
e58  Peng C, Lei J- X. Eur J Hosp Pharm 2020;27:e58–e62. doi:10.1136/ejhpharm-2018-001693

Compatible stability of methylprednisolone sodium 
succinate and tropisetron in 0.9% sodium 
chloride injection
Chen Peng    ,1 Jie- Xin Lei2

Original research

To cite: Peng C, Lei J- X. 
Eur J Hosp Pharm 
2020;27:e58–e62.

1Department of Pharmacy, 
Renmin Hospital of Wuhan 
University, Wuhan, People’s 
Republic of China
2Department of Endocrinology, 
Renmin Hospital of Wuhan 
University, Wuhan, People’s 
Republic of China

Correspondence to
Chen Peng, Department of 
Pharmacy, Renmin Hospital 
of Wuhan University, Wuhan 
430060, People’s Republic of 
China;  2282968908@ qq. com

Received 25 July 2018
Revised 6 November 2018
Accepted 12 November 2018
Published Online First 
1 December 2018

EAHP Statement 4: Clinical 
Pharmacy Services.

© European Association of 
Hospital Pharmacists 2020. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

AbsTrACT 
background A combination of methylprednisolone 
sodium succinate and tropisetron hydrochloride is 
commonly used to treat the nausea and vomiting 
associated with antineoplastic therapy. The objective of 
this study was to investigate the stability of tropisetron 
hydrochloride and methylprednisolone sodium succinate 
in 0.9% sodium chloride injection for up to 48 hours.
Methods Commercial solutions of methylprednisolone 
sodium succinate and tropisetron hydrochloride were 
obtained and further diluted with 0.9% sodium chloride 
injection to final concentrations of either 0.4 or 0.8 mg/
mL (methylprednisolone sodium succinate) and 0.05 mg/
mL (tropisetron). The admixtures were assessed for 
periods of up to 48 hours after storage at 4°C with 
protection from light and at 25°C without protection 
from light. Physical compatibility was determined visually, 
and the chemical compatibility was measured with 
high- performance liquid chromatography (HPLC) and by 
measurement of pH values.
results HPLC analysis demonstrated that 
methylprednisolone sodium succinate and tropisetron 
hydrochloride in the various solutions were maintained 
at 97% of the initial concentrations or higher during 
the testing period. There were no changes observed 
by physical precipitation or pH in any of the prepared 
solutions.
Conclusions Tropisetron hydrochloride injection and 
methylprednisolone sodium succinate injection in 0.9% 
sodium chloride injection are stable for up to 48 hours at 
4°C and 25°C.

InTrOduCTIOn
Patients receiving chemotherapy for cancer 
often experience nausea and vomiting, which are 
distressing adverse events that can be prevented 
or treated with a variety of antiemetic agents.1 
Tropisetron hydrochloride (C17H20N2O2·HCl), 
1H- indole-3- carboxylic acid (3- endo)-8- methyl-8- 
azabicyclo[3.2.1]oct-3- yl ester hydrochloride, is a 
selective 5- hydroxytryptamine-3 (5- HT3) receptor 
antagonist and has been widely administered for the 
prevention and treatment of nausea and vomiting 
associated with antineoplastic therapy.2 The struc-
tures of the drugs are shown in figure 1A.

Combination antiemetic therapy has become 
the standard procedure for the prevention of 
these gastrointestinal effects caused by anti-
cancer drugs.3 It has been confirmed that the 
effectiveness of specific serotonin agonists could 
be enhanced by concomitant use of injectable 
corticosteroids such as dexamethasone and 

methylprednisolone. Methylprednisolone sodium 
succinate (C26H33NaO8, 11β, 17α, 21- trihydroxy-
6α-methylpregna-1,4- diene-3,20- diketone-21- sod
ium succinate, figure 1B), which is a soluble prodrug 
of methylprednisolone, has been administered in 
combination with other types of antiemetics and is 
sometimes used instead of dexamethasone.4 5 The 
in vitro compatibility of tropisetron hydrochlo-
ride and dexamethasone has been investigated, 
but the stability of tropisetron hydrochloride with 
methylprednisolone sodium succinate has not been 
reported.6

Many hospitals have established pharmacy intra-
venous admixture (PIVA) services, and they carry 
out a centralised preparation service for anticancer 
and other drugs, so it is sometimes desirable to 
prepare multiple doses in advance and store them 
frozen or refrigerated until use.2 7 Therefore, 
information regarding the chemical stability and 
compatibility of these drugs in infusion solutions is 
required to evaluate the feasibility of such a prac-
tice.8 9 The objective of this study was to assess the 
stability of methylprednisolone sodium succinate 
and tropisetron in polyolefin bags of 0.9% sodium 
chloride injection stored at 4°C and 25°C.

MeThOds
Materials and reagents
Methylprednisolone sodium succinate (lot 121350, 
chemical purity 99.7%) and tropisetron (lot 121432, 
chemical purity 99.8%) reference standards were 
purchased from Beijing Guangyuan Hengxin Tech-
nology Development (Beijing, People’s Republic of 
China). Commercially available ampoules of meth-
ylprednisolone sodium succinate injection (40 mg/
mL, lot 17062793) were obtained from Hengrui 
Medicine (Jiangsu, People’s Republic of China). 
Tropisetron hydrochloride injection (1 mg/mL, lot 
20170402) was obtained from CommScope Phar-
maceutical (Hunan, People’s Republic of China). 
The 0.9 mg/mL sodium chloride injection, which 
was used to prepare the sample mixtures, was 
supplied by Kelun Pharmaceutical (Sichuan, People’s 
Republic of China, lot A1508226). All other chem-
icals used were of analytical grade and purchased 
from Guoyao Chemical Reagent (Shanghai, China) 
if not otherwise stated.

Instrumentation
Each sample was analysed by high- performance 
liquid chromatography (HPLC) to quantify the 
components. The HPLC system (Ultimate 3000, 
Dionex, Germering, Germany) consisted of a 
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Figure 1 Chemical structures of (A) methylprednisolone sodium 
succinate and (B) tropisetron hydrochloride.

Table 1 Validation of HPLC method

Compound
Measured concentrations, 
μg/mL Accuracy, % (n=3)

Precision rsd, % (n=3)

Intraday Interday

Tropisetron hydrochloride 40.0 101.2 0.7 1.3

80.0 99.8 0.4 0.8

120.0 99.9 1.1 1.8

Methylprednisolone sodium succinate hydrochloride 200.0 100.4 0.9 1.9

400.0 99.7 0.5 0.9

800.0 101.5 1.0 1.4

HPLC, high- performance liquid chromatography; RSD, relative SD.

quaternary liquid gradient system, WPS- 3000RS autoinjector, 
TCC-100 column oven and DAD- 3000RS UV spectrophotom-
eter. Chromatographic data were acquired using Chromeleon 
software V.6.80. The pH values for the samples at each desig-
nated time interval were measured with a pH metre (Model 
pHS- 3C, Leici Instrument, Shanghai, China).

Chromatographic conditions
Chromatographic separation was performed using a 1.9 µm 
Hypersil Gold C18 column (100 mm×2.1 mm, Thermo Fisher 
Scientific, USA). The column was maintained at a temperature 
of 25°C, and the gradient operated at a flow rate of 0.5 mL/min 
with a 10 µL injection volume for each sample. The mobile phase 
was composed of 0.1% formic acid in KH2PO4 in water (A) and 
0.1% formic acid in acetonitrile (B) in the ratio of 70:30 (v/v) 
throughout the analysis.10 The selected detection wavelengths 
for methylprednisolone sodium succinate and tropisetron were 
245 and 285 nm, respectively.11

Preparation and storage of admixtures
To simulate the drug concentrations encountered in practice, 
the reagents were combined in intravenous solutions at the 
following final nominal concentrations: tropisetron 0.05 mg/
mL and methylprednisolone sodium succinate 0.4 or 0.8 mg/mL. 
Control solutions including tropisetron or methylprednisolone 
sodium succinate alone were prepared. All samples were then 
frozen at −20°C until analysis.12

Method validation
The validation of the proposed method was performed in terms 
of linearity range, accuracy, intraday and interday precision and 
stability indication for tested drugs.

Linearity
Calibration curves were constructed from a linear plot of 
peak area versus concentration of the reference standards for 

tropisetron (0.004–0.096 mg/mL) and methylprednisolone 
sodium succinate (0.020–0.400 mg/mL).13

Precision and accuracy
Quality control samples of tropisetron hydrochloride (40.0, 
80.0 and 120 µg/mL) and methylprednisolone sodium succinate 
hydrochloride (200, 400 and 800 µg/mL) were used for calcula-
tion of the accuracy and intraday/interday precisions. The accu-
racy was calculated based on drug recovery from the solvents. 
The precision was calculated as the coefficient of relative 
SD (%) within a single run (intraday) and among different runs 
(interday). Each sample was analysed in triplicate (total n=3).

stability study of drug solutions
Three 100 mL polyolefin bags containing final nominal concen-
trations of tropisetron hydrochloride (0.05 mg/mL) and methyl-
prednisolone sodium succinate (0.4 or 0.8 mg/mL) mixture were 
stored in the dark at 4°C and 25°C. The selection of the concen-
trations of these drugs in our study was based on those used in 
daily practice. At each time point (0, 2, 4, 6, 8, 24 and 48 hours), 
the appearance, pH and drug concentration were evaluated. 
Each sample was analysed in triplicate (total n=3).

stability indication
Degradation of samples of methylprednisolone sodium succi-
nate hydrochloride and tropisetron was assessed by chromatog-
raphy to confirm the separation of the parent molecule from its 
degradation products. The mixed solutions of tropisetron with 
methylprednisolone sodium succinate in 0.9% sodium chlo-
ride injection were degraded by heating at 60°C for 5 hours in 
0.1 mol/L hydrochloric acid, 0.1 mol/L sodium hydroxide and 
3% hydrogen peroxide. After the degraded preparations were 
completed, they were assessed by HPLC assay.14 Each sample 
was analysed in triplicate (total n=3).

Analysis of data
Data are expressed as the mean±SD. The initial concentration 
of methylprednisolone sodium succinate hydrochloride and 
tropisetron was defined as 100%, and the subsequent sample 
concentrations were expressed as percentages of the initial 
concentration. Compatibility was defined as no observation of 
precipitation or change in physical appearance. The drugs were 
considered to be stable if they retained 90% of the initial concen-
trations. The analysis was carried out by Statistical Package for 
the Social Sciences V.19.0 system (SPSS), and statistical signifi-
cance between experimental groups was determined by a two- 
way analysis of variance followed by t- tests. The difference was 
considered to be statistically significant when the p value was 
less than 0.05.
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Figure 2 Chromatograms of tropisetron 0.025 mg/mL and methylprednisolone sodium succinate 0.6 mg/mL admixtures that were freshly prepared (A), 
exposed to 0.1 mol/L hydrochloric acid at 60°C for 5 hours (B), exposed to 0.1 mol/L sodium hydroxide at 60°C for 5 hours (C), and exposed to 3% hydrogen 
peroxide at 60°C for 5 hours (D). Retention times were 4.38 min for tropisetron (peak 1) and 9.67 min for methylprednisolone sodium succinate (peak 2). 

Table 2 The pH of tropisetron in mixtures with methylprednisolone sodium succinate in 0.9% sodium chloride injection after storage at 4°C and 
25°C (mean±SD; n=3)

Time (hours)

Tropisetron (0.05 mg/mL)+methylprednisolone sodium succinate 
(0.4 mg/mL)

Tropisetron (0.05 mg/mL)+methylprednisolone sodium succinate 
(0.8 mg/mL)

4°C 25°C 4°C 25°C

0 7.04±0.1 7.04±0.4 7.28±0.1 7.25±0.6

2 7.04±0.3 7.02±0.2 7.22±0.2 7.17±0.4

4 7.06±0.5 7.01±0.1 7.18±0.4 7.14±0.3

6 7.03±0.2 6.98±0.2 7.16±0.6 7.13±0.5

8 7.02±0.6 6.99±0.5 7.12±0.4 7.01±0.4

24 6.99±0.3 6.95±0.4 7.08±0.3 7.02±0.3

48 7.06±0.2 7.05±0.3 7.12±0.2 7.06±0.2

resuLTs
Validation of hPLC method
The results of the accuracy and the intraday and interday preci-
sion of the assay method for the four analytes are shown in 
table 1. The data showed that the proposed HPLC method is 
accurate and precise for the quality control of tropisetron and 
methylprednisolone sodium succinate in the admixtures. There 
was a good linear response for both drugs between the peak 
area and concentration, with a correlation coefficient (r) better 
than 0.9999. Under extreme conditions (strong acidic, basic and 
oxidation solutions), the degradation study results showed that 

the two drugs were stable, with less than 3% decomposition 
into compounds that were baseline separated from all analytes 
(figure 2). The average retention times for methylprednisolone 
sodium succinate and tropisetron hydrochloride were 9.67 and 
4.38 min, respectively.

stability of mixtures of methylprednisolone sodium succinate 
and tropisetron
Visual examinations of each admixture at each sampling time 
did not reveal any evidence of precipitation, turbidity, colour 
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Table 3 Amount of initial concentration of tropisetron (0.05 mg/mL) with methylprednisolone sodium succinate (0.4–0.8 mg/mL) remaining after 
48 hours of storage at 4°C and 25°C (%; mean±SD; n=3)

Time
(hours)

4°C 25°C 4°C 25°C

T
(0.05 mg/mL, %)

M
(0.4 mg/mL, %)

T
(0.05 mg/mL, %)

M
(0.4 mg/mL, %)

T
(0.05 mg/mL, %)

M
(0.8 mg/mL, %)

T
(0.05 mg/mL, %)

M
(0.8 mg/mL, %)

0 100 100 100 100 100 100 100 100

2 99.9 99.7 99.5 99.0 100.2 99.9 99.7 100.3

4 99.9 100.1 98.9 98.7 99.9 99.8 99.1 99.5

6 99.8 99.9 98.7 98.4 99.8 99.8 98.6 98.7

8 99.8 99.8 98.4 98.9 99.3 99.2 97.8 97.9

24 99.3 99.2 98.2 98.7 99.2 98.4 97.9 97.5

48 98.9 98.7 97.9 97.9 98.6 98.1 97.5 97.4

M, methylprednisolone sodium succinate; T, tropisetron.

What this paper adds

What is already known on this subject
 ► Methylprednisolone sodium succinate combined with 
tropisetron is used to relieve chemotherapy- induced nausea 
and vomiting, enhancing compliance and therapeutic effects 
for patients with cancer.

What this study adds
 ► The combined solution of methylprednisolone sodium 
succinate and tropisetron can be safely prepared by the 
pharmacist and can be stored in a refrigerator for up to 
48 hours at 4°C.

change, opacity or gas production during the study period. The 
initial pH of the admixtures ranged from 6.9 to 7.3, and the 
changes were less than 0.12 throughout the study in all samples 
(table 2). Compatibility data are summarised in table 3, showing 
that no degradation products of the mixtures were observed over 
the 48 hours and that the final concentrations of tropisetron and 
methylprednisolone sodium succinate remaining in the admix-
tures were all greater than 97.6% of the starting concentration. 
Compatibility data of the solutions of tropisetron hydrochloride 
plus methylprednisolone sodium succinate revealed that the 
mixtures were stable for up to 48 hours at 4°C and 25°C.

dIsCussIOn
Vomiting and nausea are two of the major concerns in patients 
undergoing cancer chemotherapy, especially those patients who 
receive highly emetogenic drugs such as cisplatin.15 16 It is common 
practice to use drug combinations to prevent nausea and vomiting. 
Furthermore, there is an abundance of data in the literature 
confirming that coadministration of antiemetics from different 
classes could be a more effective antiemetic treatment modality, 
and methylprednisolone sodium succinate is a standard component 
of antiemetic combination regimens with 5- HT3 antagonists.17 18 
The combination of tropisetron (a 5- HT3 receptor antagonist) with 
methylprednisolone sodium succinate in solutions to relieve 
chemotherapy- induced nausea and vomiting is now accepted, but 
there have been no reports to date about the compatibility and 
stability of such mixtures for clinical practice.19 Therefore, the 
present study aims to address this issue.

As mentioned previously, many studies have tested the stability 
and compatibility of methylprednisolone sodium succinate alone 
or in combination with other drugs in infusion solutions and 
suggested that methylprednisolone sodium succinate is a very 
stable drug.20–22 It was reported that precipitation could occur 
with tropisetron hydrochloride in combination with methyl-
prednisolone sodium succinate or with tropisetron hydrochlo-
ride in an alkaline environment (pH>7).23 24 In our study, no 
precipitation was observed. The absence of precipitation could 
be explained by the following: the low concentration of both 
drugs used in this study compared with those chosen by other 
investigators; the pH values of the mixture being, in most cases, 
less than 7; and the fact that tropisetron hydrochloride is a 
strong acid- weak base salt of 9.46 pKa, which would be strongly 
affected by pH (ie, it is stable in acidic solution and may precip-
itate and crystallise in alkaline solution).25 26

In this experiment, the methods for the determination of meth-
ylprednisolone sodium succinate and tropisetron were adapted 
from the published literature.27 An acidic aqueous medium and 
acetonitrile were selected to start the optimisation of the mobile 

phase composition. Trials showed that an acidic mobile phase 
with a reverse- phase C18 column gives sharp peaks. In the present 
study, there was no modification of the chromatographic peaks in 
the binary mixtures of methylprednisolone sodium succinate and 
tropisetron hydrochloride at either of the temperatures.28 Based 
on our findings, it was credible that the combination of methyl-
prednisolone sodium succinate and tropisetron hydrochloride in 
0.9% sodium chloride injection is stable for up to 48 hours under 
all the storage conditions tested (4°C and 25°C).29 The satisfac-
tory compatibility and stability of methylprednisolone sodium 
succinate in combination with tropisetron hydrochloride means 
that licensed central services, such as PIVAs in hospitals, can be 
safely used to prepare these drugs.

When mixing drugs taken from ampoules of sterile solutions, 
bacterial contamination may occur. In this study, we only exam-
ined the physicochemical stability of mixing drugs without consid-
ering the issue of microbial contamination. Hence, the standards 
for sterile preparations detailed in chapter 797 of the US Phar-
macopoeia (USP, National Prescription) should be respected and 
enforced in clinical practice.30 According to these standards, the 
agents we analysed were classified as low- risk composite aseptic 
products. To ensure the stability of the drug, it must be handled 
within the standards of the USP, which states that the preparation 
could be stored for 48 hours at room temperature and 2 weeks 
when refrigerated.31

COnCLusIOn
In conclusion, a new and validated HPLC method for the simul-
taneous quantification of methylprednisolone sodium succinate 
and tropisetron hydrochloride has been successfully developed. 
This method was successfully used to study the compatibility 
and stability of drug mixtures at concentrations common in 
clinical use. The results of the stability study showed that the 
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combination of 0.05 mg/mL tropisetron and 0.4–0.8 mg/mL 
methylprednisolone sodium succinate, prepared in 0.9% sodium 
chloride injection and stored in polyolefin bags, was chemically 
stable for at least 48 hours at 4°C and 25°C.
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