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SUMMARY

A high-pressure liquid chromatographic method for the analysis of novobiocin
is described. The method uses a [-m-long Zipax HCP column with a mobile phase of
13 %, methanol in 0.02 A7 phosphate bufter, pH 7.0. at a tflow-rate of 0.85 ml/min (68
atm). Novobiocin. isonovobiocin, dihvdronovobiocin. descarbamylnovobiocin. des-
methyldescarbamylnovobiocin. novobiocic acid. and novenamine are separated in
approximately 30 min. The relative standard deviation for the analysis of novobiocin

is less than [ 9.

INTRODUCTION

Novobiocin (Fig. 1), an antibiotic produced by Srreptoniyees niveus or related
microorganisms. contains isomers and degradation products. The officially accepted
assay method. by the Food and Drug Administration. for the potency determination
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Fig. 1. Structure of novobiocin.
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of aouvobiocin is the microbiological eyvlinder cup agar diffusion assay using Stapfivi-

- ococcus epidermidis ATCC 12228 as the test microorganism!. The microbiological as-
say method. however. is not a precise method of quantitation and is influenced by
various factors™. The method is also incapable of detecting the presence of minor deg-
radation compounds and impurities_

Several chemical assay methods are available for the determination of novo-
biocin® '*_ of which those described in refs. 7. 8. and 11 are capable of differentiating
and quantitating novobiocin in the presence of isomers ind degradation products. A
gas chromatographic method. based on the acetylation of novobiocin and chromato-
eraphy using an OV-17 column. is also available™. Although the precision of the gas—
liquid chromatographic method is excellent. relative standard deviation ot 0.34 9, the
method cleaves cither a glycosidic or an amide bond. depending upon the derivatiza-
tion methods used. and is incapable of differentiating isonovobiocin from novobiocin.

High-pressure liquid chromatography (HPLC). one of the latest cntries in
analytical methodology. has successfully been used for the determination of o few
antibiotics'>-'*_ This paper reports the separation and quantitation of novobiocin and
its isomers and degradation products in 30 min using HPLC.

EXPERIMENTAL

Apparatus )

A Laboratory Data Control (LDC. Riviera Beach., Fla.. US.A) modular
liquid chromatograph equipped with a 254-nm UV monitor (Model 1285), a Milton
Roy Minipump (LDC). and a pulse dampener (LDC. Model 709) were used.

An empty DuPont (DuPont. Wilmington, Del.. U.S_A ) stainless-steel column,
2.1 - 1000 mm. was first rinsed with tetrahydrotfuran (THF) followed by vigorous
cleaning of the inside of the tubing with a cotton string pre-soaked with THF to re-
move leose metal particles. Chloroform was then drawn through the column and the
column was dried under a stream of dry nitrogen.

A 10-um pore size stainless-steel frit was fitted into the inlet end of the column
and a hex nut (DuPont. No. 820349) with stainless-steel front and back lock ferrules
and a cap {DuPont. No. 201724) were attached to the column. Zipax hydrocarbon
polymer (HCP, DuPont) was dry packed into the open end of the column by adding
a small amount of Zipax HCP at a time and lightly tapping on the floor. After the
column was tightly packed, a 2-um pore size stainless-steel frit was inserted into the
outlet end of the column.

The column thus packed was attached to a DuPont injector port and to the
254-nm UV menitor. The theorctical plates of the column thus prepared were
approximately 429 per meter for the novobiocin peak:

Reagents

Alobile phase. 159, methanol in 0.02 A/ monobasic and dibasic sodium phos-
phate builer at pH 7.0 was used. Depending upon the performance of the column. the
percentage of methanol in the mobile phase may have to be slightly modified to adjust
the elution time of the novobiocins.

Column rinse sofurion. (A) 407, methanol in 0.02 Af monobasic and dibasic

S

sodium phosphate buffer solution at pH 7.0 and (B) 15, methanol in 0.02 A/ dibasic
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sodium phosphate adjusted to pH 2.5 by the addition of phosphoric acid were used.

Internal standard solution. Approximately 150 ml of anhydrous methanol were
added to a 250-ml stoppered graduated cylinder containing 87.5 mg prednisolone.
After dissolving, 25 ml of 0.2 Af sodium phosphate buffer solution at pH 7.0 and sut-
ficient water to bring to volume were added.

Procedures

Preparation of novebiocin standard: Novobiocin acid- USP reference standard
was used “fas isT at 970 pg/mge. Approximately 10 mg of the reference standard was
accurately weighed using a Cahn Electrobalance Model G (Cahn Instrument Corp..
Paramount, Calif., U.S.A)) and placed in a 10-ml volumetric flask.

Preparation of sample. Approximately 10 mg of novobiocin sample was accu-
rately weighed into a 10-ml volumetric flask. )

Prior to the analysis. each standard and sample was dissolved and diluted to
volume with the mternal standard solution. An ultrasonicator (Ultrasonics. Plain-
view, LI, N.Y.) was used to quickly dissolve standard and samples.

Novobiocin chromatographic conditions. Flow-rate of the mobile phase was
0.83 ml/min with a column pressure of approximately 68 atm (1000 p.s.i). The column
temperature was ambient and the chart speed was 0.25 in/min. A 1.0-¢l quantity of
sample was injected into the column at the electrometer range sctting of 0.G4 full
scale.

Column rinse. Atter the end of a day’s analysis. the column was rinsed with the
rinse solution A for at least 1 h tollowed by the solution B. This procedure was
necessary in order to prolong the column lite.

RESULTS AND DISCUSSION

Separation of novobiocins ;

The actual chromatogram of a calcium novobiocin bulk powder sample is
shown in Fig. 2. The separation. or resolution. for two adjacent peaks is calculated
in terms of the resolution tunction (Rs) using the following tormula:

Rs == 2(1, — n)i(W, = W)

Rsisequal to the difference in retention time (7, — ;) tor the two adjacent peaks
divided by the average baseline peak width in time units [1/2 (B, -— W3] (ref. 17).
As may be seen in Table L. the resolution tunctions between the majority of the peaks
arc above 1.2 at a peak arca ratio (4,/A4,) of 1/64 or above: therefore. the peak separa-
tions are quite satistactory.

No detectable amount of degradation of novobiocin oceurred in the internal
standard solution in 8 h when stored at room temperature since no increase in the
percentage of degradation compound was seen by the HPLC. Novobiocin is reported
to be relatively stable in an aqueous solution of pH 7.0 when stored at room tempera-
turets-19,

In order to examine the detection and quantitation of isonovobiocin from
novobiocin by the HPLC. novobiocin acid USP reference standard containing 0. 3.
10, 25. and 40%7 of 1sonovobiocin (3736-HH-19.3) were prepared and analyzed. Al-
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Fig_ 2. High-pressure liquid chrematography of calcium novobiocins using a I-m Zipax HCP column
at 0.85 mli/min (1030 p.s.i.) at room temperature. Mobile phase: 15%; methanol in 0.01 Af pH 7.0
phosphate buffer. I = Injection peak: 2 == novobiocic acid: 3 = novenamine: 4 = desmethyides-
carbamyinovobiocin: 5 = internal standard; 6 = descarbamyinovobioccin: 7 =: isonovobiocin: § -~

novobiocin: 9 = dihvdronovobiocin.

TABLE L

RESOLUTION FUNCTION (Rs) BETWEEN THE TWO ADJACENT NOVOBIOCIN PEAKS

Peak

Solvent peak
Novobiocic acid
Novenamine
Desmethyldescarbamylnovobiocin
Internal standard
DescarbamyInovobiocin
Isonovobiocin
Novobiocin

TABLE 11
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iIMPURITIES IN THE USP NOVOBIOCIN ACID REFERESCE STANDARD AND IN
ISCNOVOBIOCIN (3736-HH-19.3) AS DETERMINED BY HPLC

Novobiocin
Isonovobiocin
Descarbamyinovobiocin
Desmethvldescarbamylnovobiocin
Novobiocic acid
Novenamine
Dihvdronovobiocin

Composirion (*,,)

Novobiocin Isonovobiocin
acid
98.1 0

0.2 66.3

0.3 04

03 S0

0.08 17.6

0.08 7.8

0

1.2
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Fig. 3. Correlation between the isonovobiocin added and the isonovobiocin recovered from novo-
biocin by HPLC.

though the novobiocin acid used was relatively pure. the isonovobiocin contained
many impurities (Table I1). Therefore. the ratio of novobiocin and isonovobiocin in
samples was corrected to compensate for these impurities. The results shown in Fig.
3 indicate that the recovery of isonovobiocin is linear (correlation coefficient, 1.000)
with a linear regression of ¥ = 0991 x — 1.231. The bias in recovery i1s due to the
incomplete separation between isonovobiocin and novobiocin peaks (Table | and
Fig. 2).

Quaniitarion of novohiocin

Vartous amounts of the USP novobiocin acid reference standard, ranging
from 0.194 mg/m! to 2.0 mg/ml. were prepared and analyzed. The standard curve
thus prepared was linear (correlation coefficient of 0.9999) with a linear regression of
v =409y — 042. A novobiocin concentration of 1.0 mg/ml was selected for

TABLE Il

PRECISION OF THE NOVOBIOCIN, USP NOVOBIOCIN ACID REFERENCE STANDARD,
ANALYSIS BY HPLC

Weighr of Area Area
novobiocin ST T weight
(mgiml) Novobiocin Internal ratio
standard

0.9930 913.5 369.7 0.2476
1.0020 997.8 405.0 0.2459
1.0038 945.7 3779 0.2493
1.9968 970.0 391.2 0.2488
1.0098 977.2 388.2 0.2493
1.0062 1125 450.5 0.2482
1.0060 1073 431.8 0.2470

Relative standard deviation 0.51%4
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quantitative analysis. The HPLC method is sensitive to approximately 30 ng novobiocin
per sample injected.

The precision of the HPLC method was determined by comparing seven replicate
preparations of the USP reference standard. Table 111 indicates that the relative stan-
dard deviation of the novobiocin determination is 0.51 9.

Twelve current lots of sodium and one calcium novobiocin sample were
analyzed (Table 1V). The potency was calculated using the USP novobiocin acid
reference standard “"as is™" at 970 rg/mg. Since isomers and degradation products of -
novobiocin are reported as being microbiologically inactive?®-*!, they were excluded
from the potency calculation. The drug content thus calculated was compared to the
potency determined by the microbiological agar diffusion assay method!. The calcu-
lated values showed no statistically significant differences from those of the micro-

biological assay method.

Determination of impurities and degradarion products

The impurities and degradation products of two lots of sodium novobiocin
bulk powders. as determined by the HPLC method. were compared with results ob-
tained by paper chromatography® (Table V). The values obtained by the two
methods agreed verv well.

TABLE V
ANALYSIS OF INMPURITIES AND DEGRADATION PRODUCTS IN NOVOBIOCIN POW-
DERS BY HPLC AND PAPER CHROMATOGRAFHY (PC)

Lot 1 Lot 2
HPLC PC HPLC PC
Novobiocin 87.9 873 936 935
Isonovobiocin 29 3.6 1.5 20
Descarbamyvinovobiocin 7.4 7.3 33 31
1.3 i.6 1.3

Others 1.8

As an average. current lots of sodium novoebiocin contain 91.4 % novobiocin,
1.8%, isonovobiocin. 1.5%, dihvdronovobiocin. 4.6%, descarbamylnovobiocin. 0.1.
0.5, and less than 0.1 % novobiocic acid, novenamine, and desmethyldescarbamyl!-
novobtocin. respectively. On the other hand. five vear old sodium novobiocin samples
contained significantly higher amounts of desmethyldescarbamylnovobiocin and
novoblocic acid (Table V1). The amount of isonovobiocin was not significantly dif-
ferent. The similar trend was observed in calcium novobiocin. These data. together
with those of the accelerated stability study. indicate that the novobiocin powder in
a dry state degrades by cleavage of the ether linkage of the novenamine moiety and
that transcarbamylation is not the major degradation route.
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