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ABSTRACT 

A simple adaptation of a previously reported chromatographic procedure for thiomersal (thimerosal) is reported. This involves the 
sequential analysis of a degraded sample of thiomersal with and without the addition of excess thiosalicylic acid. This enables the total 
amount of available ethylmercuric ion and thiomersal to be quantitated and by difference the amount of free ethylmercuric ion. The 
antimicrobial significance of the results is briefly discussed. 

INTRODUCTION 

Thiomersal (thimerosal) (TM) (I, Fig. 1) is an an- 
timicrobial preservative used in pharmaceutical sys- 
tems [l]. It consists of the sodium salt of a complex 
formed between thiosalicylic acid (TSA) (II) and 
the ethylmercuric (EtHg) ion (III). It is rapidly de- 
graded by light [2-91 and among the identified deg- 
radation products are TSA [2,10-121 2,2’-dithiosal- 
icylic acid [l&13] and EtHg complexed with vari- 
ous species such as chloride (if present), hydroxide 
and with excess TM via the carboxylate group [2] 
and metallic mercury [l 11. 

of-action of mercurial antiseptics [14]. 
A number of assays employing high-performance 

liquid chromatography (HPLC) have been applied 
to the quantitation of TM [3,6,9,11,12,1519]. All, 

Davies et al. [7] have demonstrated that degraded 
samples of TM possess enhanced levels of antimi- 
crobial activity, and, on the basis of demonstrating 
that disodium edetate decreased the activity, have 
suggested that the EtHg ion is the more active anti- 
microbial species in degraded samples. This sug- 
gestion is in keeping with the proposed mechanism- 

II 

Fig. 1. Structures. I = Thiomersal (TM); II = thiosalicylic acid 
(TSA); III = ethylmercuric ion (EtHg). 
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except one recently reported from these laborato- 
ries [9], measure intact TM without consideration 
of the relative levels of EtHg ion and TSA ligand in 
the system, the measured concentrations, in degrad- 
ed samples, being limited by the stoichiometric ratio 
of the two species in solution. 

The assay reported from these laboratories [9] 
quantitates TM (in undegraded samples) or total 
EtHg ion (in degraded samples) by reaction of the 
EtHg ion species in the system with dithiocarba- 
mate complexing agents. By applying the analytical 
method in conjunction with the conventional meth- 
od of Lam et al. [17], which measures intact TM, it 
is possible to quantitate, in degraded samples, the 
relative amounts of TM and free EtHg ion by differ- 
ence. A disadvantage of this procedure is that it 
requires the application of two HPLC assays con- 
currently each requiring different chromatographic 
conditions. 

This paper outlines a simple adaptation of the 
method of Lam et al. [17] which enables intact TM 
and TM plus EtHg ion to be measured using a sin- 
gle HPLC system by sequential assays. 

EXPERIMENTAL 

Materials 
TM and TSA (Sigma, St. Louis, MO. USA) and 

EtHg chloride (TCI, Tokyo, Japan) were used as 
supplied. All other chemicals were analytical or 
HPLC grade. 

Chromatographic equipment and conditions 
The liquid chromatograph consisted of a pump 

(501, Waters Assoc., Milford, MA, USA), 20-~1 
loop injector (Rheodyne 7125, Cotati, CA, USA), 
variable-wavelength absorbance detector (484, Wa- 
ters Assoc.) and integrating recorder (3396A, Hew- 
lett-Packard, Palo Alto, CA, USA) together with a 
column of octadecyl silica (Waters Assoc.) 30 cm x 
3.9 mm I.D., 10 ,um particle size. The mobile phase 
consists of 2.74 g of monosodium phosphate and 
2.49 g of disodium phosphate in acetonitrile-water 
(15:85, v/v) at a flow-rate of 1.5 ml mini r. The 
monitoring wavelength was 254 nm. 

Sample preparation 
To 1 ml of sample to be analysed was added ei- 

ther acetonitrile-water (30:70, v/v) (1 ml) or an 

0.02% (w/v) solution of TSA in acetonitrile-water 
(30:70 v/v) (1 ml). The solutions were mixed and 
analysed immediately. 

Standard curve ,for TM 
Freshly prepared solutions of TM (0.5, 1.0, 1.5, 

2.0, 2.5, 3.0, 3.5 . 10m4 M) were submitted to analy- 
sis. The coefficient of variation (C.V.) at 1.5 . 10e4 
M was determined using 6 replicate determinations. 

Stwdard curve ,for EtHg chloride 
Freshly prepared solutions of EtHg chloride (0.4, 

0.8, 1.2, 1.6 and 2.0 10m4 M> were submitted to 
analysis. The C.V. at 1.2 . 10e4 A4 was determined 
using 6 replicate determinations. 

Effect oj’sodium chloride on assay for TM 
Freshly prepared solutions of TM (1.5 10e4 M) 

with and without sodium chloride (0.9%, w/v) were 
submitted to analysis involving addition to excess 
TSA. 

Comparison of resultsfor assay with that of dithio- 
carhamate method 

A freshly prepared solution of TM (1.5 10m4 M> 
plus EtHg chloride (0.1 . low4 M) was submitted to 
analysis by both the assay involving addition of ex- 
cess TSA and the previously reported method in- 
volving piperidinedithiocarbamate [9] using TM as 
the standard. 

Photodegradation of TM 
A sample of TM (O.Ol%, w/v; 2.47 . 10m4 M> in 

sodium chloride (0.9%, w/v) in a borosilicate glass 
flask was stored in direct sunlight and samples were 
withdrawn at 15,30,45,60,75,90, 105 and 120 min 
and immediately submitted to HPLC analysis by 
both methods. A sample photodegraded for 60 min 
was submitted to analysis for total EtHg ion by 
both the method reported here and that using pipe- 
ridinedithiocarbamate [9]. 

RESULTS AND DISCUSSION 

The chromatographic conditions employed were 
identical to those of Lam et al. [17]. The method 
differs by preparing samples either by dilution (1:l) 
with acetonitrile-water (30:70 v/v) which enables 
TM to be quantitated or by dilution (1:l) with ace- 



SHORT COMMUNICATIONS 331 

TABLE I 

DATA FOR ASSAYS OF THIOMERSAL AND ETHYLMERCURIC CHLORIDE 

Area response = slope x concentration (M) + intercept. 

TM without excess TSA 
TM with excess TSA 
EtHg chloride with excess TSA 

Slope x lOi Intercept x lo6 r n Concentration range (M) 

3.44 -0.184 0.9998 7 O-3.5. 1o-4 
3.48 - 0.233 0.9997 7 O-3.5 lo-‘+ 
3.39 -0.123 0.9998 5 (r2.0 . 10-b 

tonitrile-water (30:70, v/v) containing TSA (0.02%, 
w/v) which quantitates TM plus EtHg ion (Fig. 2). 
At this concentration of TSA, there is a 5.25-fold 
excess of TSA to EtHg (when TM is present at a 
nominal concentration of 0.01% (w/v) (2.47 . 10m4 
M) and total available EtHg ion is the limiting fac- 
tor of the stoichiometric ratio of species present. 
The high affinity of the organomercuric ion for thiol 
groups assures quantitative conversion of the EtHg 
ion from its various complexed forms in the system 
to the TM complex [20,21]. 

When both diluent systems were applied to fresh- 
ly prepared standards of TM identical calibration 
lines were obtained for the assays with and without 
TSA and for EtHg chloride with TSA (Table I). The 
C.V. values at 1.5 - low4 M for TM with and with- 
out TSA were f 1.02% and 0.87%, respectively, 
and for EtHg chloride the C.V. was f 1.72% at a 

Ts. 

I 0.01 ALI 
M 

I/ TM 

j 
0 4 8 0 4 8 0 4 8 0 4 8 

TIME (MIN) - 

Fig. 2. Representative chromatograms derived by application of 
the assay. (A) TSA blank; (B) TM (3 . low4 M) without excess 
TSA; (C) TM (3 . 10e4 M) with excess TSA; (D) EtHg chloride 
(2 10m4 M) with excess TSA. DT = 2,2’-Dithiosalicylic acid 
contaminant in the thiosalicylic acid; TSA = thiosalicylic acid; 
TM = thiomersal. 

concentration of 1.2 . 10e4 (n = 6 in all cases). 
The assay suffers no interference from sodium 

chloride, a common component of pharmaceutical 
products which is known to complex with the EtHg 
ion [mean and C.V. for TM (1.5. lop4 M) with and 
without sodium chloride (0.9O/, w/v) (n=4): i = 
1.48 - 10m4 A4 f 0.48% and f = 1.51. low4 M f 
0.62%]. The assay involving the addition of excess 
TSA affords identical results for samples containing 
TM (1.5 . 10m4 M) plus EtHg chloride (0.1 . 10m4 
A4) when compared with the previously reported 
method involving chromatography of the piperidi- 
nedithiocarbamate complex of total EtHg ion [9] 
[mean and C. V. (n = 4) for TSA assay; 1.58 . 10m4 
M, f 1.10% and for the piperidinedithiocarbamate 
assay: 1.59 . 10m4 M; f 0.92%], the samples being 
compared against TM as a standard. 

When photodegraded samples of TM were sub- 
mitted to analysis both with and without excess 
TSA results were obtained demonstrating the pres- 
ence of substantial amounts of free EtHg ion (Fig. 
3). A photodegraded sample (sunlight for 1 h) of 

Fig. 3. Results of a typical experiment involving photodegrada- 
tion of thiomersal in direct sunlight. 0 = Concentration of TM 
with excess TSA; 0 = concentration of TM without excess 
TSA. The difference represents the amount of free EtHg ion. 
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TM (O.Ol%, w/v) when analysed by both the previ- 
ously reported dithiocarbamate assay and the assay 
involving the addition of excess TSA gave identical 
results (8.52 10e3 and 8.44. 10-30h, w/v, remain- 
ing respectively calculated as TM). Under the con- 
ditions used for this degradation no free TSA was 
formed. This would be expected if excess EtHg ion 
were present. With consideration to the mode-of- 
action of antibacterial organomercurials [7,14] the 
formation of significant levels of excess EtHg ion 
would account for the enhanced antimicrobial ac- 
tivity of degraded samples of TM and the assay in- 
volving addition of TSA may more correctly reflect 
analytically the level of antimicrobial activity. 

In conclusion, it should be noted that this simple 
adaptation applied to the method of Lam et al. [ 171 
should be readily adaptable to a number of the oth- 
er reported HPLC methods. 
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