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ABSTRACT

Pharmaceutical-grade propylene glycol is a commonly used solvent in liquid formulations. Sometimes it
may be counterfeited with other hazardous chemicals and ultimately affect patients, which may cause renal
failure or death. So, an approach has been taken to minimize these hazards and ensure the safety of
medications. The replacement of propylene glycol with de-mineralized water from the formulations of
desloratadine syrup and co-trimoxazole suspension was observed in accelerated and real time stability studies.
The performance of both the propylene glycol and water containing the formulations were within the specified
limits. Additionally, water containing formulations were relatively more stable than the propylene glycol-
containing formulations. The degradation rate of the active ingredient(s) with storage period was time-
independent.
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Introduction

The physical properties of diethylene glycol [(2-hydroxyethoxy) ethan-2-ol] make it an excellent counterfeit
for pharmaceutical-grade propylene glycol (propane-1,2-diol), and have caused many deaths in different
countries over decades. Small level pharmaceutical manufacturers in Bangladesh have no gas chromatography
analytical system for the proper analysis of different useful solvents like propylene glycol, which are commonly
used as excipients in pharmaceutical dosage forms. The identification and purity tests are usually done by
simple traditional indirect methods like boiling point, specific gravity, etc. In this way the presence of
impurities or traces of miscible solvents can not be detected substantially. So, a potential threat of
contamination with toxic chemicals may always be present.

In Bangladesh between 1990 and 1992, 339 children developed kidney failure, and most of them died,
after being given paracetamol (acetaminophen) syrup contaminated with diethylene glycol. The outbreak forced
the government to ban the sale of paracetamol elixirs in December 1992, causing a decline of 53% in the
admission of patients with renal failure and a 84% decline in admissions by unexplained renal failure (Hanif
et al., 1995).

A general adverse reaction among the public was immediately noticeable after the paracetamol-diethylene
glycol fiasco. The trend of the pharmaceutical companies is to use cost effective and relatively safe solvents.
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In this way, both the public safety as well as the desirable economic outcome may be ensured. Desloratadine
(8-chloro-6,11-dihydro-11-(4-piperdinylidene)-5H-benzo[5,6] -cyclohepta  [1,2-b] pyridine) is an oral, non-
sedative (Mann et al., 2000) antihistaminic drug (histamine receptor, H1 blocker).  Co-trimoxazole is a
sulfonamide plus antibiotic combination of trimethoprim (5-[(3,4,5-trimethoxyphenyl)methyl]pyrimidine-2,4-
diamine) and sulfamethoxazole (4-amino-N-(5-methyl-1,2-oxazol-3-yl) benzenesulfonamide), in the ratio of 1
to 5, used in the treatment of a variety of bacterial infections. Both compounds used to be mixed with
propylene glycol for preparation, respectively, of syrup and suspension. Since manufacturers, to save cost, may
have the tendency to replace propylene glycol with highly toxic diethylene glycol, in the present study
replacement of propylene glycol with de-mineralized water in desloratadine syrup and cotrimoxazole
suspension, and the stability of the new and old formulation was properly investigated both in the real time
and accelerated stability study methods. 

Materials and Methods

Chemicals and reagents

Reference standard of desloratine was purchased from Glenmark Generics Ltd., Mumbai and
sulfamethoxazole from Virchow Laboratories Ltd., Hyderabad, India. Trimethoprim was purchased from
Shandong Xinhua Pharmaceutical Co. Ltd., China. Methanol (MeOH) and monobasic sodium phosphate was
purchased from Merck KGaA (Darmstadt, Germany), acetonitrile from Lab Scan Analytical Science (Lab-Scan
Ltd., Ireland), and ortho-phosphoric acid (H3PO4) (85%) from Riedel-de-Haën (Seezle, Germany).

Instruments

The quantitative determinations were carried out in HPLC system-Agilent Technologies 1200 series
(Agilent Technologies, Waldbronn, Germany) equipped with an  Agilent DAD-G 1315B Diode-Array
multibeam UV-visible detector (wavelength 240 nm was used), Agilent GA1322A degasser, Agilent G1316A
column Thermostat, and an Agilent G1312A Thermostatted auto-sampler. The column was Luna C18 (5µm,
4.6×250 mm). The operating software was Agilent ChemstationTM for LC and LC-M/S systems. Mobile phases
were filtered through membrane filter 47mm PVDF 0.2 µm paper of Pall Corporation.  The sample and
standard solutions were filtered through disc filter containing 15mm 0.2 µm PVDF paper of Pall Corporation.
pH was measured with a pH meter (HANNA, Singapore). The accelerated stability chamber was TharmostabilTM

Guiseppe S.N.C., Italy.

Analytical methods for the quantification of active ingredients
The analysis of sulfamethoxazole and trimethoprim oral suspension was run according to the official

methods of United States Pharmacopoeia (USP) (Anon., 2007). The analysis of desloratadine syrup was done
by using an in-house validated method. Here, the mobile phase was buffer (pH 3 ± 0.1) containing 0.036 M
monobasic sodium phosphate di-hydrate and acetonitrile (80:20); the diluent was water and acetonitrile (40:60).
The chromatograph was equipped for the analysis of desloratadine with a 230 nm detector and the flow rate
was 1.5 ml per minute.

Stability Study

The stability testing may be divided into two categories, i.e. Real time stability test and Accelerated
stability test. The ICH (International Conference on Harmonization) guidelines (Anon., 2003) prescribed the
testing frequency of a stability study of pharmaceutical dosage forms. Real time study for drug substances have
a proposed re-test period of at least 12 months, the frequency of testing under the long-term storage condition
should be every 3 months over the first year, every 6 months over the second year, and annually thereafter
through the proposed re-test period. But, the accelerated storage condition should contain a minimum of three
time points, including the initial and final time points (e.g., 0, 3, and 6 months), for a 6-month study is
recommended. In the present study, the drugs were observed over 1 year in accelerated condition.

The accelerated stability over six months was done at 400C and 75% relative humidity (RH) (Anon, 2003).
According to World Health Organization (WHO) guidelines, the recommended long term stability testing
condition in Bangladesh (climate zone IVA) should be at 300C and 65% RH (Anon, 2009).
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Relationship between product stability with storage period

We assumed a regression model:
y= bo +b1x                           

Here, y = dependent variable, shelf life of the product
x = independent variable, observation period (time)
bo= the constant term, intercept b1= slope.

In this regression model, the percentage of active ingredient of the particular formulation after a certain
period of time was plotted against time.

Statistical Analysis
The results are expressed as mean ± Relative Standard Deviation (in %). The data were analyzed by the

software ‘Microsoft Excel 2003’. The statistical program ‘SPSS 12.0 for Windows’ was used to test the
regression analysis between product stability and storage period.

Results and Discussion

Desloratadine is slightly soluble (100 to 1000 parts of solvent is required to dissolve 1 part of solute) in
water, so syrup containing 0.05 % desloratadine can be formulated easily with de-mineralized water. Whereas,
sulfamethoxazole (Anon., 2005b) is practically insoluble in water (about 10,000 parts of solvent is required
to dissolve 1 part of solute), and trimethoprim (Anon, 2007) is very slightly soluble (1,000 to 10,000 parts of
solvent is required to dissolve 1 part of solute) in water at room temperature. So, only water will not be
effective in replacement with propylene glycol to formulate the co-trimoxazole suspension. For these reason,
water, glycerin and polysorbate 80 were required to prepare co-trimoxazole suspension. The old and new
solvents for the preparation of the desloratadine syrup and co-trimoxazole suspension are given in Table 1 and
Table 2, respectively.

No physical change like physical appearance, color, odor, and caking or phase separation was observed
in the total observation periods. The changes of pH were observed during the whole observation period. The
USP specification for the pH of co-trimoxazole suspension is 5.0 to 6.5 (Anon., 2007). Both the propylene
glycol (PG) containing formulation and the newly developed formulation always met this requirement. There
was almost no noticeable change in pH in all the formulations including desloratadine syrup.

Results of the chemical stability of desloratadine syrup and co-trimoxazole suspension are summarized,
respectively, in Table 3 and Table 4. From the data, it was observed that the changes of potency of both the
formulations were within the specified limit (i.e. not less than 90% of the initial value) in both the real time
study for 2 years and the accelerated stability study for 6 months. All the formulations were very stable over
2 years and possessed the desired physicochemical properties (e.g. physical appearances, odor, and no caking
or phase separation) and chemical properties (e.g. potency, pH).

Table 1: Old and new formulation of Desloratadine syrup (note that the formulation does not include ingredients like preservatives or
substances to make the product more palatable).

Old formulation New formulation
Desloratadine 0.05 % Desloratadine 0.05 %
Sorbitol solution 70% 25 % Sorbitol solution 70% 25 %
Propylene Glycol 10 % De-mineralized water Quantity sufficient for required volume

Table 2: Old and new formulation of Co-trimoxazole suspension (note that the formulation does not include ingredients like preservatives
or substances to make the product more palatable).

Old formulation New formulation
Sulfamethoxazole 4.00% Sulfamethoxazole 4.00%
Trimethoprim 0.80% Trimethoprim 0.80%
Propylene Glycol 2.67% Glycerin 3.00%
-- -- Coloidal silicon dioxide 0.033%
-- -- Polysorbate 80 0.05%
De-mineralized water Quantity sufficient to required volume De-mineralized water Quantity sufficient to required volume
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Table 3: A comparative chemical stability Desloratadine syrup in both the real time and accelerated stability condition
Test parameters Storage condition Formulation Storage period (months)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Initial Three Six Nine Twelve Eighteen Twenty  Four

Change of Real time Propylene Glycol 100.13 ± 0.43 % 100.08 ± 1.35 % 99.62 ± 1.36 % 99.23 ± 2.10 % 97.86 ± 0.61 % 96.77 ± 0.39 % 93.30 ± 0.74 %
potency (%) Study (PG) containing

Water containing 100.35 ± 0.73 % 100.21 ± 1.58 % 100.31± 0.43 % 99.97 ± 1.59 % 98.86 ± 0.70 % - -
[mean ± % Accelerated study PG containing 100.13 ± 0.43 % 99.95 ± 1.07 % 99.17 ± 0.97 % 98.35 ± 1.14 % 97.30 ± 0.92 % - -
RSD] n=3 Water containing 100.35 ± 0.73 % 99.93 ± 0.86 % 99.19 ± 1.16 % 98.84 ± 0.91 % 98.05 ± 0.54 % - -
pH Real time study PG containing 5.16 5.18 5.13 5.19 5.15 5.12 5.13
(average value) Water containing 5.23 5.15 5.18 5.13 5.11 - -
n=3

Accelerated study PG containing 5.16 5.09 5.11 5.02 4.92 - -
Water containing 5.23 5.12 5.10 5.05 4.98 - -

Table 4: A comparative chemical stability Co-trimoxazole suspension in both the real time and accelerated stability condition.
Test parameters Storage condition Formulation Storage period (months)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Initial Three Six Nine Twelve Eighteen Twenty  Four

Changed Real time Study Propylene Glycol 100.18 ± 0.67 % 99.87  ± 1.98 % 99.53 ± 0.66 % 99.45 ± 1.29 % 99.20 ± 0.63 % 98.71 ± 1.29 % 95.49 ± 0.65 %
potency of (PG) containing
Sulfamethoxazole Glycerine 100.23 ± 0.42 % 99.8 ± 1.04 % 99.54  ± 0.21% 99.30  ± 1.37 % 99.32 ± 0.75 % - -
(%) containing
[mean ± % Accelerated study PG containing 100.18 ± 0.67 % 98.70 ± 0.82 % 96.93 ± 2.09 %  96.40 ±  0.83 % 94.17  ± 1.19 %  - - 
RSD] Glycerine 100.23 ± 0.42 % 98.87 ± 0.74 % 97.34 ± 1.89 %  96.37 ± 1.03 % 94.52  ± 0.26 %  -  -
(n=3) containing
Changed Real time Study PG containing 100.08 ± 1.03 % 99.47 ± 1.28 % 99.24 ± 0.81 % 98.94 ± 0.89 % 98.09 ± 0.99 % 97.58 ± 0.15 % 96.30 ± 1.84 %
potency of Glycerine 100.22 ± 0.53 % 99.67 ± 1.43 % 99.31 ± 0.51 % 99.12 ± 1.34 % 98.99 ± 4.56 % - -
Trimethoprim containing
(%)
[mean ±% Accelerated study PG containing 100.08 ± 1.03 % 99.27 ± 0.96 % 98.29 ± 1.09 %  97.85 ± 0.48 % 97.23 ± 1.61 %  - - 
 RSD] (n=3) Glycerine 100.22 ± 0.53 % 99.39 ± 1.74 % 98.48 ± 0.93 %  98.14 ± 1.85 % 97.32 ± 1.34 %  -  -

containing
pH(average Real time study PG containing 5.62 5.69 5.58 5.65 5.73 5.80 5.66
value) (n=3) Glycerine 5.68 5.70 5.75 5.77 5.84 - -

containing
Accelerated study PG Containing 5.62 5.64 5.72 5.86 5.95 - - 

Glycerine 5.68 5.71 5.76 5.83 5.88  -  -
containing

The peak chromatograms of desloratadine syrup and co-trimoxazole suspension in HPLC were standard
in nature (Figure 1 and Figure 2, respectively).  It is clear that the both the formulations in the experimental
conditions were stable enough over two years. The peak of the active component was free from massive
degradation (Figure 1 and Figure 2). Any slight degradation was within the specified limits.   The degraded
products and other excipients were clearly separated from the main analyte, and no peak tailing (Anon., 2005a)
was observed in both the products.

The Relationships between product stability with storage period can be observed only in real time stability
studies. The relationship is observed when percentages (%) of active ingredient(s) (of claimed value) are plotted
against observation period (months). The relationships between the two parameters were determined by the r2

value. For the water containing formulation of desloratadine syrup the r2 value was 0.7027, where in case of
the propylene glycol containing formulation the value was 0.9281 in the real time stability study. So, the
formulation containing de-mineralized water showed less time-dependent degradation (i.e. more stable) than
the propylene glycol containing formulation of desloratadine syrup. In case of co-trimoxazole suspension the
relationship of degradation of the amount of sulfamethoxazole or trimethoprim was plotted with observation
periods (months). In case of the plot for sulfamethoxazole, the r2 value was 0.7979 for the old formulation and
0.8553 for the new formulation. Again, the values of r2 in similar plot of trimethoprim were 0.961 for propylene
glycol containing formula, and 0.8855 for glycerin containing formula. Therefore, it was observed that values
of r2 in almost all cases were less than 0.99. So, all the formulations were stable and had no linear relationship
between stability and storage period. In addition to it, the new formulations were more stable as the values
of r2 were much lower than the old formulations.  So, the water containing formulations were more stable than
the propylene glycol containing formulations.

In conclusion, it may be said that the water containing formulations of desloratadine syrup and co-
trimoxazole suspensions were comparatively more stable than the established propylene glycol containing
formulations. The de-mineralized water is the cheapest solvent available to all pharmaceutical companies. It
is safe and posses less risk of contamination compared to other toxic solvents. The pharmaceutical companies
having lower economic capacities would be encouraged to use a cheap solvent like de-mineralized water in
lieu of propylene glycol, which because of its higher price may make a pharmaceutical company tend to use
propylene glycol substitutes like diethylene glycol, which is toxic and as has been demonstrated earlier to lead
to deaths of hundreds of children in Bangladesh.
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Fig. 1: A peak chromatogram of Desloratadine syrup.

Fig. 2: A peak chromatogram of Co-trimoxazole suspension.
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