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HIGH-PRESSURE LIQUID CHROMATOGRAPHIC ANALYSIS OF NOVO- 
BIOCIN 

SUXIMARY 

A high-pressure liquid chromatographic method for the analysis of novobiocin 
is described. The method uses a I-m-long Zipas HCP column with :I mobile phase of 
15:: mcthtmol in 0.02 :W phosphate bufkr, pH 7.0. at ;I t‘io\v-rate of035 ml/min (6s 
atm). Novobiocin. isonovobiocin. dihydronovobiock dcscsrballlYlIIOVobiociI1. drs- 
mtth~ldcsc~~rb3n~_vInovobiocin_ novobiocic xid_ and novenamine m-e separated in 
approximately 30 min. The relative standard deviation for the analysis of novobiocin 
is less than I FL_ 

IXTRODUCT’ION 

Novobiocin (Fig. 1). an antibiotic produced by Srrq~rorn_n-es- niwws or related 
microor~_anisms_ contains isomers and degradation products_ The otficially accepted 
assay method_ by the Food and Drug Administration for the potency determination 
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of- novobiocin is rhc nticrobiolopica1 cylinder cup tyar diKusion assay using Stcr/)/~_r/- 
o~o~~li~ ~piticrnzidis ATCC 112X as the test microorganism’. The microbiological as- 
slty method. however. is nof a precise ntcthod of quantitation and is influenced by 
various t~t.tctors2- The method is also incapable of detecting the presence of ntinor dep 
rrrdation compounds and impurities_ 

Scvcral cltemiwl assay methods xc nvztilnble for the determination of now- 
biacin”-“_ of xvltich those described in rcfs. 7. S. and I 1 are capable of dilii-rentiatine 
ad quantittlting novobiocin in the presence of isomers and degradation products. A 
gas citromtirogrtipltic method. based on the xetylation of novobiocin and chrontato- 
gmphv using ait OV- 17 column_ is also available”. Although tltc precision of the gls- 
liquid~cltromatogrr~phic method is csccllent. rclatiw sttutdtlrd deviation ofO.X’~,. the 
method cletwes tither it glycosidic or an amide bond_ dcpcnding upon the derivatiza- 
tion ntcthods used. arzd is incxpabl L‘ of~ditt-erentiating isunovobiocin tkont novobiocin. 

Hi&pressure liquid chromatoyxphy (HPLC). one of tltc lattst cntrics in 

analytical mcthodohyy, has successt~u1ly bcc~t used for the dcterntination of ;: I-L‘K 
antibiotics”-‘“. This paper reports the separation and quantitation 01~ novobiocin and 

its isomers and degradation products in 30 ntin using HPLC. 

EXPERIMEXT:\L 

A Lnboratory Data Control (LDC. Rivicra Bwcft. Ffx_ U_S_A.) modular 
iiquid chrontatogrrlph equipped \\-ith ;i 154-nnt UV monitor (Model 1185). a Milton 
Roy Minipump (LDC). and a pulse dantptntx (LDC. Xlodcl 709) \vcre used_ 

An empty DuPont (DuPont. Wilmington. Del.- U.S.A.) sklinless-steel cd~nt~t. 

?_I _.- IO00 ntm_ ~~1s first rinsed lvitlt tstraltgdrofLtr;ut (THF) follo\ved by vigorous 
clettning of the inside of- the tubin, c~ \vitlt a cotton string prc-soaked \vitlt THF io rc- 
mow loose ntctxi particles- Chloroform was then draw-n through tftc column and the 
column was dried under a strcam of dry nitrosen- 

A IOpm pore size stain!ess-steel frit ~1s titted into the inlet end af the colu~ttn 

and ;I ltes nut (DuPont_ No. S20349) aith stainless-steel front and back lock ferrules 
and a cap (DuPont, No_ 201724) \vere attached fo the column. Zipas hydrocarbon 
polymer (HCP. DuPont) \vas dry packed into the open end of the colu~tt~t by addin 
;1 smtdl amount of Zipas HCP at ;t rime and lightly tappins WI the floor. After the 

coluntn was tightly packed, a 2ynt pore size stainless-srecl frit \~a?; inserted into tltc 
ouilct end of the column. 

The column thus packed was rtttacftcd to a DuPont injector port and to tftc 
25ktnt UV monitor. The theoretical plates of tlte colu~tt~t thus prcpru-cd wcrc 
approximately 429 per meter for the no\-obiocin peak. 

Rerrqenrs 
Mobik pbmt~_ i 5 1): methanol in 0.02 32 monobasic and dibasic sodium pltos- 

phate buffer at PH ‘7.0 was used. Depending upon the perforntnnce of the column. tltc 
percentage of &ethanol in the mobile phase mny have to be sIi$ttly modified to adjust 
the elution tintc of the nouobiocins, 

Cohriju: rinse soiurion_ (A) 40 y,;, methanol in 0.02 Jf ntonobasic and dibasic 
sodium phosphate buft’er solution at pH 7.0 and (B) I5 y’;, methanol in 0.02 Al dibasic 
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sodium phosplxtte adjusted to pH 2.5 by the addition of phosphoric acid \verc used. 
httu-ml .sxmu/rrrc/ .so/trtiott_ Approsimately 150 ml of anhydrous methanol wet-e 

added to a 250~ml stoppered graduated cylinder containing S7.5 tns prednisolone_ 
After dissolving, 35 ml of02 :\\I sodimn phosphate butlkr solution at pH 7.0 and suf- 
ficient water to bring to vol~tme \vere added. 

Prtptt-utiott of’ rtol-obioc-in stardur-tl. Novobiocin acid USP rcfcrcncc standard 
was used ‘&as is” at 970,4mg_ Approsimtttcly 10 tn, ‘v of the reference standard was 
accurately \veighcd using II Cahn Electrobslancc Model G (Cz~hn Instrunw~t Corp.. 
Pnrmnount. Calif.. USA_) and placed in a IO-ml volumetric flask. 

Prqmwriott ~~f‘.sutq~lc_ Apprositnattly IO m, tr of novobiocin sample NW XCLI- 

ratcly ux5ghcd into ;I lo-ml volumetric Rask. 
Prior to the analysis_ each standard and sample NXS dissolved and diluted to 

volutne uith the internal standard solution. An ultrttsonicator ( Ultmsonics. Plain- 
view, L-1.. N.Y.) I\-;IS used to quickly dissolve s;tandm-d and s:tn~plcs. 

X01-ohioc-itt c-ltr-oittflto~r~t~~ft~~- t-orrtiitioits. Flow-rate of the tnobile phase \v:ts 
0-M nil/niin \vith 3 column pressure ofrtpprusimatcl~ AS attii ( 1000 p.s.i_)_ The col~ttiiti 
tstnpcrature \v:ts mibient and the chart speed \\‘:I?; 0.25 in./min. A 1 .O;rtl quantity of 
sample was injcctcd into Ihe colutn~~ at the ekctrotnctct- ratig_c setting of 0.W tLIl 

SCLk. 

Cohumt rime. After the end of ;t day‘s analysis_ the col~tmn \vas rinsed \vith the 
rinse solution A for at least 1 II followed by the solution B. This proccdut-e W;LS 

nccesmr_v in order to prolong tllc coI~ttnt~ lit-c. 

The actual chromaro~_ram of ;I calcium novobiocin bulk powder sample is 

s11o~1-n in Fig. 1_ The separation. or resolution. for t\vo :idj:went peaks is calculated 
in ternis of the resolution function (Rx) itsin, 0 the follo\ving forniultt I 

Rsiscqwtl to theditkence in retention tinw (t2 -- t,) for the t\vo adjacent peaks 
divided by the average baseline pez~k \vidth in tit-w units [l/Z (I!‘, --~ 1i,m2)] (ref. 17). 
AS may be SC~‘II in Table l_ the resolution functions bet\vcen thr majority of the pe:~ks 

at-c‘ above 1.1 at ;I peak xca ratio (-I ,/.-12) of l/64 or above: therefore_ tlic peak scpara- 
tions at-e quite satisfactory. 

No detecrablc amount of degradation of novobiocin occurred in the internal 
standard solution in S 11 \vhcn stored at room tetnprt-atttrc since no increase in the 
percsnta~c of degradation cotnpottnd NTIS st’t’n by the HPLC. Novobiocin is reported 
to be relrttiucl~ stable in ;LII aqueous solution of pH 7.0 when stored at room tempera- 
~LIrr”“-‘9_ 

In order IO csaminc the detection and qu:tntit:ltion of isonovobiocin from 
novobiocin by the HPLC. novobiocin acid USP refcrencc s;trtndard containing O_ 5. 
10, 2% rind -IO:!l, of isonovobiocin (3736HH-19-3) wet-e prcparcd and analyzed. Al- 
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Fig_ 2_ High-presstire liquid chromatography of calcium novobiocins using a i-m Zipnx HCP column 
at OS5 mll’min f 1050 psi.) at room temperature_ Mobile phase: 15:; methanol in 0.01 df pH 7.0 
phosphate buffer_ I = Injection peak: Z = novobiocic acid: 3 =: novenamine: 4 =. desmethytdcs- 
carbam&ovobiocin: 5 = internal standard; 6 = descarbam_vInovobiocin: 7 :-: isonovobiocin: 8 -: 
no\-obitin: 9 = dihydronovobiocin. 

T-ABLE I 

RESOLUTlON FUNCTION (fi) BETWEEN THE TWO hDJACENT XOVOBIOCIS PE.AKS 

Pt-It.4 

Sull-em peak 
Kovobiocic acid 
Sovennmine 
D~n~eth~ldts~~rball~lno~obiocin 
Intrmnl standard 
Descarbam_vlno~obiocin 
Isonovobiocin 
Novobiocin 

TABLE II 

i%lPURITIkS IN THE USP NOVOBIOCIN ACID REFERESCE STANDARD XXD IS 
ISOXOVOBlOCIN (3736-HH-19.3) AS DETERMINED BY HPLC 

_.-. _. 
Kovobiocin 
Isonovobiocin 
Descarbamylnovobiocin 
Desmethyldescarbamyinovobiocin 
Xovobiocic acid 
Novenamine 
Dihydronovobiocin 

~Vorobiocin 
acid 

Isonombiocin 

98.1 0 
0.2 66.3 
0.3 O-4 
0.3 8.0 
0.08 17-6 
0.0s 7.8 
l-2 0 
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ISONOVO6IOCIN AOOEO (%) 

Fig_ 3. Correlation bcrwccn the isonovobiocin ndded and the 
biocin by HPLC. 

isonovobiocin rccovcred from novo- 

thwqh the novobiocin acid used was relatively pure. the isonovobiocin contained 
many impurities (TabIe II). Thcreforc. 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) 
\vith a linear regression of _I- = 0.991 s - 1 231 _ The bias in recovery is due to the 
incomplete scprtration bctlvcen isonovobiocin and novobiocin peaks (Table 1 and 
Fi_9. 2). 

Qucniritnlion qf‘rrosohioc-in 
Various amounts of the USP novobiocin acid reference standard, ranSing 

from 0.191 mg/ml to 2.0 mg~ml. \vere prcparcd and analyzed. The standard curve 
thus prepared wxs linear (correlation coefficient of 0.9999) with a linear regression of 
y = 4.09s - 0.42. A novobiocin concentration of 1.0 mg/ml was selected for 

-I-.\BLE III 

PRECISION OF THE NOVOBIOCIN, USP NOVOBIOCIN AClD REFERENCE ST.aXDARD, 
XNXLYSIS BY HPLC 

Xovobiocitz 

______~_ 
0.99SO 
I.0070 
1.003s 

0.9968 

1.009s 
1.0062 
1.0060 

0.2476 
0.2459 
0.2493 

0_?4SS 
0.1493 

0.24s1 
0.2470 

Relative standard deviation O-51’;< 

913.5 
997.5 
945.7 
970.0 

977.2 

1125 
1073 

369.7 
405.0 
377.9 
391.7 
358.2 

450.5 
431-s 
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quantitative analysis_ The HPLC method is sensitive to approsimatcly 30 ng novobiocin 
per sample injected_ 

Theprecision ofthe HPLC method was determined by comparing seven replicate 
preparations of the LISP reference standard_ TabIe I1 I indicates that the relative stan- 
dard deviation of the novobiocin determination is 0.51 y<,_ 

Twelve current lots of sodium and one calcium novobiocin sample were 
analyzed (Table IV). The potency w:ls caicuklted usin, ~7 the USP novobiocin acid 
reference standxd “as is” at 970 &mg_ Since isomers and degradation products of 
novobiocin are reported as bein, ~7 microbiologically inactive’“-“. they lvere excluded 
from the potency calculation. The drug content thus calculated was compared to the 
potency determined by the microbiolo~ict~l agat- dXusion assay method’. The calcu- 
lated values showed no statistically sisniticant diflkrences from those of the micro- 
biological assay method_ 

The impurities and degradation products of two lots of sodium novobiocin 
bulk powders. 3s determined by the HPLC method. \vere compared lvith results ob- 
tained by paper chromtttography~ (Table V). The values obtained by the tivo 
methods agreed very \vcll_ 

I-.-Xl3Li.z V 

ANXLYSIS OF t~IPURITIES XBD DEGRXD.-XT-IO;\: PRODUCTS IN NOVOBIOCIN POW- 
DERS RY HPLC XXD Pr\PER CHROXIXTOGRAPHY (PC) 

. 
Lot I Lor 2 

IiPLC PC HP&- PC 
~. --.._ 

Noxxahiocin 57-9 s7.; 93.6 9: 5 
Isonuvohiacin 2.9 3-6 1.5 7:o 
Dcsc;lrhsm~lnovobiocin 7.1 7-s 5-3 Xl 
Others 1-s 1-2 I.6 I .3 

_~_ ._-_ 

As an average. current lots of sodium novobiocin contain 9 1 _-I:,‘;, navobiocin. 
I _S ‘f., isonovobiacin_ I .5 ‘,?:, dihydronovobiociti. 4.6 y,t,; d~scarbamylno\,obiocin. 0. I. 
0.5. and less than 0.1 y-6 novobiocic acid. nownaminc. and drsmethyldrsc~~rban~yl- 
novobiocin. respectively. On the other hand. five year old sodium novabiocin samples 
contained signitictmtly higher amounts of desmethyldescarb3m_vlnovobiocin and 
navobiucic acid (Table VI)_ The amount of isonovobiocin was not significantly dif- 

Kerent. The similar trend NXS observed in calcium nouobiocin. These data_ together 

Grh those of the accelerated stability study. indicate that the novobiocin polvder in 
a dry state degrades by clewa~e of the ether linktqe of the novenamik moiety and 
that trarisctirbamylatio~~ is not the major degradntion route. 
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