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 SyrSpend® SF – Superior suspending technology

 Introduction
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 SyrSpend® SF is an innovative vehicle range for compounding oral liquid dosage forms. Based on food starch, 
SyrSpend® SF’s superior suspending properties provide consistent, individual dosing throughout the treatment.

 The excellent compatibility with a broad range of active pharmaceutical ingredients (APIs) and meticulous in-
gredient safety makes SyrSpend® SF highly suitable for compounding safe and stable customized medication. 
SyrSpend® SF is quick and easy to compound with and provides pharmaceutical stability and dosage consistency 
with each preparation. Its light texture, safe ingredients, and neutral taste result in comfortable and easy to swal-
low treatments for all patient groups, from neonates to the elderly.

 Shortages of medicines have become challenging 
worldwide, with a severe impact on patients and their 
treatment options. Access to paracetamol, as well as 
antibiotics and other medication, is becoming more 
and more difficult. Compounding medication by 
pharmacists could help resolve some of these chal-
lenges. This courtesy document is put together to 
assist (hospital) pharmacists in formulating oral liq-
uid pharmaceutical presentations in SyrSpend® SF. 

Although some of the active pharmaceuticals have 
a short beyond-use date, we have chosen these pre-
sentations, as they can serve multiple patient groups, 
such as pediatric patients or patients with swallowing 
difficulties. It is essential to know that, as the shortag-
es in medicines are an urgent problem, these formu-
lations have been predominantly based on literature 
searches rather than on existing chemical compati-
bility studies.

 Active suspending technology

 SyrSpend® SF employs active suspending technology: the vehicles' superior pseudoplasticity and thixotropy fea-
tures provide high accuracy and dosage consistency throughout treatment. With just a few shakes, the pseu-
doplasticity of SyrSpend® SF ensures rapid redispersion of the APIs in the compounded suspension, allowing 
for ongoing low-effort re-homogenization. Left to stand, the suspension thickens due to thixotropic properties, 
keeping the APIs safely suspended and preventing the formation of an irreversible sediment cake, even when left 
untouched for up to a month. 

Active Suspending Technology

Unique starch-based technology 
that allows for the preparation  of 

a homogeneous suspension to 
guarantee dosage safety throughout 

treatment.

Proven compatibility

Supported by multiple scientific 
stability studies, SyrSpend® SF 

is highly compatible with
a broad range of APIs.

High efficiency

Convenient, easy-to-use oral
suspending vehicles 

that facilitate immediate
compounding.

Ingredient safety

SyrSpend® SF’s meticulous
ingredient safety helps 
minimize side effects

and allergic reactions.

Patient comfort

Easy to swallow, with a light texture 
and no medicinal aftertaste, 

SyrSpend® SF is number one for 
patient comfort and enhanced patient 

compliance.

Exceptional quality

Manufactured in compliance with
the highest pharmaceutical

standards, SyrSpend® SF supports 
optimal solutions for the patients.
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1. Acetylcysteine in SyrSpend® SF

 1.1  Consideration

•  The United States Pharmacopeia (USP), in its Gen-
eral Guidelines for Assigning Beyond-Use Dates 
(BUD), states that "in the absence of stability in-
formation that is applicable to a specific drug and 
preparation, the following table presents maximum 
BUDs recommended for nonsterile compound-
ed drug preparations that are packaged in tight, 
light-resistant containers and stored at controlled 
room temperature, unless otherwise indicated: (…) 
For Water-Containing Oral Formulations – The BUD 
is not later than 14 days when stored at controlled 
cold temperatures."2

•  SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, and Syr-
Spend® SF PH4 NEO are water-containing oral sus-
pending vehicles with proven compatibility with 
over 100 formulations tested, through 6,414 sam-
ples analyzed.3

•  Our laboratories proceeded to the compounding 
of acetylcysteine 40 mg/mL in SyrSpend® SF PH4, 
SyrSpend® SF PH4 Dry, and SyrSpend® SF PH4 NEO, 
and all formulations were adequate in physical ap-
pearance, homogeneous, and with pleasant taste.

•  Siden and Johnson3 evaluated the stability of an 
oral liquid formulation for acetylcysteine 86.5 mg/
mL prepared from acetylcysteine sodium inhalation 
solution (Abbott). The oral liquid was packaged in 
two-ounce amber plastic prescription bottles. Sam-
ples were stored at room temperature (23 to 25 °C) 
exposed to normal fluorescent light, and under re-
frigeration at 3 to 5 °C in a non-transparent refriger-
ator for 35 days. Stability-indicating HPLC analysis 
found acetylcysteine losses after 35 days of stor-
age of about 8% at room temperature and about 3% 
refrigerated.

 Proven compatibility

 Constant investments in performing forced degradation stability indicating HPLC at independent laboratories, 
have made SyrSpend® SF the best-studied vehicle worldwide. More than 140 different compatibility studies show 
that SyrSpend® SF is compatible with a broad range of APIs.

 In a recent study, SyrSpend® SF has shown to be capable of delivering the correct dose in the more than 105 
different APIs studied. In total, 6,414 samples were analyzed by HPLC-UV, and in all cases, they were well within 
the criteria for Content Uniformity as defined by the different pharmacopeias. This study, therefore, indicates that 
SyrSpend® SF not only allows for dosing flexibility but also provides maximum dosing safety.1

Efficient solutions for every situation

API

Preserved Preservative-free

SyrSpend® SF 
PH4 (liquid)

SyrSpend® SF PH4 
NEO (dry)

SyrSpend® SF 
PH4 (Dry)

SyrSpend® SF 
Alka (Dry)



6

SyrSpend® SF   |   Compounding Recommendations for APIs on global shortages
 

•  Fohl et al.4 evaluated the stability of extemporane-
ously compounded acetylcysteine 1 and 10% solu-
tions, diluted with sodium chloride 0.9% injection 
and preserved with benzyl alcohol. The solutions 
were packaged in amber prescription bottles and 
stored at room temperature of 20 to 25 °C for 90 
days. The solutions did not change in color but de-
veloped a pungent odor of hydrogen sulfide after 
90 days of storage. Stability-indicating HPLC analy-
sis found an acetylcysteine loss of 9% in 60 days in 
both concentrations. Drug losses after 90 days of 
storage were 15% in the 10-mg/mL solution and 11% 
in the 100-mg/mL solution.

•  Thielens5 evaluated the effects of pH, temperature, 
and the presence of edetate disodium 0.1% on the 

stability of acetylcysteine in aqueous solutions. The 
greatest acetylcysteine stability was found in the 
solutions with edetate disodium presence, the pH 
adjusted to 6.5, and when stored under refrigera-
tion. The author noted that acetylcysteine could be 
incorporated into any cough syrup formulation that 
met these conditions.

 
 Recommendation
 We recommend that a BUD of 14 days can be as-

signed to oral suspensions of acetylcysteine 40 
mg/mL in SyrSpend® SF PH4, when stored in amber 
bottles under refrigeration (2-8 ºC), using the for-
mulation suggested in the "Compounding Instruc-
tions" section.

 1.2  Scientific Support 

 General information on acetylcysteine
 Acetylcysteine is a white crystalline powder having a 

slight acetic odor. Commercial products are available 
as the sodium salt. Acetylcysteine is freely soluble in 
water, having an aqueous solubility of about 200 mg/
mL. In ethanol, its solubility is about 250 mg/mL. A 1% 
aqueous solution of acetylcysteine has a pH between 
2.0 and 2.8. The commercial solution is made with the 
aid of sodium hydroxide and has a pH between 6.0 
and 7.5.6

 
 Acetylcysteine stability information
 Solutions become discolored and liberate hydrogen 

sulfide in contact with rubber and some metals, es-
pecially iron and copper, and when autoclaved. The 
drug is compatible with glass, plastics, aluminum, 
silver, chromed metal, or stainless steel. An ace-
tylcysteine solution that is slightly purple does not 
significantly impair safety or efficacy. In patent PCT/
EP93/0328, a shelf-life of 2 years at room temperature 
was maintained when using a pH of 6.5.6,7 

 

 Mechanism of degradation
 Acetylcysteine is unstable in air, oxidizing to the di-

sulfide form. Acetylcysteine 20% placed in cups and 
continually exposed to air for seven days congealed. 
Following exposure to air after opening, the vial 
should be stored under refrigeration.6

 
 Additional information on the formulation
 The critical point in the preparation of liquid formula-

tions with N-acetylcysteine, in general, is the need for 
pH adjustment (performing a partial neutralization) 
with NaOH solution, since N-acetylcysteine reduces 
the pH of the preparation. The commercial acetylcys-
teine solutions (with 24 months stability) are made 
with the aid of sodium hydroxide and have pH 6.0 to 
7.5. The suggested SyrSpend® SF formulation con-
tains EDTA-Na2 (as stabilizing chelating agent), with 
pH adjustment (using NaOH solution), with additional 
preservative (optional) and flavoring agent. Prelimi-
nary laboratory data indicates the preparation is pal-
atable and homogeneous.

* An extra preservative 
to improve microbial 
preservation (optional).

** To improve the chemical 
stability of Acetylcysteine.

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by other compatible
flavor of preference.

Acetylcysteine Oral Suspension 40 mg/mL in SyrSpend® SF PH4 (100 mL)
Ingredients Quantity
Acetylcysteine 4 g
NaOH solution 50% (w/v) 24 drops (approx.)
NaOH solution 20% (w/v) 12 drops (approx.)
Vanillin (optional) 0.01 g
Raspberry flavor (powder or liquid) 0.4 g
Potassium sorbate* 0.2 g
EDTA-Na2** 0.05 g
SyrSpend® SF PH4, q.s. ad 100 mL

 1.3  Compounding Instructions 
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 2.2  Scientific Support 

 General information on amoxicillin trihydrate
 Amoxicillin (as the trihydrate) is a white or almost 

white practically odorless crystalline aminopenicillin 
powder with a bitter taste. Approximately 1.15 g of the 
trihydrate is equivalent to 1 g of amoxicillin. Amoxicil-
lin solubility in water has been listed as 4 mg/mL and 
2.7 mg/mL. Amoxicillin has three dissociable protons 
with pKa values of 2.63, 7.55, and 9.64 at 23 °C.6

 
 Amoxicillin trihydrate stability information
 Amoxicillin oral products should be stored in tight 

containers at controlled room temperature. Elevat-
ed temperature and humidity may sufficiently free 
the intrinsic water molecules of crystallization to 
participate in amoxicillin hydrolysis. Following re-
constitution, commercial oral suspensions are sta-
ble for 14 days at room or refrigerated temperature. 
However, refrigeration is the recommended storage 

 condition. Freezing amoxicillin aqueous solutions re-
sults in a significantly increased degradation rate.8,9

 
 Mechanism of degradation
 Amoxicillin is subject to hydrolytic cleavage of the 

β-lactam ring, especially at alkaline pH. It also may 
self-catalyze hydrolysis. Concurrently, the drug also 
undergoes dimerization, the predominant route of 
degradation. Dimerization assumes greater impor-
tance as the concentration of amoxicillin increases. 
A 0.2% aqueous amoxicillin solution has a pH of 3.5 
to 6.0. The oral suspensions have pH values of 5.0 to 
7.5. Amoxicillin suspension (Larotid, Roche), reconsti-
tuted, is reported to have a pH of 5.6. The pH of max-
imum stability is 5.77. The optimum stability range in 
aqueous solutions is pH 5.8 to 6.5.

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Accurately weigh and/or measure each ingredient.
3. Triturate and mix potassium sorbate, acetylcysteine, vanillin, raspberry flavor and 
 EDTA-Na2 until a fine powder mixture is achieved.
4. Levigate the mixture of step 3 and 4 with q.s. of SyrSpend® SF PH4 until a smooth paste is formed.
5. Add more SyrSpend® SF (about 50 mL) until complete dissolution
6. Add the SyrSpend® SF almost to final volume, mixing thoroughly after each addition.
7. Check the pH. The pH should range from 6.0-7.5. If necessary, adjust the pH 
 with NaOH 50% w/v and NaOH 20% w/v.
8. Add sufficient SyrSpend® SF to bring the volume to 100 mL and mix well. 
9. Package and label, including the instruction "Shake before use".

2. Amoxicillin Trihydrate in SyrSpend® SF

 2.1  Consideration

•  Amoxicillin trihydrate oral suspensions 50 mg/mL 
compounded with SyrSpend® SF PH4 was previous-
ly assessed and showed a Beyond-Use Date (BUD) 
of at least 30 days when stored both at refrigerated 
and at room temperatures (data pending publica-
tion).

•  SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, and Syr-
Spend® SF PH4 NEO are water-containing oral sus-
pending vehicles with proven compatibility with 
over 100 formulations tested, through 6,414 sam-
ples analyzed.1

 

 Recommendation
 We recommend that a BUD of 30 days can be assigned 

to amoxicillin trihydrate 250 mg/5mL (50 mg/mL) oral 
suspensions in SyrSpend® SF PH4, SyrSpend® SF PH4, 
q.s. ad, and SyrSpend® SF PH4 NEO, when stored in 
amber bottles under refrigeration (2-8 ºC) or at room 
temperature (20-25 ºC), using the formulation sug-
gested in the “Compounding Instructions” section.
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 From the ECHA registration dossier, the following in-
formation on Amoxicillin Trihydrate was retrieved10:

 Abiotic degradation
 The stability of amoxicillin in aqueous media has been 

analyzed in several publications. Erah et al. (1997) pre-
pared 100 mg/L test item in 0.01M and 0.1M HCl and 
0.04M phosphate buffers preheated to 37 °C. Sam-
ples were withdrawn and analyzed by HPLC. The deg-
radation kinetic was found to be pseudo-first order. 
Amoxicillin was most stable over the pH range 4.0-7.0 
(half-life between 176h and 153h, respectively) and 
degraded most rapidly under acidic conditions (half-
life of 5.2h at pH 1.0 and 19h at pH 2.0). As the article 
points out, the β-lactam ring of amoxicillin is more 
susceptible to hydrolytic degradation when the pH 
deviates significantly from the isoelectric point (pH 
4.8).

 Several authors have also studied abiotic degradation 
of amoxicillin trihydrate. Hydrolysis kinetics at differ-
ent pH values were analyzed by Braschi et al (2013). 
Buffer solutions at antibiotic concentrations of 100 
μM were kept in the dark at 25 °C. The persistence 

of amoxicillin in water as a function of pH was in the 
order 5.0 > 7.0 > 9.0 > 3.0 (half-lives of 46.1, 19.7, 14.4 
and 6.2 days respectively), highlighting weak catalyt-
ic activity at both acidic and alkaline conditions, due 
to the susceptibility of the β-lactam ring to nucleop-
hilic attack by hydroxide ions.

 
 Chadha et al. (2003) studied the kinetics of the deg-

radation of amoxicillin trihydrate in an aqueous solu-
tion using heat conduction microcalorimetry as a 
function of pH (1.0-10.0) and temperature (30-45 °C). 
The calorimetrically determined enthalpy of reaction 
and rate constants gave and estimation of the β-lact-
am ring opening as the main degradation pathway of 
test item degradation. As stated by Erah et al. (1997), 
the β-lactam ring of amoxicillin was more suscepti-
ble to hydrolytic degradation when the pH deviated 
significantly from the isoelectric point (pH 4.8). The 
degradation followed the Pseudo-first order kinetics. 
The zwitterionic form of the substance was the most 
stable species at pH 5.0-7.0 with a half-life of 183.6 
hour at pH 5.0 (30 °C). The half-life at pH 1.0 was 4.95 
hour (penalmidic acid formation).

 2.3  Compounding Instructions 

Amoxicillin Oral Suspension 250 mg/5 mL (50 mg/mL) in SyrSpend® SF PH4 (100 mL)

Ingredients Quantity
Amoxicillin trihydrate (eq. to 250mg amoxicillin/5mL) 5.75 g
Vanillin (optional) 0.01 g
Raspberry or Strawberry flavor (powder or liquid) 0.5 g
SyrSpend® SF PH4, q.s. ad 100 mL

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure each ingredient accurately.
3. Add a small quantity of SyrSpend® SF PH4 to the powder ingredients and triturate/mix 
 to form a smooth paste.
4. Add additional SyrSpend® SF PH4 geometrically to the final volume and mix well after each addition.
5. Package in an amber bottle and label, including the instruction "Shake before use".

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by other compatible 
flavor of preference.
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Amoxicillin Oral Suspension 250 mg/5 mL (50 mg/mL) 
in SyrSpend® SF PH4 NEO (100 mL)

Ingredients Quantity
Amoxicillin trihydrate (eq. to 250mg amoxicillin/5mL) 5.75 g
Vanillin (optional) 0.01 g
Raspberry or Strawberry flavor (powder) 0.5 g
SyrSpend® SF PH4 NEO 6.5 g

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure each ingredient accurately.
3. Triturate and mix all ingredients geometrically. 
4. Geometrically add the purified water until the required amount.
5. Pass through a sifter.
6. Package in an amber bottle and label, including the instruction "Shake before use". 

The final presentation of this formulation is as "powder for reconstitution". Instructions for the patient should include 
"Add water up to the mark on the packaging to reconstitute the product. Close the cap securely. Shake the bottle vigor-
ously to suspend the content."

3. Amoxicillin Trihydrate + Clavulanic Acid in SyrSpend® SF

 3.1  Consideration

•  The United States Pharmacopeia (USP),2 in its 
GenerThe United States Pharmacopeia (USP), in 
its General Guidelines for Assigning Beyond-Use 
Dates (BUD), states that "in the absence of stability 
information that is applicable to a specific drug and 
preparation, the following table presents maximum 
BUDs recommended for nonsterile compound-
ed drug preparations that are packaged in tight, 
light-resistant containers and stored at controlled 
room temperature, unless otherwise indicated: (…) 
For Water-Containing Oral Formulations – The BUD 
is not later than 14 days when stored at controlled 
cold temperatures."2

•  SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, and Syr-
Spend® SF PH4 NEO are water-containing oral sus-
pending vehicles with proven compatibility with 
over 100 formulations tested, through 6,414 sam-
ples analyzed.1

•  Our laboratories proceeded to the compounding of 
amoxicillin trihydrate 250 mg/ 5 mL in SyrSpend® SF 
PH4, SyrSpend® SF PH4 Dry, and SyrSpend® SF PH4 
NEO, and all formulations were adequate in physical 
appearance, homogeneous, and with pleasant taste.

•  Tu et al.11 evaluated the stability of reconstituted 
amoxicillin (as the trihydrate) and clavulanic acid 
(as the potassium salt) oral suspension 25 mg/mL +  
6.25 mg/mL and 50 mg/ml + 12.5 mg/mL. The sus-
pension was drawn into the oral syringes or retained 
in the original containers. The samples were stored 

 at -10, 5, and 25 °C for 14 days, and the drug con-
tent was assessed using a stability-indicating HPLC 
technique. Amoxicillin in both concentrations was 
much more stable than clavulanate potassium. The 
calculated times to 10% decomposition confirm the 
manufacturer's recommended expiration date for 
refrigerated suspension storage in the original con-
tainers (14 days). None of the oral syringes stored 
under refrigeration met the expiration date require-
ment. There was little or no degradation of amox-
icillin trihydrate or clavulanate potassium in any 
container over 14 days when stored frozen at -10 °C.

•  Mehta et al.12 evaluated the stability of amoxicillin + 
clavulanic acid oral suspension in the original con-
tainers stored at room temperature of 20 °C and un-
der refrigeration at 8 °C. HPLC stability results found 
the drug combination was stable for two days at 
room temperature and seven days refrigerated. This 

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by other compatible
 flavor of preference.
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is a shorter time period than the 11 days that were 
found by Tu et al. for the drug in the original con-
tainers. The manufacturer states that the amoxicillin 
+ clavulanic acid oral suspension is stable under re-
frigeration for 10 days in the original container.

•  Bersanetti et al.13 concluded that the stability of clavu-
lanic acid was highest at a pH of around 6.0 and that 
degradation occurs more rapidly in basic solutions 
than in acidic solutions. The authors showed the re-
lation between the hydrolysis rate constant of clavu-
lanic acid in an aqueous solution and pH in the range 

from 2.0 to 10.0. There appears to be an approximate 
30% faster degradation at pH 4.0 than at pH 6.0.

 
 Recommendation
 We recommend that a BUD of 7 days can be as-

signed to amoxicillin trihydrate + clavulanic acid (as 
the potassium salt) 50 / 12.5 mg/mL oral suspen-
sions in SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, 
and SyrSpend® SF PH4 NEO, when stored in amber 
bottles under refrigeration (2-8 ºC), using the for-
mulation suggested in the "Compounding Instruc-
tions" section.

 3.2  Scientific Support

 General information on amoxicillin trihydrate 
 and clavulanate potassium
 Amoxicillin (as the trihydrate) and clavulanate potas-

sium are provided as fixed combination products. 
Approximately 1.15 g of the amoxicillin trihydrate is 
equivalent to 1 g of amoxicillin. Clavulanate potassi-
um is a white to off-white crystalline powder that is 
a beta-lactamase inhibitor. Approximately 1.19 g of 
the potassium salt is equivalent to 1 g of clavulanic 
acid. Amoxicillin solubility in water has been listed 
as 4 mg/mL and as 2.7 mg/mL. In absolute ethanol, 
the solubility has been cited as 3.4 mg/mL. Clavula-
nate potassium is very soluble in water and slightly 
soluble in ethanol. Reconstituted oral suspensions 
have pH values of 4.2 to 6.6. Amoxicillin has three 
dissociable protons with pKa values of 2.63, 7.55, 
and 9.64 at 23 °C. The pKa of clavulanic acid is 2.7.6

 Amoxicillin trihydrate and clavulanate potassium 
stability information

 Amoxicillin and clavulanate potassium products 
should be stored in tight containers at below 24 
°C. Exposure to humidity should be avoided due to 
the moisture sensitivity of clavulanate potassium. 
The optimum stability range of amoxicillin in aque-
ous solutions has been reported as pH 5.8 to 6.5. 
Clavulanate potassium stability in an aqueous solu-
tion is maximal between pH 6.0 and 6.3 or near pH 
6.4, with the stability more sensitive to alkaline pH 
than to acid pH. Commercial oral suspensions con-
taining the combination of amoxicillin trihydrate 
and clavulanate potassium have pH values typically 
ranging from 4.2 to 6.6 after reconstitution. Clavu-
lanate potassium is the least stable component of 
the drug combination. Clavulanic acid stability is 
also influenced by the ionic strength of the solution 
with increased degradation of about 4% by sodium 

 sulfate, magnesium sulfate, calcium chloride, and 
sodium chloride in decreasing order of effect. Liter-
ature suggests that amoxicillin and clavulanic acid 
undergo hydrolytic degradation after reconstitution 
with water. The catalytic effect of clavulanic acid on 
amoxicillin has been reported in kinetic studies. The 
manufacturer indicates that reconstituted amoxicil-
lin and clavulanate potassium suspensions stored 
under refrigeration at 2 to 8 °C are stable for 10 days. 
However, freezing aqueous solutions of amoxicillin 
and clavulanate potassium results in significantly de-
creased degradation rates for both components.6,14,15

 
 Mechanism of degradation
 Amoxicillin is subject to hydrolytic cleavage of the 

β-lactam ring, especially at alkaline pH. It also may 
self-catalyze hydrolysis. Concurrently, the drug also 
undergoes dimerization, the predominant route of 
degradation. Dimerization assumes greater impor-
tance as the concentration of amoxicillin increas-
es. A 0.2% aqueous amoxicillin solution has a pH of 
3.5 to 6.0. The oral suspensions have pH values of 
5.0 to 7.5. Amoxicillin suspension (Larotid, Roche), 
reconstituted, is reported to have a pH of 5.6. The 
pH of maximum stability is 5.77. The optimum stabil-
ity range in aqueous solutions is pH 5.8 to 6.5. Ac-
id-catalyzed hydrolysis seems to be responsible for 
most of the clavulanic acid instability. The literature 
suggests that amoxicillin and clavulanic acid un-
dergo hydrolytic degradation after reconstitution. 
Kinetic studies have reported the catalytic effect of 
clavulanic acid on amoxicillin. The two species, and 
possibly their decomposition products, interact in 
solution where an enhancement of the catalytic ef-
fect of one reacting species upon another due to 
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 3.3  Compounding Instructions 

Amoxicillin + Clavulanic Acid Oral Suspension 50 / 12.5 mg/mL 
in SyrSpend® SF PH4 (100 mL)

Ingredients Quantity
Amoxicillin trihydrate (eq. to 50 mg amoxicillin/mL) 5.75 g
Clavulanate potassium (eq. to 12.5 clavulanic acid/mL) 1.49 g
Vanillin (optional) 0.01 g
Raspberry flavor (powder or liquid) 0.5 g
SyrSpend® SF PH4, q.s. ad 100 mL

Amoxicillin + Clavulanic Acid Oral Suspension 50 / 12.5 mg/mL 
in SyrSpend® SF PH4 Dry or SyrSpend® SF PH4 NEO (100 mL)

Ingredients Quantity
Amoxicillin trihydrate (eq. to 50mg amoxicillin/mL) 5.75 g
Clavulanate potassium (eq. to 12.5 clavulanic acid/mL) 1.49 g
Vanillin (optional) 0.01 g
Raspberry or Strawberry flavor (powder) 0.5 g
SyrSpend® SF PH4 Dry / SyrSpend® SF PH4 NEO 6.5 g

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure each ingredient accurately.
3. Add a small quantity of SyrSpend® SF PH 4 to the powder ingredients and triturate/mix 
 to form a smooth paste.
4. Add additional SyrSpend® SF PH4 geometrically to final volume and mix well after each addition.
5. Package in amber glass bottle and label, including the instruction "Shake before use".

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure each ingredient accurately.
3. Triturate and mix all ingredients geometrically. 
4. Geometrically add the purified water until the required amount.
5. Pass through a sifter.
6. Package in an amber bottle and label, including the instruction “Shake before use”.

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by other compatible 
flavor of preference.

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by other compatible 
flavor of preference.

proportional increased concentration of the cata-
lyst is likely.6,13

 
 Additional information on the formulation
 The chosen formulation is a compromise between 

ease of compounding and stability. Given the seem-

ingly acceptable degradation rate at pH 4.0-4.4 (the 
pH of SyrSpend® SF PH4) in the formulation sug-
gested in the "Compounding Instructions" section, 
preference has been given to ease of compound-
ing. The pH can be increased to 6.0 using NaOH for 
optimal stability.

The final presentation of this formulation is as "powder for reconstitution". Instructions for the patient should include 
"Add water up to the mark on the packaging to reconstitute the product. Close the cap securely. Shake the bottle vigor-
ously to suspend the content."
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 4.2  Scientific Support 

 General information on azithromycin
 Azithromycin occurs as a white or almost white crys-

talline powder. Azithromycin is practically insoluble 
in water but freely soluble in dehydrated ethanol and 
dichloromethane. Azithromycin oral suspension has a 
pH between 8.5 and 11.4. Azithromycin has apparent 
pKa values of 9.16 and 9.37.6

 
 Azithromycin stability information
 Azithromycin bulk powder and oral suspension 

powder should be packaged in tight containers and 
stored at controlled room temperature. Azithromy-
cin oral capsules and tablets should be packaged in 
well-closed containers and stored at controlled room 
temperature. Single-dose packets of oral suspension 
powder should be stored between 5 and 30 °C. Re-
constituted azithromycin oral suspension should be 
stored between 5 and 30 °C. After reconstitution, 
the oral suspension should be used according to the 
manufacturer’s labeling for the specific product.6

 
 Mechanism of degradation
 Azithromycin (9-deoxo-9a-aza-9a-methyl-9a-homo-

erythromycin A) dehydrate, is an azalide, a subclass 
of macrolide antibiotics, for oral administration. Azith-
romycin is derived from erythromycin, and macrolide 

antibiotics like erythromycin undergo hydrolytic cleav-
age at glycosidic linkage when reacted with acids.19

 
 Additional information on the formulation
 Due to the chemical instability of Azithromycin, it is 

suggested an intermediate preparation as a powder 
for reconstitution. This way, the product will have 
good stability until it is reconstituted. After reconsti-
tution, the shelf-life would be approximately 7 days 
(based on information from the commercial product 
Zithromax and other generic drugs). 12–20

 

 A formulation which mimics the commercial product 
qualitatively and quantitatively was prepared. The 
pH of the formulation after reconstitution was ap-
proximately 9.0. The pH of commercial preparations 
of azithromycin in suspension form ranges between 
8.0 and 11.0. Literature indicates that azithromycin 
degrades more significantly in acidic pH. Therefore, 
a buffering agent employed in commercial prepara-
tions was used (tribasic sodium phosphate) to main-
tain the pH in a higher range when the preparation is 
reconstituted.

 Azithromycin, like other macrolide antibiotics, has an 
extremely bitter taste. Therefore, palatability is chal-
lenging, especially in liquid oral form. The pH also af-

4. Azithromycin in SyrSpend® SF

 4.1  Consideration

•  The United States Pharmacopeia (USP), in its Gener-
al Guidelines for Assigning Beyond-Use Dates (BUD), 
states that “in the absence of stability information 
that is applicable to a specific drug and preparation, 
the following table presents maximum BUDs recom-
mended for nonsterile compounded drug prepara-
tions that are packaged in tight, light-resistant con-
tainers and stored at controlled room temperature, 
unless otherwise indicated: (…) For Water-Contain-
ing Oral Formulations – The BUD is not later than 14 
days when stored at controlled cold temperatures.”2

•  SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, and Syr-
Spend® SF PH4 NEO are water-containing oral sus-
pending vehicles with proven compatibility with 
over 100 formulations tested, through 6,414 sam-
ples analyzed.1

•  Our laboratories proceeded to the compounding 
of azithromycin 40 mg/mL in SyrSpend® SF PH4, 

 SyrSpend® SF PH4 Dry, and SyrSpend® SF PH4 NEO, 
and all formulations were adequate in physical 
appearance, homogeneous, and with acceptable 
taste.

•  Azithromycin is most stable at a higher pH and a 
lower temperature. The pH of commercial prepa-
rations of azithromycin in suspension form ranges 
between 8.0 and 11.0.6,16–18

 Recommendation
 We recommend that a BUD of 7 days can be as-

signed to oral suspensions of azithromycin 40 mg/
mL in SyrSpend® SF PH4 dry or SyrSpend® SF PH4 
NEO, after reconstitution, when stored in amber 
bottles under refrigeration (2-8 ºC), using the for-
mulation suggested in the “Compounding Instruc-
tions” section.
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 4.3  Compounding Instructions 

Azithromycin Oral Suspension 40 mg/mL in SyrSpend® SF PH4 Dry 
or SyrSpend® SF PH4 NEO for 100 mL

Ingredients Quantity
Azithromycin dihydrate (eq. to 40mg azithromycin/mL) 5.75 g
Vanillin (optional) 0.01 g
Raspberry flavor (powder) 0.5 g
Sodium phosphate tribasic anhydrous 0.151 g
Colloidal silicon dioxide (Aerosil) 0.22 g
Castor sugar (sucrose) 62 g
SyrSpend® SF PH4 Dry / SyrSpend® SF PH4 NEO 3.25 g

 Additional notes

• Approximately 4.192 g of azithromycin dihydrate is equivalent to 4 g of azithromycin base
• Cherry flavor (as powder) could replace the Raspberry flavor according to patient preference.
• A lower concentration of SyrSpend® SF PH4 Dry as a suspending agent has been used to obtain optimum 

viscosity, as the use of sugar for palatability reasons already increases the viscosity of the preparation.

 Preparation procedure of the dry powder mixture

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure each ingredient accurately.
3. Triturate azithromycin dihydrate, vanillin, and sodium phosphate tribasic anhydrous 
 with colloidal silicon dioxide.
4. Mix step 3 geometrically with other ingredients, passing through a sifter.
5. Package and label.

 Packaging/labeling

• Dry syrup plastic/glass photo-resistant bottle.
• Label instructions: "Shake before use"; instructions for reconstitution.
• Protect from light.
• Dry powder can be stored at controlled room temperature (15-30 ºC).
• Reconstituted suspension can be stored between 2 ºC and 8 ºC.

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by other compatible 
flavor of preference.

fects the azithromycin palatability. Therefore, the use 
of sweeteners and taste enhancers is necessary for pa-
tient adherence.

 Vanillin was used as a flavor enhancer, in combination 
with a flavoring agent and Castor sugar. The Castor 
sugar is used in the preparation of most industrialized/
commercial azithromycin oral suspensions and con-
tributes to the palatability of this challenging formu-

lation. The final taste of this preparation adapted with 
SyrSpend® SF PH4 was at least equivalent to the com-
mercial preparations.

 Colloidal silicon dioxide was used as a dispersing agent 
for azithromycin. This agent is also used in commercial 
preparations. The use of this agent eases dispersion in 
the reconstitution of the preparation.6,16–23
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5. Budesonide in SyrSpend® SF 

 5.1  Consideration

•  The United States Pharmacopeia (USP), in its Gen-
eral Guidelines for Assigning Beyond-Use Dates 
(BUD), states that “in the absence of stability in-
formation that is applicable to a specific drug and 
preparation, the following table presents maximum 
BUDs recommended for nonsterile compound-
ed drug preparations that are packaged in tight, 
light-resistant containers and stored at controlled 
room temperature, unless otherwise indicated: (…) 
For Water-Containing Oral Formulations – The BUD 
is not later than 14 days when stored at controlled 
cold temperatures.”2

•  SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, and Syr-
Spend® SF PH4 NEO are water-containing oral sus-
pending vehicles with proven compatibility with 

 over 100 formulations tested, through 6,414 sam-
ples analyzed.1

•  Bonnet et al.24 found an oral viscous budesonide 
0.025% gel to be stable for 3 months if stored be-
tween 2 and 8 °C at pH 5.3.

 Recommendation
 We recommend that a BUD of 14 days can be as-

signed to oral suspensions of budesonide 0.2 mg/
mL in SyrSpend® SF PH4, SyrSpend® SF PH4, when 
stored in amber bottles under refrigeration (2-8 
ºC), using the formulation suggested in the “Com-
pounding Instructions” section.

 5.2  Scientific Support 

 General information on budesonide
 Budesonide is a nonhalogenated glucocorticoid. It is 

used mainly by inhalation in the management of asth-
ma. It is also used topically in treating various skin 
disorders as a cream, lotion, or ointment. Budesonide 
is available as a modified-release oral dosage form 
for managing active Crohn’s disease, and it has been 
given as an enema for treating distal ulcerative coli-
tis. A viscous oral formulation containing budesonide 
has also been used for the local treatment of eosino-
philic esophagitis at dose levels ranging from 1 to 2 
mg. Budesonide presents a high topical:systemic ac-
tivity-ratio. Budesonide is rapidly absorbed after oral 
administration but has poor systemic availability (ap-
proximately 10%) due to extensive first-pass liver me-
tabolism. Since it is rapidly metabolized, budesonide 
produces only minimal systemic effects. Budesonide 
(C25H34O6) has a molecular weight of 430.5. It is prac-
tically insoluble in water and sparingly soluble in al-
cohol (ethanol). 6,24,25

 Budesonide stability information and mechanism 
 of degradation
 Bonnet et al. evaluated the stability of oral viscous 

budesonide 0.025% gel. The authors reported no 
budesonide degradation when exposed to an acidic 
solution. However, budesonide was degraded when 
submitted to alkaline conditions, and peaks of the 
degradation products were separated from the drug 
peak during the analytical validation method. This 

 stability study demonstrated that budesonide oral gel 
formulation with pH adjusted approximately to 5.3 
was stable for 3 months if stored under refrigeration 
between 2 °C and 8 °C. 

 Oxidation of budesonide by the action of dissolved 
gases in solution, the air in the container, or oxidative 
catalysts such as metal ions could potentially accel-
erate the rate of budesonide degradation.6,24,26

 Additional information on the formulation
 Viscous oral preparations of budesonide have been 

used in the treatment of eosinophilic esophagitis to 
increase the contact time of this drug with the esoph-
ageal mucosa and thus increase the topical anti-in-
flammatory effectiveness of this glucocorticoid.

 To increase the viscosity of the final budesonide 
preparation in SyrSpend® SF PH4, glycerin was added 
as a viscosity donor agent. In addition, glycerin would 
potentially increase the stability of the formulation by 
reducing the percentage of water in the preparation.

 Optionally, chelating agents such as EDTA-Na2 may be 
added to control metal ions and oxidation.

 To improve compliance, special attention should be 
paid to the palatability of budesonide viscous oral 
preparation. Adding a flavor enhancer and a good 



15

SyrSpend® SF   |   Compounding Recommendations for APIs on global shortages

 5.3  Compounding Instructions 

Budesonide Oral Suspension 0.2 mg/mL in SyrSpend® SF PH4 (100 mL)

Ingredients Quantity
Budesonide 0.02 g
Vanillin (optional) 0.01 g
Raspberry flavor (powder) 0.5 g
Potassium sorbate or sodium benzoate 0.1 g
Glycerin 12.4 g
EDTA-Na2 0.1 g
SyrSpend® SF PH4 liquid, q.s. ad 100 mL

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure each ingredient accurately.
3. Add a small quantity of glycerin to the budesonide powder, EDTA, preservative agent, 
 flavor and mix to form a smooth paste.
4. Add SyrSpend® SF PH4 geometrically to the final volume and mix well after each addition.
5. Check pH (4.0 – 5.0).
6. Package in amber bottle and label, including the instruction “Shake before use”.

6. Cefadroxil in SyrSpend® SF

 6.1  Consideration

•  The United States Pharmacopeia (USP), in its Gen-
eral Guidelines for Assigning Beyond-Use Dates 
(BUD), states that “in the absence of stability in-
formation that is applicable to a specific drug and 
preparation, the following table presents maximum 
BUDs recommended for nonsterile compound-
ed drug preparations that are packaged in tight, 
light-resistant containers and stored at controlled 
room temperature, unless otherwise indicated: (…) 
For Water-Containing Oral Formulations – The BUD 
is not later than 14 days when stored at controlled 
cold temperatures.”2

•  SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, and Syr-
Spend® SF PH4 NEO are water-containing oral sus

 pending vehicles with proven compatibility with 
over 100 formulations tested, through 6,414 sam-
ples analyzed.1

•  Nahata and Jackson27 evaluated the stability of ce-
fadroxil oral suspension. The powder bottles were 
reconstituted with 67 mL of deionized water to 
yield 100 mg/mL. The reconstituted suspension 
was stored at 4 and 22 °C for six weeks. The ce-
fadroxil content was assessed using a stability-in-
dicating HPLC assay. Little or no loss of cefadroxil 
in suspension (< 4%) occurred in six weeks when 
stored under refrigeration. At room temperature, 
there was little or no loss of cefadroxil in suspen-
sion (< 5%) in 10 days.

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by other compatible 
flavor of preference.

palatability profile of SyrSpend® SF PH4 combined 
with the sweet taste of glycerin allows for obtaining a 
palatable preparation of budesonide.

 The final pH of the viscous oral budesonide prepa-
ration using SyrSpend® SF is approximately 4.5. This 

acidic pH range coincides with the pH of licensed 
budesonide nasal spray preparations and provides 
ideal conditions for improved stability. 6,24,26
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•  Vidal et al.28 evaluated the pharmaceutical param-
eters for the acceptability of four registered ce-
fadroxil oral suspensions. Samples were stored at 
25 °C and 60% relative humidity for 12 months and 
accelerated conditions of 40 °C at 75% relative hu-
midity for six months. Samples were also evaluated 
after reconstitution when stored at room tempera-
ture and refrigerated. Requirements for deliverable 
volume were fulfilled, and no important changes 
in pH were found in any of the samples. None of 
the samples exhibited visual signs of caking, and 
all samples were easily redispersed throughout the 
study. All suspensions were found by HPLC analysis 

to be chemically stable and meet USP content uni-
formity requirements throughout the storage peri-
ods at all conditions.

 Recommendation
 We recommend that a BUD of 7 days can be as-

signed to oral suspensions of cefadroxil 50 or 100 
mg/mL in SyrSpend® SF PH4 liquid, SyrSpend® SF 
PH4 Dry or SyrSpend® SF PH4 NEO, when stored in 
amber bottles under refrigeration (2-8 ºC), using 
the formulation suggested in the “Compounding 
Instructions” section.

 6.2  Scientific Support

 General information on cefadroxil
 Cefadroxil is a semisynthetic cephalosporin antibiot-

ic intended for oral administration. The raw material 
is a white to off-white or yellowish-white crystalline 
powder provided as the monohydrate. Cefadroxil is 
soluble in water and slightly soluble in ethanol. A 5% 
cefadroxil suspension in water has a pH of 4.0 to 6.3. 
When reconstituted, the commercial suspensions 
have pH values of 4.5 to 6.4. Cefadroxil has pKa val-
ues of 2.64, 7.30, and 9.69 at 35 °C.6

 Cefadroxil stability information
 Cefadroxil products should be stored in tight con-

tainers, preferably at controlled room temperature, 
and protected from temperatures exceeding 40 °C. 
Hydrolytic decomposition may occur in the solid 
state from moisture in the air. The estimated time to 
10% loss as a raw powder was > 5 years at 20 °C. The 

 reconstituted suspension expires in 14 days when 
stored at 2 to 8 °C.6

 Cefadroxil degradation in aqueous solutions results 
from cleaving the beta-lactam moiety by several 
methods, including intramolecular aminolysis, wa-
ter-catalyzed hydrolysis, and hydroxide-ion nucleop-
hilic attack. Below pH 5.0, the cefadroxil degradation 
rate is pH-independent. In pH 3.0 and 5.0 buffers, 
less than 2% loss occurred in 24 hours at 3 °C and 
at room temperature. However, as the pH increases 
above 6.0, the degradation rate increases rapidly. At 
pH 7.0 and 8.0, 23 to 27% decomposition was found 
in 24 hours at room temperature. General acid and 
base catalysis occur in citrate and phosphate buffer 
systems.

 6.3  Compounding Instructions 

Cefadroxil Oral Suspension 50 or 100 mg/mL in SyrSpend® SF PH4 (100 mL)

Ingredients Quantity
Cefadroxil 5.0 or 10.0 g
Vanillin (optional) 0.01 g
Raspberry flavor (powder or liquid) 0.5 g
SyrSpend® SF PH4 liquid, q.s. ad 100 mL

 Preparation procedure of the final preparation

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure the cefadroxil accurately.
3. Add a small quantity of SyrSpend® SF PH4 to the powder and triturate/mix to form a smooth paste.
4. Add additional SyrSpend® SF PH4 geometrically to the final volume and mix well after each addition.
5. Package in an amber bottle and label, including the instruction “Shake before use”.

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by another compatible 
flavor of preference.
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Cefadroxil Oral Suspension 50 or 100 mg/mL in SyrSpend® SF PH4 Dry 
or SyrSpend® SF PH4 NEO (100 mL)

Ingredients Quantity
Cefadroxil 5.0 or 10.0 g
Vanillin (optional) 0.01 g
Raspberry flavor (powder) 0.5 g
SyrSpend® SF PH4 Dry / SyrSpend® SF PH4 NEO 6.5 g

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure each ingredient accurately.
3. Triturate and mix all ingredients geometrically. 
4. Geometrically add the purified water until the required amount.
5. Pass through a sifter.
6. Package in an amber bottle and label, including the instruction "Shake before use".

7. Cefprozil in SyrSpend® SF

 7.1  Consideration

•  The United States Pharmacopeia (USP), in its Gen-
eral Guidelines for Assigning Beyond-Use Dates 
(BUD), states that "in the absence of stability in-
formation that is applicable to a specific drug and 
preparation, the following table presents maximum 
BUDs recommended for nonsterile compound-
ed drug preparations that are packaged in tight, 
light-resistant containers and stored at controlled 
room temperature, unless otherwise indicated: (…) 
For Water-Containing Oral Formulations – The BUD 
is not later than 14 days when stored at controlled 
cold temperatures."2

•  SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, and Syr-
Spend® SF PH4 NEO are water-containing oral sus-
pending vehicles with proven compatibility with 
over 100 formulations tested, through 6,414 sam-
ples analyzed.1

•  According to the manufacturer, reconstituted cef-
prozil oral suspension must be refrigerated between 
2 and 8 °C for up to 14 days. Keep container tightly 
closed. Discard unused material after 14 days.29

•  According to USP, reconstituted cefprozil oral sus-
pension has an acceptance criterium for the pH be-
tween 4.0 and 6.0, which is in line with that of the 
SyrSpend® SF PH4.2

 Recommendation
 We recommend that a BUD of 7 days can be as-

signed to oral suspensions of cefprozil 25 or 50 
mg/mL in SyrSpend® SF PH4 liquid, SyrSpend® SF 
PH4 Dry or SyrSpend® SF PH4 NEO, when stored in 
amber bottles under refrigeration (2-8 ºC), using 
the formulation suggested in the "Compounding 
Instructions" section.

Note: raspberry flavor 
(optional ingredient) 
can be changed by 
another compatible
flavor of preference.

 7.2  Scientific Support

 General information on cefprozil
 Cefprozil is a semi-synthetic broad-spectrum cephalo-

sporin antibiotic. Cefprozil is a cis- and trans-isomeric 

 

 mixture (≥ 90% cis). Cefprozil is a white to yellowish 
powder with a molecular formula for the monohy-

The final presentation of this formulation is as "powder for reconstitution". Instructions for the patient should include 
"Add water up to the mark on the packaging to reconstitute the product. Close the cap securely. Shake the bottle vigor-
ously to suspend the content."
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drate of C18H19N3O5S•H2O and a molecular weight of 
407.45. Cefprozil is a new, second generation, oral-
ly administered cephalosporin. It is active against a 
wide range of aerobic Gram-positive and Gram-nega-
tive bacteria, as well as certain anaerobic organisms. 
Cefprozil is hydrolyzed more slowly than other ceph-
alosporins in the presence of penicillinase-producing 
Staphylococcus aureus isolates and in the presence 
of non-producers of penicillinase. Cefprozil binds to 
and inactivates penicillin-binding proteins located on 
the inner membrane of the bacterial cell wall. Penicil-
lin-binding proteins are enzymes involved in the ter-
minal stages of assembling the bacterial cell wall and 
in reshaping the cell wall during growth and division. 
The inactivation of penicillin-binding proteins inter-
feres with the cross-linkage of peptidoglycan chains 
necessary for bacterial cell wall strength and rigidity. 

This results in the weakening of the bacterial cell wall 
and causes cell lysis.29,30

 Cefprozil oral suspension contains cefprozil equiv-
alent to 125 mg or 250 mg anhydrous cefprozil per 
5 mL reconstituted suspension. In addition, the oral 
suspension contains the following inactive ingredi-
ents: aspartame, cellulose, citric acid, colloidal sil-
icone dioxide, FD&C Red No. 3, flavors (natural and 
artificial), glycine, polysorbate 80, simethicone, sodi-
um benzoate, sodium carboxymethylcellulose, sodi-
um chloride, and sucrose.29

 Cefprozil stability information
 There is limited information available. At increased 

temperature and relative air humidity, the degrada-
tion of cefprozil is accelerated.31

 7.3  Compounding Instructions 

Cefprozil Oral Suspension 25 or 50 mg/mL in SyrSpend® SF PH4 (100 mL)

Ingredients Quantity
Cefprozil 2.5 or 5.0 g
Vanillin (optional) 0.01 g
Raspberry flavor (powder or liquid) 0.5 g
SyrSpend® SF PH4 liquid, q.s. ad 100 mL

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure the cefprozil accurately.
3. Add a small quantity of SyrSpend® SF PH4 to the powder and triturate/mix to form a smooth paste.
4. Add additional SyrSpend® SF PH4 geometrically to the final volume and mix well after each addition.
5. Package in an amber bottle and label, including the instruction "Shake before use".

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by other compatible
flavor of preference.

Cefprozil Oral Suspension 25 or 50 mg/mL in SyrSpend® SF PH4 Dry 
or SyrSpend® SF PH4 NEO (100 mL)

Ingredients Quantity
Cefprozil 2.5 or 5.0 g
Vanillin (optional) 0.01 g
Raspberry flavor (powder) 0.5 g
SyrSpend® SF PH4 Dry / SyrSpend® SF PH4 NEO 6.5 g

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure each ingredient accurately.
3. Triturate and mix all ingredients geometrically. 
4. Geometrically add the purified water until the required amount.
5. Pass through a sifter.
6. Package in an amber bottle and label, including the instruction "Shake before use".

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by other compatible 
flavor of preference.
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8. Cefuroxime in SyrSpend® SF

 8.1  Consideration
• The United States Pharmacopeia (USP), in its Gen-

eral Guidelines for Assigning Beyond-Use Dates 
(BUD), states that "in the absence of stability in-
formation that is applicable to a specific drug and 
preparation, the following table presents maximum 
BUDs recommended for nonsterile compound-
ed drug preparations that are packaged in tight, 
light-resistant containers and stored at controlled 
room temperature, unless otherwise indicated: (…) 
For Water-Containing Oral Formulations – The BUD 
is not later than 14 days when stored at controlled 
cold temperatures."2

• SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, and Syr-
Spend® SF PH4 NEO are water-containing oral sus-
pending vehicles with proven compatibility with 
over 100 formulations tested, through 6,414 sam-
ples analyzed.1

• Pramar et al.32 evaluated the stability of cefuroxime 
axetil oral suspensions prepared from crushed tab-
lets to yield a 10-mg/mL concentration suspended 
in freshly prepared simple syrup with a pH of 6.8, 
commercial simple syrup with citric acid 0.1% and 
sodium benzoate (C&D Flavor Company) with a pH 
of 3.3, and the commercial simple syrup with add-
ed citrate buffer to adjust to pH 5.5. The suspen-
sions were packaged in amber bottles and stored 
refrigerated at 4 °C for 28 days. The suspensions 
retained their original appearances and pH values 
throughout the study. Stability-indicating HPLC 
analysis found little or no cefuroxime axetil loss 
over the 28-day study period when refrigerated. 

• Farrington et al.33 evaluated the stability of cefu-
roxime axetil 125-mg/5-mL and 250-mg/5-mL oral 
suspensions compounded from commercial tab-
lets. The tablets were ground to a fine powder and 
triturated with Ora-Plus suspending vehicle to form 
a paste. Ora-Sweet syrup vehicle and peppermint 
oil were incorporated to help mask the bitter taste 
of the drug. The oral suspensions were packaged in 
amber plastic prescription bottles and polypropyl-
ene oral syringes and stored at room temperature 
of 25 °C and under refrigeration at 5 °C. Stability-in-
dicating HPLC analysis found less than 5% drug loss 
in seven days at room temperature and in 17 days 
refrigerated.

• Uzunović et al.34 and Zomor et al.35 determined the 
stability of cefuroxime axetil oral suspension at dif-
ferent temperature storage conditions (20 and 5 
°C). Determination of cefuroxime (as cefuroxime 
axetil) was performed by dissolution testing. Both 
studies found that cefuroxime axetil oral suspen-
sion preserved its stability for 10 days after recon-
stitution under room and refrigerated conditions.

 Recommendation
 We recommend that a BUD of 7 days can be as-

signed to oral suspensions of cefuroxime (as axetil) 
25 or 50 in SyrSpend® SF PH4 liquid, SyrSpend® SF 
PH4 Dry or SyrSpend® SF PH4 NEO, when stored in 
amber bottles under refrigeration (2-8 ºC), using 
the formulation suggested in the "Compounding 
Instructions" section.

 8.2  Scientific Support 

 General information on cefuroxime axetil
 Cefuroxime axetil is a white to cream amorphous 

powder. Cefuroxime axetil is the 1-(acetyloxy)ethyl 
ester of cefuroxime; 1.2 g of cefuroxime axetil is ap-
proximately equal to 1 g of cefuroxime.6

 Cefuroxime axetil stability information
 Cefuroxime axetil tablets should be stored in well-

closed containers at controlled room temperature 
and protected from excessive moisture. The powder 
for suspension should be stored between 2 and 30 
°C. Following reconstitution, it is stored between 2 
and 25 °C and used within 10 days.6

The final presentation of this formulation is as "powder for reconstitution". Instructions for the patient should include 
"Add water up to the mark on the packaging to reconstitute the product. Close the cap securely. Shake the bottle vigor-
ously to suspend the content."
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 8.3  Compounding Instructions 

Cefuroxime (as Axetil) Oral Suspension 25 
or 50 mg/mL in SyrSpend® SF PH4 (100 mL)

Ingredients Quantity
Cefuroxime axetil 3.0 or 6.0 g
Vanillin (optional) 0.01 g
Tutti-frutti flavor (powder or liquid) 0.5 g
SyrSpend® SF PH4 liquid, q.s. ad 100 mL

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure the cefuroxime axetil accurately.
3. Add a small quantity of SyrSpend® SF PH4 to the powder and triturate/mix to form a smooth paste.
4. Add additional SyrSpend® SF PH4 geometrically to the final volume and mix well after each addition.
5. Package in an amber bottle and label, including the instruction "Shake before use".

9. Clarithromycin in SyrSpend® SF

 9.1  Consideration

• The United States Pharmacopeia (USP), in its Gen-
eral Guidelines for Assigning Beyond-Use Dates 
(BUD), states that "in the absence of stability in-
formation that is applicable to a specific drug and 
preparation, the following table presents maximum 

 BUDs recommended for nonsterile compound-
ed drug preparations that are packaged in tight, 
light-resistant containers and stored at controlled 
room temperature, unless otherwise indicated: (…)

 For Water-Containing Oral Formulations – The BUD 

Note: tutti-frutti flavor 
(optional ingredient) 
can be changed by 
another compatible 
flavor of preference.

Cefuroxime (as Axetil) Oral Suspension 25 
or 50 mg/mL in SyrSpend® SF PH4 Dry or SyrSpend® SF PH4 NEO (100 mL)

Ingredients Quantity
Cefuroxime axetil 3.0 or 6.0 g
Vanillin (optional) 0.01 g
Tutti-frutti flavor (powder) 0.5 g
SyrSpend® SF PH4 Dry / SyrSpend® SF PH4 NEO 6.5 g

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure each ingredient accurately.
3. Triturate and mix all ingredients geometrically. 
4. Geometrically add the purified water until the required amount.
5. Pass through a sifter.
6. Package in an amber bottle and label, including the instruction "Shake before use". 

Note: tutti-frutti flavor 
(optional ingredient) 
can be changed by 
another compatible 
flavor of preference.

The final presentation of this formulation is as "powder for reconstitution". Instructions for the patient should include 
"Add water up to the mark on the packaging to reconstitute the product. Close the cap securely. Shake the bottle vigor-
ously to suspend the content."
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 9.2  Scientific Support

 General information on clarithromycin
 Clarithromycin (molecular weight 748.0 g/mol) is an 

antibiotic prescription medicine approved to treat 
certain bacterial infections – including communi-
ty-acquired pneumonia, throat infections (pharyn-
gitis), acute sinus infections, and others – that are 
caused by specific types of bacteria. Clarithromycin 
is also FDA-approved to both prevent and treat Myco-
bacterium avium complex infection, another type of 
bacterial infection. 37

 Clarithromycin stability information 
 and mechanism of degradation
 Clarithromycin is unstable in aqueous environment. 

Degradation occurs through acidic hydrolysis, and 
photolysis. The optimal stability is at pH 5.0-8.0. Clar-
ithromycin degradation under simulated light was 
slower and decreased by increasing the pH. The deg-
radation of clarithromycin is catalyzed in acid envi-
ronment due to the loss of the sugar ring.

 Licensed clarithromycin oral suspension should be 
stored between 15 °C to 30 °C before and after recon-

 stitution. The pH of clarithromycin oral suspension 
after reconstitution is typically around 5.5. 37–43

 Additional information on the formulation
 Clarithromycin is a macrolide antibiotic with an ex-

tremely bitter taste. Due to this unpleasant bitter 
taste, developing a palatable oral clarithromycin sus-
pension is challenging. Commercial clarithromycin 
suspensions are polymer-coated granules in order to 
minimize the bitter taste of clarithromycin.

 The formulation developed has a noticeable bitter 
taste but is roughly comparable in intensity to the bit-
terness found in commercial preparations.

 Clarithromycin is a weak base with pKa of around 
8.76. Its water solubility is around 0.33 mg/L. As the 
pH falls below 8.76, the concentration of dissociated 
molecule increases. This leads to increased overall 
solubility and worsening of palatability. The pH of 
clarithromycin suspensions therefore seems to be a 
critical factor in perception of bitterness. 39–43

is not later than 14 days when stored at controlled 
cold temperatures."2

• SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, and Syr-
Spend® SF PH4 NEO are water-containing oral sus-
pending vehicles with proven compatibility with 
over 100 formulations tested, through 6,414 sam-
ples analyzed.1

• A 50 mg/mL clarithromycin suspension, constitut-
ed as directed in the labeling, has a pH between 4.0 
and 5.4, in the suspension according to USP29.1 The 

licensed Clarithromycin suspension has a beyond-
use-date of 14 days at room temperature.36

 Recommendation
 We recommend that a BUD of 7 days can be as-

signed to oral suspensions of clarithromycin 25 
mg/mL in SyrSpend® SF PH4 Dry, after reconstitu-
tion, when stored in amber bottles under refriger-
ation (2-8 ºC), using the formulation suggested in 
the "Compounding Instructions" section.

 9.3  Compounding Instructions 

Clarithromycin Oral Suspension 25 mg/mL in SyrSpend® SF PH4 (100 mL)

Ingredients Quantity
Clarithromycin (from 500 mg clarithromycin tablets) 2.5 g
Vanillin (optional) 0.02 g
Raspberry flavor (powder) 1 g
Sodium phosphate tribasic anhydrous 0.151 g
Colloidal silicon dioxide (Aerosil) 0.22 g
Castor sugar (sucrose) 62 g
Acesulfame potassium 0.5 g
SyrSpend® SF PH4 Dry 3.25 g

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by other compatible 
flavor of preference.
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 Additional notes

• Cherry flavor (as powder) could replace Raspberry flavor according to patient preference.
• A lower concentration of SyrSpend® SF PH4 Dry as a suspending agent is being employed 
 to obtain optimum viscosity, since the use of sugar for palatability reasons already provides 
 an increase in the viscosity of the preparation.
• Preservative addition is optional (e.g. sodium benzoate).

 Preparation procedure of the dry powder mixture

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure each ingredient accurately.
3. Triturate the tablets in a mortar to a fine powder then pass the powder through a sieve. 
 Discard the residues of the polymeric coating of the crushed tablets retained in the sieve.
4. Triturate vanillin, acesulfame potassium and sodium phosphate tribasic anhydrous 
 with colloidal silicon dioxide.
5. Mix step 3 geometrically with step 4, passing through a sifter.
6. Package in amber bottle and label.

 Packaging/labeling

• Amber photo resistant bottle.
• Label instructions: "Shake before use"; instructions for reconstitution.
• Protect from light.
• Dry powder to be stored at controlled room temperature (15-25 ºC).
• Reconstituted suspension to be stored between 2 ºC and 8 ºC. 

10.  Clindamycin in SyrSpend® SF

10.1  Consideration

• The United States Pharmacopeia (USP), in its Gen-
eral Guidelines for Assigning Beyond-Use Dates 
(BUD), states that "in the absence of stability in-
formation that is applicable to a specific drug and 
preparation, the following table presents maximum 
BUDs recommended for nonsterile compound-
ed drug preparations that are packaged in tight, 
light-resistant containers and stored at controlled 
room temperature, unless otherwise indicated: (…) 
For Water-Containing Oral Formulations – The BUD 
is not later than 14 days when stored at controlled 
cold temperatures."2

• SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, and Syr-
Spend® SF PH4 NEO are water-containing oral sus-
pending vehicles with proven compatibility with 
over 100 formulations tested, through 6,414 sam-
ples analyzed.1

• Based on the fact that maximum stability occurs at 
pH 4.0, which is very similar to that of SyrSpend® SF 
PH4, and solutions are reasonably stable over the 
pH range of 1.0 to 6.5.6 Since it is not advised to re-
frigerate the oral suspension, as the chilled solution 
may thicken and be difficult to pour, it is recom-

The final presentation of this formulation is as "powder for reconstitution". Instructions for the patient should include 
"Add water up to the mark on the packaging to reconstitute the product. Close the cap securely. Shake the bottle vigor-
ously to suspend the content."
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mended to use SyrSpend® SF PH4, or SyrSpend® SF 
PH4 NEO only.

 Recommendation
 We recommend that a BUD of 14 days can be as-

signed to oral suspensions of clindamycin pal-
mitate HCl 15 mg/mL in SyrSpend® SF PH4 liquid, 

or SyrSpend® SF PH4 NEO, when stored in amber 
bottles at room temperature (15-25 ºC). To prevent 
thickening of the formulation, do not store the for-
mulation at refrigerated temperatures and use pre-
served vehicles only (SyrSpend® SF PH4 liquid or 
SyrSpend® SF PH4 NEO). The formulations are sug-
gested in the "Compounding Instructions" section.

 10.2  Scientific Support

General information on clindamycin palmitate HCl
Clindamycin (C18H33ClN2O5S, molecular weight of 
424.98 g/mol) is a yellow amorphous solid. Clin-
damycin palmitate HCl (C34H64Cl2N2O6S) has a mo-
lecular weight of 699.9 g/mol. Clindamycin HCl is 
a white to almost white odorless or almost odorless 
crystalline powder. It may contain a variable amount 
of water. Approximately 1.647 g of the clindamycin 
palmitate HCl is equivalent to 1 g of clindamycin.

A clindamycin HCl 100 mg/mL aqueous solution 
has a pH of 3.0 to 5.5. The oral solution also has a 
pH of 3.0 to 5.5. The pKa of clindamycin has been 
variously cited as 7.45 and 7.72. Clindamycin HCl 
has a pKa of 7.6.6

 

Clindamycin palmitate HCl stability information
Clindamycin products should be stored in tight 
containers at controlled room temperature. The 
liquids, gel, and cream should be protected from 
freezing. It is advised not to refrigerate the (li-
censed) oral suspension, as the chilled solution 
may thicken and be difficult to pour. After recon-
stitution, the clindamycin solution is stable for 2 
weeks at room temperature.

Clindamycin may undergo several hydrolytic de-
composition reactions, including hydrolysis of the 
thioglycoside group at low pH and hydrolysis of the 
7-chloro above pH 5.0. Amide hydrolysis is another 
important reaction. Maximum stability occurs at pH 
4.0, but solutions are reasonably stable over the pH 
range of 1.0 to 6.5.6

 10.3  Compounding Instructions 

Clindamycin Palmitate HCl Oral Suspension 15 mg/mL in SyrSpend® SF PH4 (100 mL)

Ingredients Quantity
Clindamycin palmitate HCl 2.47 g
Vanillin (optional) 0.01 g
Raspberry flavor (powder or liquid) 0.5 g
SyrSpend® SF PH4 liquid, q.s. ad 100 mL

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by other compatible 
flavor of preference.

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure the clindamycin accurately.
3. Add a small quantity of SyrSpend® SF PH4 to the powder and triturate/mix to form a smooth paste.
4. Add additional SyrSpend® SF PH4 geometrically to the final volume and mix well after each addition.
5. Package in an amber bottle and label, including the instruction "Shake before use".
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Clindamycin Palmitate HCl Oral Suspension 15 mg/mL 
in SyrSpend® SF PH4 NEO (100 mL)

Ingredients Quantity
Clindamycin palmitate HCl 2.47 g
Vanillin (optional) 0.01 g
Raspberry flavor (powder) 0.5 g
SyrSpend® SF PH4 NEO 6.5 g

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by other compatible 
flavor of preference.

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure each ingredient accurately.
3. Triturate and mix all ingredients geometrically. 
4. Geometrically add the purified water until the required amount.
5. Pass through a sifter.
6. Package in an amber bottle and label, including the instruction “Shake before use”. 

11.  Dextromethorphan hydrobromide in SyrSpend® SF

11.1  Consideration

• The United States Pharmacopeia (USP), in its Gen-
eral Guidelines for Assigning Beyond-Use Dates 
(BUD), states that “in the absence of stability in-
formation that is applicable to a specific drug and 
preparation, the following table presents maximum 
BUDs recommended for nonsterile compound-
ed drug preparations that are packaged in tight, 
light-resistant containers and stored at controlled 
room temperature, unless otherwise indicated: (…) 
For Water-Containing Oral Formulations – The BUD 
is not later than 14 days when stored at controlled 
cold temperatures.”2

• SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, and Syr-
Spend® SF PH4 NEO are water-containing oral sus-
pending vehicles with proven compatibility with 
over 100 formulations tested, through 6,414 sam-
ples analyzed.1

• The Italian Pharmacopoeia lists the pH-values for 
the available oral presentations. The oral drops 

 have a pH between 4.0 and 6.0 and contain 1.5% 
m/V dextromethorphan hydrobromide. The dex-
tromethorphan syrup contains 0.3% m/V dextro-
methorphan hydrobromide in a suitable flavored 
syrup vehicle. The pH is between 3.0 and 5.0.44

• The licensed Benylin Dry Coughs 1.5 mg/mL Syrup 
has a shelf-life of 3 years at room-temperature.45

 Recommendation
 We recommend that a BUD of 14 days can be as-

signed to oral suspensions of dextromethorphan 
HBr 15 mg/mL in SyrSpend® SF PH4 liquid, or Syr-
Spend® SF PH4 NEO in amber bottles at room tem-
perature (15-25 ºC). To prevent thickening of the 
formulation, do not store the formulation at refrig-
erated temperatures and use preserved vehicles 
only (SyrSpend® SF PH4 liquid or SyrSpend® SF PH4 
NEO). The formulations are suggested in the "Com-
pounding Instructions" section.

The final presentation of this formulation is as "powder for reconstitution". Instructions for the patient should include 
"Add water up to the mark on the packaging to reconstitute the product. Close the cap securely. Shake the bottle vigor-
ously to suspend the content."
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 11.2  Scientific Support

General information on dextromethorphan 
hydrobromide
Dextromethorphan HBr occurs as almost white 
crystals or crystalline powder with a faint odor. 
Dextromethorphan HBr is sparingly soluble in wa-
ter, with a solubility of about 1 g in 65 mL. The drug 
is freely soluble in ethanol. A 1% aqueous solution 
of dextromethorphan HBr has a pH in the range of 
5.2 to 6.5. Dextromethorphan HBr powder should 

be packaged in tight containers and stored at con-
trolled room temperature. Dextromethorphan HBr 
oral solution should be packaged in tight light-re-
sistant containers and stored at controlled room 
temperature.
Dextromethorphan HBr was found to degrade sig-
nificantly in oxidative stress conditions.

 11.3  Compounding Instructions 

Dextromethorphan hydrobromide Oral Suspension 15 mg/mL 
in SyrSpend® SF PH4 (100 mL)

Ingredients Quantity
Dextromethorphan hydrobromide 1.5 g
Vanillin (optional) 0.01 g
Raspberry flavor (powder or liquid) 0.5 g
SyrSpend® SF PH4 liquid, q.s. ad 100 mL

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by other compatible 
flavor of preference.

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure the dextromethorphan HBr accurately.
3. Add a small quantity of SyrSpend® SF PH4 to the powder and triturate/mix to form a smooth paste.
4. Add additional SyrSpend® SF PH4 geometrically to the final volume and mix well after each addition.
5. Package in an amber bottle and label, including the instruction “Shake before use”.

Dextromethorphan hydrobromide Oral Suspension 15 mg/mL 
in SyrSpend® SF PH4 NEO (100 mL)

Ingredients Quantity
Dextromethorphan hydrobromide 1.5 g
Vanillin (optional) 0.01 g
Raspberry flavor (powder) 0.5 g
SyrSpend® SF PH4 NEO 6.5 g

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by other compatible 
flavor of preference.

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure each ingredient accurately.
3. Triturate and mix all ingredients geometrically. 
4. Geometrically add the purified water until the required amount.
5. Pass through a sifter.
6. Package in an amber bottle and label, including the instruction "Shake before use".

The final presentation of this formulation is as "powder for reconstitution". Instructions for the patient should include 
"Add water up to the mark on the packaging to reconstitute the product. Close the cap securely. Shake the bottle vigor-
ously to suspend the content."
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 12.2  Scientific Support

General information on dextromethorphan HBr
Diphenhydramine hydrochloride (molecular weight 
291.8 g/mol) is the hydrochloride salt form of di-
phenhydramine, an ethanolamine and first-gener-
ation histamine antagonist with anti-allergic activ-
ity. Diphenhydramine hydrochloride competitively 
blocks H1 receptors, thereby preventing the actions 

of histamine on bronchial smooth muscle, capillar-
ies, and gastrointestinal (GI) smooth muscle. This 
prevents histamine-induced bronchoconstriction, 
vasodilation, increased capillary permeability, and 
GI smooth muscle spasms.6

12.  Diphenhydramine hydrochloride in SyrSpend® SF

12 .1  Consideration

•  The United States Pharmacopeia (USP), in its Gen-
eral Guidelines for Assigning Beyond-Use Dates 
(BUD), states that "in the absence of stability in 
formation that is applicable to a specific drug and 
preparation, the following table presents max-
imum BUDs recommended for nonsterile com-
pounded drug preparations that are packaged 
in tight, light-resistant containers and stored at 
controlled room temperature, unless otherwise 
indicated: (…) For Water-Containing Oral For-
mulations – The BUD is not later than 14 days 
when stored at controlled cold temperatures."2

•  SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, and Syr-
Spend® SF PH4 NEO are water-containing oral sus-
pending vehicles with proven compatibility with 
over 100 formulations tested, through 6,414 sam-
ples analyzed.1

•  According to USP, the pH of the oral diphenhydr-
amine hydrochloride solution has a pH of 3.5 - 5.5.2

•  Sabins et al.46 examined commercially available 50 
mg/mL diphenhydramine hydrochloride injection 
vials were used to prepare the 0.2 and 1.0 mg/mL IV 
admixtures in 0.9% sodium chloride injection and 
5% dextrose injection in 50 mL polyvinyl chloride 
(PVC) bags. The IV bags were sealed and stored 
under refrigeration (2-8 °C) for the stability study. 
At each predetermined time point, samples were 
taken for visual inspection, pH measurement, and 
analysis by a stability-indicating high-performance 
liquid chromatography (HPLC) method. Results: 
The freshly prepared IV admixtures appeared clear, 
colorless, and particulate-free, with pH readings 
of 4.44 to 4.60. The initial drug concentrations of 
all samples were confirmed by HPLC to be within 
101.8% to 103.6% of the label claims. Over the 14 
days of the study period, there was no significant 

 change in the appearance or pH values for all sta-
bility samples. The HPLC results also confirmed 
that there was no more than ± 2% change of the 
initial drug concentration in any stability samples. 
Conclusion: Diphenhydramine hydrochloride IV ad-
mixtures of 0.2 and 1.0 mg/mL are compatible with 
0.9% sodium chloride injection and 5% dextrose in-
jection in PVC bags. These IV admixtures are stable 
chemically and physically for up to 14 days when 
stored under refrigeration (2-8 °C).

•  Donnelly47 found that solutions of diphenhydramine 
hydrochloride 0.25, 0.5, and 1 mg/mL were pre-
pared, in duplicate, in minibags containing dextrose 
5% in water or 0.9%, sodium chloride and stored at 
either 22 °C or 4 °C, protected from light for 91 days. 
All samples were analyzed in duplicate with a stabil-
ity-indicating high-pressure liquid chromatography 
assay. All chemical stability samples remained col-
orless and free of precipitate throughout the course 
of the study. The concentration of all diphenhydr-
amine solutions were greater than 90% of the ini-
tial concentration over the entire study period for 
all diluents and storage temperatures studied. Di-
phenhydramine hydrochloride solutions diluted to 
concentrations of 0.25, 0.5, and 1 mg/mL with dex-
trose 5% or 0.9%, sodium chloride were considered 
chemically stable for at least 91 days when stored at 
either 22 °C or 4 °C and protected from light.

 Recommendation
 We recommend that a BUD of 14 days can be as-

signed to oral suspensions of diphenhydramine hy-
drochloride 2.5 mg/mL in SyrSpend® SF PH4 liquid, 
SyrSpend® SF PH4 Dry, or SyrSpend® SF PH4 NEO, 
when stored in amber bottles under refrigeration 
(2-8 ºC), using the formulation suggested in the 
"Compounding Instructions" section.
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 12.3  Compounding Instructions 

Diphenhydramine Hydrochloride Oral Suspension 2.5 mg/mL 
in SyrSpend® SF PH4 (100 mL)

Ingredients Quantity
Diphenhydramine hydrochloride 0.25 g
Vanillin (optional) 0.01 g
Raspberry flavor (powder or liquid) 0.5 g
SyrSpend® SF PH4 liquid, q.s. ad 100 mL

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by other compatible 
flavor of preference.

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure the diphenhydramine hydrochloride accurately.
3. Add a small quantity of SyrSpend® SF PH4 to the powder and triturate/mix to form a smooth paste.
4. Add additional SyrSpend® SF PH4 geometrically to the final volume and mix well after each addition.
5. Package in an amber bottle and label, including the instruction "Shake before use".

Diphenhydramine Hydrochloride Oral Suspension 15 mg/mL 
in SyrSpend® SF PH4 NEO (100 mL)

Ingredients Quantity
Diphenhydramine hydrochloride 0.25 g
Vanillin (optional) 0.01 g
Raspberry flavor (powder) 0.5 g
SyrSpend® SF PH4 Dry / SyrSpend® SF PH4 NEO 6.5 g

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by other compatible 
flavor of preference.

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure each ingredient accurately.
3. Triturate and mix all ingredients geometrically. 
4. Geometrically add the purified water until the required amount.
5. Pass through a sifter.
6. Package in an amber bottle and label, including the instruction "Shake before use". 

13.  Disulfiram in SyrSpend® SF

13.1  Consideration

• The United States Pharmacopeia (USP), in its Gen-
eral Guidelines for Assigning Beyond-Use Dates 
(BUD), states that "in the absence of stability in-
formation that is applicable to a specific drug and 

 preparation, the following table presents maximum 
BUDs recommended for nonsterile compound-
ed drug preparations that are packaged in tight, 
light-resistant containers and stored at controlled 

The final presentation of this formulation is as "powder for reconstitution". Instructions for the patient should include 
"Add water up to the mark on the packaging to reconstitute the product. Close the cap securely. Shake the bottle vigor-
ously to suspend the content."
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room temperature, unless otherwise indicated: (…) 
For Water-Containing Oral Formulations – The BUD 
is not later than 14 days when stored at controlled 
cold temperatures."2

• SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, and Syr-
Spend® SF PH4 NEO are water-containing oral sus-
pending vehicles with proven compatibility with 
over 100 formulations tested, through 6,414 samples 
analyzed.1

• The stability of disulfiram extemporaneously pre-
pared as a suspension was reported by Gupta. The 
suspension was prepared by mixing 2 g of acacia 
(arabic gum), with 100 mg of sodium benzoate 
in a mortar. 40 mL of water was added, and the 
suspension was stirred to form a smooth mixture. 
Five disulfiram 500-mg tablets (Antabuse, Ayerst) 
crushed to powder or 2.5 g of pure disulfiram pow-

der was added and stirred to form a smooth con-
sistency. More water was added to bring the sus-
pensions to 100 mL each. The suspensions were 
packaged in amber glass bottles and stored at 24 
ºC under fluorescent lights. Disulfiram content was 
assessed by a stability-indicating HPLC assay. The 
suspensions were stable, exhibiting no disulfiram 
loss in 178 days (from tablets) and 295 days (from 
powder).48

 Recommendation
 We recommend that a BUD of 14 days can be as-

signed to oral suspensions of disulfiram 25 mg/mL 
in SyrSpend® SF PH4 liquid, SyrSpend® SF PH4 Dry, 
or SyrSpend® SF PH4 NEO, when stored in amber 
bottles under refrigeration (2-8 ºC), using the for-
mulation suggested in the "Compounding Instruc-
tions" section.

 13.2  Scientific Support

General information on disulfiram
Disulfiram is a white or almost white odorless crys-
talline powder having a bitter taste. Disulfiram is very 
slightly soluble in water, with a solubility of 0.2 mg/
mL and a solubility of 33 to 38 mg/mL in ethanol.  

Disulfiram tablets should be packaged in tight, 
light-resistant containers and stored at controlled 
room temperature protected from elevated tem-
peratures above 40 ºC.6

 13.3  Compounding Instructions 

Disulfiram Oral Suspension 25 mg/mL in SyrSpend® SF PH4 (100 mL)

Ingredients Quantity
Disulfiram 2.5 g
Vanillin (optional) 0.01 g
Raspberry flavor (powder or liquid) 0.5 g
SyrSpend® SF PH4 liquid, q.s. ad 100 mL

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by other compatible 
flavor of preference.

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure the disulfiram accurately.
3. Add a small quantity of SyrSpend® SF PH4 to the powder and triturate/mix to form a smooth paste.
4. Add additional SyrSpend® SF PH4 geometrically to the final volume and mix well after each addition.
5. Package in an amber bottle and label, including the instruction "Shake before use".

Disulfiram Oral Suspension 25 mg/mL in SyrSpend® SF PH4 NEO (100 mL)

Ingredients Quantity
Disulfiram 2.5 g
Vanillin (optional) 0.01 g
Raspberry flavor (powder) 0.5 g
SyrSpend® SF PH4 Dry / SyrSpend® SF PH4 NEO 6.5 g

Note: raspberry flavor 
(optional ingredient) 
can be changed 
by other compatible 
flavor of preference.
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 14.2  Scientific Support

General information on erythromycin
Erythromycin and its various forms are a macrolide 
antibiotic frequently used to treat Staphylococcus 
aureus infections and are a common alternative for 
patients with penicillin allergies. Erythromycin base 
is white to slightly yellow odorless hygroscopic 
crystals or crystalline powder with a bitter taste. It 
is a mixture of macrolide antibiotics containing not 
less than 850 mcg of erythromycin per milligram, 
calculated on the anhydrous basis. Erythromycin 
base is slightly soluble in water, having an aqueous 
solubility of about 2 mg/mL. The base has a solu-
bility of about 200 mg/mL in ethanol. A 0.7-mg/mL 

aqueous erythromycin solution has a pH between 
8.0 and 10.5. The pKa of erythromycin has been var-
iously determined at 8.6, 8.8, and 8.9.

Erythromycin ethylsuccinate is a white to slightly yel-
low odorless and tasteless hygroscopic crystalline 
powder. It contains not less than 765 mcg of eryth-
romycin per milligram calculated on the anhydrous 
basis. Approximately 1.17 g of the ethylsuccinate is 
equivalent to 1 g of erythromycin. Erythromycin eth-
ylsuccinate is very slightly soluble in water but freely 
soluble in ethanol and soluble in polyethylene gly-

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure each ingredient accurately.
3. Triturate and mix all ingredients geometrically. 
4. Geometrically add the purified water until the required amount.
5. Pass through a sifter.
6. Package in an amber bottle and label, including the instruction “Shake before use”. 

14.  Erythromycin ethylsuccinate in SyrSpend® SF

14.1  Consideration

• The United States Pharmacopeia (USP), in its Gen-
eral Guidelines for Assigning Beyond-Use Dates 
(BUD), states that “in the absence of stability in-
formation that is applicable to a specific drug and 
preparation, the following table presents maximum 
BUDs recommended for nonsterile compound-
ed drug preparations that are packaged in tight, 
light-resistant containers and stored at controlled 
room temperature, unless otherwise indicated: (…) 
For Water-Containing Oral Formulations – The BUD 
is not later than 14 days when stored at controlled 
cold temperatures.”2

• SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, and Syr-
Spend® SF PH4 NEO are water-containing oral sus-
pending vehicles with proven compatibility with 
over 100 formulations tested, through 6,414 sam-
ples analyzed.1

• According to the USP, erythromycin ethylsuccinate 
for oral suspension has a pH between 7.0 and 9.0 
when reconstituted as directed in the labeling. 
Erythromycin base and most erythromycin deriv-
atives are stable at a pH 7.0.2 Unopened licensed 
product has a shelf life of 3 years. The reconstitut-
ed erythromycin ethylsuccinate has a shelf life of 14 
days at room temperature.49

 
 Recommendation
 We recommend that a BUD of 14 days can be as-

signed to oral suspensions of erythromycin ethyl-
succinate 25 or 50 mg/mL in SyrSpend® SF PH4, 
after reconstitution, when stored in amber bottles 
under refrigeration (2-8 ºC), using the formulation 
suggested in the “Compounding Instructions” sec-
tion.

The final presentation of this formulation is as "powder for reconstitution". Instructions for the patient should include 
"Add water up to the mark on the packaging to reconstitute the product. Close the cap securely. Shake the bottle vigor-
ously to suspend the content."
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col. A 1% aqueous suspension of erythromycin ethyl-
succinate has a pH of 6.0 to 8.5; the oral suspension 
has a pH of 6.5 to 8.5, while the reconstituted dry 
oral suspension has a pH of 7.0 to 9.4 The pH of re-
constituted erythromycin ethylsuccinate for suspen-
sion (E.E.S. Granules, Abbott) was 7.6. A 200 mg/5 
mL erythromycin ethylsuccinate suspension had an 
osmolality of 4,475 mOsm/kg. 6,37,49

Erythromycin ethylsuccinate stability information
Erythromycin tablets and capsules are stored in 
tight containers at controlled room temperature 
and protected from temperatures exceeding 40 ºC. 
The tablets prepared from enteric-coated pellets 
should be stored at temperatures not exceeding 
30 ºC. Erythromycin ophthalmic ointment and top-
ical solution products are also stored at controlled 
room temperature, while the gel is stored at less 
than 27 ºC. Erythromycin base exhibits the great-
est aqueous stability at pH 7.0 to 7.5; it is more sus-
ceptible to decomposition in acidic solutions than 
in alkaline solutions. The solution pH is a primary 
determinant of stability, but it may also be affected 

by buffers and metal ions. Sodium buffers are bet-
ter than potassium buffers; citrate and phosphate 
buffers are better than acetate. Calcium and mag-
nesium ions have no effect on erythromycin degra-
dation, but aluminum, iron, and copper ions greatly 
enhance the degradation rate. The powder and the 
solution at pH 4.0 and 8.0 are photostable.

Erythromycin ethylsuccinate tablets and powder 
for suspension should be packaged in tight con-
tainers and stored at controlled room temperature 
protected from temperatures exceeding 40 ºC. 
The commercial oral suspension should be stored 
under refrigeration until dispensed. The dispensed 
suspension of erythromycin ethylsuccinate is sta-
ble for 14 days when stored at room temperature.

Erythromycin has limited efficacy and bioavailabili-
ty due to its instability and conversion under acidic 
conditions via an intramolecular dehydration re-
action. Erythromycin undergoes an acid-mediated 
chemical conversion via the slow loss of cladinose 
sugar from the 14-membered aglycone ring.6,50

 14.3  Compounding Instructions 

Erythromycin ethylsuccinate dry powder mixture for Oral Suspension 25 
or 50 mg/mL in SyrSpend® SF PH4 Dry for 100 mL

Ingredients Quantity
Erythromycin ethylsuccinate (eq. to 25 or 50 mg erythromycin) 2.93 or 5.85 g
Vanillin (optional) 0.02 g
Raspberry flavor (powder) 1 g
Sodium phosphate tribasic anhydrous* q.s.
Colloidal silicon dioxide (Aerosil) 0.22 g
Castor sugar (sucrose) 62 g
SyrSpend® SF PH4 Dry 3.25 g

Note: raspberry flavor 
(optional ingredient) 
can be changed by 
another compatible 
flavor of preference.

*Establish the required 
amount of sodium 
phosphate tribasic 
anhydrous during the 

 first preparation, as 
described below under 
"First-time preparation".

 First-time preparation

When implementing this formulation for the first time in your compounding setting, the required 
amount of sodium phosphate tribasic anhydrous needs to be assessed for future reference.

 Additional notes

• Approximately 1.17 g of the erythromycin ethylsuccinate is equivalent to 1 g of erythromycin base.
• A lower concentration of SyrSpend® SF PH4 Dry as a suspending agent has been used to obtain 
 optimum viscosity, as the use of sugar for palatability reasons already increases the viscosity 
 of the preparation. Increase the quantity of the SyrSpend® SF PH4 Dry, if needed.
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 Preparation procedure of the dry powder mixture

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure each ingredient accurately.
3. Triturate erythromycin ethylsuccinate, vanillin, and sodium phosphate tribasic anhydrous 
 with colloidal silicon dioxide.
4. Mix Step 3 geometrically with other ingredients, passing through a sifter.
5. Package in amber bottle and label.

Packaging/labelling

• Amber photo resistant bottle.
• Label instructions: "Shake before use"; instructions for reconstitution.
• Protect from light.
• Dry powder to be stored at controlled room temperature (15-25 ºC).
• Reconstituted suspension to be stored between 2 ºC and 8 ºC. 

15.  Furosemide in SyrSpend® SF

15.1  Consideration

• The United States Pharmacopeia (USP), in its Gen-
eral Guidelines for Assigning Beyond-Use Dates 
(BUD), states that “in the absence of stability in-
formation that is applicable to a specific drug and 
preparation, the following table presents maximum 
BUDs recommended for nonsterile compound-
ed drug preparations that are packaged in tight, 
light-resistant containers and stored at controlled 
room temperature, unless otherwise indicated: (…) 
For Water-Containing Oral Formulations – The BUD 
is not later than 14 days when stored at controlled 
cold temperatures.”2

• SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, Syr-
Spend® SF PH4 NEO, and SyrSpend® SF Alka Dry 
are water-containing oral suspending vehicles with 
proven compatibility with over 100 formulations 
tested, through 6,414 samples analyzed.1

 Recommendation
 We recommend that a BUD of 14 days can be assigned 

to oral suspensions of furosemide 10 mg/mL in Syr-
Spend® SF Alka Dry, when stored in amber bottles un-
der refrigeration (2-8 ºC), using the formulation sug-
gested in the “Compounding Instructions” section.

The final presentation of this formulation is as "powder for reconstitution". Instructions for the patient should include 
"Add water up to the mark on the packaging to reconstitute the product. Close the cap securely. Shake the bottle vigor-
ously to suspend the content."

 15.2  Scientific Support

General information on furosemide
Furosemide is a potent diuretic with rapid action. 
Furosemide (C12H11ClN2O5S, molecular weight of 
330.7 g/mol) is a white to slightly yellow, odorless, 
almost tasteless crystalline powder. It is practically 
insoluble in water, sparingly soluble in ethanol (13 
mg/mL), and freely soluble in alkali hydroxides and 
other aqueous solutions with a pH above 8.0. It is 
insoluble in dilute acids and may precipitate from 

solutions with a pH below 5.5. Furosemide is a weak 
acid, and its pKa is 3.9. 6,25,51

Furosemide stability information and mechanism 
of degradation
Furosemide injection has a pH of 8.0 to 9.3. Furo-
semide is susceptible to acid-catalyzed hydrolysis. 
The basic amino nitrogen is protonated, followed 
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 15.3  Compounding Instructions 

Furosemide Oral Suspension 10 mg/mL in SyrSpend® SF Alka for 100 mL

Ingredients Quantity
Furosemide 1 g
Vanillin (optional) 0.02 g
Raspberry flavor (powder) 1 g
0.1 N NaOH solution* q.s. (to pH 8.0)
SyrSpend® SF Alka Dry 6.3 g
Purified water, q.s. ad 100 mL

Note: raspberry flavor 
(optional ingredient) 
can be changed by 
another compatible 
flavor of preference.

*To obtain 0.1 N NaOH 
dissolve 4 g of NaOH 
pellets in 100mL of 
purified water.

 Preparation procedure of the dry powder mixture

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure each ingredient accurately.
3. Triturate furosemide to a fine powder.
4. Add SyrSpend® SF Alka Dry (powder) and flavoring agent.
5. Check the pH and adjust to pH 8.0 with NaOH solution, if necessary.
6. Add 80 mL of purified water and mix thoroughly.
7. Complete the final volume with water.
8. Package in amber bottle and label, including the instruction “Shake before use”.

by a nucleophilic attack on furfuryl carbon to give 
the hydrolysis product saluamine. However, the hy-
drolysis of furosemide is negligible at a basic pH. 
At pH values less than 3.5, specific acid catalysis 
occurs. At pH values of 4.0 and above, hydrolysis 
becomes very slow to the point that it is negligible 
at pH 8.0 and above.

Furosemide photodegradation is minimized at pH 
7.0. It increases if the solution becomes more acidic 
or basic. It was suggested that hydrolysis and pho-
to-oxidation are involved in the photochemical deg-
radation process.

Adding alcohol may enhance furosemide stability, 
but glycerin and sorbitol have no effect. Solutions 
that contained propylene glycol were very stable. 
In aqueous solutions, incorporating edetic acid re-

sulted in no improvement in furosemide stability. 
The pH of furosemide solutions is critical; solutions 
should be slightly basic and remain unchanged 
during storage. 

The greatest stability in oral liquid furosemide for-
mulations was found in basic media (about pH 8.5). 
Its stability was reduced in the presence of sugars 
and was lowest in acidic media. 6,51

Additional information on the formulation
SyrSpend® SF Alka Dry was used as a vehicle for 
furosemide oral liquid formulation since it is alka-
line buffered. The stability of the extemporaneous 
preparation of furosemide in SyrSpend® SF Alka Dry 
is set at 14 days under refrigerated controlled tem-
perature (2-8 ºC). In the suggested preparation, the 
pH was adjusted to 8.0 to obtain optimal stability. 52
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 16.2  Scientific Support

General information on ibuprofen
Ibuprofen is a white or nearly white crystalline pow-
der or colorless crystals having a slight characteris-
tic odor. Ibuprofen is practically insoluble in water; 
with a solubility of less than 0.01 mg/mL but is very 
soluble in ethanol. It will dissolve in dilute aqueous 
solutions of alkali hydroxides and carbonates. Ibu-
profen oral suspension has a pH between 3.6 and 
4.6. Ibuprofen has a pKa of 4.43.6

Ibuprofen stability information and mechanism of 
degradation
Ibuprofen products should be packaged in well-
closed, light-resistant containers and stored at 
controlled room temperature, using accelerated 
degradation at 70 °C and 75% relative humidity for 
three weeks. Degradation of ibuprofen in commer-
cial tablets was accelerated when polyethylene gly-
col or polysorbate 80 was included among the tab-
let excipients. If either of these excipients was not 
present in the formulation, ibuprofen degradation 
did not occur under these conditions. 6,54

Rehman et al.54 concluded that ibuprofen is most 
stable at pH range 5.0, 6.0 and 7.0. So, if the recon-
stituted solutions are maintained at this pH and the 
temperature below 30 ºC, prolonged effective utili-
ty periods may be expected. In liquid preparations, 
pH should be adjusted to 6.0 for maximum stabil-
ity. The degradation rates significantly increase at 
higher temperatures.

Additional information on the formulation
The formulation has been tested in SyrSpend® SF 
PH4. The composition was adapted for palatability 
and dispersibility reasons.

Ibuprofen does not disperse well in SyrSpend® SF 
PH4 because the powder raw material does not 
have enough wettability to be levigated with the 
vehicle alone. Therefore, glycerin was added to the 
formulation as a levigating agent.

16.  Ibuprofen in SyrSpend® SF

16.1  Consideration

• The United States Pharmacopeia (USP), in its Gen-
eral Guidelines for Assigning Beyond-Use Dates 
(BUD), states that "in the absence of stability in-
formation that is applicable to a specific drug and 
preparation, the following table presents maximum 
BUDs recommended for nonsterile compound-
ed drug preparations that are packaged in tight, 
light-resistant containers and stored at controlled 
room temperature, unless otherwise indicated: (…) 
For Water-Containing Oral Formulations – The BUD 
is not later than 14 days when stored at controlled 
cold temperatures."2

• SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, and Syr-
Spend® SF PH4 NEO are water-containing oral sus-
pending vehicles with proven compatibility with 
over 100 formulations tested, through 6,414 sam-
ples analyzed.1

• Ibuprofen oral suspension USP has a pH between 
3.6 and 4.6.2

• Martin-Viana et al.53 evaluated the physical and 
chemical stability of an ibuprofen 20 mg/mL oral 
suspension for pediatric use. The oral suspension 

 was prepared using ibuprofen powder with un-
specified "auxiliary substances in common use in 
the pharmaceutical industry." Samples of the oral 
suspension were packaged in amber glass bottles 
and stored at room temperature of 28 to 32 °C pro-
tected from light for 24 months and at elevated 
temperature of 40 °C and 75% relative humidity for 
accelerated testing over six months. The oral sus-
pension was a white viscous liquid with a pH near 
3.8. At both storage conditions, no physical chang-
es were observed, and the pH remained essentially 
unchanged. HPLC analysis of the ibuprofen con-
centration using the USP HPLC method found no 
ibuprofen loss in six months at elevated tempera-
ture and less than 3% loss in 24 months at room 
temperature.

 Recommendation
 We recommend that a BUD of 14 days can be as-

signed to oral suspensions of ibuprofen 20 mg/mL in 
SyrSpend® SF PH4, when stored in amber bottles un-
der refrigeration (2-8 ºC), using the formulation sug-
gested in the "Compounding Instructions" section.
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In addition, ibuprofen is also challenging with re-
spect to obtaining an oral formulation with good 
palatability. It is an API that elicits a bitter taste and 
has an irritant action on the mucous membranes 
of the mouth and throat. Due to this limitation, a 
certain percentage of 70% sorbitol was used. Both 
glycerin and sorbitol 70% are co-solvents common-
ly used in commercial preparations with ibuprofen. 
The result obtained was satisfactory and the formu-
lation had a good final palatability, comparable to 
that of commercial products.

The final pH of the preparation was approximately 
4.2. Therefore, a good chemical stability profile is ex-
pected for this preparation. Due to the lack of a spe-
cific stability study for this formulation, a beyond-
use-date according to USP <795> can be assigned, 
which is 14 days under controlled cold temperatures.

Additional preservative was added to compensate 
for dilution with solvents and maintain logical sta-
bility of the liquid preparation for a longer period. 
This amount can be changed if needed without sig-
nificantly altering the pH.

EDTA has been used as a cation-sequestering 
agent, preservative and stabilizer. It is used in some 
commercial formulations containing ibuprofen to 
improve drug stability and prevent the formation 
of insoluble salts. In addition, it can also be used 
to improve solubility of ibuprofen, allowing it to be 
absorbed more quickly and efficiently. 54,55

 16.3  Compounding Instructions 

 Ibuprofen Oral Suspension 20 mg/mL in SyrSpend® SF PH4 (100 mL)

Ingredients Quantity
Ibuprofen 2 g
Vanillin (optional) 0.01 g
Raspberry flavor (powder or liquid) 0.4 g
EDTA-Na2 0.05 g
Sorbitol 70% solution 20 g
Glycerin 5 g
Potassium sorbate 0.2 g
SyrSpend® SF PH4 liquid, q.s. ad 100 mL

Note: raspberry flavor 
(optional ingredient) 
can be changed by 
another compatible 
flavor of preference.

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure each ingredient accurately.
3. Triturate and mix ibuprofen, vanillin, raspberry flavor, potassium sorbate, and EDTA-Na2 
 until a fine powder mixture is achieved.
4. Levigate the mixture of step 3 with glycerin and sorbitol 70% solution. 
 A smooth paste should be formed.
5. Add the SyrSpend® SF PH4 geometrically to the final volume and mix well after each addition. 
 The pH is approximately 4.2.
6. Package in an amber bottle and label, including the instruction “Shake before use”.
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 17.2  Scientific Support

General information on Lidocaine
Lidocaine hydrochloride is a white crystalline pow-
der having a bitter taste. Lidocaine hydrochloride 
monohydrate 1.23 g and lidocaine hydrochloride 
1.16 g are approximately equivalent to 1 g of lido-
caine. Lidocaine is practically insoluble in water 
but very soluble in ethanol, chloroform, and oils. Li-
docaine hydrochloride is very soluble in water and 
ethanol.

A lidocaine hydrochloride 0.5% aqueous solution 
has a pH of 4 to 5.5. Lidocaine hydrochloride injec-
tion, topical solution, and oral topical solution have 
a pH range of 5 to 7.4. Lidocaine hydrochloride pre-
mixed in 5% dextrose injection has a pH range of 3 
to 7.4. The pKa of lidocaine hydrochloride is 7.86.6

Lidocaine stability information and mechanism of 
degradation
Lidocaine hydrochloride injections and solutions 
should be stored at controlled room temperature 
and should be protected from excessive heat and 
freezing. Loss of lidocaine hydrochloride due to 
sorption to polyvinyl chloride containers from buff-
ered cardioplegia solutions has been reported to 
occur at room temperature, but refrigeration slows 
the sorptive process. Precipitation of lidocaine 
base occurs at a pH of around 7.5 to 7.6. 

Lidocaine hydrochloride is very stable in solutions. 
Even at extreme pH and high temperature, no oxida-
tion and, at most, very slow hydrolysis occurs.6,57,58

Additional information on the formulation

17.  Lidocaine in SyrSpend® SF

17.1  Consideration

• The United States Pharmacopeia (USP), in its Gen-
eral Guidelines for Assigning Beyond-Use Dates 
(BUD), states that "in the absence of stability in-
formation that is applicable to a specific drug and 
preparation, the following table presents maximum 
BUDs recommended for nonsterile compound-
ed drug preparations that are packaged in tight, 
light-resistant containers and stored at controlled 
room temperature, unless otherwise indicated: (…) 
For Water-Containing Oral Formulations – The BUD 
is not later than 14 days when stored at controlled 
cold temperatures."2

• SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, and Syr-
Spend® SF PH4 NEO are water-containing oral sus-
pending vehicles with proven compatibility with 
over 100 formulations tested, through 6,414 sam-
ples analyzed.1

• Given the 3-year shelf-life of the FNA Lidocaine 20 
mg/ml Oral Gel.56

• The excellent stability of Lidocaine HCl at a wide 
range of pH.57

 Recommendation
 We recommend that a BUD of 14 days can be as-

signed to oral suspensions of Lidocaine HCl 20 mg/
mL in SyrSpend® SF PH4, when stored in amber bot-
tles under refrigeration (2-8 ºC), using the formula-
tion suggested in the "Compounding Instructions" 
section.

Lidocaine Hydrochloride FNA oral gel 
20 mg/ml formulation

Lidocaine hydrochloride 2 g

Disodium phosphate 
dodecahydrate 100 mg

Glycerol 85% 20 g

Hypromellose 
4000 mPa.s 1.5 g

Peppermint oil 20 mg

Methyl 
parahydroxybenzoate 87.5 mg

Propyl 
parahydroxybenzoate 12.5 mg

Sodium saccharin 100 mg

Purified water 81.2 g
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The beyond-use-date of the above formulation was 
set at 3 years before opening and 6 months after 
opening.

The pH of the preparation should be around 6.0-7.0.

The pH of the preparation affects both the solubility 
of lidocaine hydrochloride and its efficacy. Increas-
ing the pH above 6.5 gives a chance for the formation 
of a precipitate. If the pH is not corrected, it is around 
4, and the mucous membrane (e.g., the tongue) is 
anesthetized much less quickly and strongly than if 
the pH is slightly higher. By adding a small amount 
of sodiummonohydrogenphosphatedodecahydrate, 
the prescription set the pH at 6.5.56,59

Aulestia-Viera et al.59 found that this is especially 
important in the case of inflamed tissue. The effica-
cy and onset time of anesthetics could be affected 
in inflamed tissues, such as in cases of pulpitis and 
abscesses. The Henderson-Hasselbalch equation 
demonstrates that more of the free base form will 
be available if a local anesthetic solution is buffered 
to a pH closer to its pKa. Infected tissues have a 
pH as low as 5.0, which favors the ionized configu-
ration of local anesthetics and reduces anesthetic 
penetration into the nerve.

 17.3  Compounding Instructions 

Lidocaine HCl Oral Suspension 20 mg/mL in SyrSpend® SF PH4 (100 mL)

Ingredients Quantity
Lidocaine HCl 2 g
Flavoring agent (e.g. mint) q.s.
Preservative q.s.
Sodium Monohydrogenphosphatedodecahydrate q.s. (to pH 6.0)
SyrSpend® SF PH4, q.s. ad 100 mL

Note: another compatible 
preference flavor can 
change mint (optional 
ingredient).

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Accurately weigh and measure each ingredient.
3. Triturate and mix Lidocaine HCl and preservative until a fine powder mixture is achieved.
4. Levigate the mixture of step 3 with q.s. of SyrSpend® SF PH4 until a smooth paste is formed.
5. Add more SyrSpend® SF PH4 (about 50 mL) until complete dissolution.
6. Add the SyrSpend® SF PH4 geometrically almost to final volume, mixing thoroughly after each addition.
7. Check the pH. The pH should be close to 6.0 (range 6.0 – 7.0). 
 Adjust the pH with sodium Monohydrogenphosphatedodecahydrate.
8. Add sufficient SyrSpend® SF PH4 to bring the volume to 100 mL and mix well.
9. Package in amber bottle and label, including the instruction "Shake before use".
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18.  Niaprazine in SyrSpend® SF 

18.1  Consideration

• The United States Pharmacopeia (USP), in its Gen-
eral Guidelines for Assigning Beyond-Use Dates 
(BUD), states that “in the absence of stability in-
formation that is applicable to a specific drug and 
preparation, the following table presents maximum 
BUDs recommended for nonsterile compound-
ed drug preparations that are packaged in tight, 
light-resistant containers and stored at controlled 
room temperature, unless otherwise indicated: (…) 
For Water-Containing Oral Formulations – The BUD 
is not later than 14 days when stored at controlled 
cold temperatures.”2

• SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, and Syr-
Spend® SF PH4 NEO are water-containing oral sus-
pending vehicles with proven compatibility with 
over 100 formulations tested, through 6,414 sam-
ples analyzed.1

 
 Recommendation
 We recommend that a BUD of 14 days can be assigned 

to oral suspensions of niaprazine 2.3 mg/mL in Syr-
Spend® SF PH4, when stored in amber bottles under 
refrigeration (2-8 ºC), using the formulation suggest-
ed in the “Compounding Instructions” section.

 18.2  Scientific Support

General information on niaprazine
Niaprazine (Nopron) is a piperazine derivative drug 
which acts as a sedating antihistamine, which has 
been used in children for its sedative and hypnotic 
properties. It is mainly prescribed for its relatively 
strong sedative effects rather than as an antihista-
mine, and is used mainly for treating autism and in-
somnia in children and adolescents. The usual dose 
is 1 mg/kg at night. Niaprazine (C20H25FN4O) has a 
molecular weight of 356.4 g/mol. 25,60

Niaprazine stability information and mechanism 
of degradation
Niaprazine belongs to the class of organic com-
pounds known as phenylpiperazines. These are 
compounds containing a phenylpiperazine skele-
ton, which consists of a piperazine bound to phenyl 
group.

Regarding pH and stability, its stability may be high-
er in the acid-to-neutral range. Therefore, we should 
also expect good chemical stability of niaprazine 
(as a piperazine derivate) in the acidic pH range 
close to 4.0.

The kinetic of a phenylpiperazine compound showed 
accelerated degradation (by hydrolysis) in pH < 3.0 
and pH > 9.0 and low degradation at pH 4.37. 60–62

Additional information on the formulation
Considering the qualitative and quantitative com-
position of the commercial product Nopron, as well 
as some physico-chemical data of niaprazine:

1) Niaprazine is practically insoluble in water (0.171/
mL).
2) Tartaric acid is used in the formulation of the 
commercial product as an acidulant, reducing the 
pH of the vehicle (normally, sugar-based syrups 
have a neutral pH, close to 7.0). Since niaprazine, 
as a piperazine derivative, is a weak base and has 
a pKa of 7.9, the reduction of the pKa to an acid 
range favors the ionization of the molecules of this 
drug, increasing its solubility in water. Therefore, 
tartaric acid as an organic acid is being used in the 
formulation of Nopron to allow the solubilization 
of niaprazine. Considering that in SyrSpend® SF 
we have buffered pH near 4.0, the percentage of 
the non-ionized fraction (insoluble) and the ionized 
fraction (soluble) of niaprazine at these pH condi-
tions (SyrSpend® SF PH4) can be predicted:

Considering that niaprazine is a weak base:

Log Ci/Cu = pka – pH = 7.9 – 4.0 = 3.9 (above + 3.0, 
more than 99.9 of the molecules will be ionized / 
solubilized)

Niaprazine pka = 7.0
pH = medium pH (SyrSpend® SF PH4 has a pH of 
around 4.0 – 4.4)
Ci = ionized species concentration
Cu = nonionized species concentration

Therefore, niaprazine will be completely soluble 
(practically 100% of the fraction of niaprazine mol-
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ecules will be ionized) at pH conditions close to 4.0.
This value of 3.9 means that niaprazine will be com-
pletely ionized (solubilized) if the final pH in Syr-
Spend® SF PH4 is maintained in the range of 4.0. If 
needed, the pH should be corrected.
This information is underlined by the fact that No-

pron (based on its composition) certainly presents 
a pH in the acidic range for niaprazine to be solu-
bilized.
Since niaprazine stability has not been evaluated 
in SyrSpend® SF PH4, the suggested formulation is 
based on theoretical data only. 25,60–66

 18.3  Compounding Instructions 

Niaprazine Oral Suspension 2.3 mg/mL in SyrSpend® SF PH4 (100 mL)

Ingredients Quantity
Niaprazine 230 mg
Orange flavor (powder or liquid) 1 g
Preservative q.s.
Citric acid or tartaric acid q.s. (to pH 4.0)
SyrSpend® SF PH4 liquid, q.s. ad 100 mL

Note: orange flavor 
(optional ingredient) 
can be changed by 
another compatible 
flavor of preference.

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Accurately weigh and measure each ingredient.
3. Triturate and mix niaprazine and preservative until a fine powder mixture is achieved.
4. Levigate the mixture of step 3 with q.s. of SyrSpend® SF PH4 until a smooth paste is formed.
5. Add more SyrSpend® SF PH4 (about 50 mL) until complete dissolution.
6. Add the SyrSpend® SF PH4 geometrically almost to final volume, mixing thoroughly after each addition.
7. Check the pH. The pH should be close to 4.0. Adjust the pH with citric acid 25% w/v solution 
 or tartaric acid if necessary.
8. Add sufficient SyrSpend® SF PH4 to bring the volume to 100 mL and mix well.
9. Package in amber bottle and label, including the instruction "Shake before use".

19.  Paracetamol in SyrSpend® SF  

19.1  Consideration

• The physical-chemical stability of paracetamol in 
SyrSpend® SF PH4 has been previously assessed.67

• SyrSpend® SF PH4, SyrSpend® SF PH4 Dry, and Syr-
Spend® SF PH4 NEO are water-containing oral sus-
pending vehicles with proven compatibility with 
over 100 formulations tested, through 6,414 sam-
ples analyzed.1

 Recommendation
 We recommend that a BUD of 90 days can be assigned 

to paracetamol 50 mg/mL oral suspensions in Syr-
Spend® SF PH4 liquid, and SyrSpend® SF PH4 NEO, when 
stored in amber bottles at room temperature (20-25 ºC) 
or under refrigeration (2-8 ºC), using the formulation 
suggested in the "Compounding Instructions" section.
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 19.2  Scientific Support

General information on paracetamol
Paracetamol is a white crystalline powder with a 
bitter taste. Paracetamol has an aqueous solubility 
of about 14 mg/mL, increasing to about 50 mg/mL 
in boiling water and to about 100-142 mg/mL in eth-
anol. Paracetamol oral solution has a pH between 
3.8 and 6.1; the oral suspension has a pH between 
4.0 and 6.9. Paracetamol has a pka of 9.51.6

Paracetamol stability information
The stability of paracetamol in SyrSpend® SF has 
been assessed and presented as follows:

The objective of the study was to evaluate the sta-
bility of paracetamol (acetaminophen) 50 mg/mL 
compounded in oral suspension using SyrSpend® 

SF PH4 as the vehicle throughout the study peri-
od and stored both at controlled refrigerated (2 
to 8 °C) and room temperature (20 to 25 °C). The 
stability was assessed by means of measuring the 
percent recovery at varying time points throughout 
a 90-day period. The API was quantified by HPLC 
through a stability-indicating method. Methods 
were adequately validated. Forced-degradation 
studies showed that at least one parameter influ-
enced the stability of API. Paracetamol was assayed 
and showed an API content between 90% and 110% 
during the 90-day study period. The BUD of the 
preparation was found to be at least 90 days for the 
suspension, both for controlled refrigerated tem-
perature and room temperature. 67

Elapsed time (days)
Paracetamol (% recovery)

Refrigerated 
temperature (2-8 °C)

Room
temperature (20-25 °C)

0 100 ± 0.35 100 ± 0.35

7 103.17 ± 0.70 97.32 ± 1.50

14 98.80 ± 1.36 96.60 ± 0.26

30 101.33 ± 0.65 99.29 ± 0.45

60 96.37 ± 0.21 97.16 ± 0.28

90 96.40 ±0.45 99.85 ± 0.58

 19.3  Compounding Instructions 

Paracetamol Oral Suspension 50 mg/mL in SyrSpend® SF PH4 (100 mL)

Ingredients Quantity
Paracetamol 5 g
Vanillin (optional) 0.01 g
Raspberry flavor (powder or liquid) 0.5 g
SyrSpend® SF PH4 liquid, q.s. ad 100 mL

Note: raspberry flavor 
(optional ingredient) 
can be changed by 
another compatible
flavor of preference.

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Accurately weigh and measure each ingredient.
3. Add a small quantity of SyrSpend® SF PH4 to the paracetamol powder 
 and triturate/mix to form a smooth paste.
4. Add SyrSpend® SF PH4 geometrically to the final volume and mix well after each addition.
5. Package in an amber bottle and label, including the instruction “Shake before use”.
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Paracetamol Oral Suspension 50 mg/mL in SyrSpend® SF PH4 NEO (100 mL)

Ingredients Quantity
Paracetamol 5 g
Vanillin (optional) 0.01 g
Raspberry flavor (powder) 0.5 g
SyrSpend® SF PH4 NEO 6.5 g

Note: raspberry flavor 
(optional ingredient) 
can be changed by 
another compatible
 flavor of preference.

Note: SyrSpend SF PH4 NEO can be replaced by SyrSpend SF PH4 dry if needed, but then the maximum beyond-use date is 14 days 
at refrigerated temperature (2 to 8 °C).

 Preparation procedure

1. Calculate the required quantity of each ingredient for the total amount to be prepared.
2. Weigh and/or measure each ingredient accurately.
3. Triturate and mix all ingredients geometrically. 
4. Geometrically add the purified water until the required amount.
5. Pass through a sifter.
6. Package in an amber bottle and label, including the instruction "Shake before use". 

The final presentation of this formulation is as "powder for reconstitution". Instructions for the patient should include 
"Add water up to the mark on the packaging to reconstitute the product. Close the cap securely. Shake the bottle vigor-
ously to suspend the content."
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Disclaimer

This is a courtesy document because of the current (global) shortages in various oral liquid phar-
maceutical presentations on the market. No chemical compatibility studies with the listed Active 
Pharmaceutical Ingredients have been conducted in SyrSpend® SF by Fagron or others unless 
stated otherwise in the API's monograph provided. Therefore, the provided information needs to 
be interpreted by the pharmacist. Fagron does not provide any scientific, medical, or pharmaceu-
tical advice or opinion herewith. The information contained in this document is only authorized 
based solely on the reader's responsibility. You expressly accept that Fagron can not be held 
liable and will not accept any responsibility for using the information contained in this document.


