int. 2016:1-12. http://dx.doi.
org/0.9734/ACRI/2016/22675.

European Pharmacopoeia 9. Sitagliptin Tablets. Strasbourg: Council of Europe (EDQM); 2019.

Mahmoud IM, Ibrahim YM, Shakir MA, EI-Gied AAA. Extemporaneous preparations of pediatric oral for-
mulations: stability studies conducted in spironolactone suspensions, powders and capsules in Saudi
hospital pharmacies. J Glob Trends Pharm Sci. 2014; 5(2):1595-602.

Richter B, Bandeira-Echtler E, Bergerhoff K, Lerch C. Emerging role of dipeptidyl peptidase-4 inhibitors
in the management of type 2 diabetes. Vasc Health Risk Manag. 2008; 4:753—-68. https://doi.org/10.
2147/vhrm.s1707 PMID: 19065993.

Haywood A, Glass BD. Liquid dosage forms extemporaneously prepared from commercially available
products—considering new evidence on stability. J Pharm Pharm Sci. 2013; 16(3):441-55. https://doi.
org/10.18433/j38887 PMID: 24021292.

Sehrawat R, Maithani M, Singh R. Regulatory aspects in development of stability-indicating methods: a
review. Chromatographia. 2010; 72(1-2):1-6. http://dx.doi.org/10.1365/s10337-010-1612-z.

El-Bagary RI, Elkady EF, Ayoub BM. Liquid chromatographic determination of sitagliptin either alone or
in ternary mixture with metformin and sitagliptin degradation product. Talanta. 2011; 85(1):673-80.
Epub 2011 Apr 27. https://doi.org/10.1016/j.talanta.2011.04.051 PMID: 21645757

PLOS ONE | https://doi.org/10.1371/journal.pone.0262068 March 16, 2022 12/12


https://www.ich.org/page/quality-guidelines
https://www.ich.org/page/quality-guidelines
http://dx.doi.org/0.9734/ACRI/2016/22675
http://dx.doi.org/0.9734/ACRI/2016/22675
https://doi.org/10.2147/vhrm.s1707
https://doi.org/10.2147/vhrm.s1707
http://www.ncbi.nlm.nih.gov/pubmed/19065993
https://doi.org/10.18433/j38887
https://doi.org/10.18433/j38887
http://www.ncbi.nlm.nih.gov/pubmed/24021292
http://dx.doi.org/10.1365/s10337-010-1612-z
https://doi.org/10.1016/j.talanta.2011.04.051
http://www.ncbi.nlm.nih.gov/pubmed/21645757
https://doi.org/10.1371/journal.pone.0262068

