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ABSTRACT

Due Co the oxytetracycline's usefulness and availability,

its effect in a local food animal (Chicken: Gallus donmesticus L)

was investigated, and the residual drug level in the tissues,

assessed.

Seventy-two young broiler-type chick (of both sexes) were
used for the experinent. They were herded in batches of 12 as
groups A - F. The groups were given feed (Sanders (R mixed
with the Terratnycin (% poultry Formula at 300, 200, 150, 50 and O
g/ton for the groups A - F, respectively, and served water: at |lib.
They were housed in a slat-litter partitioned illum nated cages,
and sacrifised at 3, 6, 9 and 12 weeks intervals. Analysis for
the oxytetracycline levels in the muscle, kidney, liver, fat,
intestinal contents and the blood were done; using ultraviolet-

vi si bl e spectroscopy. The tissue sanples were also eval uated

by thin layer chromatography and col our-spot-tests.
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The spectroscopic assay were used for eggs from 6 mature layers,
also grouped A = F.  From the spectroscopy, the highest drug
residue obtained in the muscle, liver, kidney and fat werc:-
1.70, 2.65, 4.0 and 2.85u/g reapectively at 300g/ton dosape

level after 6 weeks of feeding. The least concentrations were
recorded in the above tissues at three weeks of feeding 50p/ton
ration. Two days drug withdrawal resulted in abscence of drug
residues in bhirds fed S0, 100 and 150 g/ton rations respectively.
The egps - test also were negative for residues during medication
and at drug withdrawal period: at all dosage levels, for the

oite week medication period.

The Ry value (Retardation factor) obtained by the thin
Layer chromatography of 40 paired samples, averaged 0.08
(I = 0.95) for the oxytetracycline antibiotic in the specified
stationary and mobile phases. Colour Spot Tests evalualion
of the samples and standards, showed that the B. Vet. C. (1953)
positive colonr reaction (erimson) +as found often with 0.5mg/ml

contained in media preparation of 0,25ml and 0.5ml volumes,
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The animals gained weight at all drug-feeding-level:s:
the hignest being 93.0Z after fecding 200 g/ton lTor 12 weeks,
the lowest was 14.37 when Og/ton was fed for 3 weeks. Varions
mortality rates were also ohserved per group. Patholople
lesions were obscrved in the viscera of animals sacrifised
or posted., Thde lesions present in the Iiver of some of the
birds ranged from mottled appearance, to necrotic foci: and
appear to be dose dependent. Some of the birdse also had
Fimeria tenellosis, taeniasis, and/or ascariasis. The
uxytetrncycline pfcphyluctiv and curative dosages, were rovigwed
in=line with the existing regulatory measures, the [10Ug/ton
dosage level, on account of "proup—average'" pain—-in-weight,
toxicity/liver lesions, the tendency of drug residue levols
falling in proportion to drug conegentratien in feed, was
consequently evaluated to be optimal for prophylaxis, or s
prowth-promoter in the chicken. The repgulatory guidelines
necessary for drug use in food animal production were
suggested, as a factor for production of food, and proper
nutrition: for the attainment of the goals of primary healch

care in this country.
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DEFINITIONS:

Absorbance : UV=Vis Spectrophotometers absorbance reading
at 353 nm.
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Musculus biceps
femoris One of the posterior femoral (thigh) muscles,

It originates from the pelvis (tuber fschii) and
lines the length between it and the knee bone

(the knee joint) where it inserts. It is used for
extension and flexion of the limb, and also for

propulsion.

Musculus
longissimus dorsi. : One of the .muscles of the trunk (back axial
ordinate).

Musculus

semimembranosus. : One of the posterior femoral (thigh) muscles, It
aoriginates from the pelvis (tuber ischii) and lines
the length between it and the femur and tibia
(the knee joint) where it inserts. 1t is used for
hip extension,

Musculus

semitendinosus. : One of the posterior femoral (thigh) muscles.

It originates from the pelvis (tuber ischii) and
lines the length between it and the leg bone
(tibial crest) where it inserts. It extends and
flexes the limb, and also augments propulsion.

All the muscles described are for cattle.
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CHAPTER 1

INTRODUCT LON

1.1 Discovery of Tetracyclines:

The tetracycline antibiotics were discovered in 1948,
Up till today, they remain one of the most widely dispensed
therapeutic agents. They have wide antimicrobial spectrum and
clinical application, convenience of administration, and relative
lack of toxic effects. MHundreds of the drugs' derivatives have
been reported, and at least five semi-synthetiec analogs are in
elinical use.

Chlortetracycline (CTC) was the first member ol the
family to be discovered. It was isolated by Duggar (15948)

from Streptomyces aureofaciens during Lederle lLaboratories' soil

screening programme. Kane , Finlay and Sabein of Plizer Laboratories'
reported in 1949, the discovery ol oxytetracycline (OTC) in fermentation

liquors of Streptomyces ramosus (Mitscher, 1978). Experiment

performed to elucidate the structure of these {irst two substances
(CTC and OTC) led to the production of a third member, Tetracycline
(TC), which retained the useful activity spectrum of both CTC and 07C.

However, TC was subsecuently isolated from Streptomyces aureofaciens,

Streptomyces ramosus and Streptomyces viridofaciens. Methacyeline (MC),

Doxyeycline (DC), and Rolitetracycline (RTC) are semi-synthetic
members of the tetracycline group brought relatively recently into

medical use,



1.2 Susceptible Orpganisms

Tetracyclines "n general are bacteriostatfc, but large
doses can elicit bactericidal activity. They are active against
both gram-positive and gram-negative bacteria; and those other
pathogens unaffected by some other antibiotics (Booth, 1986a),
Examples of such pathogens include: Rickettsia, Mycoplasmas,
Spirochetes and Actinpmycetes, Oxytetracycline can in addition,
exhibit antiprotozoal activity at high doses. The susceptibility
of a particular micro-organism to each of the tetracyclines Is
quite similar, although individual strain differences do occur,
Bacterial Q% factor resistance to tetracyclines was reported to
readily develop, and persists for longer period of time than many

other antibiotics. OTC has little effect on Mycobacterium

tuberculosis, and has no effect on pathogenic fungi. It is active

against certain viruses, but effective against only certain strains

of Proteus vulgaris and pseudomonas pyocyanci.

1.3 Extent of lsage

1.3.1 Clinical Spectrum:

Clinically, OTC is indicated lfor use in the treatment of
Coliform-Salmonella group infections (eg. call scours, enteritis

in pigs, Salmonella pullorum infection in chickens, Salmonella

infection In turkeys), virus pneumonia of plgs, and strangles in
horses. OTC is used for the treatment of other poultry diseases
including blue comb in turkeys, chronic respiratory discase in

chicks (caused by PPLO), infectious sinusitis complex in turkeys,



contagious catarrh in pullets and cockrels, and erysipelothrix
infection in turkeys. Other applications Include treatment of
mastitis (especfally those assoctiated with Staphylococei,
Escherichia coll infections, anthrax, pasteurellosis In calves

and young chilckens, lLeptospiroasls, Foot rat in sheep, Fosiformis
infections (sheep and eattle) Feline Inlluenza, Actinomyeogis,
Actinobacillosis, and Anaplasmosis., There would be good response
when used to treat pnuemonia or bronchitis in all speciea, 1t is
effective against cystitis In small animals, tonsilitis in dops,
metritis in cattle, mave, dops and cats, It can be used to control
secondary infections in cagses of equine influenza, viros pneamonin of
pigs, Infectious panleucapentia of cats (cat distemper), and the
distemper complex of dogs. OTC has been used successinlly to restrict
Infections following abdominal surgery., Tt {s also used at 20pg/ml

of diluted semen for antibiotic sterilization of bull semen, 1t is
used topleally for Infectious keratoconjunctivitis in eattle and
sheep, external otitls in dogs, pyopenic skin infections, and infected

wonnds and burns.

1.3.2 Agricultural Usage:

Antibiotics are known to be extensively used in modern animal
production, In 1972, ten billion doses of antibiotics, represanting
aome 2.4 million kilograms of these suhstances wevre approved for use
in the United States of America by the Food and Drupg Administration.
In 1971, one bhundred and sixiy mil)fon prescriptions were written for

atibioties much of which were for tetracyeline, A snrvey of
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1.05 billion prescriptions in 1967 also showed that antibiotics
represented the single most prescribed catepory (12.37). Whereas
among the 200 most prescribed drugs in USA, tetracycline is second
only to ampicillin as the most frequently prescribed generie drug
(Mitscher, 1978). It remained in the top 50 since the listing

began in 1966,

The antibiotics mostly used by themselves in commercial
feedstuffs are chlortetracycline, procaine penicillin and
oxytetracycline (Goldberg, 1959). 1In USA, the monetary value of
antibiotics added to animal feed in 1969 was estimated to be
U$ 90.6 million (US "ollars);a considerable proportion of which
was CTC and OTC. Mitchell (1984), viewing the highly competitive
economic system of livestock production in North America, estimated
the value of veterinary drugs marketed by Canada Pharmaceutical

Manufacturers in 1982 to the tune of €§ 36.3 million (Canadian Dollars).

1.3.3 OTC Usage in Research,Space Biology, and as Diagnostic Afd:

Published work on the use of OTC in lealth and livestock
maintenance include the chemoprophylactic immunization of cattle

with the drug in combination with Theileria parva protozoans,

against East Coast Fever and related tick-borne diseases (Radley et al,
1980). The practical advantage and economic savings using Smg/kg
(b.w) of Oxytetracycline Long acting i/m, was reported hy Sanusi and

Aliu (1986), following the pre—immunising infection of cattle with



Anaplasma marginale as against the recommended dosage of 20mg/kg

in the treatment of bovine anaplasmosis.

Radio-labelled oxytetracycline was used in conjunction
with histomorphometry to investigate the effects of selective skeletal
unloading (decreasing weight-bearing) on bone formation in inbred
strains of rats: by hind limb elevation during the neonatal first two
weeks., Globus et al.(1986) observed the results of the investigation
to have a profound implication for understanding bone dynamics during
space flight, immobilization, or bed rest. It was viewed as an
opportunity to study also the hormonal/mechanical factors that regulate
bone formation. The extent of incorporation of tetracycline by osteoid
was used by Harrison (1980) to determine the differencies between the
effects of phosphate and vitamin D deficiencies on bone metabolism,
The radio-labelled tetracycline was also used by Wong (1983) to
diagnose and evaluate in viveo bone resorption of mineral and matrix
among the micro-ophthalmic mice and their normal littermates in utero.
Therapeutic potential and localization of tetracyelines were also
investigated in rodent tumors by Davis et al. (1977)., Induced remission
of the development of symptoms using tetracycline has been employed
to diagnose plant diseases associated with mycoplasma-like organisms
(McCoy, 1982), 1t was also used for field control of some tree
diseases. T is used to treat lethal yellowing in palm trees

(Windholz et al.,1976).

I.3.4 Food Preservation:

Up to 507 of field crops get spoilt due to bacterial action belore

reuching consumers' tables. Spdilage organisms had becen controlled in
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poultry using CTC and OTC as the most effective compared to other
antibiotics such as chloramphenicol, erythromycin, procaine
penicillin, magnamycin, polymyxin B (Goldberg, 1959). The shelf-life
of the low-concentration-antibiotic solution-treated poultry was
found te be atout double that of the untreated controls. Steady
gsupply at reasonable cost is made possible in the fishing

industry through the use of antibiotics to control losses

due to spoilage. By that method, boats could stay out lonper

and range farther to ensure profitable catch., This possibility

was supported by an experiment using various OTC concentrations,in
brine to preserve fish fillets (Coldberg, 14959). 1In the meat
industry, antibiotics have also been used to tenderize carcasses,
OTC at concentrations between 30 = 50 ppm was infused into musculus

semimembranosus prepared as |.%m steaks from the rounds of beef

carcasses, They were vacuum-sealed in plastic {ilm, conditioned

at various temperatures, and cooked., The tenderness was found to
increase by all the conditioning procedures over that of controls.
In another study, high temperature conditioning was applied to
intact beef cuts from animals which had been injected pre-slaughter

with OTC. The tenderness of musculus longisimus dorsi, musculus

semitendinosus, and musculus biceps femoris trom the animal, was

greater after 14 days at 2°C than after | day at 43°C. The musculus

semimembranosus showed a greater increase in tenderness at the higher

temperature ol conditioning, suggesting that the latter (temperature)



might be more effective with intrinsically less tender muscles (Lawrie,1975).
In the preservation of soft drink beverages, OTC and CTC were used. This is
apart from benzoic acid (as sodium or potassium salt) and certain

antioxidants that are commonly used (Amuda-tCiwa, 1987).

l.4 Commercial Availability and Purity:

Veterinary preparations of Oxytetracycline available for oral
administration or injection are found to be relatively pure (Ashworth,1985),
but they still contain low levels of impurities, As such, it was asserted
that it is difficult to purchase CTC, TC or OTC that are totally pure.

For example, purity of commercial CTC is claimed not to be greater than
957. Whereas the purity of the TC in feed additives is even less. This
wias adduced to the fact that such TC was sourced from the residual
tetracyeline found in the dried ground mycelial powder harvested from
fermentation tanks (Ashworth, 1985). Also, it was reported that there
were low concentrations of TC in both OTC—containing and CTC-containing
materials. TC on the other hand does not appear to be contaminated wich
other tetracyclines, The veterinary oxytetracyeline preparations
commercially available in Nigeria are however either imported or repacked

here in the country., Their purities therefore should be of the standard

obtained in the manufacturing/exporting countries: if not less.

[.5 Research Objective

l.5.1 Poultry as a Source of Animal Protein:

In normal physiological state, all body fluids (except bile and
urine) and every living cell contain protein. Nearly half of the dry

weight of the human body is protein (Longenecker,1963). Protein deficiency
manifests as a complex syndrome. This is because diet low in proteins may

also supply inadequate amounts of vitamins.



Protein deficiency in man, like most other nutritional
deficiencies may result amongst other factors f{rom defective
intake (either in quantity or quality), poor absorption, or faulty
synthesis.

Idusogie (1971) estimated that for an adult in Nigeria,
daily minimum protein requirement is between 65 and 72 gm per person,
An adult male in the USA was estimated to require 70gm, while the
female required 58gm (Pascual et al.,1976 ). The Food and Apricultural
Organization (FAO, 1966) recommended that 35%em (about 507) of rthis
(72gm) minimum requirement should be obtained rom animal products,
A large proportion of Nigerians cannot presently afford the "luxury"
of daily animal protein in their diets, even at quantities below the
minimum requirement., This would he due to scarcity and high cost.
Of the total poultry available in Nigeria as at 1983, B4.Y74 x 10"
were from local traditional source, while 3.409 x 10 were from
modern poultry keeping (commercial) source, This shows that the
modern poultry keeping constituted a merc 3,862 of total available
poultry meat in Nigeria that year (Federal Office of Statistics, 1983).
On similar down-turn, it was noted from internally generated
data, that total commercial poultry population dropped from 40,4
millions In 1983 to 14,5 million in 1988; and to 8,6 million by
June, 1989, These gave corresponding total tonnapge of poultry

meat as 159, 58 and 46 tonnes in the respective years (Livestock

Feeds Limited Ikeja, 1989). Poultry meat and eggs in unit-price
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consequently rose from N4,60/kg and NI.50/crate (of 30 eppEs)

respectively in 1983 to N15.00 and N30.00 by June, 1984,

1.5.2 Protein Potential from Local Chicken:

The local chicken (Gallus domesticus) was recognized as

villager's most efficient converter of feed, the contributor to the
villager's income and to the supply of animal proteins for Nigerian
citizens (Agricultural Extension and Research lLlaison Service - AERLS
1982). 1t, however, lays very few eggs per year andgrows too slowly,

ATRLS consequently proposed stock-=improvement steps such as:i-

(i) Upgrading with improved breeds
(ii) Supplementary feeding
(111) Selection and culling, and
(iv) Chemotherapeutic control of diseases and parasites

to enhance the performance of the stock.

Okon (1975) observed that the local chicken thoupgh being
of tropical origin (Nesheim et al, 1979) has since spread throughout
the world and have been developed into many different "breeds'" and
varieties in different countries. They were given breed names
penerally based on rhe locality where the breed was first raised,
or on the plumage an< other features of the fowl, In Nigeria, “there

are at least three common such "breeds" namely: the Harco, the B 390,

and_the B 300 (Okon, 1975). The local domestic fowls are preferred

for food by many families in Nigeria due to their taste and texture
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They are known to be more resistant to diseases than some of

the imported breeds, and also adapted against predation.

1.5.3 Poultry Hushar.ry and the Use of Drugs:

The use of less than 1,0 ppm antibiotic supplement in
animal feed improved feed conversion ability (Goldberg, 1959).
Oleandomycin and erythromycin for example promoted growth in chicks
and poults (Goldberg, 1959) and when the antibiotics were withdrawn
from the livestocks' diets, loss of accelerated growth advantage
was reported. At 5 to 7.5 p/ton, OTC was nsed to increase rate of
gain in poultry and 10 to 50 g/ton feeding levels had been used to aid
increased egg production in laying hens, Poultry was ohserved to
grow twice as fast on one-half as much feed today as they did 20 years
ago: one of the reasons being the elfective use ol antibiotics
(Goldberg, 1959). Through various well recognized vehicles (meat,
milk or egg), veterinary drugs and/or metabolites get into foods
for humans (Amuda-Giwa, 1985). Also, the plasma concentration,
metabolism or excretion of drugs administered to livestock, are
influenced by certain factors. Such factors include animals species,
age, sex, body welght, disease state and biorhythms (Radeleflf,
1970). As such, the use of drugs predispose the animals to leaving
drug residue in the tissues aqd the by-products.  Such residvoes may
pose some hrzards to the consumers., Potential health hazards

therefore from drug residues in foods are categorized into:
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II.

Toxicological:-= This includes aplastic anaemia,

thyrotoxicosis, carcinogenicity, deposition in bones

and teeth, ete. Radeleff (1970) however remarked that

it is po-asible to kill an animal with little residue
appearing in the fat or even build-up relatively high
tissue residues without inducing intoxication. In a way,
chemical residues In animal tissues represent a failure
of the body to eliminate or completely metabolize the
substance. A phenomenon attributable to species
differences or the individuals' physiologic or pathologic
dispositions (Clarke and Clarke, 1967). Prolonged
chloramphenicols (CAP) topical ophthalmic administration
at the rate of less than 100mg per patient had caused
aplastic anaemia. In one case, the lowest total dose to
cause death in man was 82mg of CAP administered over 40
days. But this low level of CAP administered was considered
by Allen (1985) to be of public health significance, since
such levels may occur in edible tissues of clinically

treated food=-producing animals,

Microbiological:~ This is in relation to transmittable

drug resistance. There were reports of rising incidence
of mastitis due to penicillin-resistant Staphylococed

possibly due to subtherapeutic exposure.
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A study conducted in Zaria on dried fish, dricd beet,
fried fish, roasted beel (Tsuya), and fried chicken;

showed that the preparations contained Staphylococcus

aureus registant to penicillin, trimethoprim,
caloramphienicol, tetracycline and streptomycin (Kwaga

and Adesiyun, 1984), The development of resistant strains
of the human pathogenic bacteria has been demonstrated

in 3£££2 to concentrations of penicillin, stroptomvein,
chlortetracyeline and oxytetracycline as low as the
antibiotic residue levels obtained in foods (Fagle, et al,
1952). Studies (in the USA) also showed that the
subtherapeutic use of antibiotic is implicated in the
transmission of antibiotic - resistant bacterla pathogenic

to man from animals (Amuda=Giwa, [984).

Immunological:=~ Immunopathological wmechanisms were

involved in documented cases in which veterinary drug
regidues had demonstrably led to harm in humans (FAO, 1984).
Penicillins were cited as the aetiolopical apents

uniformly involved. They are all known for their
allergenic properties in both veterinary and human clinical
medicine. Following ingestion by a previously sensitized
person, milk containing levels 0.5 units penicillin per

ml had caused severe anaphylaxis. In certain conditlons,



however, virtually all drugs can serve as antigens

3

(FAO/WHO, 1984).

In summary therefore, recognising the ready availability of
veterinary drugs in the market in this environment, the detection
and quantitation of such administered drugs residues in the
tissues of food animals, is the objective of this research:

using Gallus domesticus as the experimental animal, and

Oxytetracycline as the test drug.
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CHAPTER 2

LITERATURE REVIEW

2.1 Chemistry:

The tetracycline group antibiotics in general contain
a common structure which may be regarded as an octahydro analog of the

hydrocarbon naphthacene (Figure 1). Taking the structure of tetracycline

Figura 11 Octahydro analog of naphthacene

(Figure 2) as the nucleus, oxytetracyeline (Figure 3) contains this
(tetracycline) nucleus with a hydroxyl group instead of a hydrogen
atom at carbon 5 in benzene ring B, (Figure 3). Chlortetracycline
contains a chlorine atom en carbon 7 in ring D (Figure 4). As with
chlortetracycline and tetracylecine, oxytetracycline is amphoteric and

will form salts with either acids or bases.
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Osxytetracyeline  (Oxytetracycline dihydrate) base and
its salt (oxytetrac ¢ .ine hydrochloride) are crystalline powders,
yellow, odourless and have bitter toaste. The base is slightly soluble
in water while the hydrochloride salt is readily soluble,

Tetracycline, oxytetracycline and chlortetracycline contain three

Figure 5! Three acid groupings (AR £C) i tetracydlime nucieus,

Figure Sa. Oxyletracychine: R, = H, Ry = OH
z S5bi Chlortetrog ychne: R, = g KO H
n o 5¢ Tetrocycling : Ry =R 5= H

acid groupings of different types. The general formula written
as an acid salt (Figure 5) can be partitioned to show three distinct
acid groups: the tricarbonyl methane svstem A, the ammonium cation H,

and the phenolic dikecone system C,
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Oxytetracycline dihydrate has a melting point of 181 = I182°C* whijc
rhat of the hydrochloride salt is 190 - 194°C. The polycarbonyl
aystem of oxytetracycline prompts the ready formation of chelate
complexes with metallic ions, The 6 - deoxy - 6 =demethyl tetracycline

is the simplest known tetracycline with essentially complete

: HNICH
HO CHJ ¢ J}.'?
/\ “(:U /le OH
H 3
: J _NH,
H " 120 W '
N
0 et i3 (1

Figure 6. Tetracycline (Pharmacophore )
L]

pharmacological properties. This structure may be regarded therefore

as the "pharmacophore"” (Figure 6). The tetracycline ring is required
for full bioactivity. The tetracyclines form highly insoluble complexes
with Ca (I1), Mg (II), Fe (II) and Al (1il) ions; especially at neutral
pH's in the presence of amino acids, This not only diminishes their
apparent potency in vitro, but impedes their absorption from gastro

intestinal tract on oral administration.
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2.1.1 Analytical Methods

Chromatography:-= Chromatographic method (of all types) is

a technique ol separating a mixture into Its component parts, which
could subsequently be identified by classical methods. The technique
requires two phases - the statfonary and the mobile phases. The
techniques mode is operated on any of the following combination of

two-phase systems:

- Solid/Liquid: ep.Paper chromatography , Thin layer chromatography.
- Liquid/Liquid: eg. "Liquid chromatogram'" of Steiger and Reichstein

(1938) used for fractionation of suprarenals' steroids.

- Gas/solidii.e. Gas Solid Chromatography - The stationary phase
is solid, 1ts use almost entirely 1Is restricted to the analysis

of permanent gases (Clarke, 1974).

- Gas/Liquidii.e. Gas Liquid Chromatography - The stationary phase

is liquid. 1t is used to analyse many categories of substances.

For substances being separated by chromatography, the speed of
Lheir progress is dependent on the relative degree of absorption and/or
adsorption of the components by the surface of the stationary phase.
Such situation confers a retardation factor (Rf) which is peculiar to

such components, and can be used for their Identification.

Paper chromatography is the oldest of the modes, dating back
to the work of Runge (1795 - 1867). "Runge pictures" appeared as

carly as 1850 (Machery-Nagel & Co, LEd'.74). Izmailov and Shraiber(1938)
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deseribed the use of thin layer of adsorbent on glass plates for
the separation of galenicals. Kirchner et al (1952) designed
equipments for the preparation of chromatostrips and used the
technique for the ipvestigation ol terpenoids. Mottier and
Potterat (1952) worked out a method for analysing lood dyes on
layers of nonbonded alumina and also separated amino acids by this
technique. Stahl (1964) devised a system using the standardized
glass plate (5cm x 20em and 20cm x 20cm), a new apparatus for the
preparation of layers, and a standard adsorbent (silica-gel:
Plaster of Paris). Stahl et al (1956) studied the variables of the
technique in a thorough manner and subsequently called the method
"Dunnschicht chromatographie" or Thin Layer Chromatography (TLC).
Most TLC work has been done in clinical chemistry where speed is

an important factor. Precision in TLC was assessed to be 5 to 107
while it was 2 to 5% in GLC (Sadee and Beelen, 1980). TLC can
separate mixture in microgram quantities. The resolved components
of a spotted sample can be examined/identified or quantitated by
reflectance or transmittance densitometry, spot area measurement,

using radio active tracers, or removed for spectrometric analysis,

The stationary phase in TLC is usually a polar solid:
e.g. silica-gel or alumina. Chemically modified microparticulate
silicas ueed in high pressure liquid-chromatography (HPLC) have
become available. Whereas, production of plates with layers of

very small and uniform particles which result in more compact sample
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spots and improved resolution has given rise to the term "high
performance TLC" or "HPTLC". In TLC work, the mobile phase used
on silieca gel however should be that with as low a polarity as
possible to achieve a satisfactory separation. It can be said
that quantitative TLC is a versitile, sensitive, and specific
technique that can replace hple or glc assays in research and
clinical laboratories If proper instrumentation is available
(Sadee and Beelen, 1980). Thu-gruuter gpeed and versatility of TLC
has given it a rapid widespread use in all fields especially Tor
the separation of organic materials. It is ideally suited

to following the course of complex reactions, quality control,

purity checks, clinical diagnesis and forensic tests.

Spectroscopy:

Ultraviolet (UV) Absorption/Spectra of Tetracyclines:

(1) The beta-tricarbonyl system of ring A contributes

a strong absorption at about 260 nm (nanometre).

(ii) The aromatic ring D conjugates with the beta-diketone
moiety in rings B and C (Figure 2) to produce a visible
band at about 360nm - accounting for the pale to bright

yellow colour of the tetracycline (Mitscher, 1978).

(iid) OTC in aleoholic 0.0l N hydrochloric acid gives UV

spectra at 357nm, 267nm.
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After boiling for five minutes in 0.2 N sodium hydroxide,
the characteristic absorption spectrum changes with a sharp visual
increase in yellow-orange colouration (Monastero et al,1951). Such
a caustic treated OTC solution after acidification to pH 1.7 shows
no maximum at 353mu (millimicron); i.e. 353nm. The differential
absorption measured at 353mu can be used for the spectrophotometric
analysis of OTC. The change from yellow to a yellow-orange colouration
after caustic treatment is specific for OTC relative to the other

common antibioties and has been made the basis for its quantitation.

Infra-red (IR) Spectra:

IR spectra are usually determined in potassium bromide
(Kir) discs or mineral oil mulls. For identification purposes, the
IR spectra are virtually identical for almost all the tetracyelines
for the followings:-

(1) a) amide band at about 6 microns

b) large carbonyl envelope near 6.2 wmicrons

(ii) The differences are mostly in the finger print regions

below 6 microns

(iii) The TC nitriles have a typical C-N at 4.5 microns.

(iv) The OTC Cl2s has a formate ester band at about 5 = 8 microns.,

In each of these cases TC and OTC (iii & iv) above, the band has
identification value because it lies in region which is otherwise

transparent amongst tetracyclines.



Nuclear Magnetic Resonance Spectra (NMR):
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I
O\H”Q K‘_:"Q\‘“\/ \H

H H

Figure #: QTC configurution for NMR

NMR appropriate coupling constants for O0TC:-

J - 9 HZ; J = ()-2 HZ
hf=ba ha-5

J = 4 HZ.
H5-=5a

Mass Spectrometry: The tetracyclines are relatively non-volatile and

are thermally unstable. So their electron-impact mass spectra are rich

in fragment ions and weak in molecular ion intensity. The identity of the
various peaks in the fragmentation scheme is supported by high resolution
mass measurements, substituent labelling and metastable ions. Just like
most tertiary amines, this function dominated the fragmentation. 1In the
highest mass region, there would be m/e 426 for dehydration; followed by
fons 409 and 391 from loss of NHy and water from the carboxamide function;
as well as 381 for loss of the whole group as CONHy. In addition, one
sees mfe 366 and 364 f{rom loss of CHyNCHp, and (CHy))NH respectively [rom
409, Most of the fragments seen involve rings A and B because rings

G and D become naphthalenoid quickly (Mitscher, 1978).



Review of Other Analytical Methods Used in OTC Assay

Microbiological Methods:

Schifferli et al (1982) described the use of a microbiological
cylinder plate bio-assay procedure which utilized the organism,

Bacillus cereus var. mycoides (ATCC 11778) to analyse OTC in veal

calves, They developed a modification of the technique and achieved

a limit of sensitivity of 0.125 pg/ml, Ragheb et al (1973)

reported an analysis iu feed: consisting of plate assay, and

manual turbidimetric methods. They used Klebsiella pneumoniae

(ATCC 10031) for the turbidimetric method and get a detection range
between 0,04 and 0.08 pp/ml in the assay tubes. An alternative
microbilogic assay method which has legal status is the Turbidimetric

Method, The test organism ig Staphylocoeccus aureus (ATCC 6538-1),

the cell density of which, is read photoelectrically after 4 hours

of incubation. An automatic system, AUTOTURH(R)

system (turbidimetric)
for the analysis of antibiotics was introduced in 1971 by Kuzel and
Kavanagh. They used a {lowcell to minimize inaccuracy of turbidicy
readings that could arose due to the flow birefringence phenomenon
exhibited by rod-shaped organisms. "he system also had an automatic

diluter. It had been used to analyrfe monesin and tylosin in premixes

and finished {eeds, and also for OTC in premixes.

Fluorimetric Method:

Determination of OTC in premixes was reported by Katz and

Fasshender (1973).  The method was observed to be rapid (took less
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than 2 hr) and reasonably specific for OTC as regards interference
from chlortetracycline (CTC), This w~as because of significant
diflference between excitation and emission wavelenghts for these

compounds: 390 and 520nm [or OTC as against 350 and 420 for CTC.

Other Methods:

Monastero et al (1951) reported a colorimetry method.
TLC was reported by Ascione.et al (1967), and Ashworth (1985);
while paper chromatography was reported by Addison and Clarke (1963).
Gel Filteration Chromatography was reported for OTC analysis by
Griffiths (1966), and also by Ascione et al (1967). HPLC works

1 (1977a), Sharma et al (1977b),

on OTC were reported by Sharma et
Nillson-Ehle et al (1976), and Ashworth (1985). Petz (1984) published
a review of chemical analysis of residues of veterinary drugs

in foods (Language: German). He noticed that published works on

CLC analysis of OTC was almost non-exlstent. This he asserted, counld
probably be due to non volatile nature of 07TC and the challenging

task of its derivatisation to augment its stability at high oven
temperatures, Ip the samples work-up procedure, he mentioned the

use of Subtilisin Carlsberg (Sigma P. 5380) to homogenize animal-
derived food samples and also collagenase and hyaluronidase enzymes

Lo separate-out the drug in the tissue substances. He made reference

to the work of Hamann et al (1979) in Milchwissenschaft of 1979,

No. 34:357. The method was successfully used for the detection of

tetracycline, chlortetracycline and oxytetracycline,



25,

2.2 Pharmacology and Toxlicology of Oxytetracycline

In chemotherapy, chemical agents act by giving specific
antagpnistic effect on the disease organisms (bacteria, viruses,
parasites, ete). In 1897, Paul Ehrlich postulated the principle
ol chemotherapy. Later, he differentiated between immunotherapy
(the use of vaceines) and chemotherapy. He did a lot of work on
the modern concept of Therapeutic Index (T1): which stipulates that,
chemotherapeutic substances should be maximally parasitotropic and

minimally organotropic, Explaining that:-
TI = LDsg/EDgq

Where LD50 is the lethal dose for 50% of the test animals, and

Ebgp is the effective dose for 507 of the test animals.

However, the main purpose of ant.microbial usage is to
kill or inhibit pathogenic micro organisms in the infected animal or
man. In this regard, the tetracyclines (0TC, TC, CTC, etc.) act by
modifying the molecular mechanisms of replication and protein synthesis
by their effect on ribosomes. They exert a bacteriostatic effect by
inhibiting protein biosynthesis after binding to the 80s ribosomal
subparticle (Franklin and Snow, 1971). Cessation of protein synthesis
results and the cells stop multiplying and will eventually die. The
80s ribosomes of eukaryocytes, including yeasts and man, are much
less sensitive to the effect of tetracyeclines. This accounts for the
useful selective toxicity of these drugs. Pharmacoloegically, the

oxytetracyeline dihydrate (OTC, 21120) and oxytelracyellne hydrochloride
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(OTC. HCL) are the same. As the(O0TC.2H»0) is relatively insoluble,
it is therefore unsuitable for parenteral injection. But its taste
is less bitter than that of OTC.HCl and so, makes it more suitable

for oral administration (Brander and Pugh, 1971).

Oxytetracyclines therapeutic concentrations in the
cerebrospinal {luid for example, will normally be achieved only when
the meninges are inflamed (Brander and Pugh, 1971). Intrathecal
route of administration is therefore recommended to initiate treatment
for cases involving the central nervous system (CNS). OTC passes
placental barrier readily, although foetal blood concentration is
usually low (sometimes as low as 25Z). But it may reach those of
the maternal circulation upon contine us administration of suflicient
therapeutic dosages. Therapeutic levels in the pleural and peritoneal
fluids (serous membrane barrier) can readily be achleved {from even
oral dosage of OTC, although parenteral administration (intraperitoneal:
i/p, or intravenous:— 1/v) is recommended to establish initial levels
in cases ol severe and acute inflammations. Single i/v doses can
pive therapeutic milk levels, as 0TC readily diffuse into milk.
The drug (OTC) also occurs in bile, and could reach a level in excess
that of concurrent serum level. OTC from bile increases that in the
intestine, some may be reabsorbed to begin the cycle again: intrahepatic
circulation (Mercer et al:, 1978b; Brander and Pugh, 1971). Whereas
streptomycin and neomycin are not absorbed into the systemic circulation

in therapeutic concentrations when given orally. When injected, very
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little (Streptomycin) is excreted into the intestinal lumen
except through the biliary system. 1In such cases therefore, only
parenteral injection is suitable for treating systemic infections
and, oral route for intestinal infections., Oxytetracycline

is not absorbed to appreciable extent from the intestines

of poultry (Brander and Pugh, 1971).

Biliary excretion [rom high doses of OTC was postulited
to cause a disturbance of the horses intestinal flora: thus leading

to proliferation of Clostridium perfringens and possible toxin

production. Usage of QIC.HCl (Syn. Terramycin (R)) at Zmg/lb (b.w)
had been reported to produce post=surgical or postanesthetic colitis
in horses. Bocker et al (1984), observed that hepatotoxicity is

a potential side effect of the tetracyelines. Their studies showed
that in some species including man and mouse, females are more prone
to develecp liver damage than males. 1In goats, intravenous
administration of large doses of OTC.HC1 had caused adrenccortical
hyperplasia and decreased thyroid follicular cell size. Since the
tetracyclines pass the placental barrier and could appear in mother's
milk, so also moderate doses lead to a definité yellowing and
reversible slowing of bone growth in .ctuses, infants and young
children, The deposition is essentially permanent and it is dose
related (Mitscher, 1978). Excess doses can lead to weakness in bone
structure and teeth, It is not preferable to administer tetracyclines

to children before abouc the age of eight. Sixty=four babies given TC
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soon alter birth had 50 of them develop yellow or brown discolouration
of the tecth with enamel hypoplasia in some ol the cases. Duration

of treatment appeared to be less imj »ctant than the total dose
(Wallman and Hilton, 1962). Likewise, sixty=-one adults receiving
lengthy courses of TC, all showed deposition in the nails ol the
fingers and toes. By using doses of lgm daily, deposition was visible
in 3 weeks (Douglas, 1963). Todd (1967) described the general toxic
effects of oxytetracycline hydrochloride "as for tetracycline
hydrochloride". When 01C.1CL was administered at a dose ol 500mg

to an adult (t.i.d) for 3 days, the person developed photosensitization,
redness, swelling and itching of the body. The tetracyclines delay
blood coagulation, and may potentiate the effect of dicoumarol
anticongulant. Over-aged (expired) tetracycline preparations
degrading to 4-eplanhydro tetracycline, showed toxicity resulting

in damage to renal tubular function (Fellers and Lindquist, 1964).

The dys-function would produce the symptoms of nausea, vomiting,

glycosuria and albuminuria in human beings.

2.3 Pharmacokinetics and Biocavailability:

When tetracyclines are administered by routes requiring
absorption, on getting into the blood stream, they enter into the
enterohepatic circulation. They undergo excretion and reabsorption
in the gmall intestine. They penetrate readily but unevenly into
most organs of the body. Substautial concentrations are achieved in

liver, spleen, kidney and lung. Tetracyclines are bound reversibly
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to serum proteins: globulins, albuming and lipoproteins (Powls, 1974).
Serum binding of TC, CTC and OTC are 24%, 47%Z and 20%Z, while their
protein binding are also 55 - 64Z, 552 and 27 = 35% respectively
(Baggot, 1977). Most authorities however believe that bound drugs

in general are biologically inactive, hence tetracyclines, bound

to plasma protelns act as a reservoir of the drug., The biological
half-=1life and the tissue penetration ol tetracyclines are strongly

inf luenced by the protein binding. Half life of oxytetracyecline

in the dog is 6.0 hr. (Baggot, 1977).

Pharmacokinetic studies ol 0TC have been reported in a
pumber of animals: Cows and ewes (Ziv and Sulman, 1974), dog
(Baggot, 1977), horses (Teske et al, 1973) and pigs (Mercer et al,
1978a), while that of TC in chicke: was studied by Anadeon et al, (1985),
and CTC in turkeys: by Pollet et al (1985). No pharmacokinetic
study for OTC in chicken was seen during the literature search.
The pharmacokinetic studies of oxytetracycline long acting (OTC-LA)
in relation to conventionél oxytetracycline (0TC) showed that the
OTC=LA formulation had a longer serum half life and a significantly
preater "area wvnder the curve" (AUC i/v) value than the conventional-
OTC (bavey et al, 1985). It also had a lower serum peak level with
a significant extension of drug serum concentration than the
conventional formulation. From the studies in Pigs (Xia et al, 1983),
intramuscular injection of OTC-LA gave a lower maximum concentration

f“mux) compared to conventional OTC. The initial absorplion rute was faster
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for OTC-LA and the maximum plasma concentration was reached within
I hour, while the maximum for OTC-C was achicved after 4 hr.
Calculation ol the AUC i/v showed that this was almost identical

for the two preparations, indicating an equal bioavailability.

In man, about 152 OTC is excreted in the first 24 hr.
after reaching a maximum in about 4 hour. But as much as 507 may
be recovered ultimately in active form (Brander and Pugh, 1971).
It appeared that there was no interference with absorption of OTC
when mixed with either neomycin or bacterin for the treatment

t al, 1985). Two forms

of pastuerellosis in turkeys (Skeeles
of 0TC (OTC. HClL and OTC.2H,0) administered intravenously to dairy
cows were reported not to have statistical differences between
their pharmacokinetic parameters derived from three-compartment

body model.

Pharmacokinetics of drugs however are known to change in
diseased states (Poliull_g il' 1985). This is due to alterations
in plasma perfusion, hepatic function, drug binding, drug transport
and/or renal function. The administration of CTC to fowl-cholera-
infected turkeys resulted in an increase In plasma levels due to
increased intestinal permeability and lowering of the hepatic and/or
renal clearance (Pollet et ﬂl' 1985), Miller and Wyatt (1985) in

their study with aflatoxicosis in chicks, observed a decreased

CTC plasma concentration,



31.

This was explained to be due to the decreased binding of OTC
to plasma proteins, which regulted in increased elimination

ol drug through the kidney, other than the liver route,

Except a given drug is injected directly into the
vascular system, it would be erroneous to assume that such drug
would have a rapid and complete access to the systemic circulation.
A drug product may have a relatively high systemic availability,
but a slow rate of absorption from the site of administration may
give subtherapeutic plasma (or serum) levels of the drug.
Administering usual dosage of such drug could give the impression of
inellectiveness; but dosapge readjustment, or modification ol the
drug=product may just be tﬁe need for therapeutic efficacy. The
biological performance of a drug product therefore, can be effected
by its bicavailability. Bioavallability is defined as the rate and
extent to which a drug administered as a drug product, enters the
systemic circulation in an unchanged form (Baggot, 1977). For
example, dissolution of the solid drug formulations in the stomach
is necessary lor adequate absorption in the duodenum. some
formulations have been reported to give poor blood levels due to
Inappropriate particle size and dissolution rates (WHO, 1974).
Dissolution rate can be however enhan~ed by using the salt form
ol a drug or by decreasing the particle size and as such increase
the bioavailability of the therapeutic agent. But despite good

dissolution and absorption properties (dosage form factors),
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bioavailability could also be affected by physiologically modified
[actors, such as drug abgorption interactions, Blotransformation
by enzymes in the intestinal mucosa or liver, or both (preceding
drug entry into the systemic ecirculation i.e. "first pass effect")
may also significantly reduce bioavailability. Categories of drugs
requiring priority testing for bhiocavailability (WHO, 1974) include:
drugs having relatively poor solubility in water, coated drugs,
sustained release dooige forms, and solid oral dosage forms of

various systemic anti-infective agents.

2.4 Drug Residues in Animal-derived Foods

Quantities of drug residue vary considerably from tissue
to tissue: generally higher in the tissues of storage, excreting or
metabolizing organs, The injection site ol cattle given oxytetracyeline
was positive for the presence of the drug, eight days post
administration. In a USFDA (United States Food and Druy Administration)
surveillance studies of bovine intramammary infusion antibiotic
preparations, 6771 of the products tested, lelft residues in the milk
[rom 12 to 140 hours beyond the milk discard time., Whereas 96 hours
was the maximum allowed by law for disappearance of drug residue in
milk following intrammammary treatment. About 10,000 samples of
red meat and poultry wereanalysed for drug residues in 1971, four
hundred and thirty-five were reported positive (Kerr, 1972).
Whereas as little as 40 units of benzylpenicillin may evoke an
allergic reaction in highly sensitized people (Siegel, 1959), hence

penicillin tolerance for human food was set at zero (FAQ/WHO,1969).
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Public health consideration for drug residues is not
limited to sources from treated animals. Some individual States in
the USA for example permit use of reeyeled animal waste without
regulatory control. Some advantages of such usages had been aseribed
to reduction of environmental polution; when fed to livestock, it served
as an economic source of energy in food animal production. The animal
wastes so used included: meat meal tankage, blecod meal, hydrolysed
poultry feathers, poultry by-products-meal, and dehydrated paunch
products (Booth, 1986b). Several States in USA however have specific
regulations for animal waste feed-products, and set withdrawal times
if the waste is from poultry, or animals that have been fed drugs.
Human health risk from drug or chemical residucs was evaluated by
Flair when animal waste was fed to food animal (Booth, 1“Ebb %, he
observed the risk as being grca}er than the risk from pathogens.
Apart from drugs or chemicals from treated animals, or usage of
ro-~cycled waste posing health hazard to consumers of animal-derived
foods, consumption of products from animals eating poisonons plants

have been reported to have toxicological effects (Schoental, 1965).
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CHAPTER 3

MATERIALS AND METHODS

3.1 Materials

3.1.1 Test Drugs and Standards:

The teat drug used for this research was the oxytetraecyeline
hydrochloride manufactured by Pfizer Products Limited, Animal Health
Division, Tkeja, Nigeria: Under Authority of Pfizer Inc. New York, USA.

(R) Poultry Formula with Antigerm 77".

The brand-name was "Terramycin
The stated composition was terramycin hydrochloride activity 55g, and
Benzethonium chloride 55g per kilogram-weight of the product. They were

packed in aluminium=-polyethylene pouches »f 50g each, net content. The

bateh number was 401 11 93,

Oxytetracycline dihydrate (OTC. 2H50) was the reference drug
standard used in this work. Two preparations were obtained. The first
was in a glass ampoule with net content of 100mg OTC.2Hy0. It was
manufactured by the World Health Organization (WHO) International
Laboratory for Biological Standards., National Institute for biological
Standards and Control, Holy Hill Hampstead London. This was used in the
preliminary study to evaluate the analytical methods intended for use in
the research. The second preparation was in an amber-coloured glass
bottle with net OTC.2H20 conteﬂt of 10gm. It was manufactured by Sigma
Chemical Company, St. Louis, Missouri, USA. The bateh number was 521-06261,
This was used as the OTC drug standard for quantitative ealibration curve,
and also as internal standard for assessing OTC contents of various tissues
and media, The two drug standardg deseribed above were provided by the

Food & Drug Administration and Control, Federal Ministry of Health &

Human Services, Central Drug Control Laboratorics, Yaba, Lagos.



ol Test Animals and Management

The domestic forl (chicken) Gallus domesticus [, was used

for the drug residue tests. It is the most common and most

important poultry bird. The local strain of the domestic Towl

was used for this study (Plate 1).

Plate 1t The Domestic Fowl (Chicken) - CGallus domesticus L.

The arimals were housed in partitioned poultry holding,
provided with drinkers, feeding troughs and commercinl poultry
feed (Sanders (R)y  Sufficient potable water was piven adlib.
The housin: was fitted with incandescent electric lights, while
wood-shavings served as litter. Antiprotozoan and antibacterial
preventive measures were taken. Welghing balance was used for

perfodical animals' weight measurement.,
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Laboratory Classwares:

Erlenmever [lasks (various sizes)

Volumetric flasks (polyethylene stoppered: various sizes, plain
transparent/amber coloured)

Graduated cylinders (various sizes)
Beakers (various sizes)

Centrifuge tubes (glass round bottomed/plastic conical)
Heavy wall (Pyrex) ignition tube, rimless.
Test tubes (Pyrex) and racks

Burettes

Craduated pipettes (10ml, 5ml, Iml)

Bulb pipettes (25ml, 10ml)

Pasteur pipettes

Funnels(Glass/Plastic)

Class syringes (Hamiltnn(R) IPrecision)
Separatory funnels (various sizesg)

Petri dishes

Glass pestle & mortar

Serum sample bottles (Screw capped)

Retort/Burette stands and clamps,

Analytical (Grade) Reagents:

di=Sodium Ethylene diaminetetra acetic acid (EDTA)
Methanol
Trichloroacetic acid (TCA)

Sodium Chloride
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Ethyl acetate

di-Sodium Hydrogen orthophosphate {anhydrous)
di=Sodium Hydrogen phosphate (anhydrous)
Potassium hydroxide

Ammon fum hydroxide

Cone Hydrochlorie acid

Cone Sulphuric acid

Propylene glycol

Polyethylene glycol 400

Glycerin

Modified Silica Gel HgF (254) (without C4504): BDH

Whatman Filter papers (Nos I, 5 & 7)

Analytical Instruments:

Set of Thin Layer Chromatographic Kit: spotting guide, leveller,
spreader, development tank, layer's thickness pauge, ete.
CAMAG Muttens/Switzerland

Ultra-Violet Lamp, M]NERAL]CHT(R) multiband UVSL-58
Ultraviolet Product Inc. San Gabriel Calif. USA.

Transparent Tracing papers and graph sheets

SARGENT - WELCH pH meter: Model IP. Sargent Welch Seientific Company,
PYE UNICAM pH Meter: Model 291 MK 2,

IEC HN = S TI Centrifuge DAMON/IEC Division

Fisher Flexa - Mix: Magnetic stirrer

pbi - Sterilmixer: Homogeniser

Dissecting Instruments: Sainik Biology Sct.Bombay Surgical,India
No. 277077

Mettler balance: Type HI16 Mettler Instruments Corp. Highstown N.J.

SAFETY-FLOW Laboratory Fume Hood: Fisher Scientific Co. Instrument
Div. Tndiana P.A.
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Ultravinlet-=Visible Double beam Spectrophotometer. Unicam SP 1800
HAMILTON Microsyringes: Hamilton Micromeasure., Bonaduz Switzerland,

Air pump. Charles Ansten Pumps Ltd. Weyhridge England Ser. No.K16854.

Mr.'tluﬁi
.'-‘.nnl_y__ll_:::_;‘i\.'n:

The experiment was performed with 72 prown-up chicks, oi

weeks of age (Plate I1),

Plate 171: ¥F operimental Animals Starting Stock,

They were sourced from various litter-mates, They were

separated into 6 groups (A-F) of 10 chicks each with two extra

chicks per group, as replacement stock in case of mortality,

The chicks were leg=bhanded for positive ifdentilication, The chicks

were group-adapted in an open space o front of their partitioned

cages

for | week. During this period, they were served chick mash

(Sanders Feeds Seepc Nig. lLtd.)}.



3.2.3 Sampling Methods for Blood and Other Tissues

Upon sacrifice, 1 = 3gm of whole blood was carefully
collected into a previously weighed petridish containing 10ml
of phosphate buffer (pH 4.5). The weight of the blood eventually
used for analysis was noted as a requirement for O0TC drug

quantitation per gram of sample.

The chickens were each dissected fresh by skinning-off
the feathers. No hot water was used. One tigh was randomly sampled
per bird and for young small chicks, the two thighs were sampled,
The abdominal cavity was dissected and the liver, kidney, intestinal
contents and fat (if present) were each separately ccllected into

polyethylene bags (Plate III).

Kexﬁ
A -~ Thigh muscle
B ~ Kidney tissue
¢ - Liver tissue
D, E&F = Fat tissue
from various
locations

G = Intestinal contents.

Blood sampled into the

bottle (top right corner)

Plate III: The Tissue Samples.
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The animals vary in ages and sizes at the various times of
sacrifice. Therefore, 0.5 - 3.0gm of the specimens were obtained

as available. All samples from each bird were lubelled and

immediately kept frozen at 0°C until analysed.

For the layers, the last two eggs in a week were sampled/
collected (if laid) during the first two weeks duration. The egg
drug residue study lasted three wecks: made up of premedication,
medication and drug withdrawal week respectively. All eggs laid
in the third week (trom days 15 to 21 i.e. after withdrawal ol drug
medication) were collected and analysed for the residual OTC level.
Premedication blood sample and concurrent blood sample for each egg

dropped for all the experimental weeks were obtained for analvais.

All the tissues and eggs collected were analysed within

one week of sampling.

3.2.4 BStock and Working Solutions Prepared

Ammon ium hydroxide (absolute)
Ethylene diamine tetraacetic acid (0.1 M)
Ethylene diamine tetraacetic acid bulfer (pH 7)

Ethylene diamine tetraacetic acid (pH 7 buffer) in Ethylacetate
(Ratio 1:6 v/vi- mobile phase for TLC).

Hydrochloric acid (0,17 ﬁ)
Hydrochlorie acid (G.i N)

Hydrochloric acid (0.01 N), alcoholic
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Oxytetracycline Reference Drug Standard: Stoek 1
(10 mg/ml in 100ml ethylacetate)

Oxytetracycline Reference Drug Standards (10 ethyl acetate
preparations: lmg/ml fo 10 mg/ml).

Oxytetracycline Reference Drug Standards 10 ethyl acetate

preparations: 1 pug/ml to 5000 ng/ml).

Oxytetracycline Reference Drug Standards (13 ethyl acetate
Preparations: 0,05 pg/ml to 20 pg/ml ).

Oxytetracycline Reference Standards (10 ethyl acetate

Preparations: 108 to 10} mg/ml)

Oxytetracycline Reference Drug Standard: Stock 11
(10 mg/ml in 100 ml 0.1 N HCL diluent ),

Oxytetracycline Reference Drug Standard (10 Preparations of
0.025 = 10 mg/ml in alecoholic 0.01 N HCL).

Sodium Hydroxide (1.0 N)

Sodium Hydroxide (0.4 N)

Sodium Hydroxide (0.2 N)

Trichloroacetic acid (20Z w/v)

3.2.5 Preparation of O0TC - Standards:
Stock and Working Solutions

The Oxytetracyeline dihydrate powder (Sigma Chemical Co,
USA), 1.0gm was accurately weighed, This amount was dissolved in
a4 250ml erlenmeyer flask with lml propylene glycol, It was then

quantitatively transferred into a 100-ml volumetric flask with 50ml

ethyl acetate. The stock solution was made up to 100ml mark with



43,

ethyl acetate to give a final concentration of 10mg/ml. Various
concentrations of 4 working solutions A-D were prepared from the

"stock Solution 1" (88.1). '"Solutions A" were prepared to provide

10 concentrations of OTC ranging from Img/ml to 10mg/ml ethyl

acetate. "Solutions B" were prepared to give ten OTC concentrations

ranging from lug/ml to 5000 pg/ml. "Solutioms C"were prepared to

give OTC concentrations ranging from 0,05 pg/ml to 20.0pg/ml,

"Solutions D" consisted of 10 (ten) OTC concentrations ranging

from 1078 1o 10! mg/ml. In preparing Solutions B,C & b, "SS.1"
was further diluted 1:9 and 1:99 (v/v) ratio with ethyl acetate to
obtain the microgram quantities of OTC per millilitre ot ethyl acetate.
The absorbance of Solutions "C" were individually determined at 3573nm
for the construction of the calibration curve. The absorbance reading
from Solutions A = D (Appendix 1) were used in assessing uv-vis
spectrophotoneter's limits of sensitivity. fpecific care was taken
to prevent loss of solvent from the solutions through veolatilization:
by using screw-capped bottles and minimal ambient temperature and air
current.

Using similar dilution method, "Stock solution TI" (8S.11)
was prepared to contain 10mg/ml OTC in 0.1 N HCI solution. A set of

working "Solutions X" was prepared from "SS.I1I" to contain OTC

concentrations ranging from 0.025mg to 10mg per ml of 0.01 N HCIL.
Portions of these OTC in 0.01 N HCI were used: (i) to spot the TLC to
determine the minimum spot visibility of OTC on the plate, (ii)

assessment of TLC spot resolution for every spotted sample, and

(iii) as internal standards in the 0TC Recovery Evaluation.
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3.2.6 Ultraviolet - “isible Spectroscopy

Instrument Optimization:

Make of Instrument: PYLE UNICAM ultraviolet-visible double beam

Spectrophotometer
Model : - Unicam SP 1800
Measurement Wavelength: 353nm

Set Absorbance reading range: 0-1 (with options to read higher
at 0 - 2, or lower at 0 - 0.5)

absorbance units.

Band Width: 0.6
Sliv Width: 0D.18
Sample cuvettes: Silica (l.0em pathlength)

Absorbance Reading Measurements and the OTC Standard's
Calibration Curve:

The pair of silica cuvettes were rinsed and thoroughly cleaned
with soft rissue paper. They were filled with the blank sample ethyl
acetate solution. One was placed in the reference/blank position
and the second in the sample position. The "Zero" knoh was adjusted
to put the baseline reading at zero. The blank sample was decanted

and replaced with each one of the prepared Working Solutions: AI-AIU,

Bl—BIO, CI—CIS, and DI—DIO, cleaning the cuvettes thoroughly within
each sample., For all the group - sumples (e.g. "Solutions A"), the
measurements were done in successive inecreasing order of their known
OTC contents at 353nm wavelength., The absorbance readings were obtained

and recorded. Following this step, the absorbance measurement was made

for each of the ethyl acetate extracts obtained from the various
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biologie (tissue) samples for the chicks, and then, the layers.

Chemical Evaluation of Test Drug Tervamycin Poultry Formula (TPF):

Twelve satchets of the drug preparation each containing 50 gram=-
weight of the OTC were purchased initially. Three satchets were
randomly selected from the lot and analysed for their oxytetracycline
antibiotic content using the chemical spectrophotometric method of
Monastero et al (1951) and Mitscher (1978) with slight modification.
Two subsamples (I & 2} were obtained from each analysed satchet and
quantitated against the "OTC, 2H0" reference drug standard. Firsg,
(1.5g¢ of the TI'F was accurately weighed from each satchet and carefully
dissolved in 50ml of 0.0l N alcoholic HCl. The py was taken. Two
twelve millilitre portions were taken from the 50wl TPF preparation
per satchets 1,11 & 111, They were correspondingly designated subsamples
[ & 2, These subsamples were each divided into (i) ten millilitre portion,
and (ii) two millilitre portions. Three millilitre of distilled water
was added to each of the two millilitre portion and then 5.0ml of 0,4 N
Sodium hydroxide (NaOH) was added. These were boiled for 5 minutes and
then cooled in ice for 2 minutes. These resultant six, l0Oml preparations
(from satchets I, Il and TI11 in pairs) were ecach further diluted to 20ml
with distilled water. The pH after addition of 0,4 N NaOH was measured.
Ten millilitre was taken from each of the 20ml volume. They were
subsequently reacidified to about PH I.7 with the addition of 15ml
of 1.7 N HC1l. This brought the total volume to 25.0ml. The UV-Vis
absarbance readings were measured at 353nm for each of them, derived from
the two millilitre portions (Table 5), To each of the |0m]

aliquots (for satchets I, {1 & IIT in
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pairs), 240ml of distilled water was added: hringing each's total
volume to 250ml. The pH was taken for the six preparations as well
as the absorbance at 353nm. The equivalent OTC quantities of: (1ii)
the base treated-reacidified (2ml) TPF portions and (i) the acidic
(10m1) portion unalkalinfzed TPF preparation, were read-off from

the regression mnalysed calibration curve.

Extraction of OTC from the Riologic Matrix:

For the broiler-type tissues and blood, each known weight
(eg. 3.0gm) of the specimen(s) was homogenized by hand chopping and
grinding in a glass mortar with 3,0ml of 0,IM EDTA (di- Sodiuw salt).
This was then coumpletely transferred into a 250ml flask with 12ml
of phosphate buffer (pH 4.5)., These two liquids used for the

homogenization were previously kept at 0°C,

For the egg srmples, the yolk and albumin were homogenized
together in a rotary-blender (Sterilmlxer(ﬂj) for 30 sec. at 4,000rpm
(revolution per min). As done for the broiler-type tissues, 3,0g
portion of the homogenate was added to the 3.0ml of 0.1M EDTA, and
12ml phosphate buffer. After homogenization, every sample prepared
was then agitated on the shaker for 10min. Five millilitres ol
trichloroacetic acid (20%Z w/v) was added to the homogenate (in statu
quo) to precipitate the protein. The mixture was then centrifuged
at 2,000 rpm for 10min (Figure 8), The liquid portion was recovered
and the precipitate discarded, Iwmediately prior to solvent cxtraction
(which was the next step), 0.5%mnl of ammonium hydroxide was added to

each homogenate, mixed together, covered and left for Swin to equilibrate
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on the bench. It was tested positive to litmus. 10ml of ethyl
acetate was added to each of two separate homogenates at a time.
They were agitated on the shaker in pair for !5 min. The 10ml

solvent extract was recovered using separating funnel ,
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FIGURE 8: EXTRACTION OF OXYTETRACYCLINE FROM TIHE BIOLOGIC MATRIX

1.0g Tissue - sample homogenized with 3. Oml Nas EDTA.

Transferred into 12.0ml (4 parts w/v) phosphate buffer (pll 4.5)

v
Agitated on the shaker for 10 minutes

V
Protein preciplitared with 207 TeA (w/v): Mixed rogether.

Centrifuged at 2,000 rpm for 10 minutes,

— 1
Precipitate Discarded Supernatant [luid retained

Alkallnized sﬁbornntnut mediam wit
Ammonium hydroxide,

v

3 times solvent extracted: each wi

10.0ml ethyl acetate portions

,wf’#ff## T -

Aqueous portions dtgg;rded The 3 sdlvent extracts w
added together (30ml) an
concentrated to smaller
with air current

h

th

oere
d
vo lume

Fxtract's volume concentrated Spot=Tested 2,0ml Spotted |il|
to 6.0ml(int.Cont,200-; and . of sample extracts portion on the
300g/ton, concentrated to portion with cone TLe, and
12.0m1) ,Absorbance reading HoR0, and discilled developed,

measured., wialer.,
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The 10ml ethylacetate extraction was repeated two more times by
gentle shaking and mixing for every sample. The three [0ml ethyl
ncetate extracts were combined. The solvent extract was kept and
the aqueous portion discarded. The 30.0ml extract's volume ohtained
from each of the 3.0gm of the broiler-type tissues, and each got
from those of the layers , were then concentrated to 6.0ml, i.e.
1/5th volume. Those of intestinal content at 200-, and 300 g/ton
were also concentrated to 12.0ml using warm air current. Their
absorbance readings were measured and multiplied by a factor of 2,

to obtain equivalent OTC quantity for each (Intestinal content),

from the calibration curve in upg/g.

OTC recovery was evaluated from the six broiler-type
tissues. Three pleces each weighing lg, were obtained from the
control birds for all the tissues (i.e. Blood, Fat, Intestinal
content, Kidney, Liver and Muscle). They were labelled subsamples
1, 2, & 3 for each type of tissue. The six tissues in each subsamples
I, 2 & 3 were successively homogenised in glass morter, spiked with
Spg OTC standard (8S.II1) and extracted with solvent as deseribed
sbove . The 30ml ethvl acetat~ extract was cach concentrated
to 5ml by warm air current and the UV-Vis absorbance readings measured,
The equivalent OTC quantities in pg/g were calculated using five-fold
conversion factor. The OTC residue levels are shown in Tables 2,3 & 5.
Subsequently, the tissues' solvent extracts were spotted on the TLC,

and evaluated for OTC content by colour spot tests.
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Data Analysis

Beer - Lambert's Law or relationship was used for the
absorbance measurements (n respect of drug contents' quantitation
using the UV-Vis spectroscopic data.

i.e. A = ‘i.la.c
Where A = The absorbance (or Optical Density)
of substance of interest, in the solution at

the appropriate wavelength (353nm).

2 = The molar Extinction coefficient (or molar
absorhtivity).
b = Pathlength of the light thraollgh the solution.
e = Concentration of substance of interest (i.e,
the absorbing species) in the solution of
pathlength "h".
{ and b are constants (K). Value of g is independent of b and ¢, and
the pathlength "b" is represented by uniform eross—section (1.0cm) of
the cuvette(s).
1If A = Z,b,c
t- A = K.c
f.e,A PC c {at l.Ocm pathlength: equivalent to 1.0 cubic
centimetre extract volume),
The 30.0ml extract's volume got from the 3.0pm of the hroiler-
type tissues, and those got from those of the layers, were
each concentrated to 6.0ml i,e. 1/5th volume (those of intestinal
content at 200-, and 300g/ton were concentrated to 12.0ml). Their
absorbance readings were measured and multiplied by factor of 2, to

obtain equivalent OTC quantity for each from the calibration curve

in ug/gm. FExtracts got from one—-gram-piece tissues used for



extract ion in the recovery study were correspondingly evaluated to
get the equivalent OTC quantities in pg/gm using five=fold conversion

factor, The OTC residue levels are shown in Tables 2, 3 & 5.



342475 Colour Spot Tests:

Obtaining the OTC standard's calibration curve was augmented
by the use of colour spot testing on concentrations of markedly
different OTC quantities but giving similar absorbance readings.
It was observed that though the OTC concentration of 0.012 mg/ml
in one sample for example, was significantly lower than another
containing 3 mg/ml., Yet their absorbance readings were 0,486 and
0,435 respectively (Appendix 1). These absorbance readings were
not quite different nor proportional for thelr convenient (differentiation,

" intermediate concentrations,

nor for the reading of the two solutions
Subjecting the two solutions to colour spot tests, could result in
clear different colour reactions. This test gave colourless reaction
to the former (0.012mg OTC/ml) while the later (3mg OTC/ml) was yellow
homogenously., This led to the Investigation of colour spot test
described by British Veterinary Codex (B. Vet, C., 1953) for assessing
the identity of oxytetracycline in a substance, Three categories

(A, B & C) of OTC preparations were investigated. OTC contents of

the tissue extracts from the experimental animals were also assessed,
In all the assessed OTC preparations, whether amongst those in the
tissues or those in the OTC standards, two millilitre portions were
tested for the colour reactions. Two millilitre of Cone sulphuric acid
was lirst added to produce the crimson colour, followed by Iml of
distilled water which should change the colour to yellow if

oxytetracycline wasa present,
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3.2.8 Thin Layer Chromatography:

Four 20 x 20em Chromateplates were prepared at a time,
using slurry titurated in a glass mortar from 48.0gm of modified
silica gel HgF (254) and EDTA-buffer (pH 7). 16ml of the buffer was
used for every 8.0g of silica gel. The buffer was prepared by
mixing 5.0ml of 20%Z v/v polyethelene glycol (P E G-400) in glycerin,
with 95.0ml of 0.1 M EDTA that has previously been adjusted to pH 7
with ammonium hydroxide (Ascione et al., 1967). The thin layer
was gauged to be coated at 500p (microns) thickness. After coating,
the plates were left on the leveller to firet air dry for 30 min,
They were then transferred to an oven preheated to 105°C, and
activated for )| hour. After activation and cooling, the
chromatoplates were spotted with 10p, of the ethyl acetate extracts
of the tissues, obtained from the solvent extraction step above.
DTC.2H20 standards were prepared [rom SS8.11 to give concentration
of 10, 7.5, 5.0, 2.5, 1.0, 0.50, 0,25, 0,1, 0.05 and 0.025 mg/ml
of 0.01 N HC1l. These were spotted along with the tissues' solvent
extracts, for the identification and measurement of their OTC
contents. 5Sul, of these standards were used at 0.1, 1.0, and

10mg/ml for spotting each plate using Hamilton (k)

precision
Syringe at 1% em spacing-intervals provided by Lhe transparent
plastic spotting—gulde device. The plates were left on the bench

for 5 = 10 minutes to air-dry. Meanwhile, the development tank

was prepared and equilibrated (Ascione et al.,1967) using ethyl
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acetate and EDTA buffer (pll 7) at ratio 6: l(v/v) and pouring

the resultant 140ml mivture léru prepared development tank,

After marking the solvent fronts ac lZem from the starting points

on the two plates, they were placed in the tank, closed normally,

and watched the mobile phase's migration. On completion of
development, the plates were airdried on the laboratory bench and
later viewed under long wave ultraviolet light for the positive
orange fluorescence of OTC, the extent of migration, and the spot
size. In cases where there were positive 0TC spot-separation, the
area occupied by ~aeparated spots were traced on a transparent
tracing=-paper and measured on the graph-paper in centimetre square
(em?) units., Al)l measurements were recorded. Minimum spot visibility
was evaluated using OTC standards absorbance readings. Five pl,
(microlitre) each of these preparations was spotted directly on the
TLC and developed normally. The ten preparations from Solutions "X"
(0,025 to 10,0mg OTC per ml of 0.01 N hydrochloric acid) were solvent
extracted, The ethyl acetate extraclts recovered were spotted after

concentration, at 5Sul. quantities each, on the TLC and developed.



55.

CHAPMTER 4
RESULTS

4,1 Observations Made After Medication of Experimental Animals:

During the post mortem sampling of the animal tissues, a
number of gross pathological changes were noted particularly
in the liver of some of the sacrifised animals. These ineluded:
mottled appearance of the liver mass, petechial haemorrhages,
paleness, focal necrotic points, some were severely hyperemic
(dark reddish), while some had vellowish discolouration. These
occurred more in the livers of birds fed higher drug concentrations
(300-, and 200g/ton) for six weeks or longer (about 307 of them).
Some birds that died during the course of the study and some
of those sacrifised had inflammed caecum (about 10Z). This

indicated Eimeria tenella prevalence, even with the coccidiostat

control. A few of the birds had ascariasis, and fewer still,

had taeniasis.

All the birds fed with different drug concentrations in
this study were observed to have increased weight (Table 1)
which were not dose dependent., Mortality with various drug
concentrations were 64, 57.1, 56.5, 52.6 and 44.4% for Groups
F,D,B,E,C and A respectively., The highest weight-gain (937%)
was obtained with 200g of OTC per ton of feed (200 ppm) after
12 weeks feeding duration. At both 6=, and 9-weeks feeding
durations, the birds fed 1UUg/ton were observed to gain the
highest weight of 80.1Z and 87.97 respectively. Group T,
with no drug supplementation in the feed, showed the least

-

weight gain. #
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. Levels of OTC Residues in Blood and Other Tissues:

From Spectroscopy

For the quantitation of OTC contents of samples, a
calibration curve was plotted (Appendix 4) using repression
analysis (Appendix 3) and the absorbance readings in
Appendix 2 ('t' test, P = 0.95). The spectrophotometric
readings of 0TC concentrations are shown in Table 2 and
Appendix 5 for solvent extracts of the broiler-type tissues
(i.e. Blood, Fat, Intestinal content, Kidney, Liver and Muscle);
and also in Table 3 for the lavers' blood and eggs. The drug
quantities found in the tissues ranged between zero up/g
of blood at 3 weeks of feeding 50g of drug per ton of feed, to
24.40 ug/eg of intestinal content at 6 weeks of feeding 200g of
drug per ton of feed. Drug levels in all the tissues were least
at 3 weeks, the highest levels occurred at 6 weeks., ‘The
quantities of Oxytetracycline in all tissues were not
significantly different at 9 and 12 weeks study, but were slightly
lower than the 6 weeks drug feeding study., No signiticant fat
deposit was found in 3 weeks fed birds and as such,no drug
value was obtained for that tissue at 3 weeks. Cenerally,
drug leve's were lowest in blood and highest in the intestinal
contents. Also kidney levels of 0TC were higher than levels
in the Tiver. The thigh muscle had higher drug levels than the
blood, The highest drug residue was lfound in the kidney at all
drug feeding levels.

Following witharawal of drup, birds fed 50, 100-, or 150p/ton
feeds were negative for OTC after 2 days, while those fed at
200, and 300g/ton were nepative on the 4th and Sth day

withdrawal periods respectively,
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In respect of samples obtained from the layers' (Table 3), no drug
residues were observed in the tis.ues at the druy feeding levels during
premedication and drug withdrawal periods,  During the one-week
drug medication period, two birds, each placed respectively on
300-, and 200g OTC per ton of feed, had blood drug residues
equivalent to 0.06 ug/g (in one sample) from the 300 g/ton fed
bird, and 0,02 and 0,02 ug/g (in two samples) from the 200g/ton
fed bird. No OTC residue was found in the egps laid by the two
birds at this same period and in all other hirds', throughout the

study periods.

The earliest laid egp was at the third day of drug withdrawal.
The maximum number of eggs laid by any of the birds were two,

during that period.

Results of the tissues recovery studies are shown in Table 4.
Percentage recovery was highest from kidney and lowest [rom liver.

Recovery study was not done for the layers' samples.
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The TPF's (premix) chemical assay, showed that the
potency was in close agreement with the manufacturer's declared
quantity, and the standard by the United States Pharmacopeia (USP XX,

1980) for Oxytetracycline hydrochloride (Table 6).

4.3 Levels of OTC Residues in Blood and Other Tissues
From Colour Spot Tests:

The observations made for the colour spot testing of
the OTC are shown in Tables (;Jnd . OTC's presence was indicated
by crimson/violet, brown or yellow colour. From the analysis of the
tests, crimson colour that was considered positive for oxytetracycline
identity using the B, Vet. C (1953) method, was found often with
0.5 mg/ml, contained in media preparations of 0.25ml and 0,5m!
volumes, It was also positive for 0.5 mg OTC in |.5ml or 0,5ml
volumes (Table 7). When the test tube was not agitated and the
concentrated sulphuric acid (H9S04) was added gently along the side
of the tube , the coiours formed downwards as: Brnwn}vinlutifr;msnn

interphasing layers.

On addition of Iml of distilled water, the colour changed
from erimson to yellow, In some other concentrations of the 0TC
preparations, the 0'C colour changed to lighter shade(s) of the
colour initially shown with addition of the acid (i.e. lighter shade(s)

of either crimson, brown or yellow).



When the test tube was shaken, the colour of positive test
cases were brownish to crimson. Such were the colour reactions
observed with ten preparations of constant lml volume, having OTC
quantities that ranged from 1.0mg to 10,.0mg (Plate IV and V),

(Table b).

Plate 1V: Colour Spot Test on ten preparations of Constant

lml volumes having OTC concentrations from 1.0mg
to 10.0mg. The blank (zero OTC concentration) is
shown in the right (eleventh) test tube.
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Plate V: Colour Spot Test

shown in Plate ! This
Colour=change: from

crimason to vellow, atter
1idding 1.0ml distilled water,

Va-ious concentrations of the 0TC

drug (f.e. 20.05 me/ml)

ind volumes (>2.0mly # 10.0mDwere tested, These gave yellow

colour reactions. The yellow colour manifested usually when the

volume of the medium (containing the OTC) was more than 2.0ml

(tegted up Lo 10.0ml) and the OTC

content was between 0.5 and 1.0
ne /ml, When 2.0ml was used as constant media volume, OTC in
quantities of 0,05, 0.025 and 0,012%me (i.e. 0,025, 0.0125 and
0.00625 mg/ml respectively) showed negative colourless results to

the colour-test as it was for a bl:onk 2.0ml of 0.01 N HC1 diluvent medium.

Yellow coloar manifested for D.10g OTC in Zml of the diluent HCL1 (1

0.05mg/ml concentration)., The

0.025mg/ml therefor appeared to be
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the limit of the colour—-test's sensitivity at that media volume
of 2ml. It may vary however when the 0.05mg OTC (for example) was

contained in 1.0 or 0.5ml of diluent media.

The tissues' solvent extracts for all the drug feeding
levels at various sacrifice intervals were tested (Table 72%. The
colour test results were for tests done for OTC in the tissue
extracts at all drug feeding levels and the indicated sacrifice
intervals. Blood and muscle extracts at all feeding levels and
sacrifice intervals gave negative, colourless results. Kidney, Liver
and Fat extracts at 300-, and 200 g/ton feeding level showed yellowish
colour reaction. All the extracts of the intestinal materials were
yellowish to the colour test at 50 to 150 g/ton feeding level. But
the test gave yellowish-brown colour for 200-, and 300 g/ton samples.

4.4 Levels of OTC Residues in Blood and Other Tissues: IFrom
Thin Layer Chrom.tography

The Chromatography of broiler~type tissue extracts did not
show the orange fluorescence under UV light as would be expected for
the presence of OTC spot/band in the sample extracts. In some
extracts of the higher feeding levels (300-, and 200 g/ton) however,
there were light bluish spots almost regularly appearing for extracts
from liver, Kidney and intestinal content samples. The spots were
not further identiffied though, but had spot and solvent fronts similar

to that of 0OTC.
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The OTC standards separately spotted at 5-, and 50 ug
quantities gave positive, orange !lunorescence under UV light, as
they were applied along-side all the bateh samples (Appendix 6),
No spot separation was got with O0.5ug gquantity of OTC sample (i.e.
from 5 ul, of 0.1lmg/ml OTC concentration). The minimum spot visibility
of the direct OTC standard was Sug (i.e, Sul. of lwg/ml concentration).
The 5ug spotting quartity also gave the best spot resolution for the
OTC standards, TFrom the retardation (Rf) values in Table 7, the
reproducibility of the Ry value was got from 40 (averages of two
readings) data values to be 0.08 ('"t' test, T 0.95). [From the
separated spots, an average of 00,1145 (em) from 20 (averages of
two readings) data values was-obtained in respect of "square root
of spot area" (vK) for 5Sug spotting quantity, The value for 50ug
quantity was 1.1429 also from the same number of readings. Of the
Sul, quantities spotted from each component of Solutions A to D, all
the spots gave positive fluorescent reaction for Solution A, the
three highest concentrations were positive for Solutions B, while
none was pogitive from the spottings of Solutions € and I (Appendix 6),
The solvent extracted, ten OTC standard preparations (0,025 to
10.0mp/ml) spotted on the TLC pave positive orange [ luorescent
spot separations for the highest two preparations (7.5~, and
10 mg/ml). Those of 5.0-, to l.0Omg/ml were light bluish. No
spot separation was observed for the last five preparations (0.5,
to (1.025 mg/ml). The lower limit of the solvent's extracts' spot
visibility from this work was observed to be 25ug (Sul. of 5Smg/ml
concentration).,
From the observed O0TC standard's spots' resolution on the
TLC, the caleulated "square root" ol the measured "spots areas" (VA)

were directly proportional to the quantity (W) of the 0TC spiked.



CHAPTER 5

DISCUSSTONS AND CONCLUSTON

5.1 Management and Medication of Animals:

The use of bird, older than day-o0ld chicks in drug residue
research was reported by Amin et al (1977). They worked with
chlortetracycline and Oxytetracycline, and evaluated the residue in
1,580 two-week old broiler chicks of both sexes. They reported
another study where they studied the drug residues in 1,580 chicks
whuse ages that rarged from 2 to 8 weeks: housed in floor pens on
wood shavings., Some other workers used day-old c¢hicks, including
Katz et al (1972). In respect of layers' studies, hens are known
to lay eggs in a given cycle: which comprised of sequence and also the
time intervals of interruption in the sequence. In this experimental
situation therefore, the idea to get enough egps dropped per
given time interval prompted stocking both sexes of chicken.

Reports showed that sexual behaviour is tied closely to the psycholo-
gical behaviour of the animal (Swenson, 1970). Onset of hreeding

scason had been hastened several days in ewes that had a ram added

to the flock., The next oestrus period in many sows had been hastened

by putting a boar in a pen adjacent to sowss he proctice

by local poultry breeders to herd hens and cocks together usually result in
more frequent egg laying. Physiologically however, vasotocin

(a hormone from the posterior pituitary) may start the contraction of



173,

the uterus which leads to ovipositions, Although it had been shown
that posterior lobe of chicken contained the least amount of
vasotocin coincidental to the time of laying (Najoko, [962) due

to its release into the blood stream. Douglas and Sturkie (1964)
demonstrated the hormone (vasotocin) in the blood stream as manyfold
higher blood titer before the egp was expelled, as compared to the

level at preoviposition periad.

Using OTC as a therapeutic agent, the manufacturer
recommended dosages that ranged from 22 to 88 ppm for various
management and herd health maintenance. The lower limit being included
in the prevention dosages, while the upper limit was recommended for
both prevention and control regimens. For OTC susceptible organisms,
200gm/ton for example was recommended for curative medication against

Mycoplasma synoviae (Infectious synovitis), and 100gm/ton for the

prevention (Siegmund 1973). The 200g/ton of feed would also suffice
to effect rapid decline of mortality in field ounthreak of Clostridial
dermatomyositis (Cl. septicum) and Ulcerative enteritis (Cl.

perfringens Type A) infection in fowls.

Although low-level antibiotic medication was used as
early as 1950 (Goldberg, 1959 and Siegmund, 1973) in the range of
I = 10 mg/kg (ppm), yet levels as high as 300 ppw were ineloded
for even prophylactic feeding, |, therapeutic nsages,

levels up to 2,000 ppm had also been reportedly nsed (Goldberg, 1959),
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There are however regulations now in some countries controlling

the use of antibiotiecs (and other therapeutics) in food - animal
production (Amuda-Ciwa, 1984). This was seen in the light of

drug - resistance due to subtherapeutic usages, and drug deposition

in tissues on account of metabolism, high dosages and/or withdrawal
periods. But the overall considerations for drug use in food - animal
production after being primarily lfor enhanced animal protein supply,
should be also for the drugs therapeutic efficacy and safety in the
target animals. Alchogh not studied emphatically with drug-dose-quantity
in this experiment, the hazard of liver lesions observed with the
3J00=-, and 200 g/ton dosage levels could disfavour recommending such
medication levels for continuous feeding of chicks from day-old to
table weight, Besides, one of the highest mortality rates was

recorded in the 200g/ton feeding level. OTC wag reported to be hepatotoxic.

By evaluating the "group-average' gain-in-weight, the
risk of drug toxicity/liver lesions, the mortality rate recorded,
and the tendency of drug cummulation to residue level after nsage
exceeding 6 weeks, it could be noted that the 100g/ton drug feeding
level would be optimal for prophylactic use, or as growth promoter.

5.2 Levels of Oxytetracycline Tissue Residues from Colour Tests,
Chromatography and Spectroscopy:

A large-scale, modern food - animal production invariably
incorporates drug medication of the livestock. Detection of such

drugs to control those of residue importance would therefore he



a necesslty, Screening method(s) are required, which should be

rapid, cost-effective and applicable in non-laboratory environments.
The colour~spot-test used for OTC detection in this work was
considered for use, as O0TC screening method in tisswes of food-
animals. Following the described procedure, 2,0ml of the solvent
extract could be tested which would give the appropriate colour
reaction changes when OTC is present at or above 0.025pg/fpm.  The
positive samples could be further tested with

sensitive instrumental method(s) for quantitation. The sensitivity

af 25 ppm is however low for regulatory purposes, but could be
enhanced by improved quantitative extraction and test volume adjustment,
This colour spot test could also be a good guide Tor selecting the
calibration range for a set of standard preparations, rather than
assessing same by dilution and comparison of spectroscopic absorbance,

that may be time consuming.

There were no orange [luorescence (positive colour for
OTC's presence) on the TLC Trom the tissue extracts., This could be
that the OTC drug epimerized which probably prevented the colour
reaction, Tetracycline (a member of tetracycline group) is however
known to undergo epimerization at pH 3 to 5 in aqueous solution to form
4 = epitetracycline. Other substances that influence such
epimerization include phosphate, citrate, ureca and some pharmaceuntical
ingredients (Mitscher, 197¥). The data from the Spectroscopy were

used for the drug quantitation.
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The values obtained for the tissues at all drug feeding
levels and various sacrifice intervals from the spectrosccpy were
shown in Tables 2 and 3. Feeding - level to drug - deposition
relationship wars observed at all sacrifice intervals. Katz et al
(1973) ohserved also a tendency towards higher residoes oo issues
as drug feeding level was increased with 07C fed chickens. The report
by Yoshida et al (1975), working with OTC in chickens at feeding
levels that ranged from 0 to 4,000 ppm also showed that at over 500
ppm feeding levels, the tissues drug residues were directly
proportional to the dietary medication levels, They found no OTC
residue in the blood, muscle {(thigh) and liver at 20ppm drup feeding
level, VFrom this work, the blood's drug level reached the peak value
at 6 weeks' drug feeding duration; but decreased at 9 weeks,
establishing a plateau up to 12 weeks. That tendency was observed
for muscle and other tissues as well, The decline and levelling oif
of the drug residues suggest a lessening of potential residues when
drug intake is assessed in relation to body weight. Katz et al
(1972) observed in their study with Chlortetracyeline (CTC) that
the kidrey had 8 = 10 times the drug concentrations found in
muscle or liver, In the present study with OTC, residnes in
kidney although higher than those found in muscle or liver, the
magnitude of difference observed was not as high as that
obtained by Katz et al (1972). 0TC residue found in Kidney

by Katz et al (1973) were higher than those from
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the liver, and were also 2 = 5 times the residue in muscle tissues,

They found in muscle, liver and kidney, residues in the order of

trace, no residue and 0.0%ugfg respectively at 25g/ton; They found 4.20,0.29
and 0.78 pg/g respectively at 200g/ton drug Feeding level. In the

3~, 6~ and 9-week old/fed chickens, they found just detectable

residue in the muscle tissues. Mercer et al (19780h) ohserved

significant correlation between plasma levels of OTC and the levels in

the liver, muscle, lung, kidney and stomach wall, when studying the

drug's tissue kinetics in swine. They opined therefore that field
monitoring for OTC could he done wusing hlood plusma to screen for

tigsue residues.

The analysis of the intestinal contents that showed
comparatively very high drug levels (4.16-24.4uy/pn) was not
unexpected, belng the primary portal of entry (GIT) of the drug-feed

into the blood and the tissues.

The values detected varied with the sacriflice intervalg
and may also be related to the quuntity ol food inpested prlor to the
sacrifice of the birds. TFrom the veport by Karz ct al (1973), feeding
chickens with OTC at levels up to 400g/ton for 4 weeks did not glve
residue in the eggs. Whereas feeding for 0 wecks with levels of L150-,
200~, 300 end 400g/ton produced U1C residues 1n eggs at trace amounls,
the levels they classified as positive presumptive. They opined
therefore rhat several weeks (6) would be expected to pass before

measurable rezidue would bhe found when 400p/ton level is fed.
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5.3 Aspects of Regulations on Druy Residues in Human Foods:

The safety of animal drug residues in human food was generally
not evalvated prior to 1958, From 1965 = 197] however, methods were
required for the analysis of all animal drugs, but were demanded only
on a selected basis (Livingstone, 1985). Studies have shown also
that animal(s) could not just be a filter for the biotopicaliy active
drugs. Some drugs are converted in the body to much more toxic
metabolites. Because of toxicological concern [or all drug-related
residues, for regulatory control therefore, tolerance limits for
animal drugs are set based on total residues; i.e. parent drug and

metabolites.

The offictal analytical method for antiblotic assay
is still the microbieological method., Though sensitive, the test
lacks specificity. 1In Canada for example, o sensitivicy limit of
0.0125 10/ml (ie between 0.012 to 0.0l4ug of procaine penicillin
per ml. of milk) is set for assaying penicillin content in the milk,

using Sarcina lutea piate test. Ten percent of Canadians were

estimated to be sensitive to penicillin, and all Canadians consume
i dairy product each day (Mitchell, 1984). 1In Canada, there is
zero tolerance for drugs in milk (Campbell, 1978). Some chemical,

or chromatographic methods have heen widely used however, a number



had also been recommended for adoption to compendial status
(Mitscher, 1978). Drug extraction from the biologic matrix is also
important. Analytical method for animal drug is considered
acceptable for this purpose, if the averages of the observed
recoveries from fortified samples are 80 -~ 110%Z of the added marker

residue at levels equal to or greater than O.lppm (Livingstone,1985).

As a repulatory provision, the withdrawal times
recommended for various brand-name Oxytetracycline preparations

for chicken are as follow (USFDA BVMM 28, 1982):-

"Terramix - 10 medicated premix" .......... 1 day
"Terramycin injectable solution" .......... 5 days

"OTC & Robenz premix" R R 5 llil,‘fﬁ

Booth (1986b) also reported that if oxytetracyeline is used
at 50 = 200g/900kg of feed for chicken, zero day withdrawal time was
recommended, and the tolerance for OTC residues in the kidney was
set at 3pg/g, and lpg/g for muscle, liver and [at. FEven though
this drug preparation (TPF) 1s sold directly to the laities and
professionals alike in animal health and livestock production in
Nigeria, it was observed that there was no instructfion on the

immediate pack about withdrawal time,
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5.4 CONCLUSTON:

Drug residue studies in biological tissues is undoubtedly
a Lidious task. That probably may be the reason for the scarcity
of data on research works in this field, Even in countries where
some studies have been carried out, very little was done on poultry.
In general world-=wide, the number of monitoring and surveillance
tests carried out had been paltry compared to the number of food

animals slaughtered for consumption.

In USA for example, just 0.2 million monitoring and
surveillance tests are conducted each year. Whereas in 1979, over
120 million livestock and 3.5 billion poultry were slaughtered
{Booth, 1986b). This difference would be higher if imported meat
and poultry are included. This means that more analytical work
has to be done to improve coverage. 1In Nigeria, even in officially
designated siaughter slabs or meat plants, drug residue monitoring
is non—-existent (Diseuses-of Animal Act 1954, Nigerian lLivestock
and Meat Authority Act 1971, Food and Drugs Decree 1974, Animal
Disenses (Control) Decree 1988). The Guardian Newspaper (Orere,1984)
carried an investigational report on the use of hormonal preparation
(Sulgonan: a combination of serum gonadotrophin and chorionic
gonadotrophin.  Intervet International, Holland) on privately

owned farms to increase fecundity of swines. Thats' a food for thought,

From the results of this research work .aowever,

it can be inferred that antibiotiec medication of the local chicken
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(Gallus domesticus 1..) can be justified in normal agricultural

practice. 11 percent weight—-gain was 49.87 for example during

3 weeks of feeding trial (Table | }, that means that 49.87 of the
Final Lile weight at that trial was gained during the druyg fecding
interval., This could be compared to the unmedicated (Control)
animals that gained 14,3% (nverage of two readings) at the same time
interval. But the gquestion of drug residue in animal-derived foods
ouly then need be rightly and adequately addressed by the drug
manulacturers, food animal producers/clinicians, drug regulatory
authorities, and the consumers, The reality today however is that
animal drugs are absolutely essent.a for the production of an
inexpensive and plentiful food supply for local consumption and
possibly for export. Poultry and poultry products constitute a very

significant proportion of animal protein source for Nigerians.,

A larpe number are also kept by the traditional farmers.
Apricultural Extension efforts can guide antibiotic medication in
the chick based on good agricultural practice, and to include the
up-grading steps recommended for the local chicken by the AERLS.
This should be a practicable manapement appraoch in improving the
productivity of the chicken. Other research finding also attested
to the quality of laboratory-processed local chicken's epp volk to
compare very well with its commercial (imported?) counterpart in
the Tunctional propertics like: colour, viscosity, coagulation,

cmulsification, foam stabilicy, ete which are often exploited for
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producing industrially processed food (Bamidele et al., 1990).

That might be an assct to local sourcing of Industrial [ood raw

materials In this country.

Among the eight principal el :ments of Primary Health
Care agreed on at Alma-Ata in 1978 [er achieving the goals of
"Health for All by the Year 2000", the followings were however

ineluded: -

{L) Provision/Supply of Food and Prcper Nutrition

(L) Proper provision ol essential drugs..., etc,

These po to recommend the need for effective control of
veterinary use of drugs in food=producing animals in this country,
by instituting [leld monitoring, laboratory analysis, and regulatory
guidelines, to ensure that the usage will not pose a public health

hazard.
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APPEHOIA T ABSORpANCE READINGS  OF WORKING SOLUTIONS A=D

-—————

e S

- — i —— ——

T | f YIC Concent- N
1 ' O megim | Asorbunce L sin ]| rotior-mgimil | Absorbon:e
Solutions A | Solytions C
) 10 | 0-065 1. . 0.00005 | 0.005
2 2.0 i 04125 2 . 0.00010 0.012
3 3:0 0:435 3 | 0.00025 0.025
? i () 1.920 L | 000050 0 04
o 5.0 1:930 5| 000100 0.050
€ 60 1040 6 0.00200 0.105
7 7.0 1040 7 | 0.00400 0470
& a0 . 350 8 0.00609 0255
¢ 90 11960 3 { 0.00850 0315
1 100 1960 HO 0,009 0-410
' - Wt 00200 0.480
120 001609 0550
- o s . 13 | 0,02000 0.780
Solutions B —_—
1 0.001 .00 - -
>0 0.010 (1,315 ... ) R
3 | 0.050 | £.360 ' 105 0.030
L0 0400 | 0.385 2 1 0‘7 0.070
5 | 0200 0.58% 3 100 0,085
5 0:400 140 4 10> 0.140
7 0.C((i 1.0 5 1o 0.180
& 1000 Y0 6 1073 0225
9 ! 2.00C0 [ 1,950 7 IU".;.' 0269
O e f el w7 ) o0 |

b A e ——. . A g 18 0



APPESILY 2 ABSORBANCE READINGS OF OXYTETRACYCLINE STANDARD

SOLUTIONS: USED FOR PLOTTING THE CALIBRATION CURVE

S/N OTC CONCENTRATION (mg/ml) ABSORBANCE READ NG
1 0.00005 0.005
2 0,00010 0.012
3 0.00025 0.025
4 0, 00050 0.044
5 0.00100 0.050
6 0.00200 0.105
7 0.00400 0.170
8 0.00600 D.255
9 0,00800 0.315

10 0.01000 0.410

11 0.01200 0.480

12 0.01400 0.550

13 0.02000 0.780
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OXYTETRACYCLINE STANDARDS:
3 WEEKS  FEEDING DURATION
B L L IT . -
o oTcC h;) ](,Q k& (3} ) ¥ =
i LEVEL | SAMPLE | Ko %,J § ETi 1 I Q
- 4 < 1
| INFEED é;ﬁ ; BENRI By g
| tghron) ]3] o [val v alls]
r i BIUOd 10 - - '2 .0 e i - - -
Livee vl ~| - 9 ! 4 - - - -
300 G 7% I 0 I T3 R T I I D B
Ini.c t 10 - - '200 - - o - e
| O!'C st 3 5 - # '110 - 0.00 - 10.00 .“w
THEE 3§ ¢ s 4] ¢+ 12,0 lowel 0.0 08 10,122 3. 609
morvrarl 51 ¢l 4] 12,0 [096] 1.40( 008 118K Z.¢99
Musche el —-| -] 1.9 ~ - - | - -
Kidngy el =] -] 1.9 - - e -
Livee L fe ] =] «] 1.9 - - - - -
. Fat 10|~ -1 11.8 - - - - -
200 Intcend |0 (=) =t 19 |~ |amo] - |- -
01(‘,‘ S}* 1 ?’ - B3 1’.9 - ¥ — ')oﬁo‘ .G»
: il +1 4] 14,9 V0 JO.0IE €I 1) 2oe
- Y s 51 ) 1.9 (104 1c:\5q C.lP [1.166] 2.699
—— e S | - U — "
’ Fioed 0 jomf =] 125 | = | o } = }|=
MinclQ [\ I O 12.4 > 4 = -
KighnRy s I 245 - 4 e -
. Livee 10 |-~ (2.5 - - & -
f)]r 10 - -— 12.8 -_— - - -
'50 l,]{"&n* ,o — — IJ-!“. A - — - .
oT1e St 1 51-1+{ 12.68 | = .00 — 00| &boy
ot 1Ty G+ 4 12.5 [0 | C.C13C.CB [0-114] A, 639
L ¢ l Y] 4] 12.5 {:.1 1720 | €.c8 (1. 14| 2.699
-~ — ] i
Blood 10) ~1 - %2.0 @ = — - -
Musct v 0} -1 -1 12.¢ | - - - - -
Kidney 10] =1 - 12.0 - - - - P
fayey 10 1 12.¢ - —- - - -
Fat L 42 - - 1.0 — - - - -
o Std I 5 - -+ b bad R & - (‘,{‘(\[ e e QO -@)
non g Alal &) 1.0 0. 0.014 0.¢3 0.1& 1.6%
SO 5 ) Sl «| 4 fec [0.971 1.36{ (B ). - A
Blood 1 il i 50 T i - SR -
Muscl e 6] -1 120 = - - |- &
Kidney 10 - 12,0 s - 1 = laa =
v Live |10 - 1.0 ] . - f = |e- =
-)0 r\\‘ 1D o ~ 17«0 — - Il - — -
Iitasont 10 - 15D - - - -~
O G4 1 Sl =14 2.0 [~ (0.0 ~ lo.0] 4.¢M
Moot Il S h Ay 1.0 19.3G] €017 Q02 0.109] 3693
' tTILL N 4+ 4 12,0 {1,864 1-&0} C‘.CBJILQG 24699
» ST S, ML, iU i i




ACPENDIX (! Conteds 4 ‘ e

: 4 WEEKS  FRADING PURKTION
OTLLEVEL ' | . _ ]
IN FRED n : . \
(affom feampe | Lt Liaot L1 & ol ol o
2188l 8| 8IS vlv
‘ \ ' ' ' ] ' 1 1 i
Blocd i3 ) ~ [~|120] ~ — e - —~ .
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300 Ifﬂ'Q;ﬂP '0 - — ’2'0 -— o -~ - —
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now gl X e {0120 (0% [ 00131008 | 0-14 [ MG
o A+ [+ 120096 | 12210608 {143 7699 .
Nlood e - {elira - -~ —-— - —
Kidey 1ol - |-§13.2{ ~ - - - -
Liver 1o — - 1132 Lo~ — — - s
- FG! ’ 10 e — !3‘2 N — — e — —
00 |wnkcomtiie |~ |-in2l TV T |- |- | =
ore.gidsl & - |y {132 . . 0-00 | -~ JO-00 {4-¢))
v omar) o3 1« Ly P12 { g1 Toscislowne [1.118 | 3-0
w w0} 5 )+ |+ bi3r2 1ot {1276 Jo.0R [1-166] 26490 _
Bicod ¥O N BT e - - - - —
Muscia 10 - 11120 - - - — - "
Kidney |0 - b 120 - _ - - -
Liver 10 - =120 - -~ - e -
150 Fal 10 - =110} - - - — -
Int.Cont § 19 - {120 —- - - - -
ool O b a e 1126 | 0094 Vegr2[0.03 |0-109 | 3.699
voowql] 514 |4 {t2:0) 0.9 1.20[C. 08 |1.09 | 2677
Blg 160 ) - [~{12¢] - |~ |- | -
thuscle 110 | ~ 12.0 - e ] - - '
kidney 1o | — |-[1220] - - |- |- -
L'VQ" 1o - - '.'3'0 —— -_ - -~ -
1_00 FQ} 10 - - IZ-C‘ mart — - Ll -
It ot 10 | - |- 120 — - - - -
oOTC.SYdX| % - l+112:0 — o.col - |o.00 GYP
o M S5 |4 1220 | 0-96 [0.012{0:08 (004001 31?9
» wTH S5+ |+ 120 0.9 [1.240[0.08 1,113 | F&op
Blcecd 10 | — j=|12.0] - e — - -
Musels (0 - 120 - - - — -
Kidncy | 10 - J~h2,c - - - —_ —
) Liver 10 I 4 - - - —
ho Fat 10 N P F - . - —
tCond 110 | — e friedl o ) - - - -
OTC-E}"(‘I L] - + [4'5 - (‘)_Do - 0?05 ‘_‘f.Gpg
NI E S e e s o9 leeer2fesd o103 | 30699
| A Gl e (4 |1e 096 1-20 0.5 [1.09, | 3.699 "
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APPENDIX ©:Contd, 9 WEEKS  FEEDING DURATION

efo- -do-  |-do-|-do-|-do- | -do- |-do- | -do- [-do-| -do- | ~do~
Blood 0 - - 12°0 - - - - —
Muse le 0 . 120 i —- - = i
Kidney 10 —- = 12°0 — -~ - — -

dp| Liver 2] - 120 - - - - s
Fa¥ 10 - - 110 - — - — ~
]nﬁ'. CDH* f(') — = 12:0 - — — — -.-.. ”
ore oty 1 51 — | + 12°0 - €. 00 - 000} 467
* m JLY o1 + A2 (_ng o3 | 0.0% 01 3699
won g | 54 4| 4 120 046 1.31 0.8 14199 269
Rlood 10 | - - 1o ~ — i - -
Muncle 10 - - §=+C - — - -~ -
Kidney 0| - - 13°2 - - - - -

200 | Liver 6| - - 120 - - e - s
Fort 16 - .- 2o pos > - - —
Jnt. Cord 10 - 120 - — —_ il i
oTe &y 3 5 = . 126 - O-Co — Q.00 <G5
TS O T T B 120 0.96| ©<0f3 | O3]  Odlh| D))
woovw ol 5 4 % | 2@ G.% 1°32 | C.ch Iy 267y
Clpgd 1] - — 120 st e - 1o ok
Musele 0] ~ | — 120 - - - - -
Kirlney | ~| - (130 - - - - -
Liver Ml ~1 - 12'0 - - - - o

0] o 0] ~| - 12°9 - - - - -
Lirk, Cort 0 ~ | - 120 - - " - o
OTe 4 1 ] ' 10 - 5.00 - O 69y
AU TR § 51 + + 13'o (aT7 IS o013 | 0.03 Q. 11} ' 6P
nooe S| 4 3 12°Q 096 18 [ a-@ 11y ‘Y
Blood ol -] - 12.0 - - -
Mysele o -~ - 12:0 - = -
Kidney {0 - - 110 - - - i

jog| Liver | -~ - 12-0 - . . _
Fat (0! ~ ] — 12-0 - - - -
fnt, Conk {0 - - 12:-0 — - —_
OTCShY X 3 T 12+ 0 ~ | to0] — 000 7.6%
LI L | § 1 ¥ | 1o 8-9‘»} Ce0l2 | O Oe\rg .‘haw ,
(LTI LA & | 12'c 96 | A 24| 6-3 Il | Z699 |

o T et o) (1 s ==

Blrect 1| = - 110 - — - - -
MuUGE\Q. 0] ol 1 - - » -~ -
Kidney 0| —: 11-0 - - - - -

50 liver 0! - - 110 - - x ._. -
Fek ¢ el 12°0 - .- P —
Jitk, Cony Wl — 12. 0 - s 3 — — |
ot Sid X L] - ¥ 120 —_ C.00 - 0.00 LG99 |
UL { a9 + 120 | 076 0.¢12.| 0-08] ©O+109 699 |
I 15 O I +!l + | $7:0 | ¥ o.qsl' 120 | 048] 1+09' 2679 |

S T SR T, (e e ], B —_—



APPEIDIX i cont'd () WEEKS  FEELING  PURATION

_do-; ~do- gdo-pdb-do-i ~do-  .do+1-do-, .do-(sd04'j*-d
p | e e ) — . : ‘
‘| Bloc:) N - a0 - — e - T -
Mus_le . Q] - i 170 - - - — -
Kidmay 10) =1 =~ Vo | o ol - = e
200 | Liver o - -] veeo |- ~ - - -
Fat ol - . - 12:¢ - — - - -
Int. Cort il -t - 120 = - - - -
oeestd L | gl ~ 0 4| 12,0 | - 0.00 | - 0.00 44%
sl | 51 & ' + 120 1.0 O.014] O CA o.ng _5:699
# It Sts » 1270 [0 5| 140 | OB 13| <69
4 - i e i Y i i — i it a s i .1 _.|
elood wl - -~ 10 |- - - - ~
s ja Wl « F (30 |- - - - -
icdn 0 wf = 1zc | - - - - -
200 | Liver 19 | - - 1220 - - @ - -
Fat "} G I>*0 e - - - -
bevd, Coryt wl-| =} 120 | - J - - -
ofcs:hl : 5| -| +| 120 | - 40 o 0.cQ 679
v JLt 6|+ + 120 {096 014 ©.08 | o0.18 699
v dnl sl 4| 4| 120 |0.96 | \*3 | @08 [ . 966] 269
Plocd wi-1 -1 1o |~ = - - -
Kidney -1 - 1220 | — - v (o
Lawver 15l - = 12:0 - - - - -
150 Fat 9] - - 1240 pi | - - -~ —
Lo, Cont o|-| - 0 | = ] . - e
ore Std 1 £l ~| + 12-0 -~ {0.00 - . 000 &9
o 3L & | 12:0 096 Q014 Q0B | 0L 02
ool | x| el ) 1270 o096 | 1.d6 | 0008 | 1.166] 36
le’(”.‘ ’o - i ll“lp o I - . — -— —
Mus o 0] - . 120 - |- » - -
Kicdney o} -] - (2:8 o { - P 5 i
Li\;tgr 10| - - 12°¢ - | - - - -
Foi o | —| -1 20 | - - - -
190 mt.Cot Lol = - 12:0¢ | — - | - - -
orgsStd L |8l o] + 120 - 0.00 0.00 | 7699
» v Il | 5|l ] -+ 120 |10 CCV4| 008 1 0ot 3699
T Bl 4| v o120 1.0 140 0 008 | 1,183 Z:699
Blood [0l | -] 1m0 | = | - | - | - | -
Muscle 10| - . [2-0 - & g =
kidney ol -] - 120 - - = & e
Liver ol—1 1 12:0 - - - — -
50 Fc\b -] —-{ 12.0 - - - - -
I .(mIl- AL = -1 1o | - - - » -
arcstd 1 | 5| | 4| 1Z-0 - lowo | - 000 169
I ¢ 51 + + {2:0 [O96 0014 (.08 0,118 699
Ja_ % g giri_1 [2:0 |€.96 N P36 | 08 | 10168\ 2099 |

Keys:~ (h) {e Sample size W {mg): 10l of tissue extract or 5pul of OTC std spotted.
(OTC std: 1 —= O.lmg/ml, 1T <1.0mg/ml, 111 = 10 mg/ml)

(i) die (+) = Orange {luorescence or (=) = No orange fluorescence,

(J) ie All the tabulated data were averages of two samples readings.

The solvent frout, and the Spot's Area (A) were measured in
centimetres (cm).




