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Summary. An improved ion-pairing reversed-phase high-performance liquid chroma-
tography method coupled with evaporative light scattering detection (HPLC–ELSD) was 
developed to determine spectinomycin and its related substances in commercial samples. 
The method was validated in accordance with International Conference on Harmoniza-
tion (ICH) guidelines. The specificity of the HPLC–ELSD method was similar to that of 
the European Pharmacopoeia (Ph. Eur.) method, and repeatability and robustness were 
markedly improved relative to other reported methods due to our empirical evaluation 
of separation columns. Indeed, it is a more specific assay of spectinomycin than tradi-
tional microbiological techniques. The HPLC–ELSD method was used to evaluate the 
impurity profiles of eight compounds in seven spectinomycin batches from five different 
companies. Liquid chromatography coupled with electrospray ionization–tandem mass 
spectrometry (LC–ESI–MS/MS) was employed to characterize the structures of these 
compounds. Though the HPLC–ELSD method was not as sensitive as the Ph. Eur. 
method, its limit of quantitation (LOQ) (0.16%) was lower than the disregard limit (0.3%) 
described by the Ph. Eur. 7.0. This suggests that the HPLC–ELSD method is appropriate 
for routine analysis of spectinomycin and its related substances. 
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Introduction 
Spectinomycin is a broad-spectrum antibiotic similar to aminoglycosides 
(AGs) that has been widely used to treat human and animal infections [1–3]. 
It is derived from Streptomyces spectabilis, and like other fermentation-deri-
ved antibiotic, it consists of several biosynthetically related compounds. 
Known fermentation related substances are (4S)-dihydrospectinomycin, 
(4R)-dihydrospectinomycin, and dihydroxyspectinomycin [4, 5]. Strong 
acidic hydrolysis can produce actinamine (impurity A), and in basic solu-
tions, actinospectinoic acid (impurity B) is formed [6, 7]. Several other im-
purities were also described in the European Pharmacopoeia (Ph. Eur.) [8] 
with structures shown in Fig. 1. 
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 [M+H]+ R1 R2 R3 R4 Impurity Comment* 
spectinomycin 333.3 CH3 R2 + R3 = O H Major API 

(4R)-dihydrospectinomycin 335.4 CH3 OH  H H Minor API 
(4S)-dihydrospectinomycin 335.4 CH3 H OH H C 
dihydroxyspectinomycin 351.4 CH3 H OH OH D 
N-desmethylspectinomycin 319.3 H R2 + R3 = O H E 
tetrahydroxyspectinomycin 349.3 CH3 R2 + R3 = O OH G 
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actinamine 207.3 A 

actinospectinoic acid  351.4 B 
Known impurities 

* Symbolizes that the descriptors of compounds are consistent with those presented 
in Ph. Eur. 7.0 

Fig. 1. Chemical structures of spectinomycin and its known related substances 
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Like other AGs, spectinomycin lacks a specific chromophore to facili-
tate ultraviolet (UV) detection. As a result, many derivatization methods in-
cluding pre- and post-column derivatization have been introduced to detect 
such compounds [9–12]. However, derivatization methods have several in-
herent problems that limit further applications including the complexity of 
derivatization reactions and possible formation of by-products or degrada-
tion products during the derivatization procedure. More recently, the 
charged aerosol detection (CAD) reported by Dixon and Peterson [13] has 
been applied for the detection of compounds lacking UV-absorbing chro-
mophores [14–19]. The CAD is a relatively new universal detection tech-
nology with high sensitivity and a broad dynamic range.  

Pulsed electrochemical detection (PED) has been used for determina-
tion of spectinomycin and its impurities [8, 20, 21], yet requires sophisti-
cated protocols and expertise for signal stability that are outside the scope 
of most laboratories. High-performance liquid chromatography coupled 
with evaporative light scattering detection (HPLC–ELSD) has been used for 
the analysis of many non-UV-absorbing analytes [22–28]. Several 
HPLC–ELSD methods have been developed to determine spectinomycin 
and its related substances [6, 7, 29]. As a universal detector, ELSD is more 
sensitive than refractive index (RI) detection and is compatible with gradi-
ent elution. It offers more accurate and reproducible results versus 
UV-derivatization methods or PED. 

Unfortunately, AGs are not commonly retained in the reversed-phase 
mode, even with the use of 100% of aqueous eluents. There are limited re-
ports of AG separation in normal-phase mode, but these may result in the 
loss of column materials. Therefore, most chromatographic methods were 
based on ion-pairing reversed-phase system, which should be volatile when 
combined with ELSD [24, 27]. Similar to mass spectrometry (MS), ELSD 
separation products are easily transferred to collect structural information 
of minor impurities in pharmaceutical products [30–34]. 

In this paper, we report an improved ion-pairing reversed-phase 
HPLC–ELSD method for the determination of spectinomycin and its related 
substances. Several types of columns from our column classification data-
base [37] were evaluated. Except for method validation in accordance with 
International Conference on Harmonization (ICH) [35], the specificity of the 
HPLC–ELSD method was also cross-validated by the PED method as de-
scribed in Ph. Eur. [8]. Seven commercial samples from five manufacturers 
were analyzed by HPLC–ELSD and liquid chromatography coupled with 
electrospray ionization–tandem mass spectrometry (LC–ESI–MS/MS) to 
measure the type and amount of impurities. 
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Experimental 
Reagents and Samples 

HPLC-grade methanol was obtained from Fisher Scientific (Fairlawn, NJ, 
USA). HPLC-grade trifluoroacetic acid (TFA) was supplied by Merck 
(Schuchardt, Germany). A Milli-Q water purification system (Millipore, 
USA) was used to further purify glass-distilled water. 

Reference samples of spectinomycin, impurities A (actinamine), B (ac-
tinospectinoic acid), and (4S)-dihydrospectinomycin were provided by Na-
tional Institutes for Food and Drug Control (NIFDC), Beijing, P.R. China. 
The descriptors of impurities A, B, C, D E, F, and G are consistent with 
those presented in Ph. Eur. 7.0 [8]. Seven batches (samples 1–7) of spectin-
omycin drug substances were obtained from five manufacturers (Company 
A–E). 

HPLC–ELSD 

The analysis was performed on a Shimadzu LC-20A HPLC (Kyoto, Japan) 
system equipped with LC-20AT binary pumps, a DGU-20A3 vacuum de-
gasser, a SIL-20AC autosampler, a CTO-10AS VP column oven, an Alltech 
2000ES ELSD (Deerfield, IL, USA), an automatic air source generator (Type 
GCK3308, BCHP, Beijing, China), and Shimadzu LC-solution software 
(Kyoto, Japan) was used for data-processing.  

Compounds were separated on a Venusil C18 column (type: ASB, size: 
150 mm × 4.6 mm i.d., 5 μm; Agela, China). The column temperature was 
maintained at 30°C. A mobile phase containing 100 mM TFA aqueous solu-
tion for isocratic elution without any organic solvent was used at a flow rate 
of 0.6 mL min−1. The injection volume was 20 μL. Parameters used for ELSD 
were as follows: the temperature of the drift tube was 110 °C, nitrogen was 
used as carrier gas at a flow rate of 2.6 L min−1, gain was 1, and impactor 
was off. To extend the column life and minimize the impact of TFA on the 
column life, the column was flushed with a mixture of water and methanol 
(90:10, v/v) at 0.6 mL min−1 for at least 1 h after use. 

LC–ESI–MS/MS 

The LC–ESI–MS/MS method was used to measure impurities in commer-
cial samples and confirm the elution order of the HPLC–ELSD method. The 
chromatographic conditions were similar to that of HPLC–ELSD, except 
that the concentration of the mobile phase was lowered to 40 mM TFA due 
to the ion suppression produced by TFA. To obtain a more stable spray and 
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higher signals, a mixture of methanol and water (70:30, v/v) was added 
post-column in a 1:1 proportion with the LC mobile phase at a flow rate of 
0.5 mL min−1 (pump: SHIMADZU LC-10AT). Furthermore, to increase the 
amount of impurities injected, ensure detection, and minimize possible 
contamination caused by the principal peak, valve switching technology 
was employed to remove the concentrated main peak of spectinomycin 
during the characterization of related substances in commercial spectino-
mycin. More details about the method are in preparation for publication 
elsewhere.  

Solution Preparation for HPLC–ELSD 

A mixed solution of actinamine, actinospectinoic acid, spectinomycin, and 
(4S)-dihydrospectinomycin in distilled water was prepared at 100 μg mL−1 
each. Sample solutions in distilled water were prepared at about 6 mg mL−1. 
Reference solutions were at 0.03, 0.12, and 0.3 mg mL−1, respectively (corre-
sponding to 0.5%–5.0% of the sample concentration). The sample solutions 
were prepared immediately before use in order to avoid formation of ano-
mers. 

Solution Preparation for LC–ESI–MS/MS 

About 100 μg mL−1 of each reference solution as well as the sample of dihy-
drospectinomycin was prepared for MS analysis. Six milligrams per millili-
ter of sample solution was used for characterization of impurities. Reference 
and sample solutions were all dissolved in distilled water. 

Quantitation 

A standard curve was used to determine impurities in commercial samples 
by HPLC–ELSD. The best linear fit of the standard curve was obtained us-
ing a double logarithmic type curve. The regression equation of spectino-
mycin was logA = a logC + b, in which logA is the logarithmic value of 
spectinomycin peak area (A), logC is the logarithmic value of spectinomycin 
concentration (C), and r is the correlation coefficient. Concentration of im-
purities (Ci) was calculated with: Ci = 10^(logAi − b)/a), in which logAi is the 
logarithmic value of individual impurity peak area (Ai), b and a are the 
y-intercept and slope of the calibration curve, respectively, and 10^(log 
Ai − b)/a) is the anti-logarithm value of (log Ai − b)/a). 
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Results and Discussion 
Development and Optimization of the HPLC–ELSD Method 

Selection of the Mobile Phase 

Based on reference [29], a reversed-phase LC method using TFA as an 
ion-pairing reagent was optimized. Separation of spectinomycin and its re-
lated substances was substantially affected by the concentration of the TFA. 
Mobile phases containing various concentrations of TFA (20, 40, 80, and 
100 mM) were evaluated for impact on resolution, peak shape, and reten-
tion time. The resolution between peak 6 and 7 (Fig. 3a) was increased from 
0.6 to 1.6 by increasing the concentration of TFA from 20 to 100 mM. The 
resolution and peak shape could not be improved increasing the concentra-
tion of TFA over 100 mM (150 or 200 mM). Thus, the TFA concentration was 
maintained at 100 mM. Due to the low pH value (1.56) of 100 mM TFA 
aqueous solution, the pH was adjusted to 2.0, 3.0, and 4.0 with ammonium 
hydroxide. The results showed that the higher pH value (4.0) results in 
poorer separation and a noisier baseline. Meanwhile, organic modifiers 
such as methanol or acetonitrile shorten retention times and have adverse 
effects on both separation and peak shape. Therefore, a mobile phase con-
taining 100% of 100 mM TFA aqueous solution without pH adjustment was 
selected for the HPLC–ELSD method.  

Optimization of ELSD Conditions 

CAD was also used to measure spectinomycin and its related substances 
but was found to have a lower response and noisier baseline (Figs. 2a and 2b, 
respectively). The signal-to-noise (S/N) ratios for spectinomycin, acti-
namine, actinospectinoic acid, and (4S)-dihydrospectinomycin by the 
HPLC–ELSD method varied from 56 to 931, while the S/N ratios for those 
by the HPLC–CAD method varied only from 13 to 39, which was about 
4–20 times lower. This infers that the difference in sensitivity obtained by 
HPLC–CAD is strongly influenced by the HPLC mobile phase additives. 
Thus, ELSD was chosen for its capacity to analyze spectinomycin and its 
related substances. 

The ELSD conditions were optimized in accordance with the user’s 
guide (Alltech) with a proper ELSD response and S/N ratio. Major factors, 
such as the different temperatures of the drift tube (90, 100, and 110°C), 
various flow rates of carrier gas (2.2, 2.6, 3.0, and 3.5 L min−1), and several 
gain values (1, 2, and 4), were investigated. The optimized parameters used 
for ELSD are described under Experimental section. 
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Fig. 2. Typical chromatograms of HPLC–ELSD (a), HPLC–CAD (b), and HPLC–PED (c) 
of a mixed solution of actinamine, actinospectinoic acid, spectinomycin, and 

(4S)-dihydrospectinomycin at 0.1 mg mL−1 each. 1 = sodium ion; 2 = actinamine 
(impurity A, m/z 207); 3 = spectinomycin (major API, m/z 333); 4 = actinospectinoic acid  
(impurity B, m/z 351); 5 = (4S)-dihydrospectinomycin (impurity C, m/z 335); 6 = blank. 

HPLC–ELSD condition: as described under Experimental. CAD condition: the LC 
condition was same as that of HPLC–ELSD. Instrument: Dionex Corona ultra (Thermo，
USA). PED condition: see spectinomycin monograph in Ph. Eur. 7.0. Column: CAPELL 

PAK C8 column (type: DD, size: 150 mm × 4.6 mm i.d., 3 μm), Ion Chromatography 
instrument: Dionex ICS-3000 (Thermo, USA) 

 

 

(a) 

(b) 

HPLC–ELSD 

HPLC–CAD 
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Fig. 2. cont. 

 

Method Validation 
Specificity 

The specificity of the optimized HPLC–ELSD system was demonstrated 
through the good separation of a mixture of available impurities (acti-
namine, actinospectinoic acid, spectinomycin, and (4S)-dihydrospecti-
nomycin) (Fig. 2a). This was shown practically in sample 1, which has many 
impurities (Fig. 3a). Besides sodium, eight compounds in sample 1 were de-
tected by HPLC–ELSD. The PED method [8] validated this method for the 
mixture of impurities and sample 1 (see Figs. 2c and 3b). The specificity of 
the established HPLC–ELSD method was similar to that of the PED method 
(peaks 2 = actinamine, 5 = dihydroxyspectinomycin, 7 = spectinomycin 
(major API), 8 = (4R)-dihydrospectinomycin, and 9 = (4S)-dihydrospecti-
nomycin). 

Linearity 

The regression equations of spectinomycin, actinamine, actinospectinoic 
acid, and dihydrospectinomycin obtained with double logarithms in the 
range of 0.03–0.3 mg mL−1 were logA = 1.4564 logC + 7.8746 (r = 0.9997), 
logA = 1.3392 logC + 5.7039 (r = 0.9985), logA = 1.0911 logC + 6.1521 
(r = 0.9995), and logA = 1.2221 logC + 5.8601 (r = 0.9993), respectively. This 
illustrates their good linear responses under the described condition. 

(c) 

HPLC–PED 
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Accuracy 

Spiked recoveries of spectinomycin at 80%, 100%, and 120% levels were 
100.0%, 96.7%, and 97.1%, respectively (n = 3) with relative standard devia-
tions (RSDs) ≤3.0% indicating satisfactory accuracy of the method. The offi-
cial method for assaying spectinomycin in the Chinese pharmacopoeia [36] 
is a microbiological method. The analysis of seven batches of spectinomycin 
was performed by HPLC–ELSD and microbiology, respectively. The t-test 
showed that differences in results between the two methods were not sig-
nificant (t = −1.59 < t0.05, 6 = 2.18, P > 0.05; Table I), which means that the 
proposed method can replace the traditional microbiological method for the 
determination of spectinomycin. 
 

Table I. Comparison of results by HPLC–ELSD and microbiological method 

Sample HPLC–ELSD  
(%, n = 2) 

Microbiologicala  
(%, n = 10) Difference (%) 

1 66.3 66.6 −0.3 

2 66.6 67.1 −0.5 

3 66.9 67.3 −0.4 

4 66.8 66.9 −0.1 

5 66.7 67.4 −0.7 

6 62.7 66.2  −3.5b 

7 66.4 67.5 −1.1 

aCalculated on the basis of 1000 spectinomycin units equivalent to 1 mg spectino-
mycin. 

bSee section “Accuracy” and Table III for the cause of the difference. 
 
 

As shown in Table I, the results for sample 6 obtained by microbiology 
were 3.5% higher than that by HPLC–ELSD, indicating that some related 
substances with antibacterial activity may be present in sample 6. Accord-
ing to Table III, the amount of (4R)-dihydrospectinomycin (minor active 
pharmaceutical ingredient (API)) in sample 6 was much higher than those 
of other samples, which may explain this observation. This may also sug-
gest that the HPLC–ELSD method is more specific for quality control in 
spectinomycin samples. 
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Precision 

The RSDs of the spectinomycin peak areas for replicate injections at three 
levels (0.05, 0.10, and 1.00 mg mL−1) were 1.0%, 0.6%, and 0.4%, respectively 
(n = 6). The RSDs of the related substances for six parallel measurements on 
2 days were not greater than 2.0% (n = 2 × 6) suggesting good repeatability 
of the method. 

Limit of Detection and Quantitation 

The limit of detection (LOD) and limit of quantitation (LOQ) for spectino-
mycin by the HPLC–ELSD method were about 0.003 mg mL−1 and 
0.010 mg mL−1, respectively, equivalent to 0.05% and 0.16% of the nominal 
sample concentration (6.0 mg mL−1). The LOD and LOQ for spectinomycin 
by the PED method were 0.0003 mg mL−1 and 0.0012 mg mL−1, respectively, 
which were about 10-fold lower. Nevertheless, the LOQ of the established 
HPLC–ELSD method was lower than the disregard limit (0.3%) required by 
Ph. Eur. 7.0 [8]. This indicates that the sensitivity of the HPLC–ELSD 
method could meet the goals of this assay. 

Robustness 

Eleven brands of columns suitable for analysis of highly polar AGs com-
pounds were evaluated based on the column classification database by our 
laboratory [37] (see Table II). With the resolution (R) of peaks 6 and 7 (see 
Fig. 3a) as the critical evaluation parameter (R ≥ 1.5), it showed that five 
brands of columns examined (Ultimate LP-C18, Apollo C18, XAqua C18, 
Venusil ASB C18, and TSKgel C18) were suitable for determination of 
spectinomycin and its related substances under our proposed LC condition. 
These columns are compatible with 100% aqueous mobile phase at low pH, 
which contributes to robustness of the LC method. The effect of column 
lengths on the resolution of peaks 6 and 7 was also investigated. Longer 
columns (e.g., 250 mm length) could result in better separation as shown in 
Table II; however, run time increased significantly. Venusil C18 column 
(150 mm length) was selected for further development of the LC method 
because of its good separation, high column efficiency, and short analysis 
time. Furthermore, the Venusil C18 column showed excellent repeatability 
in over one year experiment, due to its good compatibility with 100% 
aqueous mobile phase at low pH value. 
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Table II. Columns investigated during method development 

No. Name of 
column Size Manufacturer/ 

supplier Type 
Resolution 
of peaks 6 

and 7a 

1 Venusil ASB 
C18 

150 × 4.6 mm, 
5 μm Agela, China 

End-capped, the 
functional 

group-bonded 
1.6 

2 TSKgel C18 150 × 4.6 mm, 
3 μm Tosoh, Japan End-capped 1.5 

3 Ultimate 
LP-C18 

250 × 4.6 mm, 
5 μm Wilch, China 

End-capped, the 
functional 

group-bonded 
3.4 

4 Apollo C18 

150 × 4.6 mm, 
5 μm 

250 × 4.6 mm, 
5 μm 

Grace, USA 
End-capped, the 

functional 
group-bonded 

2.0 
4.4 

5 XAqua C18 150 × 4.6 mm, 
5 μm 

Acchrom, 
China 

End-capped, tight 
bonding layer on 

silica gel 
2.0 

6 Gemini C18 250 × 4.6 mm, 
5 μm 

Phenomenex, 
USA End-capped 1.2 

7 
Capcell 

PAK AQ 
C18 

150 × 4.6 mm, 
3 μm 

Shiseido, 
Japan 

End-capped, 
polymer-coated 1.1 

8 
Zorbax 

Bonus-RP 
C18 

150 × 4.6 mm, 
5 μm Agilent, USA End-capped, 

amide-embedded 0 

9 Zorbax SB 
C18 

150 × 4.6 mm, 
5 μm Agilent, USA Di-isobutyl- 

embedded 0 

10 Atlantis T3 
C18 

150 × 4.6 mm, 
3 μm Waters, USA End-capped 0.7 

11 
Symmetry 
Shield RP8 

C18 

150 × 4.6 mm, 
3.5 μm Waters, USA End-capped +BEH 0.5 

aSee Fig. 3a for the peak numbers. 
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Fig. 3. Typical chromatograms of HPLC–ELSD (a) and HPLC–PED (b) of sample 1 at 
6 mg mL−1. 1 = sodium ion; 2 = actinamine (impurity A, m/z 207); 3 = unknown 1* 

(m/z 383); 4 = unknown 2* (m/z 367) and unknown 3* (m/z 369); 
5 = dihydroxyspectinomycin (impurity D, m/z 351); 6 = unknown 4* (m/z 337); 

7 = spectinomycin (major API, m/z 333); 8 = (4R)-dihydrospectinomycin (minor API, 
m/z 335); 9 = (4S)-dihydrospectinomycin (impurity C, m/z 335); 10 = blank; 11, 12, 

13 = unknown. HPLC–ELSD and PED conditions were same as those of Figs. 2a and 2c. 
*See Fig. 4 for their structures. 

(a) 

(b) 

HPLC–ELSD 

HPLC–PED 
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Impurity Profile Comparison of Different Bulk Samples 

Seven commercial samples from five manufacturers were investigated by 
both HPLC–ELSD and LC–ESI–MS/MS. The HPLC–ELSD determined the 
content of individual related substances, while LC–ESI–MS/MS character-
ized the related substances. For known related substances, the retention 
time and MS/MS spectra of their reference substances were used to identify 
the corresponding peaks in sample data. For unknown substances, their 
structures were deduced through comparison of their fragmentation pat-
terns with those of known related substances (see Fig. 4). The proposed 
structures of unknown components are shown in Fig. 5. The results of dif-
ferent spectinomycin samples are summarized in Table III. 
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(4S)-dihydrospectinomycin 335.4 207.3 189.3 158.3 317.3 291.3 H OH 

actinamine 207.3 207.3 189.3 158.3 – – – – 

(“–” means the fragments are not available.) 
 

Fig. 4. Plausible fragmentation pathways of known compounds 
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Table III. Comparison of impurity profiles of seven spectinomycin bulk samples by 
LC–ELSD and LC–ESI–MS/MS 

Samples Contents of impurities present in bulk samples (%) 

No. Com-
panya 

Unknown 
1b 

Unknown 
2b + unknown 3b 

Dihydroxy-
spectinomycin 

Unknown 
4b 

(4R)-dihydro-
spectinomy-

cin 

(4S)-dihydro-
spectinomy-

cin 

1 0.4 1.6 3.8 0.4 1.1 1.2 

2 
A 

– 0.3 2.5 0.6 1.7 0.8 

3 B – 0.6 4.2 0.5 1.5 – 

4 C – 0.6 4.2 0.6 0.4 – 

5 – 0.4 0.8 0.7 1.7 – 

6 
D 

– 0.2 1.0 0.5 3.9 – 

7 E – 0.3 1.5 0.4 – – 
 

aSee section “Reagents and Samples” for detailed company information. 
bTheir structures are shown in Fig. 4. 
“–”symbolizes that no signals were detected in the sample. 

 
 

The samples were different with respect to the type and amount of re-
lated substances, which is not uncommon since different strains can be used 
for fermentation. The major impurities observed were dihydroxyspectino-
mycin (impurity D) and (4R)-dihydrospectinomycin (minor API); both of 
which arise from fermentation. The newly identified impurities, e.g., un-
knowns 2, 3, and 4, were also found in almost all samples albeit with dif-
fering concentrations. Unknown 2 ([M+H]+ m/z 367) coeluted with un-
known 3 ([M+H]+ m/z 369) in peak 4 (Fig. 3a) and was present in samples 1, 
3, 4, and 7 at a relatively low amount. Peak 6 increased nearly four-fold 
higher (see Fig. 2) when the sample solution stood for over 24 h. The 
[M+H]+ CID spectrum of peak 6 showed that a new product occurred after 
about 1 h and may be an anomer of spectinomycin (m/z 333) [21]. Its peak 
area stabilized after 2 h at room temperature. Thus, it is necessary to wait 
2 h before injecting the sample for assaying spectinomycin. 

Samples 5 (manufacture date: July 1, 2001) and 6 (manufacture date: 
February 11, 2003) from Company D have similar impurity profiles and in-
dicates that their process is stable. In contrast, there is a significant differ-
ence between the impurity profiles of sample 1 (manufacture date: March 15, 
2006) and sample 2 (manufacture date: May 17, 2005) though both of them 
were from Company A, which indicates their production sites or fermenta-
tion process might be suboptimal. 
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Fig. 5. Proposed structures for the related substances characterized in this work 

Conclusions 
An improved ion-pairing reversed-phase HPLC–ELSD method was devel-
oped for the determination of spectinomycin and related substances. The 
HPLC–ELSD method was validated according to ICH guidelines. The speci-
ficity of the HPLC–ELSD method was similar to that of the gold standard 
Ph. Eur. method. Besides spectinomycin, eight other compounds were de-
tected in commercial samples by HPLC–ELSD. The type and amount of 
impurities in the spectinomycin samples varied. Though the HPLC–ELSD 
method was not as sensitive as the PED method of Ph. Eur., its limit of 
quantitation (LOQ) (0.16%) was lower than the disregard limit (0.3%) de-
scribed by Ph. Eur. 7.0. It is a promising alternative method for the deter-
mination of spectinomycin and its related substances in routine quality 
control because it is facile with lower investment and maintenance costs and 
is thus suitable for laboratories with less experience in PED operation. 

In our work, LC–ESI–MS/MS characterized the compounds in com-
mercial spectinomycin samples from different manufacturers. A minor API 
((4R)-dihydrospectinomycin), three known related substances (impurities A, 
C, and D) and four new related substances were identified. The characteri-
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zation of the related substances of spectinomycin will be described in detail 
in another paper. 

Acknowledgments 
This article was supported by Youth Development Research Foundation of 
NIFDC (Project No. 7030230111102). The authors thank Adams E. from KU 
Leuven for many helpful suggestions on the modification of the article. 
The authors have declared no conflict of interest. 

References 
[1]  Spectam Oral Solution product information (Vetoquinol–Canada) (2007), 

www.vetoquinol.ca 
[2]  L. Cuerpo and R.C. Livingston, FAO Food Nutr. Pap., 41, 1–86 (1994) 
[3]  C.A. Ison A, Genitourin Med., 72, 253–257 (1996) 
[4]  J. Hoebus, L.M. Yun, and J. Hoogmartens, Chromatographia, 39, 71–73 (1994) 
[5]  J.G. Phillips and C. Simmonds, J. Chromatogr., A, 675, 123–128 (1994) 
[6]  M.J. Wang and C.Q. Hu, Chromatographia, 63, 255–260 (2006) 
[7]  J.Y. Zhou, L. Zhang, Y. Wang, and C. Yan, J. Sep. Sci., 34, 1811–1819 (2011) 
[8]  European Pharmacopoeia, Council of Europe, Strasbourg, 2011, pp. 2969–2971 
[9]  N. Haagsma, J.R. Keegstra, and P. Scherpenisse, J. Chromatogr., 615, 289–295 (1993) 

[10]  A.A. Bergwerff, P. Scherpenisse, and N. Haagsma, Analyst, 123, 2139–2144 (1998) 
[11]  R.E. Hornish and J.R. Wiest, J. Chromatogr., A, 812, 123–133 (1998) 
[12] N. Haagsma, P. Scherpenisse, and R.J. Simmonds, J. Chromatogr., B, 672, 165–171 

(1995) 
[13] R.W. Dixon and D.S. Peterson, Anal. Chem., 74, 2930–2937 (2002) 
[14] R.A. Moreau, Lipids, 41, 727–734 (2006) 
[15] A. Joseph, S. Patel, and A. Rustum, J. Chromatogr. Sci., 48, 607–612 (2010) 
[16] K. Stypulkowska, A. Blazewicz, Z. Fijalek, and K. Sarna, Chromatographia, 72, 

1225–1229 (2010) 
[17] D. Yan, G. Li, X.H. Xiao, X.P. Dong, and Z.L. Li, J. Chromatogr., A, 1138, 301–304 

(2007) 
[18] N. Vervoort, D. Daemen, and G. Torok, J. Chromatogr., A, 1189, 92–100 (2008) 
[19] L. Nováková, S.A. Lopéz, D. Solichová, D. Satínsky, B. Kulichová, A. Horna, and  

P. Solich Talanta, 78, 834–839 (2009) 
[20] B.J. Goolsby and J.S. Brodbelt, J. Mass Spectrom, 35, 1011–1024 (2000) 
[21] D. Debremaeker, E. Adams, E. Nadal, V.B. Hove, E. Roets, and J. Hoogmartens,    

J. Chromatogr., A, 953, 123–132 (2002) 
[22] R. Vogel, K. Defillipo, and V. Reif, J. Pharm. Biomed. Anal., 24, 405–412 (2001) 
[23] N.C. Megoulas and M.A. Koupparis, J. Chromatogr., A, 1057, 125–131 (2004) 
[24] I. Clarot, P.I. Storme, P. Chaminade, O. Estevenon, A. Nicolas, and A. Rieutord,    

J. Chromatogr., A, 50, 64–67 (2009) 
[25] J.W. Hong, C.Q. Hu, and LS Sheng, Acta Pharm. Sin., 38, 695–697 (2003) 
[26] A.K. Sarri, N.C. Megoulas, and M.A. Koupparis, Anal. Chim. Acta, 28, 250–257 

(2006) 
[27] N.C. Megoulas and M.A. Koupparis, J. Pharm. Biomed. Anal., 36, 73–79 (2004) 

Unauthenticated | Downloaded 05/19/23 02:06 PM UTC



Determination of Spectinomycin by HPLC-ELSD 

 

109 

[28] C.S. Young and J.W. Dolan, LC–GC Eur., 17, 192–201 (2004) 
[29] J. Wang, X.J. Hu, Y. Tu, and K.Y. Ni, J. Chromatogr., B, 834, 178–182 (2006) 
[30] N. Takeda, K. Harada, M. Suzuki, A. Tatematsu, and T. Kubodera, Org. Mass Spec-

trom., 17, 247–252 (1982) 
[31] S.I. Kotretsou and V.C. Kokotou, Carbohydr. Res., 310, 121–127 (1998) 
[32] B.J. Goolsby and J.S. Brodbelt, J. Mass Spectrom., 35, 1011–1024 (2000) 
[33] P.F. Hu, E.K. Chess, S. Brynjelsen, G.J. Melchert, R.B. Hammond, and T.D. Wilson,  

J. Am. Soc. Mass Spectrom., 11, 200–209 (2000) 
[34] L.G. McLaughlin and J.D. Henion, J. Chromatogr., 591, 195–206 (1992) 
[35] ICH Harmonised Tripartite Guideline, Validation of Analytical Procedures: Text 

and Methodology Q2 (R1), Complementary Guideline on Methodology dated 6 
November 1996 incorporated in November 2005. http://www.ich.org/filead-
min/Public_Web_Site/ICH_Products/Guidelines/Quality/Q2_R1/Step4/Q2_R1_
_Guideline.pdf 

[36] Pharmacopoeia of the Peopl’s Republic of China Edition 2010, Part II, The State 
Pharmacopoeia Commission of PR China, Beijing, 2010, pp. 638 

[37] Antibiotics-column Selection Recommendation Database (1, June, 2013), 
http://www.antibiotic.cn/ columnt.htm  

Accepted by DA 

Unauthenticated | Downloaded 05/19/23 02:06 PM UTC


