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Effects of highly hygroscopic sorbitol, citric acid, sodium carboxymethyl cellulose or polyvinylpolypyrrolidone, on 
the hydrolysis of simvastatin in tablets at 25º/90% RH were studied. The simvastatin tablets were prepared by 
direct powder compression. Simvastatin and its hydrolyte, simvastatin acid, were quantitatively analysed by high 
performance liquid chromotography. The hygroscopicity, water swelling ratio, water solubility and pH of the four 
hygroscopic excipients were investigated. During the investigation period, the weight gain of sorbitol or citric 
acid increased faster than that of polyvinylpolypyrrolidone or sodium carboxymethyl cellulose at 25º/90% RH, 
accordingly, the moisture sorption of the tablets containing citric acid or sorbitol (T‑3 or T‑6) were more than that 
of the tablets containing sodium carboxymethyl cellulose or polyvinylpolypyrrolidone (T‑4 or T‑5). The increase of 
simvastatin acid content with time at 25º/90% RH for the tablets was in the following order: T‑6<T‑4<T‑3<T‑5. The 
effects of the four excipients on the hydrolysis of simvastatin in tablet were related to not only their hygroscopicity 
but also their other properties, such as moisture retention capacity and pH. Sorbitol as hygroscopic excipient in 
tablet can most effectively prevent the hydrolysis of simvastatin in tablet.
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Simvastatin (SIM) is an antilipemic agent similar to 
lovastatin, pravastatin and mevastatin[1], widely used 
for the treatment of hypercholesterolemia, dyslipidemia 
and coronary heart disease[2‑4]. It is a pharmacologically 
inactive lactone[5] activated in organism after enzymatic 
degradation[6]. SIM is synthesised from lovastatin[7], 
by replacement of 2‑methylbutyryl side chain with 
2,2‑dimethylbutyryl group[8]. Lovastatin is obtained 
biosynthetically from the fungus Aspergillus terreus[9,10]. 
SIM is quickly hydrolysed to the corresponding 
β‑hydroxy acid in liver, an effective active ingredient, 
which is a regulator of cholesterol synthesis by 
3‑hydroxy‑3‑methylglutaryl‑coenzyme A reductase 
inhibition[11,12]. Because SIM is a lactone, which is 
prone to hydrolysis, how to inhibit its hydrolysis and 
improve its chemical stability in tablet during storage 
is challenging.

The International Conference on Harmonization 
(ICH) for registration of pharmaceuticals for human 

use has issued workable guidelines regarding 
stability studies on pharmaceuticals and the 
identification and quantification of impurities in 
drug substances and drug products[13,14]. Regulatory 
guidelines of the ICH have led to an increasing 
need for identification and quantification of trace 
impurities in drugs[15,16].	All	 impurities,	 defined	 as	
any component of a pharmaceutical product which 
is not the chemical entity of active substance or 
excipient[17,18], present at levels higher than 0.1% 
or in some cases higher than 0.2% need to be 
identified[19,20]. According to Chinese Pharmacopoeia, 
2010, the contents of single impurity and total 
impurities in SIM tablets should be no more than 
1.0 and 3.0% after accelerated stability test and 
long‑term stability test, respectively. Some SIM 
tablets in the market could not meet the requirement 
before the promulgation of Chinese Pharmacopoeia, 
2010, they had to be withdrawn from the market. 
SIM acid is one of the most prominent impurity in 
SIM	 tablet.	 It	 is	 interesting	 to	 study	what	 influences	
hydrolysis of SIM in tablet.
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Moisture plays a key role in hydrolysis of SIM 
and protection of SIM in tablets from the moisture 
should be addressed for better stability of SIM. 
One approach is to use anhydrous excipients in 
the SIM formulation and keep the formulation 
under completely dry conditions to avoid moisture 
absorption. However, it seems to be difficult that 
all the excipients are anhydrous and no moisture 
is absorbed. Using hygroscopic excipients in SIM 
tablet may be feasible to prevent hydrolysis of 
SIM. The hygroscopic excipients in SIM tablets 
will preferentially absorb environmental moisture 
and then prevent SIM absorbing moisture further. 
In this study, we investigated the effects of four 
highly hygroscopic excipients on the hydrolysis of 
SIM in tablet at high relative humidity (RH). They 
are low molecular weight compounds (sorbitol and 
citric acid) and high molecular weight compounds 
(sodium carboxymethyl cellulose, NaCMC and 
polyvinylpolypyrrolidone (PVPP)).

MATERIALS AND METHODS

SIM was obtained as a gift sample from Zhejiang 
Hisun Pharmaceutical Co., Ltd., China. Internal 
standard SIM (National Institute for the Control of 
Pharmaceutical and Biological Products, Beijing, 
China), lactose monohydrate (Flowlac® 100, Meggle 
GmbH, Wasserburg, Germany), microcrystalline 
cellulose (MCC, Avicel® PH 102, ISP, Wayne, 
NJ, USA), magnesium stearate (Huzhou Hopetop 
Pharmaceutical Co. Ltd., China), butylated 
hydroxyanisole (BHA, Danisco Co. Ltd., China), 
PVPP (ISP, Wayne, NJ, USA), sorbitol (Fluka, 
Switzerland) and citric acid (Sigma‑Aldrich, St. Louis, 
USA) were used in our study. High performance 
liquid chromatography (HPLC) grade acetonitrile 
was purchased from Shanghai Xingke Biochemistry 
Co. Ltd. (China). Polyvinylidene chloride‑aluminium 
(PVDC‑Al) blisters (ISP, Wayne, NJ, USA) were used 
as tablets package material. Buffer materials and all 
other chemicals were of analytical‑reagent grade and 
ultrapure water was used throughout the study.

Swelling ratio, pH and water solubility 
measurement:
One gram of PVPP oe NaCMC was put in a 10 ml 
measuring cylinder and then 10 ml water was 
added to let the sample swell at room temperature. 
The swelling ratio (q) of NaCMC and PVPP was 
determined using the following equation: q=V/V0

[21,22], 

where V0 is the volume calculated on the bulk density 
of the sample (0.213 g/cm3 for PVPP and 0.529 g/
cm3 for NaCMC) and V is the sample volume after 
swelling equilibrium was reached.

The pH of 1% w/v citric acid (sorbitol, PVPP or 
NaCMC) aqueous solution was measured by a pH 
meter (PHS‑25, Shanghai Weiye Instrument Factory, 
Shanghai, China).

The water solubility of citric acid or sorbitol was 
measured by UV spectrometer (Spectrumlab 54, 
Lengguang Tech. Ltd. Co., Shanghai, China).

Simvastatin tablets manufacture:
A batch size of 200 g of 5 mg SIM tablets were 
manufactured by direct compression. The SIM was 
blended with hygroscopic materials as given in 
Table 1 in a mortar. Lactose (Lac) and MCC were 
added to the mixture and blended in a V‑shape 
blender (Model Yoke, Patterson‑Kelley Co., USA) for 
15 min. The magnesium stearate was then added to 
the mixture and blended for an additional 5 min. SIM 
tablets (a diameter of 6 mm) were then compressed 
with a tablet machine (Rimek Mini Press‑ΙΙ, SF, 
India)	 to	 a	 final	 target	 tablet	weight	 of	 100	mg.	The	
tablets were collected and stored in a tightly sealed 
glass bottle. The tablets were packaged into PVDC‑Al 
blisters on a standard blister machine (Fantasy Buster 
Machine‑Milano,	O.M.A.R.	fi	 cericola.	G,	 Italy).	The	
sealing temperature was 150°.

Moisture absorption study:
Approximately, 2 g of each powdery excipient or 
SIM	sample	was	 accurately	weighed	and	 spread	flatly	
in the bottom of an open weighing bottle (40×25 
mm), and then placed in a desiccator at 25º/90% 
RH. Saturated potassium nitrate solution was used 
to provide a 90% RH. Weight gain was measured at 
intervals. The moisture absorption of the unpackaged 

TABLE 1: FORMULATIONS FOR SIMVASTATIN TABLES
Tablet Formulation (% w/w)

SIM Lac MCC MS BHA CA NaCMC PVPP SB
T‑1 5 64 30 1 ‑ ‑ ‑ ‑ ‑
T‑2 5 64 29.98 1 0.02 ‑ ‑ ‑ ‑
T‑3 5 61.5 27.5 1 ‑ 5 ‑ ‑ ‑
T‑4 5 61.5 27.5 1 ‑ ‑ 5 ‑ ‑
T‑5 5 61.5 27.5 1 ‑ ‑ ‑ 5 ‑
T‑6 5 61.5 27.5 1 ‑ ‑ ‑ ‑ 5
The mean weight of each tablet was 100 mg. SIM=simvastatin, Lac=lactose 
F100, MCC=microcrystalline cellulose, MS=magnesium stearate, BHA=butylated 
hydroxyanisole, CA=citric acid, NaCMC=sodium carboxymethyl cellulose, 
PVPP=polyvinylpolypyrrolidone, SB=sorbitol
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SIM tablets was also investigated as desciribed 
above.

Hydrolysis of simvastatin in tablet:
The unpackaged SIM tablets or the SIM tablets 
packaged in PVDC‑Al blisters were placed in a 
desiccator at 25º/90% RH. Saturated potassium nitrate 
solution was used to provide a RH of 90%. The SIM 
acid content in tablet was measured at intervals to 
evaluate the hydrolysis of SIM in tablet.

Measurement of simvastatin acid content in tablet:
SIM acid in tablet was quantitatively analysed by 
HPLC, which is according to the regulation for the 
assay of related substances of SIM in tablet on the 
Chinese Pharmacopoeia 2010.

SIM acid content in tablet was measured by Agilent 
LC system (1100 Agilent, USA). A C18 column (3 µm 
C18, 50×4.6 mm, Venusil) was used. Due to multiple 
degradation products, the separation was achieved 
by gradient elution as Table 2. The injection volume 
was 20 µl	 and	 the	 total	 flow	 rate	was	 3	ml/min.	The	
detection was carried out at 238 nm and the column 
oven temperature was set at 30°.

Liquid chromatography‑mass spectrometry for 
simvastatin acid identification:
A liquid chromatography‑mass spectrometry 
(LC‑MS) (Agilent 6000, USA) system was used for 
SIM	acid	 identification.	The	LC	analysis	method	 and	
sample preparation were the same as those mentioned 
above. The injection volume was also 20 µl. The 
mass spectrometer was operated in the positive ion 
electrospray mode in the mass range of 100‑500 m/z. 
Ionization mode was set as both electron spray 
ionization (ESI) and atmospheric‑pressure chemical 
ionizations (APCI) sources. The heated capillary 
temperature was set at 200° and its potential to 
2.0 kV. Nitrogen was used as the sheath and auxiliary 
gas and set to 80 psi and 40 units, respectively.

RESULTS AND DISCUSSION

Four types of hygroscopic excipients were used 
to study their effects on the hydrolysis of SIM in 
tablet. They were sorbitol, citric acid, crosslinked 
NaCMC and PVPP. The chemical structures of the 
four hygroscopic excipients are shown in Scheme 1. 
Sorbitol and critic acid are small molecules, 
NaCMC and PVPP are high molecular weight 
compounds. Sorbitol is 1,2,3,4,5,6‑hexanehexol, 
which can retain six water molecules via hydrogen 
bond in each molecule and thus should have 
great water retention capability[23,24]; citric acid is 
2‑hydroxypropane‑1,2,3‑tricarboxylic acid. As listed 
in Table 3, sorbitol and citric acid are all very water 
soluble. The pH of 1% citric acid aqueous solution 
is 2.3, indicating that it is relatively strong acidic. 
NaCMC can swell in water to form hydrogel and its 
swelling ratio is up to 4.9, indicating its high water 
retention capability. PVPP cannot form hydrogel and 
keep powdery in water implying that PVPP has a low 
water retention capability.

Moisture sorption characteristics of four types of 
highly hygroscopic excipients and others (MCC and 
Lac) were investigated. As shown in fig. 1, at the 
25º/90% RH, the weight gain versus storage time 
curves were different for the six excipients. The 
weight gains of MCC and Lac increased slowly with 
time, and then reached constant, the constant values 
can be regarded as equilibrium moisture contents. The 
equilibrium moisture contents of MCC and Lac were 
about 12 and 2%, respectively, indicating that Lac is 
poorly hygroscopic and MCC a little hygroscopic. The 
weight gain curves of NaCMC and PVPP presented a 
first	 rapid	 phase	with	 a	 later	 slow	one.	The	moisture	
contents of NaCMC and PVPP on day 11 were 45.29 
and 58.44%, respectively. The weight gains of sorbitol 
and citric acid increased rapidly with time. During the 
experiment, it was observed that the sorbitol and critic 
acid powder samples became liquid after 4 and 6 days, 
respectively. This is because that sorbitol or critic acid TABLE 2: GRADIENT ELUTION CONDITION

Time (min) Flow rate (ml/min) 
Pump A Pump B

0 1.5 1.5
4.5 1.5 1.5
4.6 1.425 1.575
8.0 0.375 2.625
11.5 0.375 2.625
11.6 1.5 1.5
13.0 1.5 1.5
Pump A=0.1% phosphoric acid in water, Pump B=Acetonitrile

TABLE 3: GRNERAL PROPERTIES OF HYGROSCOPIC 
EXCIPIENTS
Excipients Water solubility 

(g/ml)
Swelling ratio 

(v/v)
pH (1% aqueous 

solution)
Sorbitol 2.67 ‑ 6.0
Citric acid 1.28 ‑ 2.3
NaCMC ‑ 4.9 5.5
PVPP ‑ 1.2 5.8
CMC‑Na=Carboxymethylcellulose sodium, PVPP=polyvinylpolypyrrolidone
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Fig. 1: Moisture sorption characteristics of excipients.
Moisture sorption characteristics of excipients when stored at 
25º/90% RH. Lac( ), MCC( ), CA( ), CMC( ), PVPP( ), SB( )

is highly water soluble. The adsorbed water in the 
samples led to dissolution of sorbitol or critic acid. 
Thus, NaCMC, PVPP, sorbitol and critic acid could be 
considered as highly hygroscopic excipients.

The formulations of the tablets (T‑1 to T‑6) are listed 
in Table 1. The SIM content for each tablet was 5% 
and the mean tablet weight was 100 mg. All the tablets 
had Lac, MCC and MS. In comparison with T‑1, T‑2 
contained 0.02% BHA, an antioxidant with some 
antimicrobial properties, BHA is practically insoluble 
in water, T‑3, T‑4, T‑5 and T‑6 contained 5% of citric 
acid, NaCMC, PVPP and sorbitol, respectively.

As shown in fig. 2, during the investigated period, 
the weight gain of SIM was very small, that is, 
the moisture content of the SIM sample was very 
low. Thus, SIM is very poorly hygroscopic. The 
weight gains of the tablets (T‑1 and T‑2) after 
10 days storage at 25º/90% RH were about 3%, 
correspondingly, those of T‑4 and T‑5, T‑3 and 
T‑6 were about 6 and 8%, respectively. This 
result suggested that a small amount (5%) of the 
hygroscopic excipient (citric acid, NaCMC, PVPP 
or sorbitol) in tablet would lead to obvious increase 
of moisture content in tablet. The increase of 
moisture content could be mainly attributed to the 
moisture sorption of citric acid, PVPP, NaCMC or 
sorbitol in tablet. Sorbitol and citric acid were most 
hygroscopic (fig. 1), the weight gains of T‑3 and 

T‑6 containing citric acid and sorbitol were also the 
most. During the experiment, we also observed that 
after 10 days storage at 25º/90% RH the tablets (T‑6) 
containing 5% sorbitol became incompact. This 
indicated that the moisture sorption of T‑6 would lead 
to the decrease of cohesion of the tablet.

SIM and its related substances in tablet were analysed 
by HPLC, which is according to the regulation on the 
Chinese Pharmacopoeia 2010. Ten tablets, stored at 
25º/90% RH for 10 days, were used for analysis, the 
chromatogram of SIM and its related substances in 
tablet	was	 presented	 in	fig.	 3.	There	were	five	 peaks	

Scheme 1: Chemical structures of carboxymethylcellulose sodium, citric acid, sorbitol, polyvinylpolypyrrolidone and butylated hydroxyanisole
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Fig. 2: Moisture sorption characteristics of the tablets and simvastatin. 
Moisture sorption characteristics of the tablets (T‑1 to T‑6) and 
simvastatin when stored at 25º/90% RH. T‑1( ), T‑2( ), T‑3( ), 
T‑4( ), T‑5( ), T‑6( ), SIM( )

Fig. 3: HPLC chromatogram simvastatin with its related impurities.
High performance liquid chromotography of simvastatin and its 
related substances in tablet after 10 days storage at 25º/90 RH

Fig. 4: High performance liquid chromotography of simvastatin and 
simvastatin acid.

at 2.76, 4.15, 5.18, 5.98 and 7.86 min, respectively. 
The major peak at 5.98 min was attributed to SIM, 
the other four peaks (S1, S2, S3 and S4) could be the 
related substances of SIM. The retention time of SIM 
acid	was	2.76	min	 (fig.	4),	which	was	 consistent	with	
that of S1, suggesting that S1 should be SIM acid.

LC‑MS was used to further identify SIM acid (S1). 
The electrospray positive ion mass spectra were 
presented	 in	fig.	 5.	The	 tablets	 stored	 at	 25º/90%	RH	
for 10 days were used for the assay. S1 possessed an 
m/z 436.2 ion, and it was considered to be SIM acid 
with the molecular weight of 436.6.

In comparison with the results of HPLC and LC‑MS, 
it could be considered that S1 was SIM acid.

SIM is a humidity‑sensitive compound, containing a 
lactone ring labile to hydrolysis[6]. The hydrolyte of 
SIM is SIM acid (Scheme 2). As listed in Table 4, 
for all the tablets at 0 day, the contents of the total 
related substances of SIM and SIM acid (denoted 
as	∑Si and S1) were about 0.51‑0.57 and 0.27‑0.28, 
respectively. This indicated that there exited a certain 
amount of SIM acid and other related substances 
of SIM in tablet before the storage stability test at 
high humidity condition (25º/90% RH). It was also 
found that, the amount of SIM acid increased with 
the storage time, but the amount of other related 
substances	 (∑Si−S1) had little change. The increase 
of	∑Si can be dominantly attributed to S1 during the 
investigation period. Thus, the chemical instability of 
SIM in tablet should be mainly due to hydrolysis of 
SIM.

The lactones of SIM are susceptible to hydrolysis 
and its hydrolysis before administration may affect 
the pharmacological activity of SIM in vivo. Hence 
it is essential to prevent hydrolysis. The strategy to 
prevent hydrolysis is to protect SIM molecules from 
coming in contact with water. One way is to use 
anhydrous excipients in tablet during manufacturing 
and reduce water content in tablet to the greatest 
extent. However, there are only a few anhydrous 
excipients commonly used in pharmaceuticals. Strictly 
keeping the tablets apart from moisture sorption 
is also a very expensive approach. Another way is 
to introduce highly hygroscopic substances in the 
tablet, which preferentially absorbs moisture and 
thus decreases the absorption of water by SIM in the 
tablet.
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Scheme 2: Hydrolysis of simvastatin

Fig. 5: MS spectra of simvastatin and simvastatin acid.
Electrospray positive ion mass spectra of simvastatin and simvastatin 
acid with MM‑ES and APCI sources.

Fig. 6: Simvastatin acid content versus storage time in tablets.
Simvastatin acid content versus storage time for the tablets stored 
at relative humidity 90%/25°C. 0d( ), 5d( ), 10d( )

TABLE 4: CONTENTS OF THE RELATED SUBSTANCES OF SIMVASTATIN IN TABLET
Tablets Content (%)

0 d 5 d 10 d
S1 ∑Si ∑Si−S S1 ∑Si ∑Si−S S1 ∑Si ∑Si−S

T‑1 0.28±0.03 0.54±0.04 0.26±0.02 0.35±0.10 0.70±0.17 0.35±0.08 0.52±0.14 0.88±0.18 0.36±0.05
T‑3 0.28±0.03 0.57±0.04 0.29±0.02 0.47±0.10 0.94±0.16 0.47±0.07 0.52±0.13 0.95±0.17 0.43±0.05
T‑4 0.27±0.02 0.56±0.06 0.29±0.03 0.37±0.04 0.81±0.10 0.44±0.08 0.46±0.03 0.86±0.08 0.40±0.05
T‑5 0.27±0.04 0.51±0.06 0.24±0.02 0.58±0.11 1.07±0.16 0.49±0.08 0.69±0.06 1.14±0.10 0.45±0.04
T‑6 0.27±0.03 0.54±0.05 0.27±0.02 0.32±0.09 0.76±0.13 0.44±0.06 0.37±0.07 0.77±0.10 0.40±0.04
RH=Relative humidity

It is interesting that the effects of various kinds of 
hygroscopic excipients on SIM hydrolysis in tablet 
were	 different	 (fig.	 6).	As	 discussed	 above,	 sorbitol,	
citric acid, NaCMC and PVPP were all highly 
hygroscopic excipients. In comparison with that in 
T‑1 which contained no highly hygroscopic excipient, 
the SIM acid content in T‑6 or T‑4 increased slower 
at 25º/90% RH, implying decrease in the hydrolysis 
of SIM. This effect was not obvious in T‑3 which 
has a similar hygroscopic capability. On the contrary, 
the SIM acid content in T‑5 even increased faster 
than that in T‑1 during the investigation period. 
Citric acid may play a key role in the hydrolysis of 
lactone ring of SIM. As we know, SIM undergoes 
hydrolysis under both acid and basic condition[25] and 
acid can catalyse hydrolysis of esters[26]. The effect of 
citric acid on hydrolysis of SIM in tablet should be 
attributed to the combination of its hygroscopic and 
acidity.

Sorbitol is a small molecule containing six hydroxyl 
groups. If one hydroxyl group forms one hydrogen 
bond with one water molecule, one sorbitol molecule 
can retain six water molecules via hydrogen 
bonds. Sorbitol is not only very hygroscopic, but 
also retains a large amount of water, it is well 
known that sorbitol can absorb moisture from the 
atmosphere when the amount of available water 
is low[27]. NaCMC is a high molecular weight 
polysaccharide, having similar characteristics with 
sorbitol, its high water swelling ratio suggests that 
NaCMC can also retain a large amount of water. 
If sorbitol or NaCMC preferentially absorb and 
retains water in tablet, accordingly, the absorption 
of water by SIM or the other excipients should 
decrease. This might be why the hydrolysis of SIM 
decreased in T‑6 and T‑4. Although PVPP is also 
highly hygroscopic, its water swelling ratio is very 
low, implying that it has low capability of retaining 
water, that is, the water absorbed by PVPP in tablet 
will diffuse towards the other components (such as 
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SIM) in tablet. Hygroscopic PVPP in tablet could let 
more water contact with SIM and thus increase the 
hydrolysis of SIM in tablet.

The SIM acid contents had a little change for all 
the	 tablets	 packaged	with	 PVDC‑Al	 blisters	 (fig.	 7).	
When the tablets were packaged in PVDC‑Al blisters, 
they were protected against the ambient moisture, the 
hydrolysis of SIM in tablet was practically prohibited.

BHA is commonly used as an antioxidant in 
pharmaceuticals. The SIM acid content in T_2 
(containing 0.02% BHA) increased faster than that in 
T_1	 (fig.	 8).	 It	 can	be	 conferred	 that	 the	 low	amount	
of BHA in SIM tablet also had an effect on drug 
hydrolysis.

The effects of hygroscopic sorbitol, citric acid, 
NaCMC and PVPP on hydrolysis of SIM in tablet 
were different, which could be related to their 
hygroscopicity, moisture retention capacity and 
pH. The moisture absorption of sorbitol or citric 
acid was greater than that of NaCMC or PVPP, 
correspondingly, the moisture content of the tablets 
containing sorbitol or citric acid increased faster than 
that of the tablets containing NaCMC or PVPP at 
25º/90% RH. Sorbitol (5%) could prevent hydrolysis 
of SIM in tablet at high RH. It was proposed that 
sorbitol could be used as the hygroscopic excipient 
for the tablets of SIM and improves the chemical 
stability of SIM in tablet.
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