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Abstract

In a multicentre study involving six laboratories, a microbiological assay was performed on three neomycin samples
containing respectively, 0.12, 2.1 and 11% (m/m) of neomycin C, as well on a pure neomycin C sample. The potency
was determined according to the European Pharmacopoeia method but using a neomycin B base standard. The
relative standard deviations between laboratories (RSD) on the potencies varied from 4.8 to 50%, depending on the
sample examined. The RSD increased with the neomycin C content of the samples and the highest RSD values were
observed for the pure neomycin C sample. The activity of neomycin C relative to neomycin B was found to be 62%
by diffusion (RSD:41%) and 56% by turbidimetry (RSD: 50%). This confirmed that the presence of neomycin C in
a neomycin sample influences the reproducibility of the microbiological assay. To estimate the influence of this effect
on official standards, their composition was verified by liquid chromatography. The neomycin C base content of the
standards varied between 0.4 and 5.8% (m/m). Based on the results obtained and on formerly published reports
discussing problems encountered with microbiological assay of neomycin, it is proposed to introduce liquid
chromatography in official monographs to replace microbiological assay. © 1998 Elsevier Science B.V. All rights
reserved.
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1. Introduction

Neomycin, which is mainly used as the sul-
phate, is a widely used broad spectrum, water
soluble aminoglycoside antibiotic, produced dur-

ing the fermentation of Streptomyces fradiae [1]. It
inhibits the growth of Gram-negative and Gram-
positive bacteria. It has a narrow therapeutic
range, is potentially toxic, like other aminogly-
cosides and may cause oto- and nephrotoxicity.

Neomycin sulphate is mainly composed of a
mixture of neomycin B and its stereoisomer
neomycin C [2]. Small amounts of other con-
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stituents, such as neamine, paromamine, paro-
momycin I and II, neomycin LP-A and neomycin
LP-B (LP, low potency) may also be present in
commercial samples [3]. Neomycins LP-A and
LP-B, which are the mono-N-acetyl derivatives of
neomycins A and B and neamine, possess nearly
no antimicrobial activity [4,5]. The antimicrobial
potency of neomycin C is lower than that of
neomycin B, necessitating a limit for neomycin C
in commercial samples [6]. The European Phar-
macopoeia (Ph. Eur.) limits the amount of
neomycin C to 3–15% (m/m) [7]. Neomycin with
a content of less than 3% (m/m) neomycin C is
called framycetin. The United States Pharma-
copeia (USP) does not distinguish between
neomycin and framycetin and therefore does not
limit neomycin C in a separate test [8].

Sokolski et al. described the potency values in
neomycin bioassay as varying depending on the
B:C ratios of the test and standard preparations
and on the method used for assay [9]. They also
reported that with commonly used methods,
neomycin C responses were only 35–50% of
neomycin B responses. With modified methods
however, it was possible to obtain approximately
equal responses [10]. Tsuji et al. reported the
neomycin C response against Staphylococcus au-
reus to be one-third that of neomycin B [4].
Robertson et al. found a value of 50% against
Staphylococcus epidermidis [11]. Lightbown et al.
reported that the composition of the first interna-
tional reference preparation of neomycin, estab-
lished in 1958, with a content of 21.7% (m/m) of
neomycin C and 4.4% (m/m) of neamine, differed
too much from the composition of commercial
samples [12]. They described the establishment of
the second international reference preparation of
neomycin. This substance contained 8.6% (m/m)
of neomycin C and less than 1.0% (m/m) of
neamine. The potency with respect to the first
international reference preparation was deter-
mined in a collaborative study. The mean labora-
tory potencies varied over a range of 23%,
variation which was attributed to the different
composition of the compounds compared [13].
Therefore, an international reference preparation
of neomycin B was established to serve as a
reference in the assay of purer neomycins [14].

The Ph. Eur. also prescribes the use of chemical
reference substances of different purity for use in
the monographs neomycin and framycetin. Since
the USP only has one monograph for neomycin,
it compares samples of all different compositions
against the same reference standard [8]. Barzaghi
et al. examined this situation and concluded that a
reference standard of almost pure neomycin B
could be used for the determination of framycetin
and neomycin. They proposed that the Ph. Eur.
should reconsider the use of different reference
substances [15].

In this study, collaborating laboratories were
asked to determine the potency of neomycin sam-
ples, employing methods conform to the Ph. Eur.
One sample was pure neomycin B base, one was
pure neomycin C sulphate, one was framycetin
sulphate and one was neomycin sulphate. The
pure neomycin B base sample also served as a
reference substance. The collaborators were not
informed about the identity of this sample and
reference substance. They were free to choose
assay conditions, within the frame of Ph. Eur.
prescriptions. The results should show the extent
of variation obtained by different laboratories,
carrying out the analysis of neomycin samples
without taking special precautions, e.g. in a fully
detailed protocol indicating the use of a well
defined strain and defining all the parameters.
This is also the first time that the potency of
neomycin C is examined in a collaborative study.
The results should allow to verify the proposal by
Barzaghi et al. If the B:C ratio indeed has an
influence on the potency value obtained, it is
interesting to know the composition of the official
standards available. A liquid chromatographic
(LC) method for the analysis of neomycin sul-
phate and related substances on poly(styrene-di-
vinylbenzene) (1000 Å) has been described
previously [3]. With this method, the composition
of the samples used in this study and of 6 official
standards was determined.

2. Experimental

2.1. Samples and reference substance

The neomycin C content of the neomycin and
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framycetin sulphate samples (Alcon, Puurs, Bel-
gium) was determined by liquid chromatography
(LC) and corresponded to 11.0 and 2.1% (m/m),
respectively [3]. Neomycin C sulphate was pre-
pared in the laboratory from commercial
neomycin as described [5]. Using LC, it was found
to contain 54.8% (m/m), expressed as neomycin B
base and calculated on the substance as is. The
neomycin B base standard was prepared accord-
ing to the same method [5]. This house standard
contained 92.84% (m/m) base, expressed as
neomycin B and calculated on the substance as is,
as determined by non-aqueous potentiometric ti-
tration in glacial acetic acid with 0.1 M perchloric
acid. The water content was determined by Karl–
Fischer titration and amounted to 6.74% (m/m).
The total mass explained by titration and water
determination was 99.58% (m/m). The content of
neomycin C, determined by LC, was 0.12% (m/
m). This standard was therefore accepted to con-
tain 92.7% (m/m) of neomycin B base. For the
purpose of this study, a potency of 930 IU mg−1

was assigned to this standard.

2.2. Microbiological assay

To determine the potency of the samples, the
participating laboratories were asked to employ
the zone diffusion and/or turbidimetric method
described in the Ph. Eur. [16]. Corresponding to
the Ph. Eur. prescriptions, the protocol for the
diffusion method prescribed the use of medium E
at pH 7.9, an incubation temperature of 30–37°C
for about 18 h, a buffer solution of pH 8.0 (0.05
M), water as the solvent to prepare the stock
solution and Bacillus subtilis (NCTC 10400, CIP
52.62 or ATCC 6633) or Bacillus pumilus (NCTC
8241 or CIP 76.18) as micro-organisms. The di-
ameters of the zones had to be measured with a
precision of at least 0.1 mm. For the turbidimetric
method, the protocol prescribed the use of
medium C at pH 8.0, an incubation temperature
of 35–37°C for about 3 h 30 min to 4 h, a buffer
solution of pH 8.0, water as the solvent to prepare
the stock solution and Staphylococcus aureus
(NCTC 7477, CIP 53.156 or ATCC 6538P) as
micro-organism.

For both the diffusion and turbidimetric
method, the concentrations of the solutions were
to be chosen to ensure that a linear relationship
existed between the logarithm of the dose and the
response [16]. Other micro-organisms than those
described were allowed, provided that they were
shown to be sensitive to neomycin and were used
in appropriate media and appropriate conditions
of temperature and pH. For the neomycin C
sulphate sample, the concentrations had to be
chosen so as to obtain values of the same size as
with the other samples. It was mentioned that in
the diffusion method using Bacillus subtilis, the
potency of neomycin C relative to neomycin B
was about 45% and in the turbidimetric method
using Staphylococcus aureus, about 40%.

All results had to be calculated in International
Units (IU) versus the neomycin B house standard.
The samples examined were those mentioned
above (2.1). The neomycin B house standard was
also incorporated in the study as a sample to be
examined. Since none of the participants was
aware of this, it was a good control for the
accuracy of the method. The precision of the
assay had to be such that the limits of confidence
(P=0.95) were not less than 95%, nor greater
than 105% [16].

2.3. LC analysis of official neomycin and
framycetin standards

Six standards of neomycin and framycetin sul-
phate were analysed using a previously described
liquid chromatographic system combined with
pulsed electrochemical detection [3]. The official
standards of neomycin and framycetin sulphate
available were: the Ph. Eur. framycetin chemical
reference substance (Ph. Eur. Fram. CRS); the
Ph. Eur. neomycin sulphate chemical reference
substance, Batch no. 2 (Ph. Eur. Neo. CRS); the
USP reference standard of neomycin sulphate,
Lot L (USP-RS); the WHO neomycin B proposed
international reference preparation 68/41 (WHO-
PIRP); the WHO neomycin B 1st international
standard 1970 68/041 (WHO-1st IS); and the
WHO neomycin 2nd international reference
preparation 1974 72/406 (WHO-2nd IRP). The
WHO-PIRP was stored in the laboratory for
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Scheme 1.

many years at room temperature. The other offi-
cial standards were recently obtained from the
different authorities.

The chromatographic conditions are shown in
Scheme 1. The column (250×4.6 mm) was
packed with poly(styrene-divinylbenzene) PLRP-S

1000 Å, 8 mm (Polymer Laboratories, Shropshire,
UK). The mobile phase consisted of an aqueous
solution containing 70 g l−1 of sodium sulphate,
1.4 g l−1 of sodium 1-octanesulfonate and 50 ml
l−1 of a 0.2 M phosphate buffer (pH 3). These
were injected in amounts of 10 mg. To allow
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pulsed electrochemical detection on a gold elec-
trode, sodium hydroxide was added post-column.
This method allows paromamine, LP-A, neamine,
paromomycin I and II, LP-B and neomycin C to
be separated from the main component neomycin
B [3].

3. Results and discussion

3.1. Microbiological assay

Table 1 includes information regarding condi-
tions, micro-organisms and dilutions used by each
laboratory for the diffusion method, which was
carried out by all six laboratories. The numbers
assigned to the laboratories do not correspond to
the numbers assigned to the authors. Laboratories
1 and 3 decided to use medium type A, which was
prescribed by the Ph. Eur. first edition, whereas
the second and third edition prescribe medium E.
The results for the determination of the potency
and the limits of confidence for the different
samples are given in Table 2. Results from the
different collaborators were accepted as such,
without any further verification of assay condi-
tions such as parallelism and confidence intervals.
Laboratory 2 reported a double inhibition zone
for the neomycin C sulphate sample. Measure-
ments were performed on the large inhibition
zone. The accuracy of the method was examined
by comparing the neomycin B base sample with
the standard sample. These 2 samples are identi-
cal, as mentioned above. The results of Laborato-
ries 1 and 4 differ significantly from the standard
value (P=0.95). Information about the turbidi-
metric method, carried out in three laboratories,
is shown in Table 3. Laboratory 1 decided to use
Klebsiella pneumoniae, which was prescribed by
the Ph. Eur. first edition, whereas Staphylococcus
aureus is prescribed by the second and third edi-
tion. Laboratory 2 chose medium type D, which
was prescribed by the Ph. Eur. first edition,
whereas type C is prescribed by the second and
third edition. The results for the determination of
the potency and the limits of confidence are given
in Table 4. In the three laboratories, there were no
problems with the repeatability. Also, for this

method the accuracy of the laboratories was
tested as above and for Laboratory 1 the differ-
ence was significant. In Laboratory 3 the confi-
dence limits for diffusion were much larger than
those obtained by turbidimetry.

The differences between the means of means of
the different samples for the diffusion and the
turbidimetric method are not significant (P=
0.95). An F-test was used to compare the stan-
dard deviations of the two methods, but no
significant difference between the variances was
found for any of the samples (P=0.95). The
mean activity of neomycin C, calculated for the
free base and expressed relative to neomycin B
base, was 62 and 56% for the diffusion and tur-
bidimetric method, respectively. For both the dif-
fusion and the turbidimetric method, it is
observed that the relative standard deviation for
the means of means increases with the content of
neomycin C in the samples: 0.12% (m/m) of C in
neomycin B base, 2.1% (m/m) of C in framycetin
sulphate and 11.0% (m/m) of C in neomycin
sulphate. In particular, the relative standard devi-
ation (RSD) values for neomycin C sulphate are
high: 41 and 50% for the diffusion and turbidi-
metric method, respectively. This confirms that
the presence of neomycin C in a neomycin sample
influences the reproducibility of the microbiologi-
cal assay. This is in agreement with Sokolski and
Lightbown [9,10,12–14] and in disagreement with
Barzaghi [15]. It also means that the USP ap-
proach, making no distinction between neomycin
and framycetin and therefore using only one stan-
dard, is not appropriate.

3.2. LC analysis of neomycin and framycetin
standards

To determine the neomycin C content of official
standards and of the samples used in the microbi-
ological study, the liquid chromatographic
method described above was used. The solutions
to be analysed (0.5 mg ml−1) were prepared as
prescribed by the accompanying leaflets. The per-
centages of neomycin B were calculated with ref-
erence to the neomycin B base standard. The
percentages of the other components were calcu-
lated using chromatograms obtained with diluted
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Table 3
General information on conditions, micro-organisms and dilutions for the turbidimetric method

2Laboratory 31

Medium
DC CType (Ph. Eur.)

7.0pH 6.9 7.0

7.0 8.0 8.0pH of buffer
solution

Staphylococcus aureus ATCC Staphylococcus aureus ATCCKlebsiella pneumoniae ATCC 9997Micro-organism
6538 P 6538 P

1.1Dilution ratio 1.11.1

Dilutions examined
Samples: 3/standards: 6Total number 4 3
Samples: 1.55, 1.41, 1.55 4.65, 4.23, 3.84, 3.49 16.6, 15.0, 13.6Concentrations

(IU ml−1) Standards: 2.07, 1.88, 1.71, 1.55, 1.41,
1.28

Randomised blockExperimental Randomised block Randomised block
design

Number of 4 3 5
replicates

Incubation
37 37 37Temperature

(°C)
Time 3 h 20 4 h 45 3 h 30

5 3 4Number of as-
says

solutions of neomycin C and expressed in terms of
neomycin C base. The results are shown in Table
5. The neomycin C base content varies between
0.36 and 5.77% (m/m) (0.51–8.24% (m/m), ex-
pressed as sulphate). The USP-RS is the purest
sample. The Ph. Eur. Neo. CRS with its content
of 4.45% (m/m) of neomycin C base has a lower
content than samples which are usually found on

the market and a lower content than the WHO-
2nd IRP [12]. However, it will be impossible to
consistently have a standard of the same composi-
tion as that of the sample. The Ph. Eur. allows a
content of neomycin C sulphate in neomycin of
up to 15% (m/m). The other components are
always present in small amounts (B0.6% (m/m)).
It is also observed that the WHO-PIRP, which

Table 4
Mean values (IU mg−1) for the potency of the different samples obtained by the turbidimetric method

2 3Laboratory 1 Mean of means RSD

930930930 930Neomycin B base standard
947 (97.6–102.4) 973 (6.3%)Neomycin B base sample 1043 (98.0–102.0) 928 (98.1–102.0)

308 (50%)223 (96.4–103.6)215 (96.7–103.3)487 (93.8–106.2)Neomycin C sulphate
553 (98.6–101.6) 555 (95.3–104.7)Neomycin sulphate 707 (98.2–101.8) 605 (15%)
585 (95.4–104.8) 613 (98.4–101.6)Framycetin sulphate 644 (98.9–101.1) 614 (4.8%)

The confidence limits (P=0.95), expressed as percentages, are shown in parentheses.



E. Adams et al. / J. Pharm. Biomed. Anal. 17 (1998) 757–766 765

T
ab

le
5

C
om

pa
ri

so
n

of
th

e
co

m
po

si
ti

on
of

ne
om

yc
in

an
d

fr
am

yc
et

in
st

an
da

rd
s

(%
(m

/m
))

P
ar

om
om

yc
in

II
P

ar
om

om
yc

in
I

L
P

-B
N

eo
m

yc
in

C
N

eo
m

yc
in

B
L

P
-A

P
ar

om
am

in
e

N
ea

m
in

e

*
*

*
1.

06
(3

.2
)

61
.1

(1
.0

)
*

P
h.

E
ur

.
F

ra
m

.
C

R
S

*
0.

16
(4

.2
)

64
7

IU
m

g−
1

(1
2

an
al

.)
P

h.
E

ur
.

N
eo

.
C

R
S

0.
38

(2
.9

)
0.

28
(6

.8
)

4.
45

(2
.0

)
57

.8
(0

.8
)

0.
21

(3
.4

)
0.

48
(2

.2
)

0.
08

(4
.5

)
0.

58
(2

.6
)

76
0

IU
m

g−
1

(1
2

an
al

.)
*

0.
02

(9
.1

)
0.

04
(1

1.
5)

0.
36

(6
.8

)
66

.4
(0

.8
)

*
0.

08
(5

.5
)

*
U

SP
-R

S
78

2
mg

m
g−

1
(1

6
an

al
.)

*
0.

39
(6

.0
)

63
.6

(1
.2

)
*

*
W

H
O

-P
IR

P
0.

58
(5

.1
)

*
0.

36
(2

.4
)

67
0

IU
m

g−
1

(8
an

al
.)

*
0.

37
(4

.5
)

64
.6

(1
.0

)
*

W
H

O
-1

st
IS

0.
23

(4
.0

)
*

0.
22

(4
.1

)
*

67
0

IU
m

g−
1

(8
an

al
.)

0.
08

(6
.5

)
0.

10
(4

.7
)

*
5.

77
(2

.0
)

58
.8

(1
.5

)
*

0.
26

(5
.8

)
*

W
H

O
-2

nd
IR

P
77

5
IU

m
g−

1
(8

an
al

.)
*

N
eo

m
yc

in
C

su
lf

at
e

(1
2

0.
13

(1
4.

2)
1.

16
(2

.7
)

54
.8

(1
.4

)
0.

37
(0

.9
)

*
0.

07
(1

1.
3)

*
an

al
ys

es
)

(1
2

an
al

ys
es

)
*

*
*

0.
12

(5
.4

)
92

.7
(0

.7
)

*
*

N
eo

m
yc

in
B

ba
se

*
(1

2
an

al
ys

es
)

T
he

re
la

ti
ve

st
an

da
rd

de
vi

at
io

n
(%

)
is

sh
ow

n
in

pa
re

nt
he

se
s

af
te

r
ea

ch
co

nt
en

t;
*,
B

0.
02

%
(m

/m
).



E. Adams et al. / J. Pharm. Biomed. Anal. 17 (1998) 757–766766

was stored at room temperature for more than 25
years and which is the same sample as the WHO-
1st IS, had only slightly decomposed. The differ-
ence in neomycin B content is significant at the
0.05 level, but not at the 0.01 level of significance.
This is an indication for the very good stability of
this material, even if it is not stored under the
prescribed conditions.

It is also to be emphasised that three different
systems of units are used in Table 5. One IU
system for pure neomycin B (Ph. Eur. Fram.
CRS, WHO-PIRP and WHO-1st IS), another IU
system for neomycin containing neomycin C (Ph.
Eur. Neo. CRS and WHO-2nd IRP) and the USP
mg mg−1 system. It is observed that the IU system
with the lowest values is used for the purest
samples. There is no logical correspondence be-
tween these systems and the real content. A sepa-
rate system of units corresponds to each reference
substance. The number of mg in the USP-RS does
not correspond to the real mass of neomycin
present. Indeed, these micrograms have to be
considered as ‘micrograms of activity’. This has
also been discussed elsewhere [17].

4. Conclusion

The activity of neomycin C relative to
neomycin B was 62 and 56%, as found by diffu-
sion and turbidimetry, respectively. The repro-
ducibility obtained for the different samples,
expressed as RSD (%), varied between 4.8 and
50%. It was observed that the reproducibility of
the microbiological assays became poorer when
the content of neomycin C in the sample in-
creased. In order to verify the influence that this
may have on the use of official standards, their
neomycin C base content was determined by LC.
The results varied between 0.36 and 5.77% (m/m).
The results confirm that more variation will be
observed when the B:C ratios of the test and
standard preparations differ more. Since it will
never be possible to have a standard with the
same B:C ratio as all the samples allowed on the
market, it is strongly recommended to replace the

microbiological assay of neomycin by liquid chro-
matography, which allows all the components to
be determined accurately, without interference
from the standard composition.
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