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Abstract 

In this article is reported a new method for the preparation of extemporaneous ibuprofen-

based suspensions for use in paediatric patients. This method allows the preparation of 

extemporaneous suspensions up to concentrations of 200 mg / 5-mL by using a liquid base, 

named “Wagner”. A comprehensive physical-chemical stability study was conducted on the 

formulation at a drug concentration of 200 mg / 5-mL by performing high-pressure liquid 

chromatography and Turbiscan analyses. Chromatographic analyses of the samples 

demonstrated the chemical stability of the active pharmaceutical ingredient in the base for 

more than 90 days when the formulations were stored at 4 °C and 25 °C. Visual and optical 

analyses evidenced a reversable slightly creaming phenomenon when the formulations were 

stored at 4 °C or 25 °C restoring the initial suspension by simply shaking.  

Introduction 

Ibuprofen (IBU) (Figure 1) is a non-steroidal anti-inflammatory drug that belongs to 

arylpropionic acid derivatives and is chemically (RS)-2-(4-(2-methylpropyl)phenyl)propanoic 

acid, used worldwide for pain relief because of its analgesic and antipyretic properties.1,2 



[INSERT FIGURE 1 HERE.] 

IBU is probably the least toxic analgesic drug, being rarely associated with deaths from 

accidental or deliberate ingestion or with serious adverse reactions.3 In non-prescription over-

the-counter drugs (OTC), IBU is often used in paediatric patients as it is considered equally 

effective to paracetamol in controlling fever. Furthermore recent evidence suggests that using 

a combination of these two drugs may be especially beneficial in cases of extremely painful 

or febrile conditions.4 In Italy, since July 2022, the two marketed IBU-based syrups for 

pediatric patients, have been temporarily unavailable. Therefore, the Italian Drug Agency 

(AIFA) has included the suspension of IBU on the list of lacking drugs. The temporary 

unavailability of these products in Italy is expected to last until October 31, 2022. The causes 

of this lack seem to be the " high demand" of the product and "production problems”. To 

meet the needs of paediatric patients and satisfy their therapeutic necessities, one option is 

offered by the preparation of extemporaneous medicine in a pharmacy. In the British 

Pharmacopoeia 2021, referring to its monograph, it is reported the possibility of preparing 

extemporaneously IBU suspensions, even though an appropriate vehicle for preparation is not 

indicated. In this study, a method for compounding IBU-based suspensions using a new 

liquid base, named “Wagner”, is reported. This base is a liquid vehicle capable of stabilizing 

the active pharmaceutical ingredient (API) and dispersing it equally, resulting in a 

homogeneous suspension. Chemical and physical stability studies conducted using high-

pressure liquid chromatography (HPLC) methods and employing the use of Turbiscan 

respectively showed that IBU is chemically stable for more than 90 days, if stored at both 4 

°C and 25 °C, and that simply agitation of the formulation before its use as always reported in 

the leaflet of oral suspensions, results in a homogeneous suspended system. 

 

Materials and Methods  

Ibuprofen (Lot No F1600304) and Fast oral solution “Wagner” (Lot No W2107129) 

(composition: preserved water, hydroxypropyl-β-cyclodextrin, carboxymethylcellulose 

sodium, sorbitol, glycerol, potassium sorbate, citric acid, trisodium citrate dihydrate, 

raspberry flavour) were obtained from Farmalabor s.r.l. (Canosa di Puglia, BAT, Italy). 

Acetonitrile (Lot No L300B, Honeywell) Methanol (Lot No L3070S, Honeywell) and water 

(Lot No M0780, Fisher Chemical) HPLC gradient grade (> 99.9%), hydrogen peroxide 

(H2O2, 35%, Lot No 21.4722903.500, CHEMLAB Analytical), NaOH pellets for analysis 



(Lot No B1543269 847, Merk), H3PO4 (>85%, Lot No SZBC 1860V, Merk), HCl (ACS 

reagent 37%, Lot No 1320A, Honeywell FlukaTM) were supplied by Lenvanchimica s.r.l. 

(Bari, Italy). Glass beakers, vials, graduate cylinders and pipettes, volumetric flasks used 

were in borosilicate and supplied by Levanchimica s.r.l. (Bari, Italy). 

 

Ibuprofen suspensions preparation for stability studies 

The extemporaneous IBU suspension was made by accurately weighing the API and 

transferring it inside a glass beaker. A graduated cylinder was used to measure the “Wagner” 

base that was placed inside the beaker containing the API. Before keeping the sample under 

magnetic stirring, it was sonicated for 2 minutes with an Ultrasonic Cleaner CP102 (FIOA 

International s.r.l., Arezzo, Italy). This process was useful to break up the drug agglomerates, 

make the powder more homogenous and facilitate uniform dispersion of the API in the liquid 

vehicle. The acidity of the prepared suspensions was evaluated by using a METTLER 

TOLEDO™ SevenExcellence™ S400 Benchtop pH Meter (Fisher Scientific, Rodano, Milan, 

Italy) and eventual correction was made by adding HCl 1 M solution or citric acid 1M to a 

final pH value ranged between 3.6 and 4.6, according to BP monography.5 A suspension with 

a final concentration of 200 mg / 5-mL (40 mg/mL) was made. Then the formulation was 

equally divided into six amber containers and two 24-mL glass vials wrapped in aluminium 

foil. Three amber containers were stored in a climatic chamber (Climacell; MMM Medcenter, 

Munico, Germany) at 25 °C, the other three samples were stored in a refrigerator at 4 °C until 

HPLC analyses. The samples in the glass vials were also stored at the same conditions 

described previously and used for the evaluation of physical stability. 

 

High-performance Liquid Chromatography Method  

Analyses of suspension samples were conducted using an Agilent 1260 Infinity quaternary 

LC VL system equipped with a variable wavelength detector and with OpenLab DCS 

software. The system was equipped with a HyperClone C18 ODS 5-µm 120 Å 250 x 4.6-mm 

column (Phenomenex, Castel Maggiore, Bologna) thermostated at 30 °C. An isocratic mobile 

phase consisting of 60% acetonitrile and 40% water (pH = 3) (v/v) was used at a flow rate of 

1.2 mL/min. Ultraviolet detection was carried out at 215 nm. Each sample injection had a 

volume of 20 µL. 



 

Standard Curves and Linearity 

Linearity was demonstrated performing analyses using the HPLC method reported above. 

Five different diluted solutions were made from a stock solution of IBU in methanol with a 

concentration of 1 mg/mL. Triplicate 20-μL injections were made and a five-point calibration 

curve was constructed by plotting the mean area for each concentration using the least 

squares regression method. The linearity range (R2>0,9999) was demonstrated between 1,006 

µg/mL and 100,6 µg/mL. The analyses were 15 minutes long and the retention time of the 

drug peak was about 5,8 minutes. Lower limit of detection (LOD) and lower limit of 

quantification (LOQ) for IBU were also calculated using the standard deviation of the curve's 

response (Sy) and the slope of the calibration curve at levels matching the LOD (Eq. 1) and 

LOQ (Eq. 2): 

LOD = 3.3
Sy

Slope
 (1) 

  

LOQ = 10
Sy

Slope
 (2) 

LOD and LOQ were 0.27 μg/mL 0.89 μg/mL, respectively. 

 

Forced-degradation Study 

To prove that the HPLC method was suitable for a stability study, IBU was subjected to 

forced-degradation tests. This study was used to demonstrate whether any possible 

degradants could interfere with the drug peak. Forced-degradation studies were performed on 

IBU suspension (40 mg/mL) and a stock solution of IBU solubilised in methanol at the same 

concentration. Samples were made in duplicate and forced degradation conditions included 

acidic, caustic, peroxide, UV light and thermal exposure. For acidic degradation 0.4-mL of 

HCl 1M were added to a volumetric flask containing 0.2-mL of IBU methanol solution or 

0.2-mL of formulation. Similarly, caustic degradation was performed mixing the sample (0.2-

mL of stock solution or 0.2-mL of formulation) and 0.4-mL of NaOH 1M. For the oxidative 

degradation 0.8-mL of 30% w/w H2O2 were added to 0.2-mL of the tested samples. For UV 

exposure and thermal exposure (performed only for IBU formulation), 1-mL of sample (stock 

solution or IBU suspension) was put in a volumetric flask and respectively stored in a 



chamber isolated from external light sources, constantly irradiated by UV lamp (λ=365 nm), 

and in a thermostatically controlled chamber at 70°C. Stress tests were carried out for 24 

hours after which the samples subjected to acid and alkaline degradation were neutralised 

with 0.4-mL of 1M NaOH and 0.4-mL of 1M HCl respectively. Subsequently, all samples 

were analysed using the HPLC method reported previously. 

 

Chemical stability studies 

Chemical stability was assessed by taking aliquots of the samples periodically and analysing 

them by HPLC. Before the withdrawals, suspensions were shaken vigorously to obtain a 

uniform sample. The amount of IBU and the possible presence of its degradants were 

assessed by analysing the chromatogram peaks and their areas in relation to the drug 

calibration curve. Aliquots of 1.0-mL of each sample were taken and diluted 1 to 25 with 

methanol in a volumetric flask. Due to the poor solubility of the carboxymethylcellulose 

sodium in methanol, the sample was vigorously mixed and put in a bath sonicator for 2 

minutes in order to extract the drug from the precipitated polymeric matrix. After this 

procedure, samples were centrifuged at 25 °C at 13,200 RPM for 10 minutes. The supernatant 

was separated and then analysed by the described HPLC method.  

 

Physical stability studies 

Visual inspections of the suspension stored at both temperatures (4 °C and 25 °C) and optical 

analyses of the formulation by Turbiscan Lab Expert (Formulaction, L’Union, France) 

instrument were made periodically. pH values of the suspensions were monitored over time 

for three months using a METTLER TOLEDO™ SevenExcellence™ S400 Benchtop pH 

Meter and all measurements were made in triplicate. To perform Turbiscan analysis, a sample 

of 20-mL of IBU suspension was placed in a cylindrical glass tubes 40 mm high and analysed 

at 30 °C. Cycles of 12-hour analysis were conducted on the freshly made sample. During the 

following two days, the analysis was repeated twice on the same sample after shaking it 

vigorously. Using a pulsed 880 nm near-infrared LED, transmission (T) and backscatter (BS) 

intensity measurements were made, and the outlines were examined as a function of the 



sample cell height over time. This study allowed us to determine the profile of the Turbiscan 

Stability Index (TSI) of the formulation. 

 

Results 

The realization of an IBU-based suspension has been reported. The chemical stability of the 

API was demonstrated by an appropriate HPLC method. To prove that the HPLC method was 

suitable for the assessment of chemical stability, forced-degradation studies were conducted 

on the pure active ingredient (solubilised in methanol) and on IBU suspension in the liquid 

base “Wagner”. It was demonstrated that any degradant peaks did not interfere with the drug 

peak in the chromatograms. Results are reported in Figure 2. No degradation was observed 

for the drug subjected to thermal (F I) and acidic (C I,II) stress. These results were also 

confirmed by liquid-chromatography mass spectroscopy (LC-MS) analysis. Fractions were 

isolated by collecting the eluent at several times during the HPLC injection of IBU subjected 

to thermal and acidic forced-degradation and analysed by LC-MS (Agilent 6530 Accurate 

Mass Q-TOF). Single quadrupole scan in negative ion mode of the isolated fraction 

confirmed that the major ion was the drug (ion m/z 205.12, [M]-H+) (data not shown).  The 

remaining analyses demonstrated the degradation of the drug when subjected to the other 

stress conditions tested. In particular peaks referable to degradants were observed in samples 

subjected to stress in alkaline environment (B I,II) and to UV light exposure (D I,II). In 

oxidative stress-tested sample (E I,II) no degradant peaks were observed, but a significant 

drug concentration decrease was noticed. 

[INSERT FIGURE 2 HERE.] 

Residual drug content values of IBU in the suspensions stored at 4° C and 25° C are reported 

in Table 1. The results clearly show that no drug degradation occurs in the formulations after 

90 days. 

[INSERT TABLE 1 HERE.] 

The appearance of IBU suspensions stored at 4 °C and 25 °C is showed in Figure 3. The 

suspension is subject to a creaming phenomenon over time (Figure 3, B I,II). However, it is 

possible to obtain again a homogeneous suspended system by shaking the formulation in the 

container for 10 seconds (Figure 3, C I,II and D I,II). 



[INSERT FIGURE 3 HERE.] 

Figure 4 (A-C) shows backscattering (BS) and transmission (T) profiles of the IBU 

suspension in “Wagner” base obtained from three analyses conducted at 30 °C. Figure 5 

illustrates the Turbiscan Stability Index (TSI) profiles obtained from this study. In particular, 

it can be observed that both in the case of the freshly made formulation and after shaking it 

(at 24 h and at 48 h), the trends of BS% and T% were almost overlapping. Furthermore, the 

TSI graphs are very similar. These results confirm that by shaking the preparation it is 

possible to obtain a homogeneous suspension similar to the one freshly made. 

[INSERT FIGURE 4 HERE.] 

[INSERT FIGURE 5 HERE.] 

pH measurements over time demonstrated that there were no significant changes in the pH 

(pH = 4.2 ± 0.2) for 90 days. 

Discussion 

The liquid base “Wagner” was used to prepare a suspension with an IBU concentration of 40 

mg/mL. HPLC analysis showed that the API was chemically stable in the formulations. The 

shelf life of the drug in the formulation stored at 4 °C and 25 °C is higher than 90 days as 

shown in the results in Table 1. As one can see, the formulations presented a creaming 

phenomenon over time (Figure 3 B I,II), and as demonstrated by analyses conducted by 

Turbiscan optical analyser the physical instability phenomena was reversable (Figure 4). 

Despite this, it has been shown how by simple shaking the suspension became homogeneous 

again, re-establishing the initial situation (Figure 3 C I,II and D I,II and Figure 5). This study 

has showed that “Wagner” base can be a useful liquid vehicle for the extemporaneous 

preparation of IBU-based oral suspensions at concentrations of 200 mg / 5-mL or lower 

concentrations, compliant to the BP monograph. This makes it possible to meet the 

therapeutic needs of paediatric patients, representing a valuable alternative to the currently 

unavailable commercial product. 

 

Conclusion 



A new formulation procedure for preparing an extemporaneous suspension of IBU has been 

described. A comprehensive physical-chemical stability study was performed using an 

appropriate HPLC method and performing Turbiscan analysis. The results showed how the 

active ingredient was chemically stable at 4 °C and 25 °C, with a shelf life of more than 90 

days. In addition, it was seen that to obtain a homogeneous suspension, it is sufficient to 

shake the preparation before its use. This galenic preparation can be easily made in the 

pharmacy, providing a safe and viable alternative to the commercial product and making up 

for its temporary unavailability on the market. 
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Figure 1. Ibuprofen molecular structure. 

 

Figure 2. Representative HPLC chromatograms of ibuprofen formulation (40 mg/mL) (AI) 

and ibuprofen in methanol (40 mg/mL) (AII). Chromatograms of the active ingredient 

subjected to stress test in presence of NaOH (BI, II), HCl (CI, II), UV (DI, II), H2O2 (EI, II) 

and to 70°C (FI) for 24 hours. 



 

Figure 3. Pictures of ibuprofen suspension in “Wagner” base (40 mg/mL) immediately after 

preparation (A I, II), after 30 days (B I, II), after shaking (C I,II) and 5 minutes after shaking 

(D I,II). Formulation (I) was stored at 4-8°C, and (II) at 25°C. 



 

Figure 4. Turbiscan backscattering and transmission profiles (ΔT and ΔBS) of 

extemporaneous suspension of ibuprofen in “Wagner” base immediately after preparation 

(A); at 24 hours after shaking (B) and at 48 hours after shaking (C). Data are shown as 

sample height (0–40 mm) as function of time. The blue arrow indicates the direction of 

analysis over time.  
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Figure 5. The Turbiscan Stability Index (TSI) profiles of extemporaneous suspension of 

ibuprofen in “Wagner” base immediately after preparation (yellow line); at 24 hours after 

shaking (red line) and at 48 hours after shaking (purple line). 

 

Table 1. Residual concentration (mg/mL) of ibuprofen in formulations at temperatures of 4° 

C and 25° C. Concentrations and relative standard deviations (S.D.) were determined by 

HPLC analysis and represent the average of values obtained from three different experiments. 

Temperature  
(°C) 

Time  
(days) 

Ibuprofen concentration ± 

S.D. 
(mg/mL) 

4 

0 40.51 ± 0.07 

6 38.98 ± 0.37 

15 39.53 ± 0.70 

22 39.95 ± 0.53 

30 39.47 ± 0.25 

58 40.01 ± 0.62 

93 39.23 ± 0.46 

25 

0 40.51 ± 0.07 

6 40.18 ± 0.14 

15 40.01 ± 0.23 

22 40.21 ± 0.48 

30 39.82 ± 0.33 

58 39.57 ± 0.49 

93 39.35 ± 0.67 

 

Time (hours)


