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ABSTRACT 

A fluorometric procedure was developed t o  quantify sub-microgram concen- 
t r a t i ons  of the  an t i  b io t i c  oxytetracycl ine ( O T C )  in sockeye salmon 
( ~ n c o r h ~ n c h u s  nerka) f ry .  The method involves the ext ract ion of oxytetra-  
cycline residualized within the skeleton of f r y  fed OTC-medicated food, 
and the subsequent measurement of the  f luorescent  OTC-calcium complex. A 
l i n ea r  re la t ionship  was found t o  e x i s t  between flourescence in tens i ty  and 
OTC concentration in both pure samples of OTC standard solut ion and in 
samples containing biological material .  Furthermore, the ext ract ion 
eff ic iency of OTC was found t o  be independent of the concentration of the 
a n t i b i o t i c  over the range of 0.47 ~g OTC t o  9.4 pg OTC,  while the minimal 
concentration the method could de tec t  was 0.17 pg OTC/fry. A t o t a l  of 
1.56 ug OTC was recovered from f r y  (average weight = 0.40 g )  fed OTC- 
medicated food f o r  29 days. This level increased t o  an average of 2.49 
OTC in  f r y  (average weight = 1.0 g) a f t e r  60 days of feeding. 



INTRODUCTION 

I t  has been noted by several authors t h a t  oxytetracycline ( O T C ) ,  a broad 
spectrum ant i  b io t i c ,  may be deposited in the skeleton of hatchery reared 
salmon f r y  and finger1 ings fed OTC-medicated food (Weber and Ridgeway, 
1962, 1967; Weber and Wahle, 1969; Wiltzius, 1980). When exposed t o  
u l t r av io l e t  ( U V )  1 igh t ,  t reated f r y  exhibi t  varying degrees of a fluorescing 
yellowish ring within ca lc i f i ed  bone especia l ly  the spine. Because of the  
r e l a t i ve  ease of appling O T C ,  e f f o r t s  have been made t o  employ t h i s  method 
as a means of identifying hatchery f i sh  (Weber and Ridgeway, 1962, 1967; 
Weber and Wahle, 1969; Wiltzius, 1980). 

However, the current  pract ice  of v isual ly  identifying fluorescently "marked" 
f i sh  under U V  l i g h t  i s  a highly subjective procedure. Furthermore, t o  
generate the level of residualized OTC needed f o r  visual detection of a 
mark, the  f r y  must be fed heavy doses of OTC,  or  they must be fed f o r  longer 
periods unt i l  there i s  more ca lc i f i ed  bone deposition. However, increased 
treatment time, especia l ly  in cold water production f a c i l i t i e s ,  i s  not cost  
e f fec t ive  when used sole ly  t o  implement a f r y  marking program. Thus, a 
technique was needed t o  not only detect  OTC, but a lso  t o  determine the  
shor tes t  rearing period a f t e r  which detectable levels  of OTC could be 
quantif ied.  

Several procedures have been developed t o  chemically ex t rac t  and quanti ta-  
t i ve ly  analyze the family of te t racycl ine  an t ib io t ics  in biological materials .  
For example, Kohn ( 1  961 ) developed a fluorometric technique t o  ex t rac t  
te t racycl  ines , Ibsen e t  a1 . (1963) described a technique involving the  
extraction of OTC in to  amyl alcohol and the formation of a magnesium chela te ,  
and f i n a l l y ,  Argauer and Gill iam (1974) developed a fluorometric method f o r  
determining OTC in honey bees and pollen pa t t i es .  

The method developed by Kohn (1961) was found to  be su i tab le  f o r  the 
quant i ta t ive  detection of te t racycl ine ,  but was not su i tab le  f o r  the 
spec i f ic  detection of OTC. This anomaly was l a t e r  corrected by the 
procedure described by Ibsen, e t  a1 . (1963). Using t h i s  method, we were 
able t o  ex t rac t  oxytetracycline in sub-microgram concentrations from 
standard solut ions ,  ye t  the high level of natural background fluorescence 
we found when analyzing f r y  samples made the extraction and quantif ication 
of low levels  of OTC from f i sh  impossible, and rendered even qua l i t a t i ve  
determinations of an OTC mark highly problematic. Finally, a modified 
procedure based on the work of Argauer and Gill iam (1974) was found t o  be 
spec i f ic  f o r  microgram quant i t ies  of O T C y  and a t  the same time eliminated 
the high background fluorescence previously found when analyzing biological 
samples. The technique described here, a fu r ther  modification of the  
Argauer and Gi 11 iam (1 974) procedure a1 lowed us t o  quant i ta t ively  detect  
sub-micro ram amounts of residualized OTC in hatchery-fed sockeye salmon 
(0.  nerkag f ry .  This i s  the f i r s t  time a fluorometric method has been 
developed and used t o  quantify the to ta l  body burden of OTC in rearing f ry .  

Since many hatcheries currently feed OTC-medicated food t o  f r y  p r io r  to  
re lease  (as  a preventive measure against  d i sease) ,  the ingestion and sub- 
sequent residual iza t ion of OTC by large  numbers of f ry  would provide an 



economical, non-toxic internal mark. Quantitative recovery of such a mark 
would enable the clear identification of non-wild fry and thus, allow the 
in-lake differentiation between hatchery and wild salmon stocks. 

METHODS 

Reagents 

Reagent grade t r i  chl oroaceti c acid (TCA)  (CC13COOH) and ammoni um hydroxide 
(NH40H) were used without further purification, and were dispensed from 
acid-cleaned reagent bottles with Brinkman dispensettes. Ethylacetate 
(CH3COOC2H5), ethyl acetoacetate (CH~COCH~COOC~H~) and cal ci um chloride 
dihydrate were Baker analyzed reagents. 

Standards 

Standard solutions of Sigma oxytetracycl ine hydrochloride (potency = 
940 pg/mg) were prepared in concentrations of 9.4 and 94 pg/ml in deionized 
water, and were refrigerated in light-proof volumetric f lasks.  Aliquots 
of standard solutions were transferred with pre-cleaned micro-pipettes. 
Standards of known concentrations of OTC were prepared in duplicate from 
a1 iquots of standard solution. Samples were made to a total  volume of 
15 ml with 5% TCA, added to 50-ml glass centrifuge tubes, and processed 
l ike  f ry  samples. Prior to  use, a l l  glassware was soaked in 10% HCL 
overnight and thoroughly rinsed with deionized water. 

Measurement of Fluorescence 

Fluorescence was measured on a Turner 430 spectrofluorometer a t  a 390 nm 
excitation and a 520 nm emission wavelength. Disposable borosil icate glass 
culture tubes were used as cuvettes. The disposable cuvettes provided more 
consistent readings than quartz cuvettes which, unlike the disposable tubes, 
had t o  be decontaminated a f t e r  use. 

Fry Samples 

Prior to  analysis,  the en t i re  digestive t r ac t  was excised from a l l  OTC-fed 
and control f ry .  This was done to  insure that  recently consumed OTC in the 
stomach region was n o t  being measured as residualized OTC. Hatchery fry 
were fed OTC in the form of Pfizer TM-50 (25 ug OTC/0.2 mg TM-50), which was 
mixed in with Oregon Moist Pel le t  mash ( O M P )  a t  a ra t io  of 4.5% (w/w). 

Extraction 

Individual f ry were homogenized in a Waring commercial blender with 10-ml 
of 5% TCA and added t o  50-ml pyrex centrifuge tubes. The blender cell  was 
then rinsed with 5 ml of 5% TCA which was added to  the centrifuge tube for  
analysis. 

The centrifuge tubes were placed on a shaker table ,  agitated fo r  1 hour in 
the dark, and centrifuged a t  2000 rpm for  30 minutes. The aqueous super- 
natant was added to another 50-ml centrifuge tube, and 15 ml of an 



ethylaceta te  solution (13 ml of ethylacetoacetate made t o  1000 ml with 
e thy lace ta te )  were added. Samples were again agi ta ted  on the shaker t ab le  
( f o r  10 minutes) and centrifuged a t  2000 rpm fo r  5 minutes. 

The top (e thy lace ta te )  layer  was t ransferred in to  a 50-ml centr i fuge tube, 
t o  which 0.5 ml of 0.5 M CaC12-2H20 and 15 ml of 7 N NH40H were added. 
Samples were shaken f o r  10 minutes and centrifuged,  as before, f o r  5 minutes. 
Final ly ,  45 minutes a f t e r  the addit ion of the NH40H, 3-ml a l iquots  were 
removed from the top (e thy lace ta te )  layer  and added t o  15-mm x 75-mm 
boros i l i ca te  cu l tu re  tubes f o r  reading against  t r i p l i c a t e  reagent blanks. 
Sample t r an s f e r  a t  t h i s  l a s t  s tage  of the method was performed with 
automatic p ipe t t es ,  the  t i p s  of which were cleaned with e thylaceta te .  

RESULTS AND DISCUSSION 

Activation and Fluorescence Spectra of OTC 

The optimal exci ta t ion and emission spectra f o r  OTC (maximal OTC values 
with minimal reagent background fluorescence) of 390 nm and 520 nm were 
found by measuring the fluorescence of standard solut ions  ( i n  concentra- 
t ions  of 0.94 and 18.8 ~g 115 ml TCA)  and reagent blanks a t  emission 
wavelengths of 500-540 nm (Figure 1 ) .  These optima1 wavelengths a r e  i n  
c lose  agreement t o  those reported in previous s tudies  by Ibsen e t  a l .  
(1963), and Argauer and Gi 11 iam (1974), and were selected on the  basis  of 
minimum blank values combined with s e n s i t i v i t y  t o  the OTC-calcium complex, 
as well as minimal o sc i l l a t i on  between rep l ica te  readings. 

Standardization 

A 1 inear  re la t ionship  ( r2  = 0.997) was found t o  e x i s t  between OTC con- 
centra t ion and fluorescence in tens i ty  over a wide range of duplicated 
concentrations of OTC standard sol ut ions (Figure 2 ) .  More importantly, 
s imi lar  concentrations of OTC standard were added t o  homogenized OTC- 
negative control f ry .  By comparing both treatments, we found t h a t  the 
recovery of OTC was the same f o r  both chemically pure samples of standard 
solution and those containing biological material .  

Extraction Efficiency 

Because of the low levels  of OTC ant ic ipated t o  be present in f r y  samples, 
a number of experiments were conducted t o  determine the overall ext ract ion 
eff ic iency of the method. We examined whether OTC was being l o s t :  (1 )  
in the  ethylacetate-NH40H phasing; (2 )  in the extraction from TCA i n to  
e thylaceta te ;  o r  ( 3 )  through the action of phosphate in terference from the 
biological material (see  Kohn, 1961 ) .  

Ethyl acetate-Ammoni um Hydroxide Phasing 

To ca lcu la te  the ext ract ion eff ic iency of the ethylacetateammonium hydroxide 
phasing, the natural fluorescence of the  ammonium hydroxide phase was 
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Figure 1.  The re la t ionship  between exci ta t ion and emission wavelengths (nm) of the  an t i b io t i c  
oxytetracycline ( O T C )  indicating maximal exci ta t ion a t  390 nm and optimal emission 
a t  520 nm. 



Figure 2 .  The l i nea r  re la t ionship  found between 
f 1 uorescence in tens i ty  and the 
concentration of oxytetracycl ine  ( O T C )  . 
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determined from reagent blanks, and was subtracted from the fluorescence of 
the ammonium hydroxide phase in samples containing known amounts of OTC 
standard (ranging from 0.47 t o  18.8 IJ g ) .  This yielded the concentration 
of OTC l o s t  from ethylacetate into ammonium hydroxide. OTC recoveries were 
found to vary from 92-96% over the range of concentrations tested (Table 1 ) .  
Thus, we concluded that  the recovery of OTC was independent of the concen- 
t ra t ion present in the ethylacetate phase, and was vir tual ly  100% ef f ic ien t .  

Extraction from TCA into Ethylacetate 

To determine the extraction efficiency from TCA into ethylacetate,  
concentrations of standard solution ranging from 0.47 to  9.4 pg were run 
through the en t i re  method. The amount of OTC recovered was then compared 
to  tha t  recovered ( a f t e r  correction for  extraction inefficiency) in ethyl - 
acetate shaken with the NH40H solution containing OTC standards. The 
extraction of OTC into ethylacetate was calculated t o  range from 32-42% for  
a l l  concentrations tested, showing again that  extraction of OTC by th i s  
method i s  re lat ively independent of the amount of ant ibiot ic  contained in 
the sample i . e . ,  varying by a maximum of 10% (Table 2a). 

We were concerned however, tha t  the extraction efficiency tended to  increase 
as the concentration of OTC increased. We therefore repeated the experiment, 
adding homogenized control f ry  to  the same concentrations of OTC standard. 
The efficiencies calculated for  homogenized control fry ranged from 30-35%, 
indicating that  recoveries were n o t  adversely affected by the presence of 
proteins, phosphates, or other biological materials (Table 2 b ) .  More 
importantly the extraction eff ic iencies  were found t o  be independent of the 
concentration of OTC when biological material was being examined. 

Effect of Reagents on OTC Extraction 

In an e f fo r t  to  extract OTC more ef f ic ien t ly ,  different  reagent preparations 
were used as suggested in the available l i te ra ture .  For example, i t  was 
found t h a t  the addition of calcium chloride, as reported by Kohn (1961 ) and 
Argauer and Gi 1 1  iam (1 974), resulted in higher extraction efficiencies than 
did magnesium chloride (Table 3) when using ethylacetate as an extractor.  
Furthermore, i t  was found, contrary t o  the data reported by Ibsen e t  a l .  
(1 963), that  the addition of ethy lened iaminete t raacet ic  acid ( E D T A )  t o  
correct the i n i t i a l  fluorescence readings did n o t  serve as a sat isfactory 
internal blank. 

We attempted to  reduce organic contamination from the fry samples by 
f i  1 tering a1 1 samples through Whatrnan G F / D  glass f i l t e r s  fol lowing homo- 
genization and centrifugation. No increase in extraction was obtained 
using th i s  method. Similarly, the addition of 1 m l  of hexane (used to  
decrease the polarity of the alcohol phase) had no effect  on the extraction 
of OTC from TCA into ethylacetate. Two further methods were employed in an 
ef for t  t o  increase extraction eff ic iencies:  samples of standard solutions 
were treated with 10% TCA instead of 5% TCA; and standard solutions were 
extracted into 5% and 10% TCA saturated with NaC1, as suggested by Ibsen 
e t  a l .  (1963). No additional recoveries were obtained using 10% T C A .  In 
samples treated with TCA saturated with NaC1, extraction efficiencies could 



Tab1 e 1 . Recovery of oxytetracycl ine ( O T C )  from ethyl ace ta te  
in to  the ammonium hydroxide phase. Recoveries were 
found to  be independent of OTC concentration. 

OTC OTC 
concentration concentration OTC 

added recovered recovered 
C % of t o t a l  



Table 2. The e x t r a c t i o n  e f f i c i ency  o f  (A) oxy te t racyc l  i n e  (OTC) from 5% 
t r i c h l o r o a c e t i c  a c i d  (TCA) i n t o  e thy lace ta te  from samples con ta in ing  
OTC standard s o l u t i o n  compared t o  the  e x t r a c t i o n  e f f i c i ency  o f  ( B )  
OTC from 5% TCA i n t o  e thy lace ta te  from samples o f  OTC standard 
con ta in ing  homogenized c o n t r o l  f r y .  

- 
OTC 

Reagent standards (A) Homogenized f r y  standards ( B )  
OTC OTC 

concent ra t ion  concent ra t ion  OTC concent ra t ion  OTC 
added recovered recovered recovered recovered 
(us ( ~ 4 )  ( %  o f  t o t a l )  (us 1 ( %  o f  t o t a l  ) 



Table 3. Comparison o f  f l uo rescence  readings o f  reagent  b lanks,  
o x y t e t r a c y c l  i ne (OTC) s tandard s o l u t i o n s ,  and c o n t r o l  f ry  
(OTC-negative) us i ng  d i f f e r e n t  e x t r a c t a n t s .  

Mean f luo rescence  
CaCl MgCl NH40H NH40H + NaCl 

Sample ( 0 . 5 ~ 2 )  ( 0 . 5 ~ 2 )  ( 7  N) (1.88N) 

Reagent b lank  28 33 3 0  35 

OTC s tandard  

2.35 pg 82 2 8 81 76 

0.94 pg - - - - 49 7 3 

Cont ro l  f r y  2 3  2  1  4  1  6  0  



be boosted by 10-1 5%, b u t  the considerably g rea te r  var ia t ion in resu l t an t  
f l  uorescence val ues rendered th i  s method undes i rabl e .  

Although Argauer and Gill iam (1 974) suggest the use of a d i l u t e  solut ion of 
ammonium hydroxide (59 g of NaCl + 125 ml concentrated NH40H di lu ted t o  
1 l i t e r ) ,  we found t ha t  the use of 7N NH40H [as recommended by Ibsen e t  a l .  
(1 962)] resul ted  in lower reagent blanks, lower biological background 
fluorescence, and increased extract ion of OTC (Table 3 ) .  As a r e s u l t ,  we 
found an increased l i n e a r i t y  over the  range of concentrations t e s t ed ,  and 
an increase in r e l i a b i l i t y  when assaying sub-microgram quan t i t i e s  of OTC.  
Thus, a1 though our ext ract ion e f f i c i enc i e s  remained low (30-35%), they were 
not subs tan t ia l ly  lower than those reported by Argauer and Gill iam, (1974) 
(30%), Ibsen e t  a1 . (1 963) (50%),  and Kohn (1 961 ) (50%). 

Detection Limits 

Ibsen e t  a1 . (1 963) repor t  0.09 pg OTCIml as the minimal concentration they 
could de tec t  with a var ia t ion of + lo%,  while Argauer and Gilliam (1974) 
report  a detectable  level of 0.16-pg/ml. Even though the  minimal concen- 
t r a t i on  t h a t  we could de tec t  in samples containing biological material (0.10 
pg/ml 2 10%) agreed qu i te  c losely  with t h e i r  r e s u l t s ,  we did not f ind t h i s  
t o  be a su i t ab le  operational de f in i t ion ,  pa r t i cu la r ly  as a c r i t e r i on  f o r  
making quan t i t a t ive  d i s t inc t ions  between OTC posi t ive  and negative f ry .  

Empirically, we found t h a t  the  method could determine 0.47 pg OTC/15 ml 
sample, 0.14 pg (o r  0.031 pglml + 0.009 pg) both in standard solut ions ,  
and in standard solut ions  added to-known OTC-negative control f r y .  A t  t h i s  
concentration, fluorescence values were 134% higher than the  reagent 
background f l  uorescence. This value, however, cannot t r u ly  be reported 
as a detection l im i t ,  because i t  only represents the lowest concentration 
of OTC standard t h a t  was analyzed. 

Using our regression equations corre la t ing fluorescence with OTC concen- 
t r a t i o n s ,  we computed a 95% predict ion in terval  f o r  our chemical blank i . e ,  
0.0 ug OTC. We then defined the  maximal posi t ive  var ia t ion (upper l im i t  
of the predict ion i n t e rva l )  of the blank (0.012 uglml , o r  0.17 pglsample) 
as the c r i t i c a l  level above which a sample can be cal led  OTC-positive. 
This value i s  somewhat lower than the l im i t  of detection ( C L )  defined by 
the International  Union of Pure and Applied Chemistry o r  IUPAC ( C L  = 
0.023 pg OTC/ml) (see  Winefordner and Long, 1983). However, we f e  h'f %it 
the use of the 99.86% level of confidence recommended by IUPAC demands a 
precision not readily a t t a inab le  given the  biological nature of our 
invest igat ions ,  Thus, we defined 0.17 pg OTCl15-ml sample as being the 
minimally detectable concentration, above which samples were termed 
OTC-posi t ive .  

Recovery of OTC from Sockeye Salmon Fry 

We tes ted  the a b i l i t y  of the method t o  detect  the presence of OTC i n  
hatchery f r y  by feeding them OTC-medicated food (Figure 3 ) .  We found t h a t  
as days of feeding increased the level of OTCIfry increased, as did the 
percentage of "marked" f i s h .  By comparing reagent blank values with values 
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F i gu re  3. Comparison o f  f l uo rescence  read ings  and quan t i  ty  ( pg) o f  o x y t e t r a c y c l  i ne (OTC) recovered 
f rom reagen t  b lanks,  non- fed c o n t r o l  f ry, and t r e a t e d  groups o f  sockeye f r y  f e d  OTC- 
medicated food  (TM-50) f o r  29 days and 60 consecu t i ve  days. A lso  shown i s  t h e  minimal 
de tec tab le  concen t ra t i on  o f  OTC (0.17 pg OTC/sample), above which samples a r e  termed 
OTC-posi ti ve . 



from control, or known OTC-negative f ry ,  we found a l l  control f ry to  be 
below the minimally detectable concentration of O T C ,  and were thus con- 
cluded to  be OTC-negative. Indeed, the fac t  that  control f ry ,  on the 
average, demonstrated a level of fluorescence below that  of the reagent 
blanks (Figure 3 ) ,  and showed a reduced extraction efficiency (Table 3 ) ,  may 
be indicative of the presence of a chemical fluorescence inhibitor in 
salmonid fry.  However, since the difference between control f ry and reagent 
blanks was not s t a t i s t i c a l l y  significant (p<O. 95),  t h i s  observation needs 
further tes t ing.  

After 29 days of OTC feeding, a l l  tes t -fry (average weight = 0.4 g )  were 
found to  be OTC-positive, containing an average of 1.56 pg OTC/fry, a level 
we1 1 above our  minimal ly detectable concentration of 0.17 pg OTC/fry. 
After 60 days of OTC-feeding, a1 1 f ry (average weight = 1.0 g )  were again 
found to be OTC-positive containing an average of 2.49 ug OTC/fry. Again, 
in b o t h  t e s t  groups OTC-feeding produced "marked" fry readily distinguish- 
able from known negative control f ry ,  and increased feeding with OTC 
resulted in detectable increases in residualized OTC.  Thus, we were able 
to  generate a recoverable, internal OTC "mark" in sockeye fry which was 
used to  quantitatively different iate  between treated and untreated groups 
of f i sh .  

CONCLUSIONS 

A method i s  presented to  chemically extract and fluorometrically measure 
microgram and sub-microgram amounts of oxytetracycl ine ( O T C )  in sockeye 
salmon fry (0. nerka) .  

Standard curves demonstrate the reproducible l inear  relationship between 
QTC concentration and fluorescence intensity.  In addition, the extraction 
of OTC did not vary in chemically pure samples of OTC standard solution 
when compared to  samples containing biological material. However, a t  
times, individual regression lines f e l l  outside the 95% confidence 
interval computed for  the OTC-fluorescence regression. Thus, we feel 
that  OTC standards should be analyzed with each s e t  of determinations. 

Within the overall method, we found the phasing from ethylacetate into 
ammonium hydroxide to  be 92-96% ef f ic ien t ,  while the extraction efficiency 
of OTC from 5% TCA into ethylacetate was only 30-40% ef f ic ien t .  However, 
as the extraction efficiency of OTC was found to be independent of OTC 
concentration, recoveries of individual concentrations need n o t  be adjusted 
for  different ial  eff ic iencies .  

We were able t o  determine the presence of OTC in f ry samples a t  concentra- 
tions as low as 0.17 pg/sample (0.012 pg OTC/ml T C A ) .  I n  addition, through 
t r i a l  feeding experiments, we followed the uptake of the ant ibiot ic  in 
OTC-fed f ry ,  while a t  the same time we observed a relat ively constant 
fluorescence from known negative control fry.  Furthermore, our two t rea t -  
ment groups of f ry that  were fed for  29 days and 60 days showed an increase 
in OTC levels from 1.56 pg OTC t o  2.49 pg OTC. This increased loading of 
OTC was consistent with the increased feeding time. Finally, f ry  samples 



taken a f t e r  29 days and 60 days of feeding showed a l l  fed f r y  t o  be posi t ive  
(marked) while a l l  control f r y  were found to  be negative (unmarked). Thus, 
we feel  the a b i l i t y  to  quantify the  levels  of OTC present in f r y  can lead 
to  the use of OTC as a non-toxic, internal  tag enabling us t o  d i f f e r en t i a t e  
between "marked" and "unmarked" f ry .  With t h i s  procedure large numbers of 
sockeye f r y  can not only be inexpensively "marked" b u t  a lso  quantiat ively 
iden t i f i ed ;  a1 lowing us t o  compare mortal i ty ra tes  ( in  lake) between 
hatchery and wild f ry .  In addit ion,  t h i s  method will afford us the oppor- 
tun i ty  t o  invest igate  morta l i t ies  found t o  occur in f ry  marked by f i n -  
cl ipping,  as well as  e r ro rs  in recognizing external ly  marked f i sh  caused 
by b o t h  f i n  regeneration and natural f i n  loss .  
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