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SUMMARY 

An isocratic, reversed-phase high-performance liquid chromatographic (HPLC) 
method has been developed for the determina tion of erythromycin. The method uses 
a FBondapak C,, reversed-phase column with a mobile phase composed of aceto- 
nitrile-methanol-0.2 M ammonium acetate-water (45:10:10:35). The relative stt- 
dard deviation of the method for quantikuion of erythromycin is about 0.6 %, and 
the method is capable of selectively quantifying erytbromycins A, B, C and at lekst 
nine other erythromycin epimers and degradation compounds in 15 min of chroma- 
tographic tune. The bio-equivalent potencies of erythromycin powders cakulated 
from the HPLC data agreed wellwitb those of the microbiological assay method. The 
HPLC method developed is also applicable for the analysis of various derivatives of 
erythromycin. 

INTRODUCTION 

A commercial preparation of erythromycin usualiy coruain.~ erytbromycins A, 
B, and C. Erythromycin A is the major component and is the most active antimicrobial 
agentl. Under acidic conditions, erythrornycins degrade to anhydroerythromycin and 
8,9-anhydroerythromycin 6,9-hemiketaF. Enzymes in microorganisms inactivate 
erythrornycin and form erytbralosamine, erytbronolide, and other cumpoumi9. 

Many oral-dosage forms of erykomycin are ester&d at the 2’-position of the 
desosamine moiety to stabilize erythromycin in gastric fluid. These esters of erytbro- 
mycin are inactive until hydrolyzedq; apparent activity of these esters is due to 
hydrolysis by a test microorganism during incubation &+od of microbioasy. 
Therefore, it is imperative to determine specifkally erythromycin base in serum for 
in I&% rate of hydrolysis of a -pro-drug for therapeutic &cacy study; A method is 
needed to separate and precisely quantitate erytbromycin, its derivatives, and degrada- 
tioneoru$x&S. ’ 

j Several @aper chiomatograpb&F and thin-layer cbromatograpbi~~~~ methods 
are avaiJkble for separation of erythromycins; hotiever, these methods are not suitable 
for precise quaWicatiti. A gas-liquid chromatograpbic @3X) method reported by 
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Tsuji and Robert.s~n’~~ is capable of separating and quantifying erythromycius, their 
derivatives, and degradation compounds; however, the method requires at least 24 h 
derivatization and extensive sample clean-up processes to analyze erythromycin in 
a complex biological matrix. 

At least twc high-performance liquid chromatographic (HPLC) methods have 
been repotted for the analysis of erythromycinlo=ti. The first method uses a Corasil 
Il (silica gel) columu with chloroform as mobile phase. Separation of auhydro- 
etythromycin A from erythromycin A has been demons&a*&. The second method 
rises a Jascopack SV-O2-500 (reversed-phase) column with a mobiIe phase of 
methanol-l/15 M acetite buffer-acetonitrile (35:60:5) at pH 4.9. Separation of eryth- 
romycins A and B was reported. However, these reports failed to present quantifica- 
tion data nor demonstrate separation of numerous erythromycin epimers and then 
degradation compounds. 

This paper reports the development of an HPLC method for separation and 
qnantification of erythromycins, their epimers, and degradation compounds. It also 
demonstrates capability of the method to analyze erythromycin ester derivatives. 

EXPERIMENTAL 

Instrument 
A Laboratory Data Control modular liquid chromatograph (LDC, Riviera 

Beach, Fla., U.S.A.) equipped with a high-pressure mini-pump and a variable- 
wavelength detector (SpectroMonitor I) at 215 MI was used. The attenuation of the 
detector used was either 0.08 or 0.04 a.u.f.s. A sample was injected through a Rbeo- 
dyne injector (Model 71-20, Berkeley, Calif., U.S.A.) with a lOO-~1 fixed loop. A 
reversed-phase column @Bondapak CL8. Waters Assoc., Milford, Mass., U.S.A.), 
300 x 3.9 mm I.D., with a 50 x 2.1 mm I.D. stainless-steel pre-column packed with 
PBondapak C,, were used. The mobile phase was pumped at a flow-rate of CCL. 1 
ml/ruin (1700 p.s.i.), and the column was operated at room temperature. 

Mobile phase 
The mobile phase used consisted of acetonitrile-methanol-O.2 M ammonium 

acetate-water (45:10:10:25). Depending upon the performance of a given column, 
methanol may be omitted without a significant loss of peak resolution. The solvents 
used are all UV grade, distilled-in-glass, obtained from Burdick and Jackson Labs. 
(Muskegon, Mich., U.S.A.). The amount of the solvent may have to be mod&d to 
obtain the maximum performance of the column 

The pH of the mobiIe phase may be adjusted to optimize the peak resolution 
and to control the elution volume, hence the speed of the assay. A pH of 6.0-6.5 has 
been used to analyze erythromycin base powders, erythromycin oxalate, and eryth- 
romycin ester derivatives where sample interference is minimum. in order to analyze 
samples of complex biological matrix, however, a mobile phase was adjusted to pH 
7.0-7-S to minimize interference. The pH adjustment was performed by the addition 
of either hydrochloric acid or sodium hydroxide. Due to its high UV cut-off, acetic 
acid may not be used. After wetting the filter with methanol, the mobile phase was 
filtered through a Fluoropore filter (FHLPO4700, Millipore, Bedford, Mass., U.S.A.) 
and degassed under vacuum with sonication prior to use. The 0.2 M ammonium 
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acetate solution was prepared by weighing 15.5 g of reagent grade ammonium acetate 
into a one-liter measuring cylinder and adding water to the volume. 

Reference standard sohttion 
Ca. S-9 mg of USP Erythromycin Reference Standard was accurately weighed 

into a lO-ml volumetric flask. Just prior to the analysis, the mobile phase was added 
to volume and sonicated to facilitate dissolution. 

Sample preparation 
Erythronzycin base. Ca. 8-9 mg of the powder were accutarely weighed into a 

IO-ml volumetric Bask. Just prior to the analysis, the mobile phase was added to 
volume and sonicated to facilitate dissolution. 

Eryrhromycin oxalafe. Ca. 30-32 mg of the powder were accurately weighed 
into a 25-ml volumetric flask. Just prior to the analysis the mobile phase was added 
to voiume and sonic&xl to facilitate dissolution. 

Calculation 
The peak height was used to calculate both the b&equivalent potency of the 

sample and the percent composition of the components. 

Potency &g/mg) = 
A + 0.5B + 0.4c Wt 

w - At f 0.5B + 0.4ct 
.r;;-r;, 

where A, B and C are peak heights of the erythromycins A, B and C, respectively, 
in a sample, W = weight of a sample, At, Et and Cr are peak heights of the erythro- 
mycins A, B and C, respectively, in the reference standard, Wt = weight of the 
reference standard, Fr = assigned potency of the reference standard (99Opg/mg for 
USP issue HI), and Fz = dilution factor. 

P 
Percent composition = -- 

I 

1000 A f 0.5.B -I- 0.4c 

where P = potency @g/mg) of a sample as determined by the HPLC method, and 
I = peak height of the component of interest. 

The peak height of anhydroerythromycin A, erythralosamine, erythromycin 
enol ether, and anhydroerythromycin B were divided by 10 prior to calcluating the 
percentage to compensate their molar absorptivity at 215 nm. 

The factors 0.5 and 0.4 used for calcuiation of potency were reported in ref. 1. 
The relative molar absorptivities assigned to erythralosamine, anhydroerythromycin 
A, erythromycin A enol ether, etc., are tentative and may require further confirmatory 
study. 

RESULTS AND DISCUSSION 

EstaMshment of chromatographic condition 
Concentration of both acetonitrile and methanol together with the pH of the 

mobile phase greatly affect the resolution and elution volume of various erythromycin 



Fig. 1. JXect of acetonitde amcentratior; in the mobile phase (at pH 7.3) on the retention volume 
of various erythromycms. 

peaks. As shown in Fig. 1, increase in acetonitrile concentration decreases the elution 
volume and resolution of the peaks. Addition of methanol into the mobile phase 
containing 45% acetonitrile aga@ decreased peak e&ion volume (Fig. 2). ‘I;he con- 
centration of the acetonitrile and methanol at 45 oA and 10 ok was judged to give the 
optimum separation of the peaks with a reasonable chromatographic time. 

YElffUOL COKCE~TRATION (%I 
11145I AEETO.ITR0.E 

Fig. 2. E&ct of methano! concent&& _h ffie mbbile phase containing 45% titonit&~(pH 7.8) 
~t&e~V~~ -++I- _ 
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Changes in the pB of the mobile phase affect the retention volnne of the 
erythromycin peaks (3?ig. 3); However;.the resolution of-the-peaks was _omy slightly 
af&%ed__Ther&Gre~_the pTL ofthe mob$e phase was routZne!y a+sk% fo &e Q-pe or 
the, nakre of the sample% being analyzed.: For exam$e% PH 6.0-6.5 wzs used for the 
determination of relatively pure sampks, i.e. erythromycin base powder, erythro- 
mycin oxalate powder, etc. On the other.hand, pH 7.8 was used.for the analysis of 
sampIes in complex-biological matrix where removal of interference is essential for 
the chromatographic assay. A typical chromatogram of an erythromycin base powder 
of foreign origin indicating separation of various impurities is shown in Fig. 4. 

I 1 

66 7-a 7_5 0 4 II u! 

Pil TIME-IYIIKIITES 

Fig. 3. EtTect of pH of the mobile phase on the retention volume of various erytbromycins. 

Fig. 4. Reversed phase JZPLC chromatogram of erythromycin base powder indicating separation of 
erytbromycius A (2). B (4), C (l), anhydroerytbromycin (3), erytbromycin enol ether (6), and dihydro- 
erythromy&AQ. Mobilephase: acetonitrikxnethzmol-O.2 Mammoniam acet&e-water(45:10:1~: 
35) at pH 62 as monitored at 215 ID_ 

The pH of the mobile phase affects stability of erythromycin (Table I). Eryth- 
romycin degrades mostly to enol ether at low pH (6.3) and to dihydroerythromycin 
at high PH. Since the HPLC chromatograph takes about 15 min to analyze one sam- 
pie, effect of the pH of the mobile phase is minimum. However, where the maximum 
stabrlity of the erythrocymin s&ution is required, e.g. in the antomated HPLC sample 
&jector system, the pR of the soiution must be kept at or near SJI. 

Peak i&ntij?cation 
‘~ ReIatlve -retention of vtious erythromycks, the2 epkers, and degradation 

compounds are shown m the order ofehttion in Tabfe LT. These compounds were re- 
c&iv& in rerativeiy pti form from -Abbott Labs _m=, Eli Lihy and Company, and 
W. J. Ha& of The Upjohn Company. Table II has been ukdto identify compounds 
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1.1 0.08 0.05 8.5 

10.0 0 96.5 1.3 0.07 0 2h 96.8 4.8 0.5 0.05 0.05 0" 
5h 95.2 5.1 1.3 0.08 0.08 7.0 
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RELATIVE RETENTION OF VARIOUS ERYTHROMYCXNS 

Mobile phase: acenitril+methanol-O.2 M ammonium acetate-water (45:10:10:35) at pH 7.8. 

Relative retention 

Erytlmnolide B 
Erythromycin C 
Erythromycin A 
S-Epi-lO,ll-anhydroerythromycin A 
Erythdosamine 
Anhydmeqxhmmycin A 
4*-Acetykrythromycin A 
Erytho~ycin B 
Dihy@roewt&omyci A 
%Epi-ll,l2~poxyerythromycin A 
Erythromycin A enol ether 
S-Epi-erythromycin B 
2’,4--Dhzetylerythromycin A 
141 1-Anhydroerythromyci B 

0.51 
0.72 
1 
1.11 
1.16 
1.22 
1.34 

:-z 
1:ss 
1.90 
2.2s 
2.42 
2.64 

found in samples. In addition, column effluents corresponding to the peaks were col- 
lected and their identity was confirmed by field-desorption mass spe+ometry (Fig. 5). _ 

Quantitation of erythromycin 
Pre++~ qf the HP&C method for quantitacon of erythj_omycin Alwas deter- 

mined by analyzing seven indi~duall~ weighed-and prepared erythromycip powders, 
USP Reference Stan@rd, Issue 33. The- rel&ve standard deviation _of the assay 
method is 0.64% (%ble IQ. ._. -- - 



HPLC OF ERYTHROMYCIN 365 

::;i 
58 'mo t5o mo 250 fpa 350 w 4W 580 550 500 650 700 750 

Fig 5. Field desorption mass spectrograms of erythromycin A (A), erythromyti A enol ether (B) 
and dihydroerythromyciu A (C). 

TABLE III 

PRECISION OF THE ERYTHROMYCIN HPLC ASSAY METHOD 
R.&D. = 0.64%. 

Weight of erythromycin 

0.9060 
0.9990 
0.9902 
0.9864 
0.9112 
0.9592 
0.9282 

Peak height of erythromycin A Peak heightlwt. ratzb 

3925 43.322 
43.10 43.143 
422.55 42.971 
42.30 42.883 
39.40 43.240 
41.35 43.109 
39.45 42.502 

Various erythromycin base powders were then analyzed (Table IV). The bio- 
equivalent potencies calculated from the HPLC data were compared with those of the 
-GLC’ and the turbidimetric microbiological assay methods14. The differences in the 
assay values were not statistically simcant, and a significant correJ.ation coeficient 
existed between the HPLC-and the microbiological assay da-. 

The perceda~ of the erythromycin components as determined by the HPLC 
method gave reasonable correlation with that of the GLC method. It should be noted, 
however, that amounts of erythromycin B reported by the GLC method do include 
anhydroerythromyciu A’. 

-Eryrhromycin derivutives 
The HPLC method for the analysis of erythromycirz is also applicable for the 

determination of derivatives of erythromycin. The composition of the mobile phase 
may have to be mod&d dependiog upon the derivatives of interest. Fig. 6 represents 
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TABLE IV 

ANALYSIS OF ERY-IXXROMYCIN 

Eiyrhromycin potef=y kdJ4 Eiythromycih (%) Composition of 

Micro- E?l?LC GLC A B C 
erythmmycim (%) 

bioos~ Eythro- Anhyab- Dihy&o- 
mycin A erythro- erythre 
edether mycin A my& A 

USPissueG’ 982 982 
isslIeH’ 990 990 

BulkPowder Lot 1 950 949 
2 950 935 

3 961 957 
4 928 950 
5 884 927 
6 907 914 
7 892 901 
8 903 945 
9 952 950 

10 823 842 

11 900 910 

12 910 925 

13 866 908 

14 890 892 

15 910 870 

16 882 875 

17 876 886 

982 97.9 0 
99.0 0 
93.9 0 

958 
(GLC :?) (:::, 

- 93.1 4.5 
- 94-l 1.7 
- 90.0 2.0 
- 87.1 5.2 
- 85.3 3.7 
- 90.8 la 
- 93.1 2.5 
821 75.5 13.5 

&iLC 81.3) (14.2) 
901 87.1 3.1 

(GLC 87.9) (4.4) 
881 

(GLC z::) (:::) 
841 87.8 4.9 

(GLC 89.2) (5.6) 
744 85.0 6.6 

(GLC 85.0) (7.1) 
886 83.6 5-4 

(GLC 85.0) (6.8) 
766 83.7 6.4 

(GLC 83.3) (7.9) 
869 85.2 5.6 

(GLC 84.5) (6_9) 

0.36 0.10 
0.1 0 
2.6 0.1 
1.4 0.09 

(2.1) 
1.7 0.1 
4-4 0.12 
4.3 O-07 
13.7 0.07 
7.2 0.13 

10.9 0.05 
1.5 0.11 
4.7 0.15 
(29) 
6.0 O-4 

(4.3) 
2.2 0.2 

(0.9) 
1.5 0.45 

(1.0) 
2.2 0.6 

(2.4) 
1.7 0.7 
(2.2) 
1.7 0.96 

(2.1) 
1.5 0.10 

(l-8) 

0.10 
0 
0.2 
0.05 

0.04 
O-07 
0.07 
0.07 
0.04 
0.05 
0 
0.05 

0 

0.04 

0.05 

0 

0-t-M 

0.03 

0.03 

0 
0 
0.1 
0 

0 
0 
0.2 
0 
0 
0 
28 
0.7 

8.9 

1.2 

0.7 

1.4 

21 

2.1 

3.8 

* Used as the standard for potency calculation. 

a chromatogram of erythromycin ethyl carbonate. The HPLC method is capable of 
separating and analyzing erythromycin A base, the hydrolyzed compound, from the 
parent erythromycin ethyl carbonate. 

Thus, the HPLC method is simple, fast, precise, and a good stability-in&cating 
assay method. It would be of value in product formulation study, derivative synthesis, 
and clinical research. 
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Fig. 6. Reversed-phase HPLC cbromatogram of erytbromycin ethyl carbonate (2) indicating scparz- 
tion of crythromycin A base (l)_ Mobile phase: acetonitril~methaao1-02 M ammonium acetate- 
water (45:20:10:25) at pH 6.0 as monitored at 215 mm. 
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