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Coho salmon (Oncorhvnchus kisutch) fry were fed 

oxytetracycline (OTC) medicated food so that the OTC would be 

deposited in the bones of the growing fish. The objective was to 

evaluate the use of OTC deposited in the bone as an internal mark or 

tag. The study relied upon a fluorometric procedure developed by 

Koenings and Lipton (1983) to detect this internal mark. The method 

involves the extraction of OTC from the bones of the fish, and the 

subsequent measuring of the fluorescence of the OTC-calcium complex. 

A linear relationship was found between the concentrations of OTC 

and fluorescence in both samples containing biological material and 

those without biological material. However, in contrast to earlier 

work (Koenings and Lipton, 1983) a linear relationship between OTC 

and fluorescence was not found to be the same for the samples with 

and without biological material.

The fry were fed OTC medicated food for 45 to 50 days after 

which time they were taken off the medicated food for 15 days before 

they were sacrificed. Upon fluorometric examination of these fish, no 

OTC mark could be detected in any of them. This is another deviation 

from earlier work (Koenings and Lipton, 1983) in which an OTC mark 

was detected in the medicated fish.
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DIWEWOTOTM

Pacific coast salmon are presently overfished and threatened 

by habitat loss and degradation. Therefore, it has become more 

necessary than ever to establish effective and accurate ways of 

marking and keeping track of fish stocks produced in hatcheries. As 

man makes advances in hydroelectric power through the building of 

new dams, and as he continues to broaden his living area through 

construction, much of the salmon's spawning and rearing habitats are 

destroyed along with a general disruption of their way of life. It has 

therefore become necessary to upgrade hatchery production to 

compensate for the declines in wild stocks. It is feared, however, that 

increased production of hatchery stocks will lead to further declines 

in the numbers of wild stock. Hankin (1982) cites two mechanisms 

whereby this might occur. The first is a reduction in genetic fitness 

of the total population due to interbreeding of wild and hatchery 

stocks. The second mechanism is the enhanced egg-to-smolt survival 

of hatchery fish, and the subsequent increased numbers of returning 

adults which would allow hatchery stocks to survive greater harvest 

pressures than wild stocks. An increase in the dependence on

hatchery stocks may eventually lead to fishery harvest rates that will 

exceed sustainable limits for wild stocks, thus leading to further 

declines in natural stocks. Accurate discriminations between wild and 

hatchery stocks and assessments of the survival rate from egg to 

smolt are therefore necessary in order to evaluate the overall 

efficiency of hatchery programs. Another purpose for marking fish is
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to monitor the migrations of salmon from various hatcheries. In so 

doing, valuable knowledge about a fish's life cycle and movements can 

be determined. With this information, further steps can be taken to 

insure this resource for the future.

Today, coded-wire tags and/or fin clipping are the most common 

ways of marking fry. These methods are undesirable for several 

reasons. First of all, the regeneration of fins is suspected of 

obscuring a proportion of these marks later in the fish's life. 

Secondly, recognition of hatchery fin-clipped fry is often complicated 

by fin loss. Thirdly, only limited numbers of fish can be marked due to 

handling costs of the current coded-wire tag method. Also, very small 

fish can not be marked because the increased stress on fry from 

displacement, handling and mutilation during fin clipping that 

accounts for an unknown amount of differential mortality in regular 

size fish would surely kill smaller fish.

There have been many papers written by several authors about 

the use of the antibiotic, oxytetracycline (OTC), as a means of marking 

salmon (Weber and Ridgeway, 1962, 1967; Weber and Wahle, 1969; 

Odense and Logan, 1974; Wiltzius, 1980, as cited in Koenings and 

Lipton, 1983). There are many advantages to this type of marking. The 

main advantage of OTC marking is that it provides an economical way 

of mass marking hatchery fish as they are being reared and at the 

same time it alleviates the mutilation and mortality caused by 

traditional coded-wire tags and fin clipping. Often-times OTC is 

included in the diets of hatchery fish already because OTC is used as 

an antibiotic to fight infection within a hatchery and therefore need
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not be specially added. The use of OTC also provides an internal mark 

which can be used to answer questions that could not be answered 

using traditional coded-wire tags. One such question would be what 

number of all fish in a stream are juveniles from a hatchery and what 

number of fish are wild. Another advantage to OTC marking is that it 

allows for the marking of small fish that migrate out of the hatchery 

before they are big enough to be marked with coded-wire tags. Finally, 

an OTC mark could be used to supplement data from a coded-wire tag 

in returning adult fish.

In the past, the method used to detect OTC in skeletons of the 

fish fed antibiotic was identification of the area of deposition of OTC

* in the bone under ultraviolet light. An example of this is Weber and

Ridgeway (1962, 1967), and Weber and Wahle (1969) who successfully 

marked large groups of hatchery sockeye fingerlings by feeding them 

OTC hydrochloride (2 g/kg of body weight) for 3.5 consecutive days. In 

1983, Koenings and Lipton developed a fluorometric procedure to 

quantify sub-microgram concentrations of the antibiotic in sockeye 

salmon. The present investigation is mainly based upon their method.

The objective was therefore to apply the method of Koenings and 

Lipton in the detection of an OTC mark in Washington State Department 

of Fisheries' own hatchery fish fed OTC. It was hoped that this work 

would be able to perfect the technique for routine use by Washington 

State Fisheries in differentiating hatchery from wild stocks.
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Tetracycline and Its Fluorescent Complex

In the past, many experiments have been conducted to evaluate

the possibilities of using the tetracycline antibiotics in internal 

marking procedures. Before advancing to a discussion of the exact 

methods of extraction and detection of the tetracyclines, a basic 

knowledge of tetracycline and how it complexes to form a fluorescent 

unit with calcium is in order.

Oxytetracycline (OTC) has the following structure:

It would appear that the tetracycline forms extractable fluorescent 

complexes through its interaction with calcium and linear 

p-diketones such as ethylacetoacetate. Both the calcium and the 

linear p-diketone are therefore important in the extraction since both 

are an integral part of the fluorescent tetracycline complex. Based on 

the ability of p-diketones to dissociate a proton and in the case of 

linear compounds, to form metal chelates, it appears that the calcium 

ion is the site of attachment of the p-diketone and the tetracycline. 

Results from work done with this reaction indicate that linear
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P-diketones cause a change in the major extracted species from a 

complex containing two molecules of tetracycline to forms having 

only a single tetracycline molecule. All of these complexes must 

contain calcium, since extraction does not occur in the absence of 

this ion. Additional stabilization of this complex through hydrogen 

bonding between the p-diketone and the tetracycline molecule is also 

possible (Kohn, 1961).

Tetracycline Incorporation in Bone

The idea that tetracycline also complexes with calcium in bone

has served as the impetus in trying to develop a permanent 

tetracycline mark in the bone of fish. It has been demonstrated that 

tetracycline has a greater affinity for newly formed bone, 

specifically, for the calcium atoms on the surface of the newly 

calcified bone. This fact provides a rationale for using the 

tetracyclines as a marker in conjunction with new bone growth 

(Ibsen, 1985).

Extraction of the Tetracycline Complex

With a knowledge of the value of OTC as a possible chemical

marker in bone, many experimenters have attempted to develop 

extraction techniques to detect this chemical mark. Before discussing 

the various techniques created to do this, one should be aware of 

some of the properties and problems that need to be incorporated into 

the development of any successful extraction system. The pH of the 

aqueous phase of the extraction step should be maintained between
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8.9 and 9.0 because at this pH fluorescence of the tetracycline 

complex is optimal (Kohn, 1961). Also, certain substances have been 

observed to interfere with extraction because they bind with calcium. 

One of the most troublesome substances is phosphate which under 

alkaline conditions will become bound in a tetracycline-calcium- 

phosphate complex that precipitates. In the case of extracted 

tissues, large reductions in intensity of the fluorescent readings have 

been observed due to the formation of these fluorescent precipitates 

during extraction.

Compounds which are fluorescent and lipid-soluble at pH 9 will 

give false positive readings. This represents another problem that 

must be overcome in developing a successful extraction technique 

(Kohn, 1961).

History of Extraction Techniques

The history of extraction techniques began in 1961 when Kohn 

developed a method applicable to the detection of all the 

tetracyclines (except oxytetracycline) in the soft tissues of the body. 

Later, other methods were developed for the detection of 

oxytetracycline in various other tissues.

In 1962, Ibsen et al. developed a method for OTC detection that 

would serve as a basis for the current techniques used in studying 

OTC as a chemical mark in fish. Their method utilized 10% 

trichloroacetic acid (TCA) for the initial extraction of OTC from 

ground calcified material. Following this primary extraction, the OTC 

was extracted into amyl alcohol, and then from amyl alcohol into a
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basic solution of ammonium hydroxide. The fluorescent complex 

formed in their work was a magnesium-OTC chelate (Ibsen et al., 

1963). The basic method developed by these workers has been 

adapted and applied in the more recent studies involving OTC.

An accomplishment in this early work was the establishment of 

excitation and emission maximums that still are used in present OTC 

detection techniques. It was hypothesized by Udenfriend et al. 

(1957) (cited by Ibsen et al., 1963) and later confirmed by Ibsen et al. 

(1963) that the maximum excitation wavelength for the OTC complex 

was at 390 nm and the maximum emission wavelength was 520 nm. 

These values fluctuate slightly with increasing pH and metal ions

* which induces a shift in the absorption maximum to longer

wavelengths (Ibsen et al., 1963).

These early studies of OTC extraction revealed that under 

certain conditions, the OTC complex will decompose. At a high pH, the 

tendency is for light to accelerate decomposition and it is therefore 

important to avoid excessive illumination during analysis.

In working with TCA, it was established that TCA is the most 

effective reagent in removing nonspecific fluorescent material (Ibsen 

et al., 1963).

Weber and Ridgway (1962) were the first to experiment with 

the idea of using oxytetracycline to chemically mark fish. In their 

work, they detected the presence of the chemical mark by merely 

viewing a cross-section of the bones for a yellow-gold fluorescence 

when they were subjected to ultraviolet illumination.
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These early studies with fish and oxytetracycline provided a 

catalog of information from which further investigations involving 

oxytetracycline as a chemical mark in fish could proceed. In these 

early studies, valuable findings concerning the effects of 

oxytetracycline on the fish were noted. Weber and Ridgway (1962) 

discovered that immediately after administration of the 

tetracycline drugs, especially after injection, a high level of 

fluorescence was observed in all body tissues except the central 

nervous system, gall bladder, spleen and kidney. This general tissue 

fluorescence remained for several days until it was only seen to be 

present in the sketetal system and scales. The drugs were deposited 

in the growing surfaces of all internal bones at sites of osteogenesis 

except the skull. This may be explained by the fact that in parr and 

smolt stages, the skull is primarily noncalcifying cartilage. 

Fluorescence was particularly noticeable on the ribs, dentary and 

opercular bones. Areas to be sampled could then include scales, teeth, 

fin rays, and branchial arches. These results indicated that 

tetracycline is deposited in areas which could be sampled in living 

individuals without mutilation and sampled in a sports or 

commercially caught fish without disfiguration.

In the first experiments of Weber and Ridgway (1962) they 

noted skeletal fluorescence to persist in all long and flat bones for 

at least three months after administration of tetracycline. They also 

discovered that incorporation of high levels of OTC in the diet 

produced varying intensities of general fluorescence among 

individuals. They felt the variation in fluorescence was due to
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differences in the feeding response. It was noted that if OTC 

exceeded 20% of the diet, there is a low level of acceptance. When 

OTC levels were kept low, however, uniform fluorescence was 

detected in all samples (Weber and Ridgway, 1967).

In later experiments, Weber and Ridgway (1967) contributed 

much to the understanding of the effects of marking on growth and 

survival, and the retention time of such a mark. In their experiments 

no toxicity or changes in behavior occured in conjunction with the 

OTC marking process. The fish's long-term survival in open water did 

not seem to be affected either. They also observed no major changes 

in growth patterns of OTC marked fish. With reference to retention 

time of the internal OTC mark, they discovered the mark to be well 

retained in one and two year old fish returning from the ocean.

In their efforts to answer the above questions, Weber and 

Ridgway also gained some valuable information concerning the 

creation of an OTC mark within fish. Weber and Ridgway (1967) 

observed that there is a limit above which the resultant mark does 

not improve. This oral dose appeared to be approximately 500 mg per 

day. They also noted that feeding for four to five consecutive days 

gives marks of uniform intensity in 96-100% of the individuals. 

Another factor involved in the feeding of OTC to fish was that fish 

are inefficient in absorbing tetracyclines from the gut. This may be 

due to calcium and other divalent and trivalent metallic cations 

which can chelate with tetracyclines and reduce absorption of the 

antibiotic (Donovan et al. 1962, cited in Weber and Ridgway, 1967). 

This 1962 hypothesis was further supported by findings of
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Westgate et al., (cited by Weber and Ridgway, 1967) that more 

OTC was incorporated in a low calcium (0.25%) Oregon pellet diet 

than in a diet of 2.0% calcium Oregon pellet.

Weber and Ridgway (1967) also concluded that fish size also 

seems to be important for uptake of OTC. Osteogenesis in 

Pacific salmon has advanced sufficiently for uptake of tetracyclines 

when the yolk sac is completely absorbed, called the "button-up" 

stage. At this stage the ribs and vertebral plates surroundng the 

notochord are beginning to form, and tetracycline may be incorporated 

on their growing surfaces. From button-up stage through fingerling 

stage, there is a continual increase in calcification, and thus an 

increase in the number of available sites for tetracycline deposition 

(Weber and Ridgway, 1967).

In 1974, Robert Argauer and Martha Gilliam developed a 

chemical method for the detection of the fluorescent OTC complex 

without the problems of background fluorescence experienced in some 

of the earlier experiments. Their procedure was quite simple. It 

consisted of three steps, (1) the extraction of the sample with TCA, 

(2) the extraction of OTC from the TCA solution into ethyl 

acetate-ethylacetoacetate, and (3) the addition of calcium chloride 

and ammonium hydroxide to remove the fluorescent phenols and acids 

while the OTC remained in the organic phase as the fluorescent 

calcium complex. The extraction from acid into ethylacetate-ethyl 

acetoacetate solution eliminates phosphate interference. This was 

an improvement on earlier techniques in that the elimination of
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phosphate interference was accomplished without having to add 

additional chemicals to the procedure.

In 1983, Koenings and Lipton modified earlier procedures to 

arrive at a method that they reported was adequate in detecting 

sub-microgram quantities of oxytetracycline in young sockeye 

salmon. They developed a procedure that utilized the methods of 

Argauer and Gilliam (1974) to eliminate the high background 

fluorescence seen in earlier similiar techniques. They determined 

that fluorescence intensity was linearly related to OTC concentration 

for both OTC standard solutions and samples extracted from fish. 

Efficiencies of OTC extraction averaged 36% for standard solutions

• without biological material and 32% for standard solutions that did

contain biological material. The minimum quantity of OTC that they 

could detect with their method was 0.17 pg OTC . Their method 

allowed OTC to be detected in 100% of test fish when they were 

33mm long (0.4 g), and had been fed OTC medicated food for 29 days. 

The methods used in past work allowed 100% detection only after 54 

days of treatment, when fish were 44 mm long (0.8 g).

The work done by Koenings and Lipton differed from earlier 

work in that they derived a minimum fish size for effective marking. 

This was accomplished because of their more sensitive technique for 

detecting the OTC fluorescence. This allowed them to successfully 

mark fish weighing less than 1 g.

Koenings and Lipton did a good deal of work in an attempt to 

verify their procedure. The extraction efficiency for each step of 

their procedure was determined because low amounts of OTC were
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anticipated to be present in the small fish (0.2 0.3 g) they were 

working with, and also because of the possibility of fluorescence 

interfering substances in the biological materials (Kohn ,1961). They 

noted that the extraction efficiency for the ethylacetate shaken 

with the NH4OH solution containing OTC standards was between

92% and 96%. The extraction for the first phasing (OTC into the 

ethylacetate from the TCA) was 32-42%. When they added biological 

material, they discovered the extraction efficiency to be slightly 

lower, 30-35%, suggesting that recoveries were affected by the 

presence of biological materials. They concluded, however, that the 

extraction efficiencies were independent of OTC concentration when

• biological material was present.

The OTC detection limit that Koenings and Lipton established 

for their procedure was 0.01pg/ml which was comparable to those of 

Ibsen et al. (1963), 0.09 pg /ml, and Argauer and Gilliam's (1974) 

0.16 pg/ml. However, Koenings and Lipton did not find this level to be 

a suitable operational criterion for distinctions between 

OTC-positive and negative fish because variations in their control or 

blank determinations sometimes exceeded this level. Through linear 

regression analysis, they established a 95% confidence interval for 

the control (0.012 pg/ml or 0.17 pg/15-ml sample). They utilized 

this as the upper confidence limit for the control above which they 

called the sample OTC positive.

Using their chemical procedure, Koenings and Lipton analyzed 

both medicated and nonmedicated whole sockeye salmon. They used 

0.17 pg OTC/fish as the critical value distinguishing medicated from
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non medicated fish. This value was exceeded after only 18 days of 

feeding, however only 56% of these 0.3 g fish were shown to contain 

a mark. After 29 days of feeding, 100% of the 0.4 g fish were OTC 

positive, and the sample mean at this time was 1.56 pg OTC/fish. On 

the other hand, the mean value for the control fish during this 

same period of sampling was negative 0.18 pg OTC/fish. Only 6.5% of 

the control fish exceeded the threshold level of 0.17 pg OTC/fish.

Koenings and Lipton also studied the total amount of OTC in the 

bodies of two groups of fish to examine the effect that feeding OTC, 

followed by withdrawl of OTC from the diet would have. They fed 

both groups for 40 days achieving a level of 1.83 pg of OTC/fish after

• this time. At this point, one group of fish continued to receive

OTC-medicated food, while the other group did not. The results of 

this experiment indicated that fish fed OTC for a lengthy period, (60 

days in this experiment) ended with a higher level of residualized OTC 

and this mark was not easily lost. The fish taken off of the OTC 

medicated food, however, demonstrated a rapid decay in the total 

body burden of OTC, reaching a low of 0.49 pg of OTC after 27 days of 

not receiving OTC medicated food. From these data, Koenings and 

Lipton were able to calculate the decrease in OTC concentration over 

time for both groups after discontinuation of OTC medicated food. 

Fish receiving OTC for the shorter period exhibited an average 

decrease in OTC of 68% during the 16 day period following cessation 

of the medication, with OTC stabilizing at an average level of 0.64 

pg/fish. The fish at this time weighed 1.0 g. When these fish were 

analyzed in the spring and summer of the next year, at the age-1

CORETTE LIBRARY* 
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smolt stage, these fish still had an average of 0.59 pg OTC/smolt, but 

averaged 3.7 g in weight and 7.6 mm in length. At this time, 91% of 

the fish tested still demonstrated a detectable mark. In the fish that 

received medicated food for an additional 20 days, a decrease of 17% 

in body burden when the fish weighed 1.0 g was observed. The amount 

of OTC in this group of fish stabilized at 2.6 pg/fish. The 

residualized OTC was retained throughout the smolt stage and a 

detection of 2.4 pg/ fish was observed in the fish at 3.5 g in weight.

These data provide an interesting contrast to earlier work in 

that, contrary to Weber and Ridgway (1962, 1967), Koenings and 

Lipton (1983) suggest that the length of the feeding period early in 

the development of the fish is secondary to having the fish at a size 

above which a large percentage of assimilated OTC becomes 

residualized. In Koenings and Lipton's work, they observed that over 

75% of the residual OTC in fish receiving OTC for the longer time was 

formed during the last 20 days of feeding, when the fish were 

between 0.6 g and 1.0 g in weight and above 38 mm in length. Thus, 

Koenings and Lipton believe that sockeye salmon juveniles must 

be longer than 40 mm before orally administered OTC can serve as 

a usable mark.
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Reagents:

Ammonium hydroxide (NH4OH), calcium chloride in dihydrate granules 

(CaCI2), trichloroacetic acid in crystals (CCIgCOOH), ethyl acetate 

(CH2COOC2H5), and ethyl acetoacetate (CH3COCH2COOC2H5) were all

Baker analyzed reagents. The hydrochloric acid used, also a Baker 

analyzed reagent, was further Baker Instra-Analyzed for trace metals. 

The oxytetracycline hydrochloride used was from the Sigma Chemical 

Company. The potency of the oxytetracycline was 947 pg /mg.

Standards:

Standard solutions of Sigma oxytetracycline hydrochloride (potency = 

947 pg /mg) were prepared in concentrations of 9.47 pg /ml in 

deionized H20, and were refrigerated in light-proof volumetric flasks.

Aliquots of standard solutions were transferred with Eppendorf 

micropipettes and with Pipetman pipettors. Standards of known 

concentrations of OTC were prepared in duplicate from aliquots of 

standard solution. Samples were made to a total volume of 15 ml with 

5% TCA. They were then added to 50 ml (29 mm by 123 mm) Kimble 

glass screw-cap tubes and were processed the same as the fry 

samples. All glass tubes were soaked in 10% HCI for 15 minutes and 

then rinsed with deionized water and allowed to air dry before use.
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Measurement of Fluorescence

Fluorescence was measured on a Mark I Foci spectrofluorometer 

(Farrand Optical Co. Inc., NY). The spectrofluorometer contained a 

xenon lamp. Fluorescence readings were taken at an excitation 

wavelength of 390 nm and an emission wavelength of 520 nm. As 

cuvettes, disposable borosilicate glass culture tubes (Corning Glass 

Works) were used. These disposable tubes were found in the 

experiments of Koenings and Lipton (1983) to be more consistent in 

the readings given than quartz cuvettes, which are hard to 

decontaminate after use.

Fry Samples

The digestive tracts of the fry were extracted before freezing them 

for later analysis in an effort to prevent the leakage of OTC from the 

cells of the gut if those cells should rupture during the freezing 

process. This was done to insure that the fluorescence readings would 

be due to residualized OTC and not recently consumed OTC. Although 

this step was probably not necessary in the experiment, it was added 

to the procedure to be consistent with earlier work. Hatchery fish 

were fed OTC medicated feed for 45 days and were then off this 

treated feed for approximately another 15 days until they were 

sacrificed and then preserved in TCA. The fish were fed by 

hand-scattering "Oregon Moist Pellets" mixed with full strength 

oxytetracycline at 4% (4 lbs. oxytetracycline in 100 lbs. of 

feed).Feeding was conducted once a day, 7 days a week. There were 

approximately 200 fish tested. The estimated intake of pure 

medications is believed to be 0.15 grams per fish.
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Extraction

In extracting the OTC from the fry, each fry was homogenized in a 

Waring commercial blender #7010 Model # 31BL91. The chamber used 

was a Waring MC-1 mini container. The individual fry were 

homogenized in 10-ml of 5% TCA which was then poured into a 50 ml 

disposable, graduated, conical, VWR plastic centrifuge tube. The 

blending chamber was then rinsed with 5 ml of 5% TCA which was then 

added to the 50 ml plastic centrifuge tubes. The centrifuge tubes 

were then placed on a shaker table and agitated for 1 hour in the dark. 

A black plastic sheet draped over the shaker table area provided the 

necessary dark environment for the agitation. After being agitated,

9 the tubes were centrifuged in an IEC HN-SII centrifuge. The samples

were centrifuged at 2350 rpm for 30 minutes. The aqueous 

supernatant was then separated from the residue and poured into a 50 

ml glass centrifuge tube. Fifteen mis of an ethylacetate solution (13 

ml of ethylacetoacetate made to 1000 ml with ethylacetate) was then 

added to the samples. The samples were subsequently agitated on the 

shaker table for approximately 10 minutes at which time they were 

again centrifuged at approximately 2350 rpm for 5 minutes. The top 

ethylacetate layer was transferred into a second 50 ml glass 

centrifuge tube using a Pasteur pipette. Each pipette was used with 

only one sample. To this centrifuge tube, 0.5 ml of a 0.5M CaCI2 and 15 

ml of 7N NH4OH were added using an Eppendorf pipette and an

automatic tilt-a-pette, respectively. Samples were then agitated on 

the shaker table for another 5 minutes. Thirty-five minutes

17
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after the addition of the ammonium hydroxide, again using Pasteur 

pipettes, one per sample, small fractions from the top ethylacetate 

layer of the samples were transferred to 15 mm x 75 mm borosilicate 

culture tubes and read in the spectrofluorometer against duplicate 

control fish blanks. Those samples yet to be read were covered during 

the reading period with aluminum foil to prevent excess exposure of 

the samples to light. To further minimize the samples' exposure to 

light, the overhead lights in the room were turned off during the 

reading of the samples.

t
Activation and Fluorescence Spectra of OTC

The excitation and emission wavelengths at which maximum 

fluorescence of the OTC complex occurs were determined by measuring 

both reagent standards and standards with biological material 

(homogenized fry) at various excitation and emission wavelengths. 

With the emission wavelength set at 520 nm, the excitation 

wavelength was varied from 370 nm to 430 nm. In both samples with 

and without biological material, the maximum fluorescence was 

attained when the excitation wavelength was set at 390 nm. The 

emission wavelength was then varied from 460 nm to 540 nm while 

maintaining the excitation wavelength at 390 nm. In this case, it was 

found that the maximum fluorescence occured, in both samples with 

and without biological material, at an emission wavelength of between 

500 and 520 nm (Figures 1 and 2). These optimal wavelengths were
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Relationship between excitation wavelength and fluorescence

Fluorescence
Units

Excitation

4 |j.g OTC without 
biological material

4 pig OTC with 
Biological material

Figure 1 The maximum excitation wavelenqth was found to be 
390 nm in both samples with and without biological 
material. Representative samples are shown here.

• Relationship between emission wavelength and fluorescence
of OTC

Emission

Figure 2. The maximum emission wavelength for the OTC 
complex for both samples with and without 
biological material was found to be between 
500 nm and 520 nm. Representative samples 
are shown here.

1 pig OTC without 
biological material

O- 1 pig OTC with 
biological material
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in close agreement with reported results from earlier work in this 

area by Ibsen et al. (1963), Argauer and Gilliam (1974), and 

Koenings and Lipton (1983). These excitation and emission 

wavelengths of 390 nm and 520 nm, respectively, were adopted for 

use in all subsequent experiments.

Standardization

A linear relationship was found to exist between OTC concentration 

and flourescence intensity over a broad range of OTC concentrations. 

For the purposes of this study, however, the emphasis was placed on 

the standard curve generated between concentrations of 0.5 pg OTC 

and 4 pg OTC. A discrepancy was found between the work of this study 

and previous work; in this work a difference between the standard 

curves prepared without biological material and those prepared with 

homogenized fry was noticed. Although both curves were definitely 

linear, they were by no means superimposable. The standard curves 

generated within this range of OTC concentrations were linear, 

yielding r values of .9988 for the standards that contained no 

biological material and an r value of .9946 for the standards prepared 

with biological material (Figure 3).

Recovery of OTC from Marked Salmon Fry

Applying the technique of Koenings and Lipton (1983) to 100 of the fry 

that had been tagged with OTC, an inability to distinguish between 

control fry and those fry marked with OTC was noted. The variance in 

fluorescence observed in the control fry overshadowed the slightly
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Standard Curves for OTC Fluorescence with and without 
Biological Material

Fluorescence
Units

Standard curve 
without biological 
material

Standard curve with 
biological material

0.5 1 1.5 2 2.5 3 3.5 4 
OTC (ug)/15ml sample

Figure 3. There was a linear relationship between fluorescence
intensity and the concentration of oxytetracycline (OTC) 
for standards with and without biological material. 
Although both curves were linear, they did not correspond 
to each other. This difference may be due to some 
fluorescence inhibitor within the biological material of the 
fish.

For the standard curve without biological material:
Fluorescence units = 15.15 x (OTC concentration) - 1.29

For the standard curve with biological material:
Fluorescence units = 11.41 x (OTC concentration) - 2.59

**Note: Concentration of biological material was the same in each 
sample.
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Medicated fish versus Control Fish

Sample Group

Figure 4. Inspection of the means and standard deviations of the 
the sample of control fish and the sample of medicated 
fish demonstrates the inability to distinguish these two 
samples from each other. Shown here is represent
ative data from a typical day of medicated fish analysis. 
Sample group 1 represents the medicated fish, while 
sample group 2 is an analysis of the control fish. 
Similar data for a total of approximately 100 medicated 
fish were obtained during this study.

T-Test Results: t = 0,0804. For a confidence interval of 0.01. the 
critical value of 2.819 is not exceeded therefore, the null 
hypothesis is accepted. The two samples do not differ 
significantly.
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e
positive readings of fluorescence exhibited by the OTC-marked fry 

(Figure 4). The mean value of residualized OTC for the medicated fish 

appeared to be approximately 1.128 jig, whereas the mean value of 

control fry appeared to be 1.150 pg of residualized OTC. In performing 

the Student T-Test to compare the two means from the control fish 

population and the medicated fish population, t values of 0.0804 and 

0.50 were obtained. These values are far below the T value that would 

indicate rejection of the null hypothesis, and therefore one can 

conclude that statistically, the two population means, from the 

medicated and non-medicated samples, are not significantly different.

The purpose of these experiments was to apply the technique 

developed by Koenings and Lipton (1983) to approximately 100 

medicated fish in an effort to determine the abilities and usefulness 

of such a technique to the Washington State Department of Fisheries. 

The most obvious and relevant fact revealed in this work is that the 

procedure as utilized in this study was not able to distinguish the 

medicated fish from the control fish. That the technique itself was 

not effective in extracting the OTC does not seem to be the 

explanation for the poor results. In both cases where OTC standard 

was added to samples with and without biological material, an 

accurate standard curve was established indicating that the extraction 

of OTC by the method of Koenings and Lipton is operative. The 

explanation for the lack of difference in this study's examination of

•
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control versus medicated fry, assuming that the control fry did not 

receive any OTC and the medicated fry did receive the OTC as has been 

indicated, could lie in two possible areas. First of all, the OTC 

residualized in the bones of the medicated fish may not have been 

successfully extracted into the 10% TCA at the beginning of the 

procedure. OTC may be the most difficult of the tetracycline 

derivatives to extract from biological material (Kohn, 1961). This 

fact leads one to believe, then, that perhaps in this work, the OTC was 

never freed from the bone. This could be explained in terms of the 

results of Koenings and Lipton. In their experiments, they examined 

fish of 0.4 g and 1 g. In these studies, the fish that were utilized were

* an average of 4.13 g in weight. In the present study, the attempt was

to extract OTC from four times as much biological material as in 

previous studies. This may have lead to a degree of homogenization 

that was insufficient for the extraction of the OTC into the TCA. The 

fact that the amount of TCA used to homogenize the sample was not 

increased despite the increase in biological material may also have 

contributed to the inability to extract the OTC present efficiently.

In a preliminary consultant's report (to the Canada Department 

of Fisheries and Oceans), results similar to those of this study were 

obtained. Coho and chum salmon treated with one or a combination of 

drugs (OTC, chlorotetracycline, tetracycline) at therapeutic levels in 

the diet at four hatcheries were tested for chemical retention. OTC 

was identified in scales and bones of coho treated with OTC at Domsea 

Farms, but results were negative or inconclusive for coho from Tidal 

Rush and Puntledge and for chum from Pallent (Preliminary
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consultant's report to the Department of Fisheries and Oceans, 1986).

The inconsistent results obtained in the Canadian experiments 

as well as this study's negative results could be explained by a second 

area of concern, which centers on the uptake and administration of the 

tetracycline. The uptake of OTC is greatly affected by dietary 

constituents such as calcium as stated by Weber and Ridgway (1967). 

Also, the optimal time for the treatment of the fish with the OTC 

medicated food is after they have attained a length of at least 40 mm. 

(Koenings and Lipton, 1986) If both uptake and time of administration 

of oxytetracycline are not closely monitored, marking with OTC may be 

ineffective.

The other area where these results differed from previous work 

concerned the establishment of standard curves. Many researchers 

have made note of the possiblity of a fluorescence inhibitor in the fish 

material itself, and these results tend to support this hypothesis. In 

the many trials performed in this study testing standard curves with 

biological material against standard curves without biological 

material, a close relationship between the two curves was never 

found, but instead, the curves with biological material always had a 

lesser slope with respect to the standard curves generated without 

biological material. Again, the explanation for the difference in this 

study's results versus those of Koenings and Lipton (1983) in which 

the curves with and without biological material were in close 

agreement might lie in the fact that this study worked with 

considerably larger fish than those Koenings and Lipton utilized for 

their experiments.
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Areas to be considered in any future studies would therefore be 

to study the effects of the amount of biological material on 

fluorescence, and the possible existence and impact of a fluorescence 

inhibitor in salmon fry. Also work directed at finding a more efficient 

way to extract the OTC out of the bones of the medicated fish would be 

helpful. Possibly using chemicals other than TCA in the first step or 

perhaps isolating and more thoroughly grinding the bone would aid in 

solving the problems in this area. A study of the reactions of OTC in 

bone with various chemicals at various temperatures might also prove 

useful. Finally, emphasis should be placed on developing an effective 

method for the administration of the OTC in the diet of the fish.

• Consideration should be given to the size of the fish at the beginning

of the treatment, the content of the diet during treatment (e.g., low 

calcium), and the duration of the treatment for maximizing the 

chemical mark while minimizing the cost of the overall treatment.
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