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The Problem: 

 
TEICOPLANIN GENERIC  

 
IMPURITY IDENTIFICATION AND QUALIFICATION  
ACCORDING TO REGULATORY REQUIREMENTS FOR: 
 

 Fermentation Products 
 Teicoplanin EP Monograph 
 EMA Guideline Antibiotics  

EMA/CHMP/CVMP/QWP/199250/2009 corr 

 Teicoplanin EMA assessment report  
Procedure no: EMEA/H/A-5(3)/1315 



Teicoplanin was first approved for maketing in Italy as TARGOCID, with an IBD 
of 30 July 1987. Targocid is a complex mixture of products with antibiotic 

activity, consisting of six closely related subcomponents (A2-1 to A2-5 and A3).  

EU Pharmacopoeia  
Monograph Teicoplanin 



EU Pharmacopoeia  
Monograph Teicoplanin 



EU Pharmacopoeia  
Monograph Teicoplanin 

Quali- Quantitative Composition of the “Complex” and related substances 
are strictly dependent from: 
•  Microorganism 
•  Control of the Fermentation process 
•  Raw material used for fermentation process 

Compliance with the Ph. Eur. alone has not been considered sufficient 
to fulfill the primary condition for a generic application 



Identification: Informative Methods (i.e. Mass Spectrometry) 
Qualification:  Impurity profile by comparison with products already on 
the market or toxicity data (in silico/in vivo) 



Qualified Unidentified Impurities 

Qualification threshold related 0.50% 



 
FULL CHARACTERIZATION OF A REFERENCE PROFILE 

(TARGOCID) 
 

The ANALYTICAL Problems: 
 

  Identification/Qualification 
 Development of a Sensitive ad Informative 

Analytical method alternative to the HPLC-UV as 
from Ph. Eur.  

 
  Quality 
 Sensitive and Selective Method for Residual 

Components from Fermentation and 
Downstream (i.e. Olygosaccharides)  



 

CRITICAL PARAMETERS :   
 

-   Buffer Type (volatile buffers) 

-   pH (same buffering pH range) 

- Ionic Strenght  (efficient chromatography but no ion suppression in MS) 

- Sensitivity (column downscale) 

- ESI ionization for maximum MS signal intensity (make-up flow) 

 
 

CONSIDERED SPECIFIC OUTPUT DATA TO ADRESS THE METHOD CHOICE:  
 

Maintainance of the RRT of all the detected peaks. 

Peak Efficiency and Sensitivity. 

ANALYTICAL METHOD TRANSFER FROM  
HPLC-UV TO HPLC-ESI-MS/MS 
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Chromatographic HPLC-UV method from Ph. Eur. (Method A):  
 

Column: LiChrospher RP C18, 4x250 mm, 5 µm 

Flow rate: 2.3 mL/min 

Injection volume: 20 µL - Diluent: water 

Detection: 254 nm 

Column temperature: not controlled 

Mobile phases:   A) Na2HPO4 /NaH2PO4 buffer 25 mM pH 6.0:Acetonitrile (90:10) 

   B) Na2HPO4 /NaH2PO4 buffer 25 mM pH 6.0:Acetonitrile (30:70) 

 

1) Substitution of the phosphate buffer with a volatile 
buffer to allow MS coupling 

ANALYTICAL METHOD TRANSFER FROM  
HPLC-UV TO HPLC-ESI-MS/MS 



 Ammonium acetate 25 mM (Method B) 

• volatile buffer widely used in LC-MS 

• buffering capacity very close to pH 6.0 (from pH 3.8 to pH 5.8) 

• same ionic strength (25 mM) 

1) Substitution of the phosphate buffer with a volatile 
buffer to allow MS coupling 
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The resulting peaks are similar in retention time and size, suggesting 
no effect due to the nature of the buffer used in the mobile phase 



For LC-MS analysis, the maximum salt concentration in the case of 
ammonium acetate is 10 mM, as higher concentrations cause an increase in 

the spray ion current with ion suppression and loose in sensitivity.  

 Ammonium acetate 10 mM (Method C) 

• volatile buffer widely used in LC-MS 

• buffering capacity very close to pH 6.0 (from pH 3.8 to pH 5.8) 

• lower ionic strength (10 mM) 

UV profile of 
impurities with 
RRT > 1.25 
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The reduction of ammonium acetate molarity resulted in a 
significant loss in efficiency. 

Rt RRt Area Groups % 
1  23.296 1.252 7.13823 

Impurities 

0.20 Total Imp 

2  23.864 1.283 22.09070 0.60 

1.8 

3  24.971 1.342 8.63600 0.24 

4 25.508 1.371 9.40412 0.26 

5 26.040 1.399 27.45780 0.75 
6 27.973 1.503 11.63040 0.32 

7 28.293 1.521 11.52140 0.31 

Rt RRt Area Groups % 
1  23.809 1.280 16.22060 

Impurities 

0.30 Total Imp 

2  24.519 1.318 12.15000 0.23 

1.3 
3  25.084 1.349 41.65820 0.78 

4 25.638 1.379 11.35720 0.21 

5 26.991 1.451 11.95770 0.22 
6 27.288 1.467 9.27349 0.17 

Method A  

Method C  



 Ammonium formate 25 mM (Method D) 

• volatile buffer widely used in LC-MS 

• buffering range between 2.8 and 4.8, which is slightly far from the 
pH required for Teicoplanin (pH 6.0) 

• Does not cause significant ion suppression also at higher 
concentrations (25 mM) 

UV profile of 
impurities with 
RRt > 1.25 
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The same RRT and areas were obtained and the chromatographic 
profile, mainly in the region for unknown impurities, traced the 

typical and clear profile of the impurities giving an  
unequivocal fingerprint of the unknown impurities  

Rt RRt Area Groups % 
1  23.296 1.252 7.13823 

Impurities 

0.20 Total Imp 

2  23.864 1.283 22.09070 0.60 

1.8 

3  24.971 1.342 8.63600 0.24 

4 25.508 1.371 9.40412 0.26 

5 26.040 1.399 27.45780 0.75 
6 27.973 1.503 11.63040 0.32 

7 28.293 1.521 11.52140 0.31 

Rt RRt Area Groups % 

1  23.977 1.281 16.85930 

Impurities 

0.34 Total Imp 

2  24.386 1.303 11.00210 0.22 

2.5 

3  25.198 1.346 8.06771 0.16 

4 25.551 1.365 14.96930 0.30 

5 26.152 1.397 51.92630 1.05 
6 27.563 1.419 26.89560 0.54 

7 28.100 1.501 8.86832 0.18 

8 28.402 1.517 9.22724 0.19 

Method A  

Method D  



2) Scale-down the analytical method for LC-ESI-MS 

ESI interface does not support a flow rate of 2.3 mL/min due to technical  
limitations of the ionization source itself. 
Scale-down, compared to splitting the flow before ESI, results in an enhanced 
sensitivity and in saving solvents. 

From 4.6 to 1 mm column 
 
 From 2.3 to 0.075 mL/min 
 
 From 300 to 1600 mAU 
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Column: Symmetry C18, (1 x 150mm, 3.5 μm) 
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3) Assisting ESI Ionization 
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Make-up flow 

Instrument: LTQ linear ion trap mass spectrometer with ESI source 

       ESI/MS conditions:  

       Spray voltage 5 kV 
       Capillary temperature 250.0 ºC 
       Capillary voltage 18.0 V 
       Tube lens 115.0 V 
       Sheat gas flow 25 arbitrary units 
       Auxiliary gas flow 5 arbitrary units 
       Mass range 400-2000 Da 
  
       ESI/MS/MS conditions:  
       Isolation width 8 m/z 
       Normalized Collision Energy 35 
       Activation Q 0.25 
       Activation time 30 ms 
       Scan range optimized for each ion 

  



IDENTIFICATION OF STRUCTURE OF SUB-COMPONENTS IN  
TEICOPLANIN API AND THE ORIGINATOR 

ESI-MS/MS of Teicoplanin A2-2 



STRUCTURE ELUCIDATION OF  
QUALIFIED UNIDENTIFIED IMPURITIES 

According to the EMA Assesment Report for Teicoplanin (194668/2013) the 
following impurities have been considered qualified by the originator: RS1 
(RRT 1.25), RS2 (RRT 1.30) and the peak at RRT 1.38. 
 

Teicoplanin (A2-2 main peak)  R= OC-C9H19 R’=H  R”(mannose) = H 
RS1 or regio-isomers (RRT 1.25)  R= OC-CH3 R’=OC-C10H21 R” (mannose) = OC-CH3 
RS2 (RRT 1.28)    R= OC-C8H17 R’=H   R’(mannose) = OC-CH3 
Peak at RRT 1.38    R= OC-C9H19 R’=H  R’(mannose) = OC-CH3 



STRUCTURE ELUCIDATION OF OTHER  
UNKNOWN SUB-COMPONENTS 

Sub-

component 

RRT 

Method Ph. Eur. 

RRT 

Method LC-MS 

m/z 

value 

1 0.40 0.39 1742 

2 0.71 0.77 1867 

3 0.74 0.79 1867 

4 0.974 0.96 1893 

5 0.98 - 1029 

6 1.02 1.01 1692 

7 1.04 - 1733 

8 1.09 1.07 1861 

9 1.11 - 1036 

10 1.17 1.12 1909 

In Targocid other impurities are present in addition to the peaks 
corresponding to the compound considered part of the Teicoplanin complex 
API. The same HPLC-MS/MS has been applied to the structure assignment of 
these sub-components.  

A2-1 isomer 

A2-4 isomer 



STRUCTURE ELUCIDATION OF OTHER  
UNKNOWN SUB-COMPONENTS 

SUBCOMPONENT 1 (m/z 1742) 

 

Teicoplanin-like structure belonging to the A3 group, as differs from Teicoplanin main 
component (A2-2) for the absence of the residue R on Glucosamine 

RRT 0.4 

teico2016_36 #3245-3313 RT: 13,89-14,23 AV: 23 NL: 2,51E2
F: ITMS + c ESI Full ms2 1742,00@cid35,00 [475,00-2000,00]
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STRUCTURE ELUCIDATION OF OTHER  
UNKNOWN SUB-COMPONENTS 

SUBCOMPONENTS 2 AND 3 (m/z 1867) 

  

Teicoplanin-like structure hysomers, differs from Teicoplanin main component (A2-2) for the 
residue R on Glucosamine (inferior homologues) 

RRT 0.71 

RRT 0.74 

teico2016_36 #5970-6029 RT: 27,15-27,42 AV: 30 NL: 2,13E3
F: ITMS + c ESI Full ms2 1867,50@cid35,00 [510,00-2000,00]
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STRUCTURE ELUCIDATION OF OTHER  
UNKNOWN SUB-COMPONENTS 

SUBCOMPONENT 5 (m/z 1029 doubly charged) 
  

Teicoplanin-like, differs from Teicoplanin main component (A2-2) for one additional 
mannose residue to the most accessible phenolyc group. 

RRT 0.98 

teico2016_36 #7410-7468 RT: 34,58-34,83 AV: 7 NL: 1,69E4
F: ITMS + c ESI Full ms2 1030,00@cid35,00 [280,00-2000,00]

400 600 800 1000 1200 1400 1600 1800 2000

m/z

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

1725,26

316,24

1838,28

1522,27
940,02 1563,25

870,32
1676,36970,25 1345,41784,97 1181,40519,27 1860,28681,71338,23



STRUCTURE ELUCIDATION OF OTHER  
UNKNOWN SUB-COMPONENTS 

SUBCOMPONENT 9 (m/z 1036 doubly charged) 

  

Teicoplanin-like, differs from Subcomponent 5 for the residue R on Glucosamine (superior 
homologue) 

RRT 1.17 

teico2016_36 #8006-8066 RT: 37,81-38,11 AV: 8 NL: 3,68E3
F: ITMS + c ESI Full ms2 1036,00@cid35,00 [285,00-2000,00]
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STRUCTURE ELUCIDATION OF OTHER  
UNKNOWN SUB-COMPONENTS 

SUBCOMPONENT 6 (m/z 1692) 
  

Teicoplanin-like, Teicoplanin main component (A2-2) for the loss of the N-
Acetylglucosammine residue. 

teico2016_36 #7585-7659 RT: 35,52-35,87 AV: 9 NL: 4,18E3
F: ITMS + c ESI Full ms2 1693,00@cid35,00 [465,00-2000,00]
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STRUCTURE ELUCIDATION OF OTHER  
UNKNOWN SUB-COMPONENTS 

SUBCOMPONENT 7 (m/z 1733) 

  

Teicoplanin-like, differ from Teicoplanin main component (A2-2) for the loss of the mannose 
residue. 
 

RRT 1.04 

teico2016_36 #7626-7694 RT: 35,74-36,05 AV: 8 NL: 2,47E3
F: ITMS + c ESI Full ms2 1734,50@cid35,00 [475,00-2000,00]
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STRUCTURE ELUCIDATION OF OTHER  
UNKNOWN SUB-COMPONENTS 

SUBCOMPONENT 8 (m/z 1861) 

  

Teicoplanin-like, differ from Teicoplanin main component (A2-2) for the loss of one Cl atom in 
the core . 
 

RRT 1.09 
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STRUCTURE ELUCIDATION OF OTHER  
UNKNOWN SUB-COMPONENTS 

SUBCOMPONENT 8 (m/z 1861) 

  

Teicoplanin-like, differ from Teicoplanin main component (A2-2) for the loss of one Cl atom in 
the core . 
 

RRT 1.09 

teico2016_36 #7927-7988 RT: 37,37-37,68 AV: 8 NL: 1,05E3
F: ITMS + c ESI Full ms2 1861,00@cid35,00 [510,00-2000,00]
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FULL CHARACTERIZATION OF A REFERENCE PROFILE 

(TARGOCID) 
 

The ANALYTICAL Problems: 
 

  Identification/Qualification 
 Development of a Sensitive ad Informative 

Analytical method alternative to the HPLC-UV as 
from Ph. Eur.  

 
  Quality 
 Sensitive and Selective Method for Residual 

Components from Fermentation and 
Downstream (i.e. Olygosaccharides)  



LOW AND HIGH MW POLYSACCHARIDIC 
IMPURITIES DETERMINATION IN TEICOPLANIN 

 
PARAMETERS TO CONSIDER:   
 
 

-   Chromatographic Selectivity for Polar Compounds  

      (Hydroplilic Interaction Liquid Chromatography  HILIC). 
 
 
 
 

- Detection Specificity and Sensitivity (ESI-MS/MS Neutral 

Loss monitoring) 
 
 

 



Column: Amide 80, (2 x 150mm, 3mm), Tosoh Bioscience 

Flow rate: 0.2 mL/min 

Injection volume: 10 µL 

Elution conditions: 

0 min. 70% ACN + 0.05% TFA 30% H2O + 0.05% TFA 

30 min. 50% ACN + 0.05% TFA 50% H2O + 0.05% TFA 

Detection: ESI-MS/MS 

Diluent: 70% of acetonitrile and 30% of water 

DEVELOPMENT OF AN HILIC-ESI-MS/MS METHOD FOR 
RESISUAL LOW AND HIGH MW POLYSACCHARIDE 

DETERMINATION  



DEFINITION OF “COMPLEX” REGION 
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Subcomponents of the Complex are resolved and  their eution order is 
OPPOSITE than in RP. 



SELECTION OF APPROPRIATE STANDARDS: 
LOW AND HIGH MW POLYSACCHARIDES 

a) 4-O-b Galactopyranose D-Mannopyranose 

MW 342.3 g/mol 

C12H22O11 

 

b) Lactose (b-D-Galactopyranosyl-D-Glucose)  

MW 342.3 g/mol 

C12H22O11 

 

c) Glucose tetrasaccharide  

MW 666.58 g/mol 

C24H42O21 

d) Maltohexaose 

MW 990.86 g/mol 

C36H62O31               
 

 

e) Maltoheptaose 

MW 1153.00 g/mol 

C42H72O36 
 

 

http://www.sigmaaldrich.com/catalog/product/sigma/g0886?lang=it&region=IT
http://www.sigmaaldrich.com/catalog/product/sigma/78544?lang=it&region=IT
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4-O-b Galactopyranose 
 D-Mannopyranose 

Lactose 

Glucose 
Tetrasaccharide Maltohexaose Maltoheptaose 

OLYGOSACCHARIDES SEPARATION 

 Olygosaccharides differing for one sugar unit are 
completely resolved ( RT minimun 2 min) 
 Selectivity for isomers 



LOD AND LOQ DETERMINATION  

Different concentration levels of the standards were considered to assess 
sensitivity and linearity of the method.  
The concentrations were selected as referred to 2 mg/mL Teicoplanin: 
 

•0.05 mg/mL (corresponding to 2.5% of Teicoplanin concentration, or 25000 ppm); 

•0.025 mg/mL (corresponding to 1.25% of Teicoplanin concentration, or 12500 ppm); 

•0.005 mg/mL (corresponding to 0.25% of Teicoplanin concentration, or 2500 ppm); 

•0.002 mg/mL (corresponding to 0.1% of Teicoplanin concentration, or 1000 ppm); 

•0.001 mg/mL (corresponding to 0.05% of Teicoplanin concentration, or 500 ppm). 

y = 5E+06x + 4012.3
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RT: 5.60 - 30.00 SM: 15G
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RT: 5.60 - 30.00 SM: 15G
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Neutral fragment 

145.6

0

Neutral fragment 

132

1.43

RESIDUAL OLYGOSACCHARIDES ANALYSIS IN TARGOCID 

Carbohydrate Composition                Neutral loss

+ 1 + 2

Penthose C5O5H10 132 66

Hexose C6O6H12 162 81

Deoxy-Hexose C6O5H12 146 73

N-acetylhexose C8O6NH15 203.2 101.6

Sialic acid C11O9NH19 291.3 145.6

To determine the presence of carbohydrates impurities, the 
characteristic Neutral Loss of different classes of sugars were followed 
in the MS/MS spectra generated in data dependent mode.  

No residual polysaccharides 
were detected in the Reference 
Sample  and in the API 



 
QUALIFICATION OF THE API  

 
The ANALYTICAL Solutions 

 
  Identification/Qualification 
 Developed a Sensitive ad Informative Analytical 

method alternative to the HPLC-UV as from Ph. 
Eur.  

 
 Quality 
 Developed a Sensitive and Selective Method for 

Residual Olygosaccharides. 

  

  



Grazie per l’attenzione 


