
252
International Journal of Pharmaceutical Compounding
Vol. 24  No. 3  |  May | June | 2020

www.IJPC.com

Stability of Azathioprine, Clonidine Hydrochloride, 
Clopidogrel Bisulfate, Ethambutol Hydrochloride, 
Griseofulvin, Hydralazine Hydrochloride, 
Nitrofurantoin, and Thioguanine Oral Suspensions 
Compounded with SyrSpend SF PH4

Hudson Polonini, BPharm,   		
     PhD
Sharlene Loures da Silva, 		
     BBiomed
Carolina Neves Cunha, 		
     BPharm
Anderson de Oliveira Ferreira, 	
     BPharm, PhD
Korina Anagnostou, PharmD, 	
     MSc
Eli Dijkers, PharmD, PhD

The authors Hudson Polonini, An-
derson de Oliveira Ferreira, Korina 
Anagnostou, and Eli Dijkers are 
affiliated with Fagron BV, Rotterdam, 
The Netherlands. The authors Sharlene 
Loures da Silva and Carolina Neves 
Cunha are affiliated with Ortofarma – 
Quality Control Laboratories, Matias 
Barbosa, MG, Brazil. 

Abstract
To allow for tailored dosing and overcome swallowing difficulties, compounded 
liquid medication is often required in pediatric patients. The objective of this study 
was to evaluate the stability of oral suspensions compounded with SyrSpend SF 
PH4 and the commonly used active pharmaceutical ingredients azathioprine 
(powder) 50 mg/mL, azathioprine (from tablets) 50 mg/mL, clonidine hydrochlo-
ride (powder) 0.1 mg/mL, clopidogrel bisulfate (from tablets) 5 mg/mL, ethambu-
tol hydrochloride (powder) 50 mg/mL, ethambutol hydrochloride (from tablets) 
50 mg/mL, ethambutol hydrochloride (powder) 100 mg/mL, griseofulvin 
(powder) 25 mg/mL, hydralazine hydrochloride (powder) 4 mg/mL, nitrofuran-
toin (powder) 10 mg/mL, and thioguanine (powder) 2.5 mg/mL. Suspensions were 
compounded at the concentrations listed above and stored at controlled room and 
refrigerated temperatures. Stability was assessed by measuring the percentage 
recovery at 0 day (baseline), and at 7 days, 14 days, 30 days, 60 days, and 90 
days. Active pharmaceutical ingredients quantification was performed by high-
performance liquid chromatography, via a stability-indicating method. The follow-
ing oral suspensions compounded using SyrSpend SF PH4 as the vehicle showed a 
beyond-use date of 90 days when stored both at room or refrigerated tempera-
tures: clonidine hydrochloride 0.1 mg/mL, ethambutol hydrochloride 50 mg/mL 
and 100 mg/mL, griseofulvin 25 mg/mL, nitrofurantoin 10 mg/mL, and thiogua-
nine 2.5 mg/mL, all compounded from the active pharmaceutical ingredients in 
powder form. Suspensions compounded using the active pharmaceutical ingredi-
ents from tablets presented a lower beyond-use date: 30 days for ethambutol 
hydrochloride 50 mg/mL and hydralazine hydrochloride 4 mg/mL, stored at both 
temperatures, and for clopidogrel bisulfate 5 mg/mL when stored only at refriger-
ated temperature. Azathioprine suspensions showed a beyond-use date of 14 days 
when compounded using active pharmaceutical ingredients in powder form at 
both temperatures. This suggests that SyrSpend SF PH4 is suitable for compound-
ing active pharmaceutical ingredients from different pharmacological classes. 
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Introduction
     Drug treatment in children can be more 
challenging than that seen in adults; 
age-appropriate drug formulations are 
required because of the wide age range 
seen in pediatric patients. Additionally, 
many children have difficulty swallow-
ing tablets and capsules. A suitable liquid 
alternative with acceptable taste and 
palatability can help to overcome both 
hurdles and allow for maximal dosing flex-
ibility over different ages. Although many 
liquid formulations are commercially 
available, there is still a broad range of 
drugs that need to be compounded by the 
pharmacist. To assure accurate treatment 
of the compounded medication, the dos-
ing needs to be in accordance to what is 
defined in the various pharmacopoeias. 
In the perception of many doctors and 
pharmacists, compounded capsules offer 
a safer alternative to suspensions, as they 
bypass the risk of sedimentation and cak-
ing. An earlier study has shown that for 
many extemporaneously compounded 
capsules, a routine weight-variation check 
does not seem to be enough to guarantee 
the right content. Compounded oral liquids 
with SyrSpend SF PH4 (liquid) (Fagron, 
St. Paul, Minnesota) have shown little 
variation in content for 74 different active 
pharmaceutical ingredients (APIs), and 
were all well within the criteria defined by 
the United States Pharmacopeia (USP), the 
European Pharmacopoeia, and the British 
Pharmacopoeia. Compounding oral liquids 
were therefore considered to be a valuable 
alternative when compounding individual-
ized medication for patients.1

     The purpose of the current study was to 
determine the stability of different active 
pharmaceutical ingredients in SyrSpend 
SF, a vehicle for the compounding of oral 
liquid dosage forms, providing consistent, 
individual dosing throughout treatment. 
This paper focuses on the stability of aza-
thioprine, clonidine hydrochloride (HCl), 
clopidogrel bisulfate, ethambutol HCl, gris-
eofulvin, hydralazine HCl, nitrofurantoin, 
and thioguanine oral suspensions com-
pounded with SyrSpend SF PH4.

T A B L E  1 . 
CONCENTRATIONS OF THE SUSPENSIONS USED IN THE STUDY.

A C T I V E 
P H A R M A C E U T I C A L 
I N G R E D I E N T S

Azathioprine

Clonidine hydrochloride

Clopidogrel bisulfate

Ethambutol hydrochloride

Griseofulvin

Hydralazine hydrochloride

Nitrofurantoin

Thioguanine

C O N C E N T R A T I O N 
I N  S U S P E N S I O N 

( M G / M L )

50.0

0.1

5.0

50.0 and 100.0

25.0

4.0

10.0

2.5

A C T I O N / I N D I C A T I O N

Immunosuppressant

Alpha-2-adrenoceptor agonist; treatment of 
hypertension

Inhibitor of adenosine diphosphate-mediated 
platelet aggregation

Antituberculosis drug

Antifungal

Vasodilator; treatment of hypertension

Antibacterial

Treatment of acute myeloid leukemia; acute 
lymphocytic leukemia; and chronic myeloid 

leukemia

Methods
REAGENTS, REFERENCE STANDARDS, AND MATERIALS
     All API raw powders and SyrSpend SF PH4 (liquid) (Batch 
number 14F02-U59-019404) were obtained from Fagron. 
Concentrations and intended use are listed in TA B L E  1 . High-
performance liquid chromatographic (HPLC)-grade reagents 
(Panreac, Barcelona, Spain) were used. Ultrapure water obtained 
with an AquaMax-Ultra 370 Series (Young Lin, Anyang, Korea) 
(18.2 MΩ·cm resistivity at 25°C) was used throughout the experi-
ments. The reference standards used were all work standards 
obtained using primary USP (Rockville, MD) reference materials. 
All the mobile phases and receptor media were filtered through 
a 0.45-μm filter membrane (RC-45/15 MS; Chromafil, Düren, 
Germany) and degassed using an ultrasonic apparatus (Model 
1600A; Unique, Indaiatuba, Brazil) for 30 minutes immediately 
before use. All volumetric glassware and the analytical balance used 
were previously calibrated.

EQUIPMENT
     HPLC analyses were performed on a qualified and calibrated 
chromatography system (Young Lin) composed of a quaternary 
gradient pump (YL 9110), a photodiode array (PDA) detector (YL 
9160), a 96-vial programmable autosampler (YL 9150), a column 
oven compartment (YL 9130), a variable sample loop up to 200 mL, 
and a software controller (Clarity).

CHROMATOGRAPHIC CONDITIONS
     The chromatographic determinations were based upon USP 
methods for the APIs or their final products, with minor modifica-
tions when necessary. The exact chromatographic conditions used 
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T A B L E  2 . 
CHROMATOGRAPHIC CONDITIONS USED IN THE COMPATIBILITY STUDY.

A C T I V E 
P H A R M A C E U T I C A L 
I N G R E D I E N T S

Azathioprine

Clonidine hydrochloride

Clopidogrel bisulfate

Ethambutol hydrochloride

Griseofulvin

Hydralazine hydrochloride

Nitrofurantoin 

Thioguanine

M O B I L E  P H A S E  C O M P O S I T I O N

1.1 g of sodium heptanesulfonate in 700 mL of 
water and 300 mL of methanol; pH adjusted to 
3.5 with hydrochloric acid

Acetonitrile and 1 mL/L triethylamine in water 
(32:68); pH adjusted to 6.9 with phosphoric 
acid

Acetonitrile and 1.36 g/L potassium phosphate 
monobasic in water (25:75)

Acetonitrile and 1 mL/L triethylamine in water 
(50:50); pH adjusted to 7.0 with phosphoric 
acid

Acetonitrile, tetrahydrofuran, and water (35:5:60)

1.44 g of sodium dodecyl sulfate and 0.75 g of 
tetrabutylammonium bromide in 770 mL water 
and 230 mL of acetonitrile. pH adjusted to 3.0 
with 0.1N sulfuric acid

Acetonitrile and buffer (12:88). Buffer = 6.8 g 
of potassium phosphate monobasic in 1000 
mL of water; pH adjusted to 7.0 with 1N sodium 
hydroxide

6 g of sodium phosphate monobasic in 1 L of 
water; pH adjusted to 3.0 with phosphoric acid

W O R K 
C O N C E N T R A T I O N 

(µG / M L ) *

100; 20-μL injection

50.0; 50-μL injection

100.0, in methanol; 10-μL 
injection

300.0; 50-μL injection

125; 20-μL injection

40.0; 25-μL injection

250.0, in water and 
dimethylformamide (2:8); 

15-μL injection

40.0, in 0.01M sodium 
hydroxide; 10-μL injection

C O L U M N

L1, 4.6-mm × 25-cm; 
at 25°C

L1, 3.9-mm × 30-cm, 
at 25°C

L1, 4.6-mm × 25-cm, 
at 25°C

L10, 4.6-mm × 15-cm, 
at 25°C

L10, 4.6-mm × 25-cm, 
at 40°C

L10, 4.0-mm × 25-cm, 
at 25°C

 

L1, 3.9-mm × 30-cm; 
at 40°C

L1, 4.6-mm × 5-cm, at 
25°C

F L O W 
( M L /
M I N )

2.0

2.0

1.0

1.0

1.0

1.0

1.2

2.0

U L T R A V I O L E T 
D E T E C T I O N 

W A V E L E N G T H 
( N M )

254

220

220

200

254

230

254

248

*Diluted with mobile phase, unless specified otherwise

for each API are stated in TA B L E  2 .  The columns were connected with 
a pre-column with the same packing (4.0 × 3.0 mm, 5 μm) from the 
same vendor as the columns.

VALIDATION OF THE HIGH-PERFORMANCE LIQUID 
CHROMATOGRAPHY METHOD
     Validation protocol and the acceptance criteria were established 
based upon USP and International Conference for Harmonisation 
(ICH) guidelines.2,3 Specificity of the method was determined by 
running HPLC analyses of a standard solution, a SyrSpend SF PH4 
(liquid) blank solution, and a mobile phase/diluents blank solution. 
The acceptance criterion was defined as a percentage of discrep-
ancy between the peak areas of less than 2% (Eq. 1). In addition, 
the specificity of the method was obtained through comparison of 
standard chromatograms with and without the SyrSpend SF PH4 
(liquid) matrix. All analyses were run in triplicate.

 % discrepancy =  
100

 (standard area - sample area )	 Eq. 1
		                             standard area	

     Precision was evaluated as repeatability and intermediate preci-
sion. Repeatability was determined by consecutively analyzing six 
replicates by a single analyst in a single day. Intermediate precision 
was also performed in six replicates, but over two days, by different 
analysts. An injection precision of more than 95% (coefficient of 
variation (CV) <5%) was considered acceptable.
     The accuracy of the method was determined through spike-
recovery of the SyrSpend SF PH4 (liquid) matrix, diluted within 
the range used for final sample measurements (to the calibration 
curves). Percent recovery was calculated from the concentration 
measured relative to the theoretical concentration spiked.
     For linearity, concentrations from 70% to 130% of the working 
concentration of the API in SyrSpend SF PH4 (liquid) were pre-
pared and analyzed. The data from each experiment was fitted by 
ordinary least squares method and was evaluated by analysis of 
variance (ANOVA).
     The limit of detection (LOD) and limit of quantification (LOQ) 
were determined from three standard calibration curves of the APIs 
in the presence of the SyrSpend SF PH4 (liquid) matrix and were 
calculated as shown in Eq. 2 and Eq. 3, respectively:
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LOD = s   3 	 Eq. 2
                     a
 	

LOQ = s   10
	 a	

Eq. 3

where a is the slope of the calibration 
curve, and s is the standard deviation of the 
y-intercept. The LOD and LOQ were con-
firmed by the analysis of chromatograms 
generated by injecting solutions in their 
respective limit concentrations.

PREPARATION OF ACTIVE 
PHARMACEUTICAL INGREDIENTS 
SUSPENSION SAMPLES
     The suspensions compounded with raw 
powders were prepared using the following 
general protocol:

1.	 The required quantity of each 
ingredient for the total amount to 
be prepared was calculated.

2.	 Each ingredient was accurately 
weighed.

3.	 The API was placed in a mortar 
and triturated until a fine powder 
was obtained.

4.	 A small amount of the SyrSpend 
SF PH4 (liquid) was added to the 
powder and mixed to form a uni-
form paste.

5.	 The SyrSpend SF PH4 (liquid) 
was further added in approxi-
mately geometric portions almost 
to volume, mixing thoroughly after 
each addition.

6.	 Sufficient SyrSpend SF PH4 
(liquid) was added to bring the 
volume to 300 mL, and then            
mixed well.

7.	 The final product was packaged 
in low-actinic, light-resistant pre-
scription bottles and labeled.

8.	 The suspensions were then imme-
diately assayed at T = 0. 

9.	 The suspensions were then sepa-
rated into two different 150-mL 
bottles: one sample was stored at 
controlled refrigerated (2ºC to 
8ºC) and the other at room tem-
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perature (20ºC to 25ºC), for the 
duration of the study.

10.	 Temperature and humidity were 
checked in real-time throughout 
the duration of the experiment, 
using a calibrated, digital thermo-
hygrometer (Incoterm).

     The suspensions compounded with tab-
lets were prepared using the following gen-
eral protocol:

1.	 The required quantity of tablets 
for the total amount to be pre-
pared was calculated.

2.	 The tablets were crushed using a 
mortar and pestle until a fine pow-
der was obtained.

3.	 The exact quantity of powder 
needed to prepare the suspension 
was accurately weighed.

4.	 A small amount of the SyrSpend 
SF PH4 (liquid) was added to the 
powder and mixed to form a uni-
form paste.

5.	 The SyrSpend SF PH4 (liquid) 
was further added in approxi-
mately geometric portions almost 
to volume, mixing thoroughly after 
each addition.

6.	 Sufficient SyrSpend SF PH4 
(liquid) was added to bring the 
volume to 100 mL, and then              
mixed well.

7.	 The final product was packaged 
in low-actinic, light-resistant pre-
scription bottles and labeled.

8.	 The suspensions were then imme-
diately assayed at T = 0.

9.	 The suspensions were then sepa-
rated into two different 150-mL 
bottles: one sample was stored at 
controlled refrigerated (2ºC to 
8ºC) and the other at room tem-
perature (20ºC to 25ºC), for the 
duration of the study.

10.	 Temperature and humidity were 
checked in real time throughout 
the duration of the experiment, 
using a calibrated, digital thermo-
hygrometer (Incoterm).

FORCED-DEGRADATION 
STUDIES: STABILITY-INDICATING 
CHARACTERISTICS
     API samples were subjected to the fol-
lowing stressing conditions for 24 hours to 
determine the capacity of the HPLC method 
and to detect any possible degradation 
products that may arise during storage of 
the oral suspension:

1.	 Dilution in acid (0.1M HCl,                 
at 25°C);

2.	 Dilution in base (0.1M NaOH,          
at 25°C);

3.	 Exposure to ultraviolet (UV) light 
at 365 nm (at 25°C);

4.	 Heating to 70°C; and
5.	 Dilution in H2O2 35% (v/v)                

(at 25°C).

     These solutions were prepared for each 
API at its respective work concentra-
tion by means of serial dilution from a 
stock-solution and using suitable diluents 
(see TA B L E  2 ). The stock solutions were 
sonically dispersed by 10 minutes, and 
the final solutions were filtered (15-mm 
regenerated cellulose syringe filters, with 
0.45-μm pore size) before injection onto 
the HPLC system. Any extraneous peaks 
found in the chromatograms were labeled. 
A resolution of 1.5 between the peaks of 
the degradation products and the API 
was considered full separation. Also, a 
discrepancy greater than 2% between the 
stressed sample peak and the standard, 
non-stressed sample peak was considered 
indicative of API decomposition.

STABILITY STUDY
     The API samples were assayed by HPLC 
at pre-determined time points to verify 
the stability of the API in SyrSpend SF 
PH4 (liquid). Before analyses, the bottles 
were shaken until the API was uniformly 
dispersed by visual inspection. Aliquots 
for quantification (variable for each API) 
were withdrawn from the middle of the 
bottles, without contact with the inner 
surface of the bottle, and diluted in order 
to obtain work solutions in the concentra-
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Acceptance criteria were: R2 >0.99; F (significance of regression) >>4.67; discrepancy <2%; repeatability and intermediate precision <5%; and recovery = 100% ± 2%. All 
analytical ranges (μg/mL) were adequate to quantify the APIs in the concentrations used in the suspensions (mg/mL).
API = active pharmaceutical ingredient; CV = Coefficient of Variation; HCl = hydrochloride; LOD = Limit of Detection; LOQ = Limit of Quantification (20-μL injections). 

T A B L E  3 . 
SUMMARY OF VALIDATION RESULTS OF THE HIGH-PERFORMANCE LIQUID CHROMATOGRAPHIC METHODS.

A P I

Azathioprine

Clonidine HCl

Clopidogrel 
bisulfate

Ethambutol 
HCl

Griseofulvin

Hydralazine 
HCl

Nitrofurantoin 

Thioguanine

R A N G E 
(µG / M L )

70.84 – 131.56

7.35 – 13.65

140.00 – 260.00

174.86 – 324.74

87.71 – 162.89

75.00 – 130.00

350.14 – 650.26

28.00 – 52.00

A N A L Y T I C A L 
C U R V E

y = 47.40x – 50.92

y = 664.80x + 40.27

y = 2.14x - 26.49

y = 233.04x – 926.95

y = 39.20x – 89.57

y = 513.98x – 6598.25

y = 71.24x + 1374.98

y = 6.19x + 29.12

R 2

0.9988

0.9993

0.9931

0.9988

0.9957

0.9909

0.9964

0.9941

ANOVA’S 
SIGNIFI-

CANCE 
OF RE-

GRESSION 
( F )

10964.58

18826.39

1888.93

10552.86

3053.82

1426.33

3568.05

1095.34

L O D 
(μG /
M L )

1.85

66.73

21.52

4.72

9.15

7.60

0.005

0.06

L O Q 
(μG / M L )

6.16

222.44

71.72

15.74

30.49

25.32

0.02

0.19

SPECIFICITY

DISCREP-
ANCY (%)

|0.89|

|1.67|

|1.02|

|1.76|

|0.44|

|0.67|

|1.97|

|0.95|

PRECISION

REPEAT-
ABILITY 

(CV, %)

0.12

0.03

0.73

0.31

0.10

0.06

0.35

3.44

INTERMEDI-
ATE 

PRECISION
(CV, %)

0.71

0.45

3.76

0.51

1.11

2.17

0.64

3.39

ACCURACY

RECOVERY 
(%)

100.11

99.76

100.02

99.94

99.41

99.41

99.39

100.25

L I N E A R I T Y

T A B L E  4 . 
SUMMARY OF THE STABILITY-INDICATING STUDY FOR THE 
ACTIVE PHARMACEUTICAL INGREDIENTS. 

A C T I V E 
P H A R M A C E U T I C A L 
I N G R E D I E N T S

Azathioprin

Clonidine HCl

Clopidogrel bisulfate

Ethambutol HCl

Griseofulvin

Hydralazine HCl

Nitrofurantoin 

Thioguanine

HCL

%D*

6.81

-94.38

38.03

-37.94

-34.18

3.79

-73.55

37.52

NAOH

%D*

-34.31

1.29

ND

ND

-2.90

ND

ND

63.44

UV

%D*

-0.51

-9.78

30.15

-1.81

0.34

2.14

1.01

76.89

HEAT

%D*

0.58

10.84

11.75

0.35

-0.67

-1.11

0.82

80.14

H2O 2

%D*

-1.97

-17.53

-27.14

-9.43

-10.04

-2.79

-9.54

ND

Results are presented as the average of 3 replicates, at the work concentration.
*%d = percentage of discrepancy between the active pharmaceutical ingredient peak 
without submission to stressing factors (negative control) and the peak of a sample 
subjected to one of the cited accelerated-degradation factors.
Areas given as mV. Maximum acceptable = 2% (values higher than this are in bold and 
they represent significant resuts).
HCl = hydrochloride; NaOH = sodium hydroxide solution; ND = non-detected;               
UV = ultraviolet

tion described in TA B L E  1 . Sampling times were: 0 days (T = 0), 7 days          
(T = 7), 14 days (T = 14), 30 days (T = 30), 60 days (T = 60), and 90 
days (T = 90).
     All suspensions were assayed six times, and the results expressed 
as the mean from six independent measurements. For that purpose, 
samples were diluted, sonicated for 10 minutes, and then filtered in 
15-mm regenerated cellulose syringe filters, with 0.45-μm pore size 
before injection onto the HPLC system. The evaluation parameter 
was the percent recovery with respect to T = 0, using the HPLC 
method (results given as percentage ± standard deviation).

Results and Discussion
     Validation studies of all methods of analysis were performed and 
all results (TA B L E  3 ) met the respective acceptance criteria, confirm-
ing the suitability of the methods for the objectives of this work. 
Stability-indicating studies were also conducted to determine if the 
used methods were fully validated and adequate to identify decom-
position of the APIs by chromatographic analysis. The decom-
position profile of the APIs notably varied for different stressing 
conditions. Acidic stress affected all APIs tested; alkaline stress 
also affected all APIs except for clonidine HCl; UV-light exposure 
and heat exposure decomposed clonidine HCl, clopidogrel bisulfate, 
griseofulvin, and thioguanine; and oxidative stress impacted all but 
azathioprine and griseofulvin. Once the forced-degradation profiles 
of the APIs were determined, the stability of the APIs in SyrSpend 
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SF PH4 (liquid) was assessed. Results are 
summarized in TA B L E  4 . 
     At each sampling time, the visual 
appearance of the suspensions was also 
evaluated to verify their homogeneity 
and physical stability (data not shown). 
Throughout the whole study, no phenom-
ena such as precipitation, turbidity, mac-
roscopically visible crystal growth, odor 
generation, phase separation, flocculation, 
or caking were observed when the drug 
content was within specifications.
     The chemical stability results are shown 
in TA B L E  5  and are expressed as relative 
percent of recovery (initial sampling time 
= 100%). For the suspensions to be consid-
ered stable, the relative percentage recovery 
should lie within 90% to 110%.4

AZATHIOPRINE
     In our study, a beyond-use date (BUD) of 
14 days was observed when the suspensions 
were compounded from powder and stored 
at both room and refrigerated temperatures. 
The suspensions compounded from tablets 
showed a BUD of 7 days at room temperature.
     Azathioprine suspensions compounded 
from tablets were also studied by Dressman 
and Poust (1983)5 and Allen and Erickson 
(1996).4 In the first study, little or no loss 
occurred in 56 days at room temperature or 
in 84 days at 5ºC, but assay was performed 
using UV spectrophotometry, which is low 
sensitive to detect degradation products. 
By their turn, Allen and Erickson detected 
losses lower than 4% through HPLC analy-
sis after 60 days of storage at room or refrig-
erated temperature, when compounded 
using Ora-Sweet and Ora-Plus.

CLONIDINE HYDROCHLORIDE
     The clonidine suspensions prepared with 
SyrSpend SF PH4 in this work presented a 
BUD of 90 days when stored both at refrig-
erated and at room temperatures. This is 
a higher stability than the one reported 
by Levinson and Johnson (1992),6 which 
evaluated clonidine suspension prepared 
from tablets and with simple syrup: their 
BUD was reported as 28 days, when stored 
at 4ºC in the dark.

CLOPIDOGREL BISULFATE
     Clopidogrel bisulfate 5-mg/mL suspensions com-
pounded from tablets and using SyrSpend SF PH4 as 
the vehicle showed stability for 30 days when stored 
under refrigeration, and the storage at room tempera-
ture is not recommended due to instability.
     Skillman et al7 evaluated suspensions with the 
same API, in the same concentration, and in the same 
storage conditions, but, in that study, the suspen-
sions were prepared with Ora-Plus and Ora-Sweet 
and using Plavix tablets as the raw material. They 
found that the suspensions remained stable for 60 
days in both storage conditions, although the bitter 
aftertaste of the product intensified between 28 days 
and 60 days. Tynes et al8 complemented the study of 
Skillman et al and verified that during this period the 
oral suspension of clopidogrel retained at least 98% 
of the active S-enantiomer for 60 days (more chiral 
inversion was noted in the clopidogrel suspension 
stored at room temperature).

ETHAMBUTOL HYDROCHLORIDE
     Three ethambutol suspensions were evaluated in 
the present study, all compounded using SyrSpend SF 
PH4 as the vehicle, with 50 mg/mL and 100 mg/mL 
prepared from the API as powder and 50 mg/mL pre-
pared from tablets (Combutol 800). The suspensions 
prepared from the powder remained stable for the 
90-day period of study, with no physical or chemical 
intercurrences. The suspensions prepared from the 
tablets remained stable for 30 days, indicating a pos-
sible reaction between the vehicle and the excipients 
of this particular tablet used.
     According to the USP,9 a 100-mg/mL suspension 
compounded with equal parts of Ora-Plus and Ora-
Sweet SF has a BUD of 90 days, but no specific stability 
study was found in the literature.

GRISEOFULVIN
     Griseofulvin 25-mg/mL suspensions compounded 
with SyrSpend SF PH4 presented a BUD of at least 
90 days when stored at refrigerated or room tempera-
tures. Losses of less than 2% were found throughout 
the study, and no physical change was detected. No 
other report from literature was found for a parameter 
for comparison.

HYDRALAZINE HYDROCHLORIDE
     Hydralazine HCl 4-mg/mL oral suspensions com-
pounded using SyrSpend SF PH4 as the vehicle pre-

sented a BUD of at least 30 days 
when stored both at refriger-
ated and at room temperatures.
     Hydralazine HCl oral suspen-
sions were extensively studied. 
Alexander et al10 evaluated 
various potential adjuvants 
for compounding the suspen-
sion with syrup and tablets, 
but HPLC analyses calculated 
a shelf life of only 5.13 days at 
room temperature and 14 days 
at 5ºC, and they have found that 
hydralazine HCl was incompat-
ible with sodium edetate and 
sodium bisulfite. Gupta et al11 
investigated the stability of 
1% hydralazine HCl with vari-
ous aqueous agents, and they 
verified losses of 30% to 70% 
in 24 hours when stored at 
24ºC. In the same study, they 
evaluated the 1% API in 85% 
sucrose solution, and losses of 
10% occurred in about 7 days 
at 24ºC; in 0.28 mM mannitol, 
no loss occurred after 21 days 
of storage at 24ºC. Allen and 
Erickson12 evaluated the API 
at 4 mg/mL in Ora-Sweet and 
Ora-Sweet SF, but losses of 
22% and 13% were observed 
in 1 day for Ora-Sweet and 
Ora-Sweet SF, respectively; 
at refrigerated temperature, 
losses lower than 10% were 
observed in 1 day for Ora-Sweet 
and 2 days for Ora-Sweet SF. 

NITROFURANTOIN
     Nitrofurantoin 10-mg/mL 
oral suspensions compounded 
using SyrSpend SF PH4 as the 
vehicle presented less than 1% 
of loss in the API amount dur-
ing the duration of the study, 
which accounts for a BUD of 
90 days. A previous study from 
Ferreira et al13 observed the 
same BUD, but for a 2-mg/mL 
suspension in the same vehicle 
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T A B L E  5 . 
STABILITY OF THE ACTIVE PHARMACEUTICAL INGREDIENTS 
IN SYRSPEND SF PH4 (LIQUID).

E L A P S E D 
T I M E 
( D A Y S )

AZATHIOPRINE (FROM POWDER) 50.0 MG/ML

T = 0

T = 7

T = 14

T = 30

T = 60

T = 90

AZATHIOPRINE (FROM TABLETS) 50.0 MG/ML

T = 0

T = 7

T = 14

T = 30

T = 60

T = 90

CLONIDINE HYDROCHLORIDE (FROM POWDER) 0.1 MG/ML

T = 0

T = 7

T = 14

T = 30

T = 60

T = 90

CLOPIDOGREL BISULFATE (FROM TABLETS) 5 MG/ML

T = 0

T = 7

T = 14

T = 30

T = 60

T = 90

ETHAMBUTOL HYDROCHLORIDE (FROM POWDER) 50 MG/ML

T = 0

T = 7

T = 14

T = 30

T = 60

T = 90

ETHAMBUTOL HYDROCHLORIDE (FROM TABLETS) 50 MG/ML

T = 0

T = 7

T = 14

T = 30

T = 60

T = 90

% RECOVERY

REFRIGERATED 
TEMPERATURE

(2ºC TO 8ºC)

100 ± 1.69

99.35 ± 0.60

100.81 ± 0.66

82.33 ± 0.81

NP

NP

100 ± 0.38

77.90 ± 0;39

ND

NP

NP

NP

100 ± 0.27

95.20 ± 0.10

95.75 ± 0.98

96.82 ± 0.83

96.34 ± 0.55

95.99 ± 0.47

100 ± 0.90

103.02 ± 0.81

96.18 ± 0.45

101.14 ± 0.72

ND

NP

100 ± 0.35

101.54 ± 0.79

98.58 ± 0.27

98.66 ± 0.20

99.69 ± 0.42

99.14 ± 0.23

100 ± 0.77

94.03 ± 0.16

93.09 ± 1.10

96.54 ± 0.32

70.88 ± 0.21

NP

CONTROLLED ROOM 
TEMPERATURE 

(20ºC TO 25ºC)

100 ± 1.69

99.94 ± 0.51

100.64 ± 0.61

77.83 ± 1.61

NP

NP

100 ± 0.38

100.29 ± 0.22

82.96 ± 0.34

ND

NP

NP

100 ± 0.27

94.52 ± 0.76

96.17 ± 1.14

95.56 ± 0.71

95.88 ± 0.60

98.23 ± 0.45

100 ± 0.90

ND

NP

NP

NP

NP

100 ± 0.35

97.53 ± 1.92

99.61 ± 2.52

98.82 ± 0.31

95.45 ± 0.53

98.09 ± 0.40

100 ± 0.77

93.45 ± 0.20

91.69 ± 0.60

94.37 ± 0.36

80.15 ± 0.14

NP

E L A P S E D 
T I M E 
( D A Y S )

REFRIGERATED 
TEMPERATURE

(2ºC TO 8ºC)

CONTROLLED ROOM 
TEMPERATURE 

(20ºC TO 25ºC)

% RECOVERY

T A B L E  5  C O N T I N U E D . 
STABILITY OF THE ACTIVE PHARMACEUTICAL INGREDIENTS 
IN SYRSPEND SF PH4 (LIQUID).

             ETHAMBUTOL HYDROCHLORIDE (FROM POWDER) 100 MG/ML

T = 0

T = 7

T = 14

T = 30

T = 60

T = 90

	                        GRISEOFULVIN (FROM POWDER) 25 MG/ML

T = 0

T = 7

T = 14

T = 30

T = 60

T = 90

              HYDRALAZINE HYDROCHLORIDE (FROM POWDER) 4 MG/ML

T = 0

T = 7

T = 14

T = 30

T = 60

T = 90

                               NITROFURANTOIN (POWDER) 10 MG/ML

T = 0

T = 7

T = 14

T = 30

T = 60

T = 90

                             THIOGUANINE (FROM POWDER) 2.5 MG/ML

T = 0

T = 7

T = 14

T = 30

T = 60

T = 90

100 ± 0.26

94.84 ± 0.38

94.99 ± 0.19

94.31 ± 0.78

94.96 ± 0.46

94.91 ± 0.63

100 ± 0.17

100.03 ± 0.23

98.51 ± 0.18

99.28 ± 0.25

98.81 ± 0.10

98.42 ± 0.29

100 ± 0.57

100.25 ± 0.26

102.32 ± 0.40

101.90 ± 0.21

67.32 ± 0.53

NP

100 ± 0.34

96.77 ± 0.82

98.59 ± 0.58

100.12 ± 0.65

99.67 ± 0.26

99.89 ± 0.39

100 ± 1.03

101.05 ± 0.24

101.76 ± 0.38

101.79 ± 0.31

100.88 ± 2.33

101.37± 0.37

100 ± 0.26

97.78 ± 0.59

96.66 ± 0.23

98.23 ± 0.55

98.89 ± 0.56

97.91 ± 0.75

100 ± 0.17

101.20 ± 0.20

101.48 ± 0.19

101.87 ± 0.34

101.68 ± 0.16

100.83 ± 0.25

100 ± 0.57

101.75 ± 0.50

97.10 ± 0.41

98.05 ± 0.45

65.02 ± 2.02

NP

100 ± 0.34

100.26 ± 0.89

99.32 ± 0.29

100.07 ± 0.40

100.11 ± 0.38

99.88 ± 0.45

100 ± 1.03

100.43 ± 0.13

102.04 ± 0.24

101.59 ± 0.11

99.15 ± 1.68

100.03 ± 1.06

ND = not detected; NP = not performed
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(losses of less than 1.5%), which indicates that this API has a good 
stability in SyrSpend SF PH4. No other report using other vehicles 
was found in available literature.

THIOGUANINE
     Thioguanine suspensions (2.5 mg/mL) compounded with 
SyrSpend SF PH4 and stored at room or refrigerated temperatures 
showed no significant loss of API during the period of 90 days of 
evaluation. Dressman and Poust5 previously evaluated the stability 
of thioguanine 40 mg/mL in a suspension prepared from tablets and 
Cologel (Lilly) and a 2:1 mixture of simple and cherry syrups. Their 
suspension was stored in amber glass bottles at 5ºC and at ambient 
temperature, and remained stable for 84 days.
     A plot of the APIs in SyrSpend SF PH4 throughout the compat-
ibility study is represented in F I G U R E  1 .

Conclusion
     The following oral suspensions compounded using SyrSpend SF 
PH4 as the vehicle and compounded from the API in powder form 
showed a BUD of 90 days when stored both at room or refrigerated 
temperatures: clonidine HCl 0.1 mg/mL, ethambutol HCl 50 mg/mL 
and 100 mg/mL, griseofulvin 25 mg/mL, nitrofurantoin 10 mg/mL, 
and thioguanine 2.5 mg/mL. Suspensions compounded using the 
API from tablets presented a lower BUD: 30 days for ethambutol HCl                                                                                        
50 mg/mL and hydralazine HCl 4 mg/mL, stored at both tempera-
tures, and for clopidogrel bisulfate 5 mg/mL when stored only at 
refrigerated temperature. Azathioprine suspensions showed a BUD 
of 14 days when compounded using API in powder form, at both 
temperatures. In an earlier publication with SyrSpend SF PH4 liq-
uid, no influence of excipients of tablets and capsules on the BUD 
of several APIs was found.1 This new publication suggests that raw 
pharmaceutical materials can be the preferred source for certain 
APIs. Considering this new result and the previous ones from litera-
ture,13-39 it is noteworthy that SyrSpend SF is one the most studied 
oral vehicles worldwide, with over 100 different API compatibility 
combinations studied.
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F I G U R E  1 . 
PLOT OF ACTIVE PHARMACEUTICAL INGREDIENTS IN 
SYRSPEND SF PH4 THROUGHOUT THE COMPATIBILITY STUDY. 
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Dashed lines represent the lower and upper limits, corresponding to 90% and 100% 
of labeled concentration; blue lines represent results from storage at controlled 
refrigerated temperature (2°C to 8°C); orange lines correspond to storage at 
controlled room temperature (20°C to 25°C). Values represent the relative average 
recovery, as mg/mL (n=6).
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F I G U R E  1  C O N T I N U E D . 
PLOT OF ACTIVE PHARMACEUTICAL INGREDIENTS IN SYRSPEND SF PH4 THROUGHOUT THE COMPATIBILITY STUDY. 
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Dashed lines represent the lower and upper limits, corresponding to 90% and 100% of labeled concentration; blue lines represent results from storage at controlled refrigerated 
temperature (2°C to 8°C); orange lines correspond to storage at controlled room temperature (20°C to 25°C). Values represent the relative average recovery, as mg/mL (n=6).

http://www.IJPC.com


261
International Journal of Pharmaceutical Compounding

Vol. 24  No. 3  |  May | June | 2020
www.IJPC.com

4.	 Allen LV Jr., Erickson MA 3rd. Stability of acetazolamide, 
allopurinol, azathioprine, clonazepam, and flucytosine in 
extemporaneously compounded oral liquids. Am J Health Syst 
Pharm. 1996; 53(16): 1944–1949.

5.	 Dressman JB, Poust RI. Stability of allopurinol and of five 
antineoplastics in suspension. Am J Hosp Pharm. 1983; 40(4): 
616–618.

6.	 Levinson ML, Johnson CE. Stability of an extemporaneously 
compounded clonidine hydrochloride oral liquid. Am J Hosp 
Pharm. 1992; 49(1): 122–125.

7.	 Skillman KL, Caruthers RL, Johnson CE. Stability of an 
extemporaneously prepared clopidogrel oral suspension. Am J 
Health Syst Pharm. 2010; 67(7): 559–561.

8.	 Tynes CR, Livingston B, Patel H et al. Chiral stability of an 
extemporaneously prepared clopidogrel bisulfate oral suspen-
sion. J Pediatr Pharmacol Ther. 2014; 19(1): 25–29.

9.	 United States Pharmacopeial Convention, Inc. United 
States Pharmacopeia–National Formulary. [USP Website.] 
Available at: https://online.uspnf.com/uspnf/document/
GUID-B88ED6EE-7E72-400E-8D65-56554C0DC25B_1_en-
US?highlight=ethambutol. Accessed 2019.

10.	 Alexander KS, Pudipeddi M, Parker GA. Stability of hydrala-
zine hydrochloride syrup compounded from tablets. Am J Hosp 
Pharm. 1993; 50(4): 683–686.

11.	 Das Gupta V, Stewart KR, Bethea C. Stability of hydralazine 
hydrochloride in aqueous vehicles. J Clin Hosp Pharm. 1986; 
11(3): 215–223.

12.	 Allen LV Jr., Erickson MA 3rd. Stability of alprazolam, chloro-
quine phosphate, cisapride, enalapril maleate, and hydralazine 
hydrochloride in extemporaneously compounded oral liquids. 
Am J Health Syst Pharm. 1998; 55(18): 1915–1920.

13.	 Ferreira AO, Polonini HC, da Silva Loures S et al. Stability of 
alprazolam, atropine sulfate, glutamine, levofloxacin, meto-
prolol tartrate, nitrofurantoin, ondansetron hydrochloride, 
oxandrolone, pregabaline, and riboflavin in SyrSpend SF pH4 
oral suspensions. IJPC. 2017; 21(3): 255–263.

14.	 Geiger CM, Sorenson B, Whaley P. Stability assessment of 10 
active pharmaceutical ingredients compounded in SyrSpend 
SF. IJPC. 2015; 19(5): 420–427.

15.	 Ferreira AO, Polonini HC, Silva SL et al. Feasibility of amlodip-
ine besylate, chloroquine phosphate, dapsone, phenytoin, pyri-
doxine hydrochloride, sulfadiazine, sulfasalazine, tetracycline 
hydrochloride, trimethoprim and zonisamide in SyrSpend® 
SF PH4 oral suspensions. J Pharm Biomed Anal. 2016; 118: 
105–112.

16.	 Polonini HC, Loures S, Lima LC et al. Stability of atenolol, 
clonazepam, dexamethasone, diclofenac sodium, diltiazem, 
enalapril maleate, ketoprofen, lamotrigine, penicillamine-d, 
and thiamine in SyrSpend SF PH4 oral suspensions. IJPC. 
2016; 20(2): 167–174.

17.	 Geiger CM, Sorenson B, Whaley PA. Stability of captopril in 
SyrSpend SF. IJPC. 2013; 17(4): 336–338.

Peer Reviewed | Stability

Dashed lines represent the lower and upper limits, corresponding to 90% and 100% 
of labeled concentration; blue lines represent results from storage at controlled 
refrigerated temperature (2°C to 8°C); orange lines correspond to storage at 
controlled room temperature (20°C to 25°C). Values represent the relative average 
recovery, as mg/mL (n=6).

F I G U R E  1  C O N T I N U E D . 
PLOT OF ACTIVE PHARMACEUTICAL INGREDIENTS IN 
SYRSPEND SF PH4 THROUGHOUT THE COMPATIBILITY 
STUDY. 

0                            30                            60                           90

4.5

4.0

3.5

3.0

2.5

[H
yd

ra
la

zi
ne

 H
Cl

] 
m

g/
m

L 
(f

ro
m

 P
ow

de
r)

Time (Days)

0                            30                            60                           90

12

11

10

9

8[N
itr

of
ur

an
to

in
] 

m
g/

m
L 

(f
ro

m
 P

ow
de

r)

Time (Days)

0                            30                            60                           90

3.0

2.8

2.6

2.4

2.2

2.0[T
hi

og
ua

ni
ne

] 
m

g/
m

L 
(f

ro
m

 P
ow

de
r)

Time (Days)

0                            30                            60                           90

4.5

4.0

3.5

3.0

2.5

[H
yd

ra
la

zi
ne

 H
Cl

] 
m

g/
m

L 
(f

ro
m

 P
ow

de
r)

Time (Days)

0                            30                            60                           90

12

11

10

9

8[N
itr

of
ur

an
to

in
] 

m
g/

m
L 

(f
ro

m
 P

ow
de

r)

Time (Days)

0                            30                            60                           90

3.0

2.8

2.6

2.4

2.2

2.0[T
hi

og
ua

ni
ne

] 
m

g/
m

L 
(f

ro
m

 P
ow

de
r)

Time (Days)

http://www.IJPC.com
https://online.uspnf.com/uspnf/document/


262
International Journal of Pharmaceutical Compounding
Vol. 24  No. 3  |  May | June | 2020

www.IJPC.com

Peer Reviewed | Stability

18.	 Polonini HC, Silva SL, Cunha CN et 
al. Compatibility of cholecalciferol, 
haloperidol, imipramine hydrochlo-
ride, levodopa/carbidopa, lorazepam, 
minocycline hydrochloride, tacrolimus 
monohydrate, terbinafine, trama-
dol hydrochloride and valsartan in 
SyrSpend SF PH4 oral suspensions. 
Pharmazie. 2016; 71(4): 185–191.

19.	 Sorenson B, Voudrie MA III, Gehrig D. 
Stability of gabapentin in SyrSpend SF. 
IJPC. 2012; 16(4): 347–349.

20.	 Vu NT, Aloumanis V, Ben MJ et al. 
Stability of metronidazole benzoate 
in SyrSpend SF One-step Suspension 
System. IJPC. 2008; 12(6): 558–564.

21.	 Geiger CM, Sorenson B, Whaley PA. 
Stability of midazolam in SyrSpend SF 
and SyrSpend SF Cherry. IJPC. 2013; 
17(4): 344–346.

22.	Whaley PA, Voudrie MA III, Sorenson 
B. Stability of Omeprazole in SyrSpend 
SF Alka (Reconstituted). IJPC. 2012; 
16(2): 164–166. 

23.	 Voudrie MA, Allen B. Stability of osel-
tamivir phosphate in SyrSpend SF, 
Cherry Syrup and SyrSpend SF (for 
reconstitution). IJPC. 2010; 14: 82–85.

24.	Geiger CM, Voudrie MA III, Sorensen 
B. Stability of propranolol hydrochlo-
ride in SyrSpend SF. IJPC. 2012; 16(6): 
513–515.

25.	 Sorenson B, Whaley P. Stability of 
rifampin in SyrSpend SF. IJPC. 2013; 
17(2): 162–164.

26.	 Geiger CM, Voudrie MA, Sorenson B. 
Stability of ursodiol in SyrSpend SF 
Cherry Flavored. IJPC. 2012; 16(6): 
510–512.

27.	 Whaley PA, Voudrie MA. Stability of 
vancomycin in SyrSpend SF. IJPC. 
2012; 16(2): 167–169.

28.	 Voudrie MA, Alexander B, Allen DB. 
Stability of verapamil hydrochloride in 
SyrSpend SF compared to sorbitol con-
taining syrup and suspending vehicles. 
IJPC. 2011; 15(3): 255–258.

29.	 Polonini HC, Loures S, de Araujo ED 
et al. Stability of allopurinol, amitrip-
tyline hydrochloride, carbamazepine, 
domperidone, isoniazid, ketoconazole, 
lisinopril, naproxen, paracetamol 

(acetaminophen), and sertraline hydrochlo-
ride in SyrSpend SF PH4 Oral Suspensions. 
IJPC. 2016; 20(5): 426–434.

30.	 Polonini HC, Silva SL, de Almeida TR et al. 
Compatibility of caffeine, carvedilol, clo-
mipramine hydrochloride, folic acid, hydro-
chlorothiazide, loperamide hydrochloride, 
methotrexate, nadolol, naltrexone hydro-
chloride and pentoxifylline in SyrSpend SF 
PH4 oral suspensions. Eur J Hosp Pharm. 
2016; 23(6): 352–358.

31.	 Polonini HC, Silva SL, Loures S et al. 
Compatibility of proton pump inhibitors in a 
preservative-free suspending vehicle. Eur J 
Hosp Pharm. 2018; 25(3): 150–156.

32.	 Dijkers EC, Nanhekhan V, Thorissen A. 
Updated stability data of midazolam, osel-
tamivir phosphate, and propranolol hydro-
chloride in SyrSpend SF and Minoxidil in 
Espumil. IJPC. 2017; 21(3): 240–241.

33.	 De Oliveira FA, Polonini HC, Loures da Silva 
S et al. Stability of acetazolamide, baclofen, 
dipyridamole, mebeverine hydrochloride, 
propylthiouracil, quinidine sulfate, and 
topiramate oral suspensions in SyrSpend SF 
PH4. IJPC. 2017; 21(4): 339–346.

34.	 Uriel M, Gómez-Rincón C, Marro D. 
Stability of regularly prescribed oral liquids 
formulated with SyrSpend® SF. Pharmazie. 
2018; 73(4): 196–201.

35.	 Barbazan C, Le Daré B, Lester MA et 
al. Etude de Stabilité D’une Suspension 
Buvable de Cloxacilline a Usage Pédiatrique. 
Poster presentation at 11th Rencontres 
Convergences Santé Hôpital 2016.

36.	 Bonnaure AC, Bellay R, Rault P et al. 
Stabilité dúne suspension buvable de 
nitrendipine 5 mg/mL. Poster presenta-
tion at 11th Rencontres Convergences 
Santé Hôpital 2016.

37.	 Bonnaure AC, Bellay R, Rault P et al. 
Stability Study of 5 mg/mL Pediatric 
Prednisone Oral Suspension in Syrspend®. 
20th European GERPAC Conference 2017.

38.	 Boivin PN, Geffroy C, Tron C et al. PP-054 
Stability study of 100 mg/mL paediatric 
pyrazinamide oral suspension in SyrSpend. 
Eur J Hosp Pharm. 2017; 24(Suppl 1): A225.

39.	 Guillois G, Fetique L, Perovic I et al. PP-028 
Stability study of 1 mg/mL paediatric warfa-
rin oral suspension in SyrSpend. Eur J Hosp 
Pharm. 2017; 24(Suppl 1): A214.

Address correspondence to 
Hudson Polonini, Fagron BV, 
Rotterdam, The Netherlands. 
E-mail: hudson.polonini@
fagron.com

http://www.IJPC.com



