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4-6-1, Shirokanedai, Minato-ku, Tokyo 108, Japan 

ABSTRACT 

A thermospray high-performance l i q u i d  chromatographic-mass 
spectrometr ic (TSP LC-MS> method has been developed fo r  ana lys is  o f  
p y l  idonecarboxyl i c  ac id  (quinolone) an t i bac te r ia l s  such as na l  i d i x i c  
a c i d  (NA), o x o l i n i c  a c i d  (OXA)  and p i r o m i d i c  a c i d  (PIMA). The LC 
separa t ion  was c a r r i e d  ou t  on an l n e r t s i l  ODs-2 (150 x 4.6mm i.d.1 
using 0.1Y ammonium acetate buffer(pH 4.5)-acetoni t r i  l e  (6:4) as the 
mobile phase a t  a f low ra te  o f  0.8 m l /m in .  The vaporizer temperature 
was 165 "c and the ion source block temperature was 260 "c. The mass 
spec t ra  ob ta ined from NA, OXA and PYA were very simple, with base 
peaks corresponding t o  the protonated molecule, MH' . The ca l i b ra t i on  
curve f o r  NA was rect  i I inear from 1 t o  20 ng with a detect ion I i m i t  by 
selected ion  monitor ing (SIM) o f  about 100 pg (s ignal  t o  noise r a t i o  
of 2). 
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1464 HORIE ET AL. 

With the development o f  f i s h  farming invo lv ing  eel  and yel low- 

t a i l ,  var ious k inds  o f  a n t i b i o t i c s  and syn the t ic  a n t i b a c t e r i a l s  have 

been w ide ly  used f o r  t he  p r e v e n t i o n  and t rea tment  o f  i n f e c t i o u s  

diseases i n  f i s h .  Concern has a r i s e n  as t o  the  presence o f  d rug  

residues i n  f i s h  tissues, and demand f o r  a rap id  and r e l i a b l e  analyt-  

i c a l  method o f  determining them has increased. 

0x01 i n i c  ac id  (OXA). nal i d i x i c  ac id  (NA) and p i  romidic acid(PMA1 

are extensively appl ied t o  f i s h  fo r  the treatment o f  a var ie ty  o f  gram 

-negative organisms(Fig. 1 ) .  The authors previously examined residual 

OXA, NA and PHA i n  c u l t i v a t e d  f i shes  and detected OXA a t  a high ra te  

Ctl. In a residual  analysis, the i d e n t i f i c a t i o n  o f  detected medical 

substances i s  needed t o  con f i rm  the  a n a l y t i c a l  resu l t .  A f t e r  the 

residual OXA was a l  iquoted and p u r i f i e d  with high-performance I i qu id  

chromatography (HPLC), we confirmed i t s  presence by mass spectrometry 

(MS) C11. But, the MS could not be appl ied i n  the case of low resid- 

ua l  concentrat ions.  Recently, a gas chromatographic-mass spectro- 

me t r i c  (GC-MS) method has been reported f o r  the conf i rmat ion o f  OXA 

i n  f i s h  C21. However, t h i s  method i s  compl icated and time consuming. 

In t h i s  study, we invest igated and reported the ana lys is  method 

o f  OXA, HA and PMA us ing  thermospray l i q u i d  chromatography-mass 

spectrometry (TSP LC-HS), which i s  d i r e c t l y  coupled with HPLC and MS. 

Materials and Reagents 

E d i b l e  muscle t i ssues  o f  sweet f i s h  and y e l l o w t a i l  served as 

samples. NA, OXA and PMA were obtained from Da i i ch i  Pharmaceutical 

(Tokyo, Japan), Tanabe Pharmaceut i ca l  (Osaka. Japan) and Da in i  hon 
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0 0 n 

Nalidixic acid(NA) Oxolinic acid(0XA) Piromidic acid (PMA) 

CI2HlZNzO3=232.2 C,3H,,N0,=261.2 C,,H,aN,0,=288.3 

Fig. 1 .  Structures o f  n a l i d i x i c  acid, oxo l i n i c  acid and piromidic acid 

Pharmaceutical(Osaka, Japan), respectively. Bond E lu t  CI 8 car t r idges  

(200 mg) (Varian Associates, Harbor C i t y ,  CA, U.S.A.) were washed with 

5 m i  of  methanol and then 10 m l  of  d i s t i l l e d  water before use. Hy f lo  

Super-Cel was purchased from Johns-Manvi I l e  (Denver, CO, U. S.A. 1. 

Other chemicals were o f  reagent grade or  HPLC grade. 

Preparation o f  standard solut iorp 

Each standard(20 mg) was weighed accurately in to  a 100-ml volu- 

metric f l ask  and d i l u ted  t o  volume w i th  0.02M aqueous sodium hydroxide 

-methanol (2:8). Subsequent di lu t ions  were made with the HPLC mobile 

phase. 

Apparatus 

The HPLC system consisted o f  a Shimadzu LC-6A solvent-del ivery 

system (Kyoto, Japan) with a Rheodyne 7125 in jec to r  valve (Cotati, CA, 

U.S.A.) f i t t e d  with a 2 0 ~  I sample loop. The separation was performed 

on an l n e r t s i l  00s-2 column(5 p m ,  150 x 4.6 mm i .d. , )  (GL Sciences, 

Tokyo, Japan) with 0.1 M ammonium acetate buffer(pH 4.5)-acetoni t r i le 

(6:4) as the mobi l e  phase a t  a f low-rate o f  0.8 ml/min a t  35%. The 

mass spectrometer i s  a Shimadzu LCMS-OP 1000 quadruple mass spectro- 

meter equipped with a Vestec thermospray i n t e r f a c e  (Houston, TX, 
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1466 HORIE ET AL. 

U.S.A. 1. The f i lament-on mode ( i o n i z a t i o n  by an e lec t ron  beam) was 

used fo r  ionizat ion.  The vaporizer temperature was set a t  165"c, the 

i on  source b lock  temperature was s e t  a t  260 "c, and the  r e p e l l e r  

po ten t ia l  was kept a t  0 V. The electron m u l t i p l i e r  voltage was 3000 V 

and i o n i z a t i o n  p o t e n t i a l  was 1000 eV. The mass spectrometer was 

operated i n  the pos i t i ve  ion mode. The measurement mass range was d z  

150-400 in 2 s. 

Sanple Preparation 

Sample p repara t i on  was based on a p rev ious  paper [l]. A 5 g 

sample was homogenized a t  h i g h  speed f o r  2 min with 100 m l  o f  0.2% 

metaphosphoric a c i d  -methanol(2:1) as a dep ro te in i z ing  ex t rac tan t .  

The homogenate was f i l t e r e d  through ca. 2 mm H y f l o  Super-Cel coated 

on a s u c t i o n  funne l .  The f i l t r a t e  was evaporated under reduced 

pressure  a t  50°C. Evapora t ion  was i n t e r r u p t e d  when ca. 30 m l  o f  

so lu t i on  remained i n  the f lask. The f l a s k  contents were app l ied  t o  a 

Bond E lu t  C, 8 cartr idge. After washing w i th  20 m l  o f  d i s t i  I led water, 

t he  c a r t r i d g e  was e l u t e d  with 10 m l  o f  methanol. The e l u a t e  was 

evaporated t o  dryness under reduced pressure and the residue dissolved 

i n  1 m l  o f  HPLC mobile phase; 2 0 p 1  o f  the so lu t ion  were in jec ted  i n t o  

the TSP LC-MS system. 

LC-B Analysis 

Standards a t  concentrations o f  0.05, 0.1, 0.2, 0.5 and l.O/.~g/mI 

o f  each drug were prepared from stock standard solut ions.  A 201.4 I 

volume o f  these s o l u t i o n s  was i n j e c t e d  i n t o  the  TSP LC-MS system. 

Ca l ib ra t ion  graphs were constructed by p l o t t i n g  peak areas on the d z  

262. m/z 233 and d z  289 SIM chromatograms against the amount o f  OXA. 

NA and PMA, respect ively.  The amount o f  OXA i n  a sweet f i sh  sample 
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PYLIDONECARBOXYLIC ACID ANTIBACTERIALS 1467 

was ca lcu lated by comparison o f  the peak area a t  nr/z 262 with the 

calibration graph. 

RESU-TS AN) DISCUSSION 

EstabI istment of TSP LC-MS System 

A residual  s i l ano l  group and metal impur i t ies  i n  the column 

packing mater ia ls are known t o  be the cause o f  t a i l i n g  i n  reversed 

-phase l i q u i d  chromatography C3-53. I n  a previous paper C31. we 

reported that  the use o f  an oxal ic so lut ion i n  a mobile phase could 

be used fo r  the purpose o f  masking metal impur i t ies and i n h i b i t i n g  

t a i l i n g .  But, i n  the case when an oxa l i c  so lut ion was used as the 

mobile phase o f  the TSP LC-MS, i t  was found unsuitable fo r  analyzing 

a residual drug having a poor ionizat ion ef f ic iency and containing a 

trace amount of  the target compound. Consequently, an end-capped ODs 

column based on pure s i l ica-gel  wi th  low level metal impur i t ies was 

examined t o  determine whether i t  could i n h i b i t  t a i l i ng .  The use o f  

the l n e r t s i l  ODs-2 column CSl, which was made of  99.999% pure s i l i c a  

gel, resulted i n  a reduction of  t a i l i n g  without the oxalic solution i n  

the mobile phase. 

Because buf fer  solutions, such as phosphate and sul fate,  are 

s I  ight ly  v o l a t i l e  and deteriorate ion sources, they are inappropriate 

as a mobile phase fo r  the TSP LC-MS “TI. Instead o f  the buffers,  

v o l a t i l e  buffers, such as ammonium acetate and ammonium formate, has 

been used C7-113. Therefore, the investigation concerning the ef fect  

of  ammonium acetate concentrations on the intensi ty o f  the MH + ions 

showed a maximum intensity of ions for  OXA a t  0.05M, and NA and PMA at 

0.1s. Next, the pH of 0.1M ammonium acetate was adjusted i n  the range 

of  4.5-7.0 with 0.1 M acetic acid and the ef fects  on the intensi ty of  

MH’ ions were examined. A s t a t i s t i c a l l y  s ign i f i can t  e f fec t  d i d  not 
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1468 HORIE ET AL. 

140 150 160 170 180 

Vaporizer t e m p .  ( " C )  

Fig. 2. E f f e c t  of vaporizer temperature on the i n tens i t y  o f  the MH' 
ions of 0x01 i n i c  acid(OXA1, na l  i d i x i c  acid(NA1 and p i romid ic  
acid(PMA1. Condit ions: column, l n e r t s i  I ODS-2(150 x 4.6 mm 
i -d .  ) ;  mob i le  phase, 0.1 M ammonium aceta te  buffer(pH4.5)- 
ace ton i t r i l e (6 :4 ) ;  flow rate. 0.8 ml/min; column temperature, 
359;; ion  source temperature, 260 %. 

appear w i t h i n  the  range, bu t  sharper peaks appeared a t  lower pHs. 

F ina l  ly. the a c e t o n i t r i  l e  content was determined a t  40% i n  considera- 

t i o n  o f  the i n tens i t y  o f  ions and the mutual separation o f  each drug. 

The ion i za t i on  e f f i c i e n c y  s t rong ly  depends on se t  temperatures 

such as vapor izer temperatures and ion source block temperatures o f  

the in te r face  C7.91. Accordingly, the e f f e c t  on the i n tens i t y  of the 

MH' ions was examined with varying vaporizer temperatures. As shown 

i n  Fig. 2, the i n tens i t y  o f  the MH' ions s t rong ly  depended on vapor- 

izer temperatures; OXA, NA and PMA showed the maximum ion ic  i n tens i t y  

a t  165°C. A s im i l a r  analysis has been performed f o r  ion source block 
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PYLIDONECARBOXYLIC ACID ANTIBACTERIALS 1469 

temperatures and the  op t ima l  temperature was found t o  be 260%. 

Furthermore, vaporizer temperatures af fected the in tens i ty  o f  the MH' 

ions more than the ion source block temperatures. 

Mass $ e c t  ra ~ _ _ _  

A s  the TSP LC-MS method i s  a mi ld  i on i za t i on  method, fragment 

ions are not usual IY observed C7,8,121. Only the the MH' ions, which 

gave molecular weight information, were observed in the mass spectra 

o f  OXA, NA and PWA. Generally, i t  i s  desirable f o r  an i d e n t i f i c a t i o n  

o f  the organic compounds tha t  fragment ions, which give molecular and 

some s t ruc tu ra l  information, are observed. A s  previously mentioned, 

the TSP LC-6  method i s  a f a i r l y  gentle ionizat ion technique, and many 

compounds show on ly  molecular ion  species. I n  order t o  ge t  more 

s t ruc tu ra l  information from the mass spectrum, the discharge electrode 

and repel l e r  have sometimes been used t o  introduce fragmentation C7,8, 

131. Consequently, i o n i z a t i o n  modes and repel  l e r  vo l tages  were 

varied, but good, repeatable ions could not be observed. 

Mass Chromatography (mC) and Selected Ion Monitoring (SlM) 
Fig. 3 shows the t o t a l  ion  chromatograms (TIC) o f  OXA, NA and 

PMA, and the mass chromatograms(MC) comprised o f  the M + ions o f  each 

component. The de tec t ion  l i m i t s  by the MC technique were 2 ng f o r  

NA. 10 ng f o r  OXA and PMA (s ignal  t o  noise r a t i o  o f  2); these amounts 

correspond t o  sample concentrat ions of 0.02 and 0.1 pg /g ,  respec- 

t ively. 

For a h igh ly  sensi t ive analysis, the analysis o f  OXA, NA and PMA 

by selected ion monitor ing (SIM), which selected the MH + ions, was 

examined. Fig. 4 shows the SIM chromatograms resu l t ing  from in jec t ion  

o f  1 ng. Each c a l i b r a t i o n  graph comprised o f  the SIM method shows 

good l i n e a r i t y  i n  the range o f  1-20 ng. The l i m i t s  o f  de tec t ion  by 
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( A )  
T o t a l  

262 

2 3 3  

289 

1 

262 

L -\ 
2 4 6  

T i m e  ( m i n )  

(B) 
T o t a l  

262 

(C) 
T o t a l  

262 
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;L 
T i m e  ( m i n )  T i m e  ( m i n )  

Fig. 3. Thermospray LC-YS total ion chromatograms and mass chromato- 
grams of ( A )  standard mixture (each 200 ng; equivalent to 2 
&g/g), (B) standard mixture (each 10 ng> and (C) sweet fish 
sample containing 1.9 &g/g incurred oxolinic acid residue. 
Conditions same as Fig. 2. 

233 3 
289 

\ I 
2 4 6 8 10 

T i m e  ( m i n )  

Fig. 4. Thermospray LC-IS SIW chromatograms of 0x01 inic acid(1 ng), 
nal idixic acid(1 ng) and pi romidic acid(1 ng). Conditions 
same as Fig. 2. 
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the SIH method (signal t o  noise r a t i o  o f  2) were 0.1 ng fo r  NA and 1 

ng for OXA and M A .  It i s  possible t o  detect a minimum concentration 

of 0.01 p g / g  (converted to  the sample concentration). long o f  each 

standard was measured thr ice by the SlM method and the coef f ic ient  of  

var iat ion of the peak area was determined. A s  a result, each coef f i -  

c i e n t  f e l l  w i t h i n  a range o f  15%, showing an almost sa t i s fac to ry  

reproducib i l i ty .  Consequently, i t  appears that  the SIH method has 

enough s e n s i t i v i t y  and r e p r o d u c i b i l i t y  t o  be a residual  analysis 

method. 

Appl icat ion 

A s  described i n  the introduction, i t  i s  required i n  the analysis 

of  residual drugs t o  confirm the detected drugs. Thus, a sample i n  

which OXA had been detected by HPLC was applied t o  t h i s  method. 

Fig. 3(C) shows the TIC  o f  sweet f i s h  sample detected with 1.9 

,ug/g of  OXA by the HPLC method with a UV and a fluorometric detector 

111 and the MC comprised of  the mass number o f  OXA added protone. The 

retention time of the peak comprised of d z  262 on the MC was the same 

as that of  the standard OXA. Next, t h i s  f i s h  sample was subjected t o  

the SIM method. A s  a resul t ,  the data thus obtained was 2.5,uga/g 

agreed w i t h  the previously mentioned one, though they were somewhat 

higher. Furthermore, the mass spectrum of the peak was i n  accordance 

with the standard OXA and the component, which was eluted a t  about 3.2 

min, was conf i rmed as OXA. 

A s  already mentioned, since only the HH ion, which indicates 

molecular informat ion, was observed i n  the mass spectrum, the method 

was not good enough t o  be used for  ident i f icat ion.  However, compared 

with conventional HPLC depending on retent ion time, both re tent ion 

t i m e  and molecular weight information can be simultaneously obtained 

as q u a l i t a t i v e  data by t h i s  method. It seems that there are f e w  
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1472 HORIE ET AL. 

compounds showing the  same r e t e n t i o n  t ime and molecular weight as 

those o f  OXA, NA and PMA. Accordingly, i t  i s  considered t h a t  t h i s  

method i s  usable as a procedure f o r  conf i rmat ion o f  residual  OXA, NA 

and PMA in cultured fish. 
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