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Abstract 

A simple and rapid method using high-performance liquid chromatography (HPLC) for the determination of 
mirosamicin in animal tissues has been developed. The drug was extracted with 0.3% metaphosphoric acid- 
methanol (7:3, v/v), and the extracts were cleaned on a Bond Elut SCX (500 mg) cartridge. The HPLC separation 
was performed on a Puresil 5Cls column (150 x 4.6 mm I.D.) with 0.05 M phosphate buffer (pH 2.5)-acetonitrile 
(70:30) as the mobile phase at a flow-rate of 0.5 ml/min; the drug was detected at 230 nm with 0.04 AUFS. The 
calibration graph was linear from 5 to 100 ng. The recoveries of mirosamicin from various animal tissues fortified at 
1.0/zg/g were 83.7-88.6% with a relative standard deviation (R.S.D.) of 2.0-5.7%. The detection limit was 0.05 
/~g/g. 

1. Introduction 

Macrolide antibiotics are a very important 
class of antibacterial compounds widely used in 
medical and veterinary practice. Mirosamicin 
(MRM)  is one of the family of sixteen-mem- 
bered ring macrolides (Fig. 1). MRM (mycina- 
micin II), the principal component  of the 
mycinamycins (the mycinamycins were found to 
consist of five components),  was isolated from 
the culture broth of Micromonospora in 1978 [1]. 
MRM is highly active against a wide range of 
Gram-posit ive bacteria and certain Gram-nega- 
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tive bacteria and mycoplasmas. MRM is ab- 
sorbed well after oral administration and is 
distributed extensively in tissues, especially the 
lungs [1,2]. These characteristics make MRM 
suitable for the therapy of a wide range of 
infections. MRM has been used exclusively in 
livestock fanning since 1988 in Japan. As a 
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Fig. 1. Chemical structure of mirosamicin. 
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result, livestock products have become contami- 
nated with MRM through oral administration. 
The presence of drug residues in livestock prod- 
ucts is undesirable from the standpoint of food 
sanitation. Therefore, a simple and reliable 
method is needed to monitor MRM residues in 
animal tissues. Generally, the determination of 
antibiotics, including MRM, is carried out by 
microbiological assays. Microbiological assays 
are useful for the qualitative determination of 
remaining amounts of antibacterial substances. 
However, the assays tend to lack specificity, and 
they have difficulty in confirming the type of 
drug that remains in the animal tissues. In order 
to overcome these problems, chemical analyses 
such as high-performance liquid chromatograph- 
ic (HPLC) techniques have been used for the 
determination of macrolide antibiotics [3-7]. 
However, there are no methods available for the 
determination of MRM by HPLC. This paper 
describes a simple, rapid and reliable HPLC 
method for the determination of MRM in chick- 
en, swine and cattle tissues. The technique is 
based on separation by reversed-phase chroma- 
tography and sample preparation with Bond Elut 
SCX cartridges used in a cleanup step. 

2. Experimental 

2.1. Materials and reagents 

2.2. Preparation of standard solutions 

Stock standard solution of MRM was prepared 
by dissolving 50 mg of the standard preparations 
in 50 ml of methanol. Working standard solutions 
were prepared by diluting the stock solution with 
0.05 M sodium dihydrogenphosphate (pH 4.5)- 
acetonitrile (7:3). The standard solutions were 
stored in the refrigerator in amber glass vessels. 

2.3. Apparatus 

The HPLC system consisted of a Shimadzu 
LC-6A solvent-delivery system (Kyoto, Japan), 
equipped with a Rheodyne 7125 injector (Ber- 
keley, CA, USA), a Model SPD-6A spectro- 
photometric detector (Shimadzu) operated at 
230 nm (range set at 0.04 AUFS) and a 
Chromatopak C-R3A data system (Shimadzu). 
The separation was performed on a Puresil 5C18 
column (5/zm, 150 x 4.6 mm I.D., Nihon Milli- 
pore, Tokyo, Japan) with 0.05 M phosphate 
buffer (pH 2.5)-acetonitrile (70:30, v/v) as the 
mobile phase at a flow-rate of 0.5 ml/min. The 
phosphate buffer solution was filtered through a 
Millipore GS 0.22-/xm filter (Milford, MA, 
USA). The chromatograph was operated at 
ambient temperature. 

The other instruments used were a Model 330 
spectrophotometer (Hitachi, Tokyo, Japan) and 
a Model NS-50 Physcotron homogenizer (Niti- 
on, Chiba, Japan). 

Mirosamycin was kindly supplied by Asahi 
Chemical Industry (Tokyo, Japan). Bond Elut 
SCX (500 mg) cartridges were purchased from 
Varian (Harbor City, CA, USA). The cartridges 
were conditioned by washing with 5 ml of metha- 
nol and then with 10 ml of 0.1 M potassium 
dihydrogenphosphate (pH 4.4) before use. Hyflo 
Super-Cel was obtained from Johns-Manville 
(Denver, CO, USA). Antibiotic medium 5 
(Difco; Detroit, MI, USA) was used for the 
bioassay of antibacterial activity. Other chemi- 
cals were of analytical-reagent or HPLC grade. 
Deionized or distilled water was used throughout 
all experiments. 

2.4. Sample preparation 

A 5-g sample was homogenized at high speed 
for 2 min with 100 ml of 0.3% metaphosphoric 
acid-methanol (7:3, v/v) used as a deproteiniz- 
ing extractant. The homogenate was filtered 
through ca. 2 mm of Hyflo Super-Cel coated on 
a suction funnel. In the case of a liver or kidney 
sample, several grams of Hyflo Super-Cel were 
added to the homogenized solution before the 
filtration. After gentle mixing, the obtained 
mixture was filtered. The filtrate was evaporated 
under reduced pressure at 45°C. Evaporation 
was interrupted when ca. 20 ml of solution 
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remained in the flask. The flask contents were 
applied to a Bond Elut SCX cartridge. After 
washing with 10 ml of distilled water and 0.1 M 
dipotassium hydrogenphosphate (pH 8.9), re- 
spectively, the cartridge was eluted with 10 ml of 
methanol. The eluate was evaporated to dryness 
under reduced pressure at 45°C, and the residue 
was dissolved in 1 ml of 0.05 M sodium dihydro- 
genphosphate (pH 4.5)-acetonitrile (7:3, v/v). 
A 10-/~1 sample of the solution was then injected 
onto the HPLC system. 

2.5. Calibration graph 

Standards at concentrations of 0.5, 1.0, 2.0, 
5.0 and 10/xg/ml of MRM were prepared from 
stock standard solution. A 10-/~1 volume of these 
solutions was injected onto the column. Cali- 
bration graphs were obtained by measurement of 
peak areas. 

2.6. Microbiological assay 

The antibacterial activities of MRM were 
measured using a paper disk method with Mi- 
crococcus luteus ATCC 9341 as the test organ- 
isms. The assay procedure was carried out ac- 
cording to the official method provided by the 
Ministry of Health and Welfare, Japan [8]. 

3. Results and discussion 

3.1. Chromatographic conditions 

MRM was dissolved in HPLC mobile phase 
and its UV spectrum was measured. The maxi- 
mum UV absorption of MRM was found to be at 
218 nm (Fig. 2). In the HPLC methods using UV 
detection of antibacterial agents it is highly 
important to select an appropriate detection 
wavelength, without any interference from con- 
taminants. The maximum absorption wavelength 
of the compound to be analyzed is generally 
employed as the detection wavelength. In the 
case of a muscle sample, MRM can be detected 
at a high sensitivity by measuring at 218 nm. In 
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Fig. 2. Absorption spectrum of 10/~g/ml mirosamicin in the 
mobile phase. 

the case of a liver sample, however, a large peak 
appeared at the solvent front, though it con- 
tained no contaminant directly interfering with 
the detection of MRM. Thus the measurement 
wavelength was set at 230 nm considering the 
influence of the impurity peaks at the solvent 
front, and with regard to a simultaneous de- 
termination with other macrolide antibiotics (for 
example, spiramycin and josamycin) to be de- 
veloped in future. In addition, the decrease in 
sensitivity when MRM was measured at 230 nm 
was comparatively small. 

Similar to a number of other macrolide anti- 
biotics, MRM, which is a basic compound having 
an amino sugar in its molecule, is strongly 
affected by silanol groups remaining in column 
packing material. Therefore, the HPLC column 
used was a Puresil 5C18 column, an end-capped 
ODS column based on pure silica gel. 

The choice of adequate conditions for a HPLC 
procedure is governed by the ionizable group, 
i.e. amino sugar, of MRM. Thus, the effects of 
pH of the mobile phase on peak shape and 
retention time of MRM were studied. The 
asymmetry and retention time of the peak in- 
creased with increasing pH in the range of 2.0- 
4.5. As a result, 0.05 M phosphate buffer (pH 
2.5)-acetonitrile (70:30, v/v) was chosen as the 
mobile phase. 

Generally, macrolide antibiotics are not stable 
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in acidic solutions. In acidic solution (pH < 4.0), 
almost all macrolide antibiotics are converted to 
degradation products. Thus, in this study, the 
stability of 5.0 ~g/ml  MRM in acidic solution 
(pH 2.0) at 37°C was examined by HPLC and 
bioassay techniques. As a result, it was found 
that MRM is extremely stable in acidic solution. 
Consequently, the use of an acidic HPLC mobile 
phase did not cause a problem. 

Sixteen-membered ring macrolide antibiotics 
are mostly produced as a complex mixture of 
related components. As mentioned above, MRM 
(mycinamicin II) is one component of mycina- 
micins [1]. The mycinamicins were found to 
consist of five components. The results of the 
HPLC analysis of the MRM preparations under 
the conditions as defined in the present study 
indicate that, although minor components were 
present, the amounts of these minor components 
were ca. 10% at the most (Table 1). Therefore, 
it is considered that the residue characteristics 
can be fully evaluated by monitoring only the 
main component, mirosamicin (MRM). 

3.2.  C l e a n u p  

The extract from a tissue sample contains 
many other compounds in addition to possible 
traces of the target compounds being tested for. 
It is necessary to exclude these physically- or 
chemically-interfering substances, and there are 
a variety of techniques that can be employed to 
accomplish this. Solid-phase extraction methods 
have been extensively used for cleanup of bio- 
logical material prior to quantitative analysis of 

Table 1 
Compositions of mirosamicin preparations 

Sample No. Composition (%) 

Mirosamicin Others 

1 90.1 9.9 
2 88.7 11.3 
3 89.5 10.5 
Reference a >99.0 <1.0 

Average of three trials. 
°Reference standard preparations. 

trace amounts of contaminants in the matrices. 
Skinner and Kanfer [9] used a C18 (ODS) 
cartridge to clean up josamycin form serum. 
Thus, we examined whether the C18 cartridge 
could be used to clean up MRM form animal 
tissues. Similar to other macrolide antibiotics, 
MRM is a highly lipophilic compound. Accord- 
ingly, it was strongly held by the C18 cartridge. 
In the case of liver and kidney samples con- 
taining many contaminants (for example, pro- 
teins, lipids and amino acids) compared with 
serum, however, the contaminants could not be 
completely eliminated by cleaning up with the 
C18 cartridge. To clean up spiramycin and tylosin 
contained in meat, we employed liquid-liquid 
extraction [5,6]. Similarly, Nagata and Saeki [4] 
employed liquid-liquid extraction for the 
cleanup of spiramycin in meat. Therefore, we 
discussed a cleanup procedure using liquid-liq- 
uid extraction with dichloromethane. However, 
this method was unsuitable for the cleanup of 
liver and kidney samples, because extensive 
emulsion formation occurred. Thus we consid- 
ered another cleanup method using a cartridge 
packed with a silica-based cation-exchange 
phase. Since MRM is a basic and lipophilic 
compound, Bond Elut SCX packed with an ion- 
exchange phase (benzenesulfonylpropyl) having 
cationic and lipophilic properties was selected as 
the cartridge. To elute MRM from the cartridge, 
MRM was first neutralized by washing the car- 
tridge with 0.1 M dipotassium hydrogenphos- 
phate (pH 8.9) and then eluted with methanol. 
Using this method, test solutions free from any 
contaminants could be prepared (Fig. 3). 

Under such analytical HPLC conditions, no 
interference from the antibacterial substances 
(other macrolide antibiotics (josamycin, 
kitasamycin, spiramycin and tylosin), penicillines 
(ampicillin, cloxacillin, dicloxacillin, nafcillin and 
penicillin G), tetracyclines (chlortetracycline, 
oxytetracycline, tetracycline and doxycycline), 
sulphonamides (sulphamonomethoxine, sulpha- 
dimethoxine, sulphadimidine, sulphamerazine 
and sulphaquinoxaline), difurazon and chlor- 
amphenicol), all having UV absorption in the 
vicinity of 230 nm, was observed. Only 
furazolidone (FZ) eluted near MRM. The re- 
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Table 2 
Recoveries of mirosamicin from animal tissues 

Sample Added Recovery (%) 
(/zg/g) 

Chicken muscle 1.0 87.1 --- 3.0 
Chicken liver 1.0 85.9 + 3.6 
Swine muscle 1.0 87.3 --- 3.8 
Swine liver 1.0 83.7 + 3.5 
Swine kidney 1.0 85.4 --- 5.7 
Cattle muscle 1.0 88.6 -+ 2.1 
Cattle liver 1.0 83.9 +-- 2.0 

Values are mean -+ R.S.D. (n = 5). 
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Fig. 3. Typical chromatograms of (A) standard mirosamicin 
(50 ng), (B) chicken muscle extract, (C) swine muscle 
extract, (D) cattle muscle extract, (E) chicken liver extract, 
(F) swine liver extract, (G) cattle liver extract, (H) swMe 
kidney extract and (I) extract of chicken muscle fortified at 
1.0/zg/g. 

tent ion times for M R M  and FZ  were 7.9 and 7.3 
min, respectively. However ,  FZ  was not recov- 
e red  at all by the proposed procedure.  

3.3. Recovery 

A linear calibration graph was obtained f rom 5 
to 100 ng (equivalent to 0 .1-2.0  /zg/g)  for 
M R M .  Table 2 summarizes the recoveries of  the 
drug f rom samples of  chicken muscle and liver, 
swine muscle, liver and kidney, and cattle muscle 
and liver fortified with 1.0 /xg/g. Grea te r  than 
80% overall  mean  recoveries and ca. 5% relative 
s tandard deviations were obtained for each sam- 
ple. The detection limits of M R M  were 0.05 
/zg/g  (signal-to-noise ratio > 3) in each sample. 

In Japan,  a guideline has been given for the 

development  of  methods  used to analyse anti- 
bacterial compounds;  for example,  detection 
limit: not more  than 0 .05 /zg /g ;  recovery under  
addition of 1-2  ~g /g :  not less than 70%; relative 
standard deviation (R.S.D.) :  not more  than 
10%. Obviously,  in countries having a s tandard 
residual level (for example,  the USA) ,  the detec- 
tion limit should be lower than the s tandard 
residual level. 

3.4. Comparison o f  H P L C  and bioasasy 

The microbiological assays tended to lack 
specificity. Therefore ,  such methods  are unsuit- 
able for the identification of residual antibacter- 
ials. However ,  microbiological assays are per-  
fectly suitable for the qualitative determinat ion 
of remaining amounts  of  antibacterial sub- 
stances. 

Chicken muscle samples fortified with M R M  
were then analyzed by the H P L C  method  and by 
a bioassay in which Micrococcus luteus A T C C  
9341 was used as the test organism. This test 
organism is frequently used for the determina-  
tion of residual macrolide antibiotics in animal 
tissues. The concentrations obtained with the 
two methods showed a linear correlation, al- 
though the quantitative data showed some differ- 
ences (Fig. 4). The quantitative values were not 
corrected for recovery rate. The equat ion of the 
fitted curve was y =0 .82x  +0 .39  (n = 10; r =  
0.97). The H P L C  method with U V  detection 
shows an excellent selectivity and reproducibil-  
ity. However ,  cross-reference with the conven- 
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Fig. 4. Correlation between HPLC and bioassay methods for 
mirosamicin in chicken muscle. 

t ional  bioassay m e t h o d  makes  it possible to give 
m o r e  accurate  analytical results. 

The  detec t ion limits of  the me thod  were  0.05 
/~g/g for  M R M  in animal  tissues, and the t ime 
requi red  for  the analysis o f  one  sample was less 
than  one  hour .  There fo re ,  we r e c o m m e n d  this 
p r o p o s e d  m e t h o d  for  the rout ine  analysis o f  
residual  M R M  in livestock products .  
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