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Abstract

A simple reversed-phase high performance liquid chromatographic method was developed for the analysis of vertilmicin sulfate, a novel
aminoglycoside (AG). UV detection was used to determine vertilmicin sulfate and its related compounds in drug substance and products
without sample derivatization. The method was used to determine the content of vertilmicin and its related compounds and test the stability
of vertilmicin sulfate as drug substance and in injections, which was required for registration of new drug.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction age. And it is necessary to test the stability of vertilmicin
sulfate in new drug substance and products.
Vertilmicin sulfate Fig. 1) belongs to a class of com- The structure of vertilmicin sulfate, shown kg. 1, in-

pounds known as aminoglycoside (AG) antibiotics. It is a dicates that vertilmicin has three primary amines, two sec-
novel drug that was found in the synthesis of netilmicin and ond amines, three OH groups and one double-bond. Like
is under registration in China. Aminoglycosides inhibit the many aminoglycosides, vertilmicin sulfate lacks a suitable
protein synthesis of microorganisms, resulting in a rapid, chromophore, which is necessary for UV detection. For this
concentration-dependent bactericidal action. Aminoglyco- reason, the analysis of aminoglycosides is usually performed
sides are particularly active against aerobic gram-negativeusing pre-columf2—8], post-column derivatizatig®] meth-
bacilliand are used to treat tuberculosis, particularly in casesods or other detections, such as evaporative light scattering
of suspected multiple-drug resistance. However, these drugsdetection[10], pulsed electrochemical detectiiil—13] or
can give rise to adverse reactions, including ototoxicity and mass spectrometf{2,14] But sample derivatization can in-
nephrotoxicity, which is almost always reversible when treat- crease the complexity of an HPLC method by requiring ad-
ment is discontinuefl]. In addition, vertilmicin was proved  ditional system components, such as an extra reagent pump,
to have less toxicity than netilmicin. a reaction coil and a mixing. Other disadvantages of sam-
As a new drug, vertilmicin sulfate is under registration ple derivatization include the possible creation of degrada-
in China. So it is required to develop a suitable method to tion products and the introduction of impurities as a result of
determine the content of vertilmicin sulfate and its related the derivatization procedure. And other detections like mass
compounds produced during synthesis, purification and stor-spectrometry are not widely used, while direct UV detec-
tion is more broadly applied to quality control because of its

: convenience and generalization.
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Fig. 1. Structure of vertilmicin sulfate and impurity A.
for the quality control of kanamycin and neomy¢irb]. But QuatPump fitted with a G1322A Degasser and a manual

due to low sensitivity, TLC with color reaction was difficult sample injector equipped with a 100 sample loop. The
to determine related compounds precisely at trace level. Onlydetector used was an Agilent G1314A VWD. The separa-
one method was reported to determine vertilmicin in plasma tion was performed on an Agilent XDBd(particle size
[16], which needed a long-time sample preparation and a5 um, 150 mmx 4.6 mm ID) column. The mobile phase con-
complex derivatization. sisted of aqueous buffer (containing 20 mM sodium hep-

In this paper, HPLC was firstly used to determine the con- tanesulfonate and 30 mM triethylamine, phosphoric acid was
tent of vertilmicin sulfate and its related compounds for test- added to adjust pH to 2.5)—acetonitrile (75:25, v/v). And
ing the stability of new drug substance and its two injections. the proportion was changed from 75:25 to 74:26 while 2 ml
injection was analyzed for related compounds. The mo-
bile phase was filtered through a 0 pore size mem-
brane filter prior to mixing and ultrasonically degassed af-
2.1. Chemicals and reagents ter mixing. Chromatography was performed at°80with

a flow rate of 1miminl. The analytes were detected at

Vertilmicin sulfate standard, drug substance (batch num- 201 nm.
bers: 20020114, 20020220, 20020318) and its two in-
jections (100mg vertilmicin/2ml (20020701, 20020702, .
20020703) and 100mg vertilmicin/100ml (20020711, 2-3- Storage of sample for stabilify7]
20020712, 20020713)) with different additives were of-
fered by Zhejiang Conler Pharmaceutical Co. Ltd. (Wen-
zhou, China). Acetonitrile (HPLC grade) was purchased from
Merck (Darmstadt, Germany). Sodium heptanesulfonate was ; e
purchased from Tokyo Kasei Kogyo Co. Ltd. (Tokyo, Japan). Perature (6& 2°C), high humidity (RH 95t 5%) and strong
Phosphoric acid and triethylamine (analytic reagent grade) 19ht (45004500 Ix) for 10 days respectively (RH means rel-
were purchased from Shanghai Chemical Reagent Co. Ltd.2tive humidity).
(Shanghai, China). The water used was deionized.

2. Experimental

2.3.1. Influence factor testing
Vertilmicin sulfate substance and two injections (one batch
respectively) had been stored under condition of high tem-

2.2. HPLC conditions 2.3.2. Accelerated testing
Vertilmicin sulfate substance and two injections (three
The chromatographic system (Agilent HP1100 series batches respectively) had been stored under condition of
HPLC instrument, America) consisted of an Agilent G1311A 404 2°C/RH 75+ 5% for 6 months.
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2.3.3. Long-term testing 3. Results and discussion

Vertilmicin sulfate substance and two injections (three
batches respectively) had been stored under condition of3.1. Validation
25+ 2°C/RH 60+ 5% for 12 months.

The ability of the chromatographic system to separate ver-
tilmicin from its possible impurities was investigated. For
the related compound test, samples stored under relevant
stress conditions (light, heat, acid/base hydrolysis and oxi-

An amount of 500 mg of vertilmicin sulfate standard (re- dation) were analyzed to demonstrate the specificity of the

fined from substance) was accurately weighed and dissolved{mthofd' Tthle r e_SUItSIfOT[ chrc:jmf\togrla:nz for the de(:jtermlna-
in 50 ml of water. Then this stock solution was diluted 10 'ﬁn 0 \_/elr:_| m|02|n gt_:_ha € in t'l . rte_a € fcomt|_c|J0L_m_ S were
times with aqueous buffer (containing 20 mM sodium hep- shown InFIgs. 2- € retention ime of vertimicin was

tanesulfonate and 30 mM triethylamine, phosphoric acid was about10min (15 mi.n while assgying 2ml injgction forrelated
added to adjust pH to 2.5) to obtain a working standard solu- compounds). The linear equaﬂoq was obtained as follgws:
tion of 1 mg miL. (peak areas) =260X&concentrations) 172.2 ¢ =0.9998,

n=6,0.25-5mg mtl);y=1715%+18.86 ¢ =0.9963n=4,
0.01-0.04 mg mit). The results of the precision and recov-
ery of the HPLC method are presentedables 1 and 2The
precision of the method for vertilmicin sulfate were all less
o than 2% R.S.D. for both within-day and between-day assays.
An amount of 50 mg of vertilmicin sulfate substances, ac- the relative recoveries of vertilmicin sulfate were all around
curately weighed, was dissolved in 50 ml aqueous buffer t0 10094, which were obtained from determining the content of
prepare a sample solution of 1 ”.197‘]"] . vertilmicin sulfate in some injection blank samples spiked
As for 12 and 100 ml-injection, sample solutions of \yith vertilmicin sulfate. For assay of related compounds, the
0.9 mgmi™= were finally obtained by diluting with aqueous it of detection of vertilmicin was fxg mi~2 (the injection
buffer. volume was 5@, SN=3) and the limit of quantification
is 3ugmi~1 (YN=10). One related compound was repeat-
edly found above an apparent level and we purified it and
2.6. Injection of solutions conducted to characterize its structure, which was called im-
purity A (the structure is shown iRig. 1).

2.4. Preparation of solutions

2.5. Preparation of sample solutions

An amount of 1Qul of these sample solutions was in-
jected to determine the content of vertiimicin sulfate and 3.2. Results of determination of vertilmicin sulfate and
50ul of these sample solutions was injected to determine its related compounds in drug substance
the content of related compounds. The levels of related
compounds were all calculated using the response factor of The results of the stability of drug substance in different

vertilmicin. conditions are shown iffable 3 The data shows that ver-
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Fig. 2. Chromatogram of drug substance determining for related compounds (Agilent XB&t@nn, the mobile phase is aqueous buffer (containing 20 mM
sodium heptanesulfonate and 30 mM triethylamine, phosphoric acid was added to adjust pH to 2.5)—acetonitrile (75:25, v/v)).
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Fig. 3. Chromatogram of 100 ml injection determining for related compounds (HPLC conditions are fameto
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Fig. 4. Chromatogram of 2 ml injection determining for related compounds. (Agilent XpBaimn, the mobile phase is aqueous buffer (containing 20 mM
sodium heptanesulfonate and 30 mM triethylamine, phosphoric acid was added to adjust pH to 2.5)—acetonitrile (76:24, v/v)).
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Fig. 5. Chromatograms of determination for the content of vertilmicin sulfate (A: sample of substance, B: sample of 100 ml injection, C: sample of 2ml-
injection). (HPLC conditions are samefd. 2).
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Fig. 6. Chromatogram of vertilmicin spiking with impurity A. (HPLC con-

ditions are same tBig. 2).

Table 1

Precision and accu racy for the analysis of vertilmicin sulfate

tilmicin sulfate substance was stable in long-term testing,
accelerated testing, high temperature testing and strong light
testing except for high humidity testing. The content of ver-
tilmicin sulfate decreased greatly in high humidity testing be-
cause of the hygroscopic property of the drug. So vertilmicin
sulfate substance must be stored under dry conditions.

3.3. Results of determination of vertilmicin sulfate and
its related compounds in 2 ml injections

The results of the stability of 2 ml injection in different
conditions are shown iffable 4 The data shows that ver-
tilmicin sulfate 2 ml injection was stable in different storage
conditions. The content changes of vertilmicin sulfate were
all less than 5%.

3.4. Results of determination of vertilmicin sulfate and

Concentration Within-day R.S.D. Between-day its related compounds in 100 ml injections
(mg/ml) (%,n=3) R.S.D. (%,n=3)
0.25 1.17 1.81 The results of the stability of 100 ml injection in differ-
1.00 0.13 1.37 ent conditions are shown ifable 5 The data shows that
2.00 029 0.48 vertilmicin sulfate 100 ml injection was stable in long-term
testing, accelerated testing, high humidity testing and strong
Table 2 light testing except for high temperature testing. The content
Relative recoveries of vertilmicin sulfate in injection blank of vertilmicin sulfate decreased 6.72% and the content of to-
Injection Amount spiked  Amount found  Relative tal related compounds increase to 3.58% in high temperature
blank (ml) (mgmi) (mgmi) recovery (%) testing. Therefore, it can be concluded that vertilmicin sulfate
2 0.72 0.73:0.01 10138 100 ml injections are unstable in high temperature condition
0.90 0.90+0.003 9987 and must be stored in refrigerator.
1.08 1.08+0.01 10025
100 0.72 0.72:0.01 10088 3.5. Development of the chromatography
0.90 0.92+ 0.004 10171
1.08 1.10£0.01 10202 N . )
—— Itis difficult to retain the AGs in the reversed-phase mode
2 Mean# S.D. of quintuplicate analyses. .
even with purely agueous eluents. Therefore, most chromato-
Table 3
Results of analysis of drug substances’ stability
Items Batches Storage tithe Content of vertilmicin Content of total
sulfate (%,n=2) related compounds
(%)
Accelerated testing 20020114 oM 866D.14 0.58
6M 86.13+0.13 1.18
20020220 oM 86.740.23 0.50
6M 86.29+0.21 1.11
20020318 oM 86.740.20 0.48
6M 86.35+0.18 0.97
Long-term testing 20020114 12M 85.640.15 1.45
20020220 12 M 85.56:0.12 1.31
20020318 12 M 85.630.11 1.23
High temperature testing 20020114 5D 86460.20 0.66
20020114 10D 85.84 0.22 1.65
High humidity testing 20020114 5D 58.600.22 0.69
20020114 10D 57.7£0.17 1.28
Strong light testing 20020114 5D 86.310.18 0.82
20020114 10D 86.240.23 0.99

2 M, months; D, days.
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Table 4
Results of analysis of 2 ml injections’ stability
Items Batches Storage time Content of vertilmicin Content of total
sulfate (%,n=2) related compounds
(%)
Accelerated testing 20020701 oM 100.860.23 1.01
6 M 97.74+ 0.24 1.88
20020702 oM 100.28& 0.28 1.28
6 M 97.40+ 0.32 2.23
20020703 oM 100.3% 0.25 1.39
6 M 97.00+ 0.19 2.34
Long term testing 20020701 12M 99.560.21 2.19
20020702 12M 99.12 0.24 2.40
20020703 12M 99.83 0.28 241
High temperature testing 20020701 5D 99:89).26 151
20020701 10D 98.46& 0.28 2.89
High humidity testing 20020701 5D 100.46 0.18 1.58
20020701 10D 98.7% 0.27 1.76
Strong light testing 20020701 5D 100.810.23 1.80
20020701 10D 98.86- 0.25 2.69
Table 5
Results of analysis of 100 ml injections’ stability
Items Batches Storage time Content of vertilmicin Content of total
sulfate (%) 6=2) related compounds
(%)
Accelerated testing 20020711 oM 102.#80.22 1.13
6 M 98.99+ 0.25 1.73
20020712 oM 103.3% 0.23 1.11
6 M 99.29+ 0.29 1.72
20020713 oM 104.34- 0.30 0.95
6 M 99.45+ 0.19 1.77
Long term testing 20020711 12M 99.3.0.26 2.18
20020712 12M 99.7@& 0.26 1.98
20020713 12M 100.8% 0.26 1.85
High temperature testing 20020713 5D 10143.19 1.74
20020713 10D 97.62 0.29 3.58
High humidity testing 20020713 5D 99.58 0.23 0.90
20020713 10D 98.8% 0.27 1.75
Strong light testing 20020713 5D 104.130.32 0.98
20020713 10D 102.4% 0.24 1.01

graphic methods were based on some forms of ion chro-4. Conclusions
matography6,9,10,13,14]typically ion-exchange modes or
ion-pair modes, or used special colunjhg]. Sodium alky! The described HPLC method provides a rapid and simple
sulfonate[9,10,13] heptafluorobutyric acif6,14] were re- assay of vertilmicin sulfate and its related compounds with-
ported many times for use as ion-pairing agents to facilitate out derivatization. This method can be used for determination
the retention of AGs in the reversed-phase mode. But organicof vertiimicin sulfate and its related compounds in drug sub-
acid cannot be used at low UV wavelengh like 201 nm. stance and injections for quality control and stability testing.
Different columns, such as;g column, G column, CN Vertilmicin sulfate substance and injections were found to
column, Silica column and Ngdcolumn were tested to sep-  be stable during 6 months accelerated testing and 12 months
arate vertilmicin and its impurities with or without adding long-term testing. But the drug substance was hygroscopic
ion-pairing solvent. The influence of different columns and and 100 mlinjection was unstable in high temperature condi-
other conditions, such as pH, temperature, buffer, and organiction. The drug substance must be stored under dry conditions
phase were evaluated using plates, resolution and symmetryand 100 mlinjection must be stored refrigerated. The stability
factor, and conditions concerned above were proved to havetesting would be further performed to obtain the expiration
the best separation and sharp peak. date of drug substance and injections.
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