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ABSTRACT 

Five broiler-type chick experiments were conducted for four 

weeks in battery brooders to measure various effects of acetyl-

salicylic acid (ASA). Growth rate and feed conversion were not affected 

by dietary ASA in the five experiments. The activities of three enzyme 

systems were measured in liver and kidney homogenates and in plasma 

from birds in the first experiment. Liver succinic dehydrogenase 

and cytochrome oxidase activities were both significantly increased 

(P<0.05) with the feeding of 0.6 and 0.9 percent dietary ASA. Kidney 

succinic dehydrogenase and cytochrome oxidase and plasma isocitric 

dehydrogenase were not affected. In the second, third and fourth 

experiments, the antibiotic potentiating effects of ASA were compared 

with known potentiating agents. Plasma antibiotic concentrations were 

lowered by feeding ASA, and calcium retentions were not affected by ASA 

or the three known potentiating agents. Protein-bound iodine levels 

were also not affected by dietary ASA. 

In the last experiment, no differences in fat retention, total 

or individual plasma free fatty acid concentrations were observed. 

Nitrogen retention was significantly lowered (P-^O.OS) when 0.8 percent 

ASA was fed. 

Two long-term experiments with White Leghorn pullets were con

ducted simultaneously in single cages and in floor pens for forty weeks. 

In the first experiment a level of 0.025 percent acetyl-salicylic acid 
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(ASA) and five of its chemical analogues were tested. Birds fed 

methylene disalicylate (MDS) and bacitracin methylene disalicylate 

(BMD) had numerically higher egg production and more efficient feed 

conversion rates than untreated birds. Egg weights and percent shell 

were significantly depressed (P<0.05) by 0.439 percent dietary ASA. 

In the second experiment which was conducted in floor pens, 

0.025 percent dietary ASA treatment significantly (BC0.05) maintained 

better egg production and produced significantly heavier eggs during 

the forty weeks. In both experiments 0.439 percent ASA and acetyl-para-

amino phenol (APAP) treated groups had significantly lower production 

rates than the untreated group. No differences in fertility, hatch-

ability or protein-bound iodine values were found with dietary ASA. 

Other metabolic effects of ASA and its chemical analogues which 

were evaluated without establishing any significant differences were 

adrenal ascorbic acid and plasma citric acid concentrations in relation 

to heat stress. Feeding MDS significantly lowered plasma ascorbic acid 

concentrations. Livei^, kidney and plasma isocitric dehydrogenase activ

ities were not significantly affected by dietary ASA. MDS significantly 

increased the activity of this enzyme in plasma compared with either of 

of ASA levels or with either of the ASA levels or with the untreated 

group. 

Kreb's cycle enzyme activities were the same for 0.000, 0.025, 

0.065, 0.439 percent ASA levels. MDS significantly lowered the activ

ities of these enzymes in comparison with the 0.169 percent ASA fed 

birds. 



ix 

Oxygen consumptions measured individually on twenty pullets 

were not significantly affected by 319.3 milligrams of ASA given 

orally. Absorption rates of ASA during the periods of oxygen measure

ments indicated a linear uptake of ASA by plasma which continued to 

rise even seven hours after the drug was given. 

Drug retentions for ASA, MDS and BMD were determined in the 

last short-term experiment. ASA was retained in the hens more effi

ciently than either MDS or MDS from BMD. The latter two drugs fed at 

1000 ppm showed lower drug retentions by factors of 25.8 and 24.0 

percent, respectively, when compared with the 500 ppm retention values 

for the same drugs. Liver succinic dehydrogenase activities were 

significantly accelerated with both BMD levels, and liver cytochrome 

oxidase activities were not significantly affected. 



CHAPTER I 

INTRODUCTION 

Efficient production and large profits are the goals of any 

economic unit. These goals are also true in farming operations. 

Management practices in farming can only be efficient if the components 

of "stress" are recognized and managed in such a way as to minimize any 

adverse effects. 

Some researchers regard stress as a harmful condition resulting 

from the inability of the organism to maintain an adequate internal 

environment (Brown et al_. t 1959). A stressor may be defined as any 

agent capable of producing stress. Selye (1936) has distinguished two 

types of stressors. One is a local type which is exemplified by in

flammation, and the second is a systemic stressor which may be exempli

fied by its capacity to induce the so-called "General Adaptation Syn

drome ." 

The mechanism for the "General Adaptation Syndrome" reaction is 

fairly well understood, von Faber (1964) mentioned that the central 

nervous system responded to systemic stressors which stimulated neuro

secretory cells in the hypothalamus to release a neurohormone, 

coirticotropin-releasing-factor, and thus cause an increased rate or 

release of adrenocorticotropic hormone (ACTH) from the pituitary gland. 

ACTH stimulates the adrenal cortex to increase activity and release of 

glucocorticoids which stimulate the catabolic processes observed during 

1 
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stress. Prerequisite for this mechanism is that the pituitary and 

hypothalamus glands must be intact. In the absence of either the 

pituitary gland or the adrenal cortex, adaptation or reaction to stress 

fails to occur, and the ability of the animal to tolerate stress is 

lowered. 

Some measurable manifestations of systemic stress are enlarge

ment of the anterior pituitary (Garren and Barber, 1955; Garren and 

Shaffner, 1956; Siegel, 1960); enlarged adrenals (Conner, 1959; New

comer and Connaily, 1960); decreased cholesterol content and increased 

corticosterone output from adrenals (Brown, 1961; Wolford and Ringer, 

1962); atrophy of thymus and spleen (Garren and Shaffner, 1952; Garren 

and Shaffner, 1954); decreased number of circulating lymphocytes (New

comer, 1958j Wolford and Ringer, 1962); increased blood citric acid 

levels (Hill, 1961; Hill ej: aJL., 1961) and loss of weight or retardation 

of growth (Conner, 1959; Wolford and Ringer, 1962). 

Some examples of systemic stressors include heat, cold, starva

tion and anxiety. Heat stress has been of major concern to many re

searchers. Wilham (1931), Hutt (1938), Hinds (1949) and Howes et al., 

(1961) have all reported decreased rates of egg production during hot 

summer months. Egg weights were reduced (Bennion and Warren, 1933; 

Lorenz and Almquist, 1936; Bruckner, 1936; Hutchinson, 1953; Huston, 

1958; Mueller, 1961; Carmon and Huston, 1965), and egg shell became 

thinner (Warren and Schnepel, 1940; Mueller, 1961) with high environ

mental temperature. Feed consumption was also less for birds in hot 

environment than in cold environment (Wilson, 1948; Huston et al., 1957; 
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Adams et al., 1962). In growing chickens, heat stress prouuced re

tarded growth rates (Kempster, 1938; Heywang, 1947; KheirEldrin and 

Shaffner, 1954; Joiner and Houston, 1957; Huston and Edwards, 1961). 

In order to counteract the economic losses from heat stress in 

poultry production, numerous studies on the effects of antibiotics, 

tranquilizers, ascorbic acid and aspirin on egg production, egg size, 

egg shell thickness and feed consumption have been carried out. Assem 

and Sanford (1956) and Heywang (1957) reported increased egg production 

rates with the feeding of chlortetracycline to laying hens during hot 

weather. At low levels, various tranquilizers have either promoted 

growth of young chickens or had no effect (Burger _et a_l., 1959; Fritz 

et al., 1959; Gilbreath et al., 1960). Results obtained on egg shell 

quality with the addition of ascorbic acid to laying diets during high 

environmental temperatures were variable (Thornton, 1961; Heywang and 

Kemmerer, 1955; Wilkinson, 1961; Hunt and Aitken, 1962; Heywang et al., 

1964). Acetyl-salicylic acid fed at 0.05 percent of the diet to laying 

hens significantly improved production during periods of high ambient 

temperature as well as the cooler portions of the year (Reid et.al., 

1964). The action of acetyl-salicylic acid was apparently not primarily 

due to its antipyretic properties. 

Acetyl-salicylic acid (aspirin) has been used for many years as 

an antipyretic and analgesic drug. However, the exact physiological 

mechanism of these actions of the drug are not clearly understooc. Be

cause of the beneficial effects of feeding aspirin to laying hens, as 

previously reported, the paucity of information on the activity of 
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antipyretic drugs in avian species, and the existence of high ambient 

temperatures uuring a large portion of the year in Arizona, studies 

were undertaken to determine.the possible beneficial effects and 

metabolic activities of antipyretic drugs in poultry. 



CHAPTER II 

REVIEW OF LITERATURE 

Historical 

Leaves of the willow tree were recommended as a remedy of 

childbirth fever by Hippocrates some 2,400 years ago. Celsus during 

the first century A.D. employed willow leaves boiled in vinegar for 

prolapse of the uterus. Stone, in 1763, mentioned that the bark of 

the willow tree might also have the antipyretic qualities present in 

Peruvian bark. This finding led physicians to investigate salicylates 

for antipyretic properties. Brugnatelli and Fontana, in 1826, announced 

salicin as an active compound of willow bark. It was not until 1852, 

that Gerland first synthesized salicylic acid. The finding that its 

antispetic properties would aid in preserving milk and meat led to the 

recommendation that salicylic acid replace phenol in this respect. 

Therapeutic application of acetyl-salicylic acid was not 

attempted until long after it was prepared by von Gerfrardt in 1853. 

With the encouragement of his arthritic father, Hoffman began to. in

vestigate salicylate compounus which might be better tolerated by 

arthritic patients. Acetyl-salicylic acid was successful, and in 1899, 

this drug was introduced into medical practice. The strong analgesic 

action of this compound was also recognized and one of its greatest 

uses became that of pain relief. 
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Acetyl-salicylic acid is more commonly known today as aspirin. 

Voluminous literature on its medicinal effects have been published, but 

the exact mechanisms for the antipyretic and analgesic actions are not 

clearly understood. Gross and Greenberg (1948) and Dixon et al., (1963), 

have presented reviews on its metabolic effects. Current knowledge of 

the effects of aspirin on oxidative phosphorylation, carbohydrate, pro

tein, fat metabolism and other enzymic actions will be mentioned. 

Metabolic Effects 

The first action of salicylates on cellular metabolism was 

demonstrated in an in vitro system in relation to the uncoupling of 

oxidative phosphorylation. Brody (1956) observed that salicylates un

coupled oxidative phosphorylation in liver, kidney and brain mito

chondria and that the phosphorus-oxygen ratio was decreased by sali

cylates. These results were confirmed by Penniall et al. (1959); 

Jeffrey and Smith (1959); Kirepekar and Lewis (1960). The exact site 

of salicylate interference in the processes of phosphorylation and 

oxidation is not clearly defined; however, one possibility is the in

creased degradation of ATP. Falcone (1959) has shown that salicylates 

stimulate adenosine triphosphatase activity in fresh rather than old 

mitochondria. The mitochondrial membrane is apparently the site of 

action since salicylates enhance membrane permeability to ATP (Charnock 

and Opit, 1962). 

The actions of the salicylates on carbohydrate metabolism are 

complex and they tend to both increase blood sugar or lower it, depend

ing on the initial blood glucose in the administered individual and the 



dose of blood salicylate level. Salicylate-treated rats absorbed glu

cose more rapidly than untreated rats (Smith, 1954). Increased gly

cogen breakdown and lactic acid accumulation under both aerobic and 

anaerobic conditions in 'isolated rat diaphragm has been attributed to 

salicylate (Smith and Jeffrey, 1956). Sproull (1954) observed a de

crease in liver glycogen when 10 mg. of sodium salicylate wrs given 

intraperitoneally along with a stimulation of the adrenal medulla to 

increased secretion of adrenaline. This hormone will elicit increased 

rate of hepatic glycogenolysis and hyperglycemia. Other workers 

(Kaplan et al., 1954) reported a reduction of the aerobic metabolism 

of glucose at sites of the conversion of <^-ketoglutarate to succinate 

conversion to fumarate in the tricaboxylic acid cycle. 

Several workers (Reid, e£ al. , 1957; Reid and Lightbody, 1959) 

reported a lowering effect on blood sugar by salicylates in patients 

with diabetes mellitus. Rats and rabbits, made diabetic by partial 

pancreatectomy or by cortisone, also showed similiar results with sali 

cylate (Ingle, 1950; Smith, 1952). This hypoglycemia effect may be 

attributable to increased entry of glucose into the cells from extra

cellular fluid (Smith, 1959). 

Liver glycogen deposition, induced by cortisone and hydro

cortisone in either adrenalectomized and intact rats, can be inhibited 

by salicylate administration (Smith, 1952; Winters and Morrill, 1955). 

When incorporation was measured from intraperitioneally injection 

of acetate-2-^C, liver glycogen deposition was decreased by salicylat 

(Smith, 1959). Muscle glycogen decreased with sodium salicylate 
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administration in intact rats (Winters and Morrill, 1955) and in hypo-

physectomized rats (Feeney ejt jal. , 1955). Two possible mechanisms of 

hepatic glycogen depletion by salicylates have been proposed: (1) 

increased glycogeneolysis as a result of adrenal medullary stimulation 

and, (2) decreased rate of glycogen synthesis from carbohydrate pre

cursors and also decreased glyconeogenesis. 

Effects of salicylate on protein metabolism have been inconclu

sive until recently. A significant negative nitrogen balance was ob

served when 75 mg. salicylate per 100 gm. body weight was injected into 

rats (Winters and Morrill, 1955). Sodium salicylate inhibited the syn

thesis of glutamine in a study with brain cells (Messer, 1958). 

Bellamy et_ aJL., (1963) found 50 percent inhibition of carbon-14 transfer 

from glutamate to proline in rat costal cartilage in the presence of 

salicylate. 

The information on the involvement of salicylates in fat metabo

lism is scanty. Smith (1959) has shown the administration of salicylate 

to rats will reduce lipogenesis in the liver. Bizzi et al., (1964) 

found that large intraperitoneal dose of sodium salicylate (300 mg./ 

kg.) exerted an inhibitory effect in fatty acid release in the plasma. • 

Acetyl-salicylic acid and benzoic acid were as effective as salicylate, 

while p-aminosalicylic acid and salicylamide were ineffective at doses 

up to 300 mg./kg. body weight. Salicylate administration lowered free 

fatty acid levels by 49 percent in young and old rats, and also de

creased accumulation of liver triglycerides (Bizzi et al., 1965). 
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Information on the effect of salicylates on enzymic activities 

is plentiful. Lutwak-Mann (1942) reported that 0.1 M acetyl-salicylate 

in vitro caused an inhibition of indophenol oxidase activity in pig 

heart muscle. Xanthine oxidase activity was inhibited in rat liver, 

but little or no effect was observed on succinic, lactic, malic and 

®C-glycerophosphic dehydrogenases in the presence of 0.05 M acetyl-

salicylate. Bone phosphatase, serum choline esterase, liver tyramine 

oxidase, liver methylglyoxalase, muscle adrenyl deaminase and carbonic 

anhydrase activities were not affected Kaplan et al., (1954) observed 

that 2-oxoglutarate and succinic dehydrogenases were markedly inhibited 

by salicylate in vitro. Penniall e_t a_l., (1956) reported that serum 

salicylate levels of 137 mg./lOO ml. had no effect on hexokinase, cyto

chrome oxidase or DPNH-cytochrome c reductase. Salicylates inhibited 

the activities of rat serum glutamic-pyruvic and glutamic-oxoloacetic 

transaminases (Huggins et al., 1961). Liver glutamic decarboxylase and 

dehydrogenase were inhibited by salicylates (Gould ejt jal. , 1963; Gould 

and Smith, 1965). In vitro studies with rat-liver mitochondria indi

cated that malate and isocitric dehydrogenases activities were inhibited 

by salicylate, and the inhibitions could be reversed by addition of 

either NAD or NADP (Bryant et al., 1963; Hines and Smith, 1964; Smith 

et al., 1964). Gould and Smith (1965) reported that bacterial decar

boxylase was inhibited to the extent of 50 percent or more by 10 micro-

moles of salicylate while L-tryptophan-2-oxoglutarate aminotransferases 

were activated in rat liver, kidney and heart. 
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Metabolic and Reproductive Effects in Avian Species 

No information was available on the metabolic and reproductive 

effects of salicylates in the avian species until Thomas (1965) report

ed his studies with acetyl-salicylic acid and its chemical analogs in 

laying hens and broiler-type chicks. 

In three experiments, White Leghorn hens fed 0.05 percent ace

tyl-salicylic acid revealed significant improvements in egg production 

and feed utilization. In the fourth hen experiment, five levels (0.05, 

0.1, 0.2, 0.4 and 0.8 percent) of acetyl-salicylic. acid were fed to 

White Leghorn hens for one year. Hens fed the three lowest levels of 

acetyl-salicylic acid (aspirin) attained significantly higher produc

tion rates than the control birds. Significantly depressed egg pro

duction rates and lowered egg shell quality, feed intake, body weight, 

adrenal weights and visceral fat were observed with the highest level 

of aspirin. No effect was observed on the fatty acid composition of 

the abdominal and hepatic lipids. 

In six chick experiments, dietary aspirin levels ranging from 

0.005 to 0.4 percent did not significantly affect growth or feed 

utilization. In two other chick experiments, chemical analogues of 

aspirin showed slightly increased growth while acetyl-para-aminophenol 

significantly improved growth rate in the last experiment. 



CHAPTER III 

METABOLIC EFFECTS OF ACETYL-SALICYLIC ACID WITH BROILER CHICKS 

Five experiments with broiler-type chicks were initiated to 

investigate various metabolic effects of acetyl-salicylic acid. Since 

some researchers (Lutwak-Mann, 1942; Kaplan et al., 1954; Penniall 

ejt al., 1956; Huggins et al., 1961) had mentioned the interference of 

salicylates in various enzyme systems, the first experiment was under

taken to study the effects of aspirin on growth and liver and kidney 

succinic dehydrogenase, cytochrome oxidase and plasma isocitric 

dehydrogenase activities. 

Chaberek and Martell (1959) mentioned that salicylic acid 

combined with heavy metal ions produced an antirheumatic action. Reid 

et al., (1964) found a significant increase in egg production rate in 

White Leghorn hens when aspirin was fed. In view of the chelating 

activity of the salicylates, experiments 2,3 and 4 were designed to 

compare acetyl-salicylic acid with established potentiating agents 

with regard to the effects on oxytetracycline or chlortetracycline 

levels in blooo plasma, calcium utilization and thyroid activity (as 

measured by P.B.I.). 

Gross observations on laying hens fed toxic levels of a acetyl-

salicylic acid have shown decreased amounts of visceral fat and lowered 

body weights (Thomas, 1965). Reports by Italian workers (Bizzi et al., 

1964; Bizzi et al,, 1965) suggest an inhibition of plasma free fatty 

11 
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acids release in rats by aspirin. These findings suggested the design 

for the last experiment to study the metabolic effects of aspirin on 

plaswa fatty acid compositions, and utilization of dietary nitrogen 

and fat in chicks fed toxic levels of aspirin. 

EXPERIMENTAL PROCEDURES 

In the first three experiments, New Hampshire X Delaware 

chicks were used; in the fourth Vantress X Arbor Acres female chicks 

and in the last Hubbard broiler chicks. Each replicate employed in 

these experiments consisted of 4 males and 4 females, and all chicks 

were reared in electrically-heated chick batteries with raised wire 

floors. Feed and tap water were supplied ad libitum for four week 

experimental periods and mortality was checked daily. Diets (Table 

1) were mixed in a vertical auger mixer, and various amounts of the 

test ingredients was mixed in a Hobart mixer. All feed and body 

weights were obtained for each replicate group at the beginning and 

end of each experiment. Data obLained from these tests were subjected 

to an analysis of variance as outlined by Snedecor (1956), and dif

ferences between treatment means were tested by the multiple range 

test of Duncan (1955). 

In experiment 1, the dietary treatments consisted of 0.3, 0.6 

and 0.9 percent acetyl-salicylic acid in addition to the basal diet. 

Each dietary treatment was replicated 5 times. Whole blood samples 

were obtained by cardiac puncture at 4 weeks of age, heparinized, 

centrifuged, and frozen for analyses. One chick of each sex in each 

replicate group was sacrificed, and livers, kidneys and heart tissues 
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were removed, wrapped in foil and quick-frozen for analyses. Isocitric 

dehydrogenase activities of the plasma were determined by the methods 

of Wolfson and Williams-Ashman (1957) and Sterkel £t ail., (1958) 

Succinic dehydrogenase and cytochrome oxidase activities of the liver 

and kidney were determined by the methods of Cooperstein et al., (1950) 

and Cooperstein and Lazarow (1951). Enzyme activities were measured 

with Beckman Model B spectrophotometer, and the changes in optical 

densities were recorded on a coupled Bausch and Lomb V.O. M-5 strip 

chart recorder. The six dietary treatments, in Experiments 2 and 3, 

were replicated 4 times. One level (0.4%) each of ethylenediaminete-

traacetic acid (EDTA), aspirin, sodium sulfate (SS) arid terephthalic 

acid (TPA) was fed with the basal diet (Table 1) which contained 

220 mgs. of chlortetracycline (CTC) or 550 mgs. of oxytetracycline 

(OTC). In Experiment 4, 550 milligrams CTC were mixed with the basal 

diet and four levels of aspirin (0.1, 0.2, 0.3 and 0.4 percent) and 

two levels (0.4 and 0.8 percent) for each of SS, EDTA and TPA were 

employed in the dietary treatments. Whole blood samples were withdrawn 

from two chicks per replicate by the method described earlier. Plasma 

antibiotic concentrations were determined immediately according to the 

method of Grove and Randall (1955). Chromium oxide was added to the 

feed at a level of 0.3 percent as a marker and was employed for estima

ting calcium retentions. The amounts of the marker in the feed and 

feces were determined according to the method of Edwards (1959). 

Dietary and fecal calcium levels were determined with a Coleman Junior 

flame photometer employing a correction for the amounts of phosphorus 



Table 1. Composition of Basal Diets for Chicks. 

14 

Experiment Experiments Experiment 
Ingredients 1 2, 3 and 4 5 

: W W & 

Ground yellow corn 50 .75 50 .00 29. 50 
Ground grain sorghum . m 4 .50 25. 00 
Dehydrated alfalfa meal (17% protein) 5 .00 
Soybean meal (457. protein) 15 .00 30 .00 30. 00 
Meat and bone scraps (50% protein) 5 .00 2 .50 2. 50 
Fish meal (65% protein) ' 7 .50 3 .25 5. 00 
Dried whey 5 .00 -

Distiller's dried soluble 3 .00 
Hydrolyzed animal and vegetable fat^ 5 .00 5 .00 3. 00 
Calcium carbonate 0 .50 1 .00 0. 75 
Dicalcium phosphate 0 .50 1 .00 1. 00 
Salt (trace mineralized) 0 .25 0 .25 0. 25 
Manganese sulfate pentahydrate (70%) 0 .20 
Methionine hydroxy analog 0 .10 0. 10 
Vitamin premix^ 2 .50 2 .50 2. 50 
Trace mineral premix^ 0 .10 0. 10 
Chromium oxide • 0 .30 0. 30 

TOTALS 100 .20 LOO .50 100. 00 

^Procter and Gamble, Cincinnati, Ohio 

n  
Vitamin mix supplied the following per kilogram of diet: 9,900 I. U. 
vitamin A, 1,540 I. C. U. vitamin D^, 4.4 mg. riboflavin, 27.5 mg. 
niacin, 11.0 mg. D-«calcium pantothenate, 930.0 mg choline chloride, 
13.2 meg. vitamin Bj2» 5.5 I. U. alpha tocopheryl acetate, 2.2 mg. 
menadione sodium bisulfite, 124.85 mg, ethoxyquin (as a preservative) 
and 18.48 gms. soybean meal as a carrier. 

Trace mineral mix supplied the following per kilogram of diet; 59.4 
rag. zinc, 28.0 gm. manganese, 40.0 mg. potassium, 2189.0 mg. iron, 
399.5 mg. copper, 16.7 gms. calcium. 
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present. Protein-bound iodine (PBI) was determined according to the 

method of Zak £t al., (1953) and O'Neal and Simms (1953). 

Each treatment, in Experiment 5, was replicated 8 times, and 

the treatments consisted of unsupplemented control with 0.1 and 0.8 

percent aspirin. Chromium oxide was determined in the feed and feces 

as previously mentioned. Nitrogen, and total fat were determined in 

feed and feces of this study according to A.O.A.C. (1965). Amounts of 

total plasma free fatty acids were determined by the method of Trout 

et til., (1960), and each free fatty acid concentration was determined 

with a Wilkens Gas-Liquid Chromatography (Model A-600B). 

RESULTS and DISCUSSION 

The purposes of the first experiment were to determine the 

growth promoting effect of acetyl-salicylic acid (ASA), and the in

fluence of this compound on respiratory enzymes. Average growth rates 

of both sexes were depressed stepwise with increasing levels of ASA 

(Table 2). The growth rate was significantly (P40.01) depressed at 

either the 0.6 or 0.9 percent levels of ASA. A further significant 

growth depression was observed with the 0.9 percent ASA compared with 

the 0.6 percent level. From these data, the toxic level of ASA, was 

estimated to be between 0.3 and 0.6 percent of the diet. 

In order to determine the effect of ASA on the respiratory 

enzymes in chicks, activities of succinic dehydrogenase and cytochrome 

oxidase were measured in the liver and kidney, and isocltric dehydro-
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Table 2. Effect of Acetyl-Sallcylic Acid on Body Weights 
and Feed Conversion of 4 Week Broiler Chicks. 

Supplement to 
basal diet3 

Males 
(Kins) 

Females 
(gnis) 

Both sexes^ 
(Kms) 

Feed 
conversion^-

None 444.7 375.4 410.0a 1.84 

0.3% ASA4 436.5 361.7 399.lab 2.08 

0.6% ASA 371.0 348.7 358.0b 2.09 

0.9% ASA 261.8 247.9 254.9° 2.38 

^"Pounds of feed per pound of gain. 

2 Values with different superscripts were highly significantly different 
(P<0.01). 

3 
Each treatment was replicated 5 times. 

4 
ASA = acetyl-salicylic acid. 
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genase activities were measured in plasma. Significant differences 

were observed among the succinic dehydrogenase activities in the livers 

or chicks fed the various levels of ASA. (Table 3). 

The three ASA levels significantly increased liver succinic 

dehydrogenase activities as compared with the homogenates from the un

treated control birds. No significant differences were noted with any 

of the dietary treatments in kidney succinic dehydrogenase activities. 

The ASA treatments significantly increased liver cytochrome 

oxidase activity (Table 3). Kidney cytochrome oxidase values showed no 

differences between the ASA treatments and the unsuppletnented control 

group. No significant differences were found in males, females or for 

the combined data for plasma isocitric dehydrogenase among the chicks 

fed the various dietary treatments (Table 4). 

Experiments 2, 3 and 4 were performed to test the possible 

chelating property of ASA with calcium and the resulting effect on 

oxytetracyciine and chlortetracycline utilization by chicks. ASA was 

compared with sodium sulfate, terephthalic acid and EDTA for antibiotic 

potentiation activity. Protein-bound iodine, calcium utilization, feed 

conversion and growth rate were also used. Average body weights for the 

birds in the five antibiotic treatment groups, in Experiment 2, were 

not significantly different from those fed the control diet (Table 5). 

There were also no significant differences among the birds fed CTC 

alone and those fed the combination of the CTC and the various poten

tiating agents. Feed conversions were significantly better (P<0.05) 

for the birds fed terephthalic acid than for those fed acetyl-salicylic 



Table 3. Effect of Acetyl-Salicylic Acid on Liver and Kidney Succinic 
Dehydrogenase and Cytochrome Oxidase Activities on 4 Week 
Broiler Chicks. 

Succinic dehydrogenase Cytochrome oxidase 

Supplement to 
basal diet 

Liver1 
(mean activity) 

Kidney1 
(mean activity) 

Liver1 
(mean activity)^ 

Kidneyl 
(mean activity)^ 

None 1.218s 0.660s 5.112a 4.578a 

0.3% ASA3 1.608b 0.618a 5.598b 3.936a 

0.6% ASA 1.740b 0.708a 5.928b 4.200a 

0.9% ASA 1.380b 0.708a 7.332b 4.758a 

^•Values with different superscripts were significantly different (?<0.05). 

2 
Change in optical density per milligram of tissue per hour. 

3 
ASA = acetyl-salicylic acid. 
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Table 4. Effect of Acetyl-Salicylic Acid on Plasma Isocitric 
Dehydrogenase Activity of 4 Week Broiler Chicks. 

Mean I.C.D. activity 1 

Supplement to 
basal diet 

Males. Females 
f )  

Both sexes'-

None 713.2a 671.3a 692.3a 

0.3% ASA3 846.la 677.la 761.6a 

0.6% ASA 823. la 756.4a 768.9a 

0.9% ASA 827.2a 822.2a 824.7a 

^•Millimicromoles of NADPH per milliliter of plasma per hour. 

2 Values with different superscripts were significantly different 
(P<0.05). 

3 
ASA = acetyl-salicylic acid. 
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acid. This difference can be attributed to the poor average body weight 

for the groups fed acetyl-salicylic acid since feed conversion is based 

on body weight gain (Table 5). Calcium retention was significantly 

lowered for the birds fed ASA in comparison with those fed the basal 

diet or the antibiotic supplement in the absence of the potentiating 

agents. Bach of the other potentiating agents appeared to reduce cal

cium retention, although the differences were not statistically signif

icant. Calculated grams of calcium retained per bird values also 

indicated a lower absolute retention of calcium for the acetyl-

salicylic acid fed birds. No detectable antibiotic activities were j 

found in plasma samples at the supplemented level or antibiotic 

employed (220 mg OTC per kilogram of diet). 

The dietary treatments employed in Experiment 3 were similar 

to those of Experiment 2, except that a level of 550 mgs. of chlor-

tetracycline was used instead of 220 mgs. of oxytetracycline per 

kilogram. (Table 6). Average body weightB for the birds fed 0.4 per

cent ASA were depressed compared with the other birds in the study 

(Table 6). 

In Experiment 4, the 0.4 percent ASA level and 0.8 percent 

significantly decreased average body weights (P<0.05) compared with 

the other dietary treatments (Table 6). No significant differences 

were found in feed conversion or calcium retention between the eleven 

dietary treatments in this study. Grams calcium retained per bird 

were not significantly altered by the respective dietary treatments. 
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Table 5. Effect of Oxytetracycline with Acetyl-Salicylic Acid, EDTA, 
Terephthalic Acid and Sodium Sulfate on Body Weight, Feed 
Conversion and Calcium Retention with Broiler Chicks at 4 
Weeks. 

Experiment 2 

Supplement to 
basal diet^ 

Body wt.* 
(gms.) 

Feed 
conversion3 

Ca retained 
(%) 

Ca retained/ 
birds^ (gms.) 

None 409a 1.84ab 43.0b 3.72 

220 mg OTC/kg 423a 1.83ab 46.5b 4.14 

220 mg OTC/kg 
+0.4% TPA 

429a 1.78a 40.4ab 3.55 

220 mg OTC/kg 
+0.4% EDTA 

399a 1.80ab 41.7ab 3.44 

220 mg OTC/kg 
+0.4% ASA 

375a 1.95b 31.5a 2.75 

220 mg OTC/kg 
+0.4% SS 

418a 1.80ab 39.4ab 3.41 

•'•Values with different superscripts were significantly different 
(P<0.05). 

2Oxytetracycline (OTC), terephthalic acid (TPA), ethylenediaminetetra-
acetic acid (EDTA), acetyl-salicylic acid (ASA) and sodium sulfate 
(SS). 

3 
Pounds of feed per pound of gain. 

4 Grams of calcium retained per bird during 4 weeks. 



Table 6. Effect of Chlortetracycline with Acetyl-Salicylic Acid, Terephthalic Acid, EDTA 
and Sodium Sulfate on Body Weight, Feed Conversion and Calcium Retention on 
Broiler Chicks at 4 Weeks. 

Experiment 3^ 2 Exneriment 4 

Supplement to Body wt. Feed Body wt. Feed Ca retained Ca retained/bird^ 
basal diet^ (gns.) conversion (gms.) conversion a) (gms.) 

None 363ab 1.76ab 561b 1.56a 42.2a 3.76 
550 mg/kg CTC 39 lb 1.74ab 540 1.63a 39.5a 4.00 
550 mg/kg CTC - - 544b 1.65a 39. la 3.52 
+ 0.1% A:;A 
550 mg/kg CTC - - 551 1.65a 41.0a 4.29 
+ 0.2% ASA 

518ab 550 mg/kg CTC - - 518ab • 1.70a 41.9a 4.24 
+ 0.3% ASA 

1.79b 550 mg/kg CTC 349a 1.79b 475a 1.74* 39.3a 3.73 
+ 0.4% ASA 

370ab 550 mg/kg CTC 370ab 1.70a 533b 1.62a 42.6a 4.23 
+ 0.4% EDTA 

44.5a 550 mg/kg CTC - - 491a 1.75a 44.5a 4.39 
+ 0.8% EDTA 

1.73ab 
J. 

550 mg/kg CTC 3S8b 1.73ab 544 1.70a 41.3a 4.39 
+ 0.4% SS 

559b 550 mg/kg CTC - - 559b 1.64a 43.7a 4.61 
+ 0.8% SS 

384° 1.73ab 550 mg/kg CTC 384° 1.73ab 543b 1.67a 39.3a 4.10 
+ 0.47. TPA V. 
550 mg/kg CTC - - 554 1.71a 38.2a 4.16 

h 0.8% TPA 

Values with different superscripts were significantly different (P<0.05). 

tsJ 
to 



Table 6. Footnotes--continued 

2 
These values were from female chicks only. 

•^Ch lor tetracycline (CTC), acetyl-salicylic acid (ASA) ethylenediaminetetraacetic acid (EDTA), 
sodium sulfate (SS), and terephthalic acid (TPA). 

^Pounds of feed per pound of gain. 

"*Grams of calcium retained per bird during 4 weeks. 

ro 
N> 
to 
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Concentrations of chlortetracycline found per milliliter of 

plasma are shown in Table 7. Acetyl-salicylic acid and sodium sulfate 

produced significantly lower (P<0.05) concentrations of CTC in the 

blood compared to the EDTA or TPA treatments in Experiment 3, while 

TPA significantly increased the plasma CTC levels compared with the 

levels found in birds fed the antibiotic alone. Levels of 0.1, 0.3 and 

0.4 percent ASA, in Experiment 4, produced significantly lower CTC 

concentrations in plasma than was obtained with the feeding of diets 

supplemented with sodium sulfate, EDTA, TPA or CTC alone (Table 7). 

EDTA (0.87.) and TPA (0.4%) supplementations produced significantly 

higher plasma CTC concentrations than was obtained in birds fed the 

antibiotic alone. No statistical differences were found between plasma 

antibiotic levels of birds fed the antibiotic and those fed CTC in 

combination with sodium sulfate (0.4 and 0.8 percent) or the 0.3 

percent level of TPA. 

Terephthalic acid at a level of 0.4 percent produced a signifi

cant increase in. plasma CTC levels, and ASA and SS were without effect 

in the potentiation of serum antibiotic levels. Salicylic acid has 

been reported to be inactive for the enhancement of aureomycin levels 

in the blood of the rat and guinea pig (Eisner et al., 1953). 

The thyroid activity in the fourth experiment was measured as 

protein-bound iodine. These data indicate a possible lowering of 

thyroid activity in birds fed the 0.8 levels of EDTA, SS and TPA 

(Table 7) although these data do not correlate with the growth data 

obtained in this study (Table 6). 
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Table 7. Effect of Acetyl-Salicylic Acid, Terephthalic Acid, EDTA, 
Sodium Sulfate on Plasma Chlortetracycline and Protein-Bound 
Iodine Concentrations on Broiler Chicks at 4 Weeks. 

Experiment 3* Experiment 4^ 
Supplement to Plasma CTC Plasma CTC PBI 
basal diet (meg./ml.) (meg./ml.) (meg./%) 

None 0.00 0.00 3.84 

550 mg./kg.CTC 0.41a'b 0.21b -

550 mg./kg. CTC 
+ 0.1% ASA 

- 0.11a 3.96 

550 mg./kg. CTC 
+ 0.2% ASA 

- 0.18a'b -

550 mg./kg. CTC 
+ 0.37. ASA 

- 0.11a 3.96 

550 mg./kg, CTC 
+ 0.47. ASA 

0. 27a 0.15a m  

550 mg./kg. CTC 
+ 0.47. EDTA 

0.52b,c 0.26b,c 1.35 

550 mg./kg. CTC 
+ 0.87. EDTA 

- 0.31c 3.96 

550 mg./kg. CTC 
+ 0.47. SS 

0.31a ' 0.21b 1.35 

550 mg./kg. CTC 
+ 0.87. SS 

- 0.25b 3.85 

550 mg./kg. CTC 
+ 0.47. TPA 

0.62° 0.32C 1.25 

550 mg./kg. CTC 
+ 0.8% TPA 

- 0.22b 2.66 

^Values with different superscripts were significantly different 
(P<0.05). 

These values were from female chicks only. 

Chlortetracycline (CTC), acetyl-salicylic acid (ASA\ ethylenediamine-
tetraacetic acid (EDTA), sodium sulfate (SS) and terephthalic acid (TPA). 



25 

Since the findings by Thomas (1965) that 0.8 percent ASA fed to 

laying hens depleted the visceral fat depots, the last experiment in 

this series (Experiment 5) was designed to produce ASA toxicity. 

Nitrogen and fat retentions were determined along with growth rate, 

feed conversion and plasma free fatty acid concentrations. Average 

body weights were significantly depressed (P<0.05) with the feeding 

of 0.8 percent ASA compared to the control and 0.1 percent ASA treat

ments (Table 8). No significant difference in growth was found between 

the control birds and those fed 0.1 percent ASA. 

Other criteria used to explain the metabolic effects of ASA 

were nitrogen and fat retentions. Percent nitrogen retention was 

significantly depressed (P<0.05) with 0.8 percent ASA below that ob

tained in birds on the control diet (Table 8). There was a gradual 

decline in nitrogen retention with ASA additions. Percent fat retained 

and concentration of plasma free fatty acids showed no significant 

differences among the three dietary treatments (Tables 8 and 9). Con

centrations of various plasma free fatty acids failed to show any major 

differences between sexes or dietary treatments (Table 9). 

Gross observations on the carcasses showed little fat accu

mulation in chicks fed 0.8 percent ASA, whereas essentially normal fat 

deposits were present in birds fed the basal diet or 0.1 percent ASA. 

Examinations of the cystic ducts indicated that they were not blocked 

with ASA feeding. 
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Table 8. Effect of Acetyl-Salicylic Acid on Crowth, Feed Conversion, 
Nitrogen and Fat Retentions on Broiler Chicks at 4 Weeks. 

Experiment 5 

Supplement to 
basal diet 

Body wt.* 
(gtns.) 

Feed ^ 
conversion 

Nitrogen 
retained 
(%) 

Fat 
retained 
(%) 

None 554b 1.53 53.5b 73.3a 

0.1% ASA3 557b 1.48 51.3a'b 71.7a 

0.87. ASA 226a 1.66 47.9a 76.la 

^•Values with different superscripts were significantly different 
(P<0.05). 

2 Pounds of feed per pound of gain. 

Acetyl-salicylic acid. 



Table 9. Effect of Acetyl-Salicylic Acid on Plasma Free Fatty Acid Concentrations in Broiler 
Chicks at 4 Weeks. 

Control 0.17. ASA 0.8% ASA 
Free fatty acid 
in blood plasma 

Males Females Males Females Males 1 Females Free fatty acid 
in blood plasma (uM/liter)1 (uM/liter)1 (uM/ liter) (uM/liter)* (uM/ liter) (uM/liter) 

Myristic Acid, C^ 3.6 5.5 4.4 4.1 8.0 6.1 

Palmitic Acid, C^g 57.3 66.2 52.4 54.9 58.6 50.6 

Stearic Acid, C 
18 

33.0 39.0 30.2 24.2 34.7 27.5 

Oleic Acid, c^g. ̂ 29.5 25.6 21.1 23.0 15.9 9.4 

Linoleic Acid, Cjg.2 23.7 18.9 19.0 11.6 29.3 14.8 

Linoleic Acid, Trace 8.7 Trace Trace 5.0 7.7 

Arachidic Acid^C^Q 23.83 24.0 33.8 14.1 21.8 18.4 

Arachidonic Acid, C2Q.4 8.6 22.3 5.4 20.7 9.5 20.9 

Behenic Acid, C22 5.5 - 1.9 0.4 4.6 -

Unknown - 2.9 10.0 - 6.5 -

TOTALS2 185.3a 214.00a 178.20a 153.00a 193.90a 135.40a 

^These values were derived from percent fatty acids which were determined on a Gas-Liquid chromato
graphy and multiplied with the micromoles of total free fatty acids found in the same plasma samples. 

2 
Values with different superscripts were significantly different (PC0.05). 
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SUMMARY 

Five experiments were conducted with broiler chicks in elec

trically-heated chick batteries to study various metabolic effects of 

dietary ASA. 

The following results were obtained: 

1. Growth and feed conversion were unaffected or lowered 

by dietary ASA levels in all experiments. 

2. Three enzyme systems were examined in liver, kidney 

and plasma. Liver succinic dehydrogenase activities 

were significantly increased with 0.3, 0.6 and 0.9 

percent dietary ASA-, while kidney succinic dehydro

genase, cytochrome oxidase and plasma isocitric 

dehydrogenase activities were not affected. Two 

levels of ASA (0.6 and 0.9 percent) produced signif

icantly higher activities in liver cytochrome oxidase 

than the control, or 0,3 percent ASA treatments. 

3. Experiments on the antibiotic potentiating effect of 

ASA were conducted in comparison with known potentiat

ing agents. Plasma antibiotic levels were used as 

criteria of potentiating effect. No differences were 

found among any of the dietary treatments with respect 

to calcium retention. Dietary ASA significantly 

lowered the plasma antibiotic concentrations. 



Basal metabolic rate, measured indirectly as pre 

bound iodine, indicated no definite effects of d 

ASA levels, 

ler metabolic effects measured were nitrogen 

tentions, total and individual plasma free fat 

id concentrations with dietary ASA. No signif 

fferences were found in fat retention, total c 
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Nitrogen retention was significantly lowered witjh 0.8 

percent ASA compared with the control treatment. 



CHAPTER IV 

METABOLIC AND REPRODUCTIVE EFFECTS OF DIETARY ACETYL-SALICYLIC ACID 
AND ITS CHEMICAL ANALOGUES IN LAYING PULLETS 

Previously, Reid £t. a_I., (1964) and Thomas (1965) reported that 

0.05 percent acetyl-salicylic acid fed to hens improved egg production 

rate significantly. Since this effect was obtained during both the 

cooler and warmer portions of the year, the authors postulated that 

this effect was independent of the antipyretic property of the drug. 

Thomas (1965) also conducted feeding trials with chemical analogues of 

acetyl-salicylic acid and observed increased growth rates in chicks fed 

methylene disalicylate. A significant improvement in growth rate was 

also obtained with 0.35 percent acetyl-para-amino-phenol. Para-amino 

salicylic acid, was not effective as a growth promoter. In view of 

these findings, three experiments with laying pullets were conducted 

to study the metabolic and reproduction effects of dietary acetyl-

salicylic acid and some of its chemical analogues under different 

housing conditions. 

EXPERIMENTAL PROCEDURE 

Two long-term pullet experiments were conducted for 40 weeks in 

single bird laying cages and dietary treatments were fed to four repli

cate groups of five White Leghorn pullets each. The replicates were 

randomly assigned in one row af cages. The dietary treatments consisted 

of an unsupplemented control group; four levels of acetyl-salicylic 

30 



3), acetyl-

(BMD) para-

sis of the 

11 salicylic 

^responded 

acid (ASA); and one level each of methylene dialicylate (MD 

para-amino-phenol (APAP), bacitracin methylene dialicylate 

araino-salicylic acid (PASA) and bacitracin (Table 11). Lev 

drugs added to the diets were calculated to be equivalent i 

acid or phenol to the 0.065 percent of ASA level. These co 

to 0.052 percent MDS, 0.0556 percent PASA and 0.0545 percent APAP. 

Bacitracin and BMD were also fed at equivalent levels of 110 milligrams 

bacitracin per kilogram of feed. 

In the second experiment, four hundred White Leghor[i pullets 

were placed in ten range houses with forty pullets in each 

levels of ASA, identical with the first experiment, were fe 

weeks. One month after the test had begun, two males were 

pen. Ninety hatching eggs from each house were selected an 

Jamesway single stage model 252 incubator for hatching. On 

teenth day of incubation, fertility was checked by inspection under a 

candle light and the number of infertiles and.dead germs recorded and 

the number of live chicks and dead germs determined at the end of the 

incubation period. 

Birds fed the five dietary treatments of this experiment were 

subjected to plasma protein-bound iodine determinations according to 

touse. Four 

i for 40 

added to each 

d set in a 

the eigh-

the methods as described by Zak e_t al., (1953), and O'Neal 

(1953). Whole blooa samples were withdrawn by cardiac punc 

In each experiment, the basal diets (Table 10) were 

vertical auger mixer. Feed and water were supplied ad libi 

and Simms 

ture. 

mixed in a 

turn, and 

daily egg production was recorded throughout the experiment 8. Also, 
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Table 10. Composition of Experimental Diets for Pullets. 

Ingredients ] 

Ground yellow corn 

Ground milo 

Dehydrated alfalfa (17%) 

Soybean oil meal (457.) 

Meat and bone scraps (507o) 

llydrolyzed animal and vegetable fat^" 

Cottonseed meal, solvent 

Methionine hydroxy analog 

Sodium chloride 

Ground limestone 

Dicalcium phosphate 

2 Trace mineral mix 

•3 
Vitamin premix 

Chromium oxide 

TOTALS 

Experiments 1 & 2 Experiment 3 
(%> <%) 

6.45 9.15 

56.00 56.00 

5.00 5.00 

14.50 14.50 

1.50 1.50 

3.00 

2.00 2.00 

0.10 0.10 

0.35 0.30 

6.25 6.25 

2.25 2.25 

0.10 0.10 

2.50 2.50 

0.30 

.100.00 100.00 

^Procter and Gamble, Cincinnati, Ohio. 

o 
Trace mineral mix supplied the following per kilogram of diet: 59.4 
mg. zinc, 28.0 gm. manganese, 40.0 mg. potassium, 2189.0 mg. iron, 
399.5 mg. copper, 16.7 gms. calcium. 

3 
Vitamin mix supplied the following per kilogram of diet: 9,900 I. U. 
vitamin A, 1,540 I. C. U. vitamin D3, 4.4 mgs. riboflavin, 27.5 mg. 
niacin, 11.0 mg. D-calcium pantothenate, 930.0 mgs. choline chloride, 
13.2 meg. vitamin 5.5 j. u, alpha tocopheryl acetate, 2.2 mg. 
menadione sodium bisulfite, 124.85 mg. ethoxyquin (as a preservative) 
and 18.40 gms. soybean meal as a carrier. 
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egg weights were determined for three consecutive days for each 28-day 

period, and shell weights and interior egg quality evaluations (Kaugh, 

1937) were carried out during the second, sixth and tenth periods. 

Feed weights were obtained initially and at the end of each 28 days, 

and body weights were obtained initially, midway and at the end of the 

experiments. 

Biochemical measurements were made on birds in the first ex

periment. Three different samplings of blood were obtained by cardiac 

puncture. Plasma ascorbic acid levels were determined for the first 

and third samplings by the methods of Bessey (1938) and Mindlin and 

Butler (1938); citric acid by the procedure of Hess and White (1955); 

adrenal ascorbic acid concentrations as described by Maickel (1960). 

Plasma, liver and kidney isocitric dehydrogenase activities were deter

mined by the methods of Wolfson and Williams-Ashman (1957) and Sterkel 

et. al., (1958). Changes in optical densities were recorded as men

tioned in the previous chapter. Krebs1 cycle enzyme activities were 

determined on liver homogenates as suggested by Umbreit et al., (1959), 

using a Precision Warburg Respirometer. Levels of protein in the blood 

plasma, liver and kidney homogenates were read on a refTactometer 

(American Optical Company, Los Angeles, California). Nitrogen and drug 

retentions were calculated from data obtained using the chromium oxide 

technique. The amounts of nitrogen in the feed and feces were deter

mined according to the method of A.O.A.C. (1965). Amounts of salicylic 

acid derived from ASA in the feed and feces were determined by the 

method of Brody est _al., (1944) as modified by Thomas (1965). Salicylic 
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acid derived from MDS and BMD was extracted from feed and feces with 30 

milliliters of 0.2N NaOH solution. Deionized water was used to make up 

the volume to 100 mis and the samples swirled and mixed for 5 minutes 

and filtered. Five milliliter aliquots were transferred to separatory 

funnels, and three drops of 6 N HCl and 10 mis of ethylene dichloride 

were added. The separatory funnels were swirled slowly for 30 seconds, 

and the ethylene dichloride layers removed into beakers. Three ethy

lene dichloride extractions were made on each sample. After each ex

traction, three milliliter aliquots were transferred to a test tube 

containing 5 milliliters of water and the-color was developed by the 

addition of 0.25 ml. of 1 percent ferric nitrate solution. The color 

intensities were then read in a Beckman Model B spectrophotometer at 

525 millimicrons. 

Two other short-term experiments with laying pullets were per

formed to measure oxygen consumptions and drug retentions. Pullets were 

fasted for 12 hours, and oxygen consumption measured by the method des

cribed by Charkey and Thornton (1959). Atmospheric pressure changes 

and dessicator temperatures were used to convert to standard conditions. 

Oxygen consumption was again measured on the same pullet one and three 

hours after administering 319.3 mg. of ASA. The rates of ASA absorption 

were determined with six pullets. Blood levels of salicylic acid were 

measured at intervals of 0, 3/4, 1-1/2, 3, 5 and 7 hours. Salicylic 

acid levels were determined as described by Brody et a_l., (1944) and 

Thomas (1965). 



were fed to ten 

ASA levels fed. 

The second short-term experiment was conducted in single bird 

cages for three weeks. The basal diet used is shown in Table 10. Two 

levels each (500 and 1000 ppm) of ASA, MDS and BMD 

pullets per treatment. Amounts of salicylic acid itrom MDS and BMD 

samples were determined prior to the addition of these compounds to the 

diets, and were calculated to be equivalent to the 

Drug retentions were determined as mentioned earlier. At the end of the 

three week feeding period, five hens from each treatment were sacri

ficed and the livers excised and quick-frozen. One: percent liver homo-

genates were made in deionized water for measurement of cytochrome 

oxidase and succinic dehydrogenase activities according to the method 

of Cooperstein et al., (1950) and Cooperstein and l^azarow (1951). 

Analyses of variance of data obtained from these experiments were per

formed as outlined by Snedecor (1956) and differences between treatment 

means were tested by Duncan's (1955) multiple range test. Where un

equal replication was encountered, Kramer's (1956) 

ployed. 

RESULTS AND DISCUSSION 

Average egg production and feed conversions for the ten dietary 

treatments fed to pullets in cages during both peri 

temperatures are listed in Table 11. During the c<: 

procedure was em-

Lods of cold and hot 

soler portion of the 

experiment, as the ASA levels were increased in the diet from 0.025 to 

0.439 percent, the production rates were lowered n 

0.169 and 0.439 percent ASA levels significantly 1 

production. No differences were found in producti 

timer ically. Likewise, 

•wered (P<0.05) egg 

on rates due to the 
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Table 11. Effect of Dietary Levels of Acetyl-Salicylic Acid and Some 
Chemical Analogues on Egg Production and Feed Conversion 
with White Leghorn Pullets in Cages. 

Supplement ^ 
2 Percent Feed/doz. 

basal diet Production (lbs .) 

c3 W T C3 W T 

None 78.8cde 67.5b 74.4cd 3.75abc 4 . 02ab 3 .87ab 

0.2737% 
Bacitracin 77.5cd 66. lb 73.3C 3.69abc 3 .97ab 3 .81ab 

0.025% ASA 78.7cde 73.9C 77.4d 3.65ab 3 .70a 3 . 67a 

0.065% ASA 75.2bc 67. lb 7 3.0bc 3.89bc 4 .00ab 3 .90ab 

0.169% ASA 72.5b 67.8b 71.0bc 3.97C 3 .94a 3 .93ab 

0.439% ASA 67.8a 51.9a 61.7a 3.93bc 4 . 10ab 3 .97b 

0.052% MDS 82.3e 69.5bc 77.5d 3.53a 3 .89a 3 • 68a 

0.0556% PASA 75.lbc 66.6b 72.3bc 3.78abC 3 .97ab 3 
ab 

.87 

0.0545% APAP 75.8bc 59. la 69.7b 3.73abC 4 .37b 3 • 99b 

0.0343% BMD 81.lde 69.7bc 76.6d 3.55® 3 .75a 3 .67a 

"'"Values with different superscripts were significantly different 
(PC0.05). 

Acetyl-salicylic acid (ASA), methylene disalicylate (MDS), para-amino 
salicylic acid (PASA), acetyl-para-amino phenol (APAP), and bacitracin 
methylene disalicylate (BMD). 

3 
C => cool weather, December 2 - May 18, mean maximum temperature = 
73.7°F. 

W = warm weather, May 19 - September 7, mean maximum temperature = 
96.7°F. 

T = total experiment, December 2 - September 7, mean maximum 
temperature = 82.9°F. 
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other drugs tested under these conditions. During the warmer periods 

when the mean maximum temperature was 96.7°F., 0.439 percent ASA or 

acetyl-para-amino phenol (APAP) in the diet significantly depressed egg 

production (Table 11). The lowest ASA level (0.025%) significantly 

(P<.0.05) improved egg production during hot weather, whereas the other 
I 

drug treatments did not provide any beneficial effect. When comparisons 

were made between the ten dietary treatments for the entire experiment, 

0.439 percent ASA or APAP significantly lowered (P<0.05) production 

rate. The 0.025 percent ASA, methylene disalicylate (MDS) and bacitra

cin methylene disalicylate (BMD) treatments numerically increased pro

duction by approximately three percentage points but no significant 

differences were obtained. 

It has been stated that chickens consume less feed during the 

warmer portions of the year than during the cooler portions of the year 

because energy needs are lowered by high environmental temperatures. 

Feed conversions for all drugs (Table 11) were generally somewhat higher 

during the warmer months than during the cooler periods for birds in 

single cages. These differences can be explained by the fact that if 

the pullets were consuming exactly the same amount of feed during both 

climatic conditions and producing less eggs during the warm weather, 

the amount of feed needed to produce a dozen eggs would be higher during 

the hot weather. During the cooler periods, no differences were found 

in feed conversion between the untreated birds and those fed the various 

drugs. Pullets fed-MDS and BMD had significantly better feed conversions 
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than the three higher ASA levels, but not appreciably different from 

that of the unsupplemented pullets. 

Other economic factors measured in the first experiment are 

listed in Table 12. All drugs tested significantly depressed egg 

weights during both hot and cold weather and for the entire experiment 

except in two treatments. The highest ASA level (0.439%) produced 

lower average egg weight and significantly lowered (P<0.05) percent 

shell when compared with the untreated groups or the seven other treat

ment groups. Haugh units were significantly better when 0.439 percent 

ASA was fed. 

The same factors were measured during a 40-week experiment with 

White Leghorn pullets fed identical levels of ASA in floor pens (Table 

13). Again, 0.439 percent dietary ASA significantly lowered egg pro

duction rate during the cooler portion of the experiment (Table 13). 

The two lowest ASA levels (0.025 and 0.065%) significantly improved egg 

production during the hot weather,and the 0.065 percent ASA level 

significantly improved production rate for the entire 40 weeks of the 

study. 

Feed conversion was significantly lowered with the feeding of 

0.439 percent ASA when compared to the untreated and three other ASA 

treatments during the cooler period or entire experiment (Table 13). 

During the warmer portion of the test when the mean maximum temperature 

was 96°F,, no significant differences were found among the five dietary 

treatments. 
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Table 12. Effect of Acetyl-Salicylic Acid and Some Chemical Analogues 
on Egg Weight, Percent Shell and Egg Quality. 

Supplement to 

basal diet"'" 
Average 

Ej;k Weight Shell3 
Egg -
Quality 

c<f w T (%) (Haugh units) 

None 57.2e 60.2d 58.4d 9.34b 77.2ab 

0.2737% 
Bacitracin 55.9bcd 58.9bc 57.9bc 9.52b 74.3a 

0.025% ASA 
550al)C<l 

58.2ab 56.5b 9.21b 77.9b 

0.065% ASA 56.3cd 59.8° 57.7cd 9.35b 78.lb 

0.169% ASA 56.6d 59.3bc 57.7cd 9.30b 78.5b 

0.439% ASA 54.2a 56.9a 55.3a 8.79a 80.6C 

0.052% MDS 54.7ab 58.0ab 56.lab 9.10ab 76.7ab 

0.0556% PASA 55.5abc 58.3abc 56.7bc 9.21b 73.5a 

0.0545% APAP 54.5ab 58.6bc 56.4ab 9.49b 76.5ab 

0.0343% BMD 54.9abc 57.7ab 56.4ab 9.51b 77.lab 

^•Symbols as described in Table 11. 

2 Values with different superscripts were significantly different 
<P<P.05). 

3 
Measurements were taken during periods 2, 6 and 10. 

4 
C «* cool weather, December 2 - May 18, mean maximum temperature = 
73.7°F. 

W = warm weather, May 19 - September 7, mean maximum temperature = 
96.7°F. 

T = total experiment, December 2 - September 7, mean maximum 
temperature = 82.9°F, 
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Table 13. Acetyl-Salicylic Acid Effects on Egg Production and Feed 
Conversion in White Leghorn Pullets in Floor Pens. 

Levels of 

dietary acetyl-

salicylic acid 

a) 

Percent 
Production 1 

Feed/doz. 
(lbs.) 

Levels of 

dietary acetyl-

salicylic acid 

a) 

C
M
 

W T C2 W T 

None 72.8b 61.9a 67.4b 4.30a 4.53a 4.41ab 

0.025 72.0b 67.0b 69.5bc 4.37a 4.17a 4.27a 

0.065 72.5b 67.4b 69.9° 4.28a 4.07a 4.18a 

0.169 72.3b 65.3ab 68.8bC 4.24a 4.20a 4.22a 

0.439 63.4a 62.6a 63.0a 4.55b 5.01a 4.80b 

^Values with different superscripts were significantly different 
(P<0.05). 

C = cool weather, December 2 - May 18, mean high temperature 71.7°F. 

W = warm weather Hay 19 - September 7, mean high temperature 96.0°F. 

T = total experiment, December 2 - September 7, mean high temperature 
79.8°F. 



Average egg weight 

pullets in floor pens are 

est ASA level (0.025%) pro 

than the untreated group e 
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listed in Table 14. The pullets on the low-

duced significantly heavier (P«=0.05) eggs 

ither during hot, cold or for the 40 weeks of 
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SA measured in the second experiment were 
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on either fertility or hatchability either 

Metabolic rates measured indirectly as 

s also indicated no significant effect with 

erically, ASA seemed to lower PBI values 

(1965) suggested that dietary ASA levels 

ght interfere with nitrogen metabolism in 

etention was significantly lowered when 0.8 

cks as mentioned in the preceding chapter, 

r their effects on nitrogen retentions in 

pullets (Table 15). Except for one treatment (0.025% ASA), the drugs 

(0.439 ASA, MDS, BMD) elevated nitrogen retention. The 0.025 percent 

ASA level was retained by the birds to the extent of 56.6 percent. 
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Table 14. Effect of Acetyl-Salicylic Acid on Egg Weight, Percent Shell 
and Egg Quality in White Leghorn Pullets. 

Levels of 

dietary acetyl-

salicylic acid 

a) 

Average Egg . 1 
wt. 

Shell3 Egg 
Quality3 

Levels of 

dietary acetyl-

salicylic acid 

a) C* W T (%) (Haugh units) 

None 54.5ab 57.2ab 55.8ab 9.28b 72.2a 

0.025 56.1C 58.9C 57.5C 9.32b 72.2a 

0.065 55.2b 57.9b 56.5b 9.25ab 75.5a 

0.169 55.0ab 57.6b 56.3b 9.23ab 74.6a 

0.439 54.0a 56.4a 55.2a 9.02a 75.9a 

^Values with different superscripts were significantly different 
(P<0.05). 

2 C = cool weather, December 2 - Hay 18, mean high temperature 71.7°F. 

W =» warm weather, May 19 - September 7, mean high temperature 96.0°F. 

T = total experiment, December 2 - September 7, mean high temperature 
79,8°F. 

3 
Measurements were taken during periods 2, 6 and 10, 
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Table 15. Effect of Dietary Acetyl-Salicylic Acid and Some Chemical 
Analogues on Fertility, Hatchability, P.B.I, and Nitrogen 
and Drug Retentions in White Leghorn Pullets. 

Supplement to 

basal diet'" 

Experiment l2 Experiment 22 Supplement to 

basal diet'" Percent Retention Fertility Hatch P.B.I. 
(nitrogen) (drugs)"" ay <%) (mcg./7«) 

None 36.4 0000 84.7a 88.7a 7.32a 

0.27377. Bacitracin —— « »  m  m  m  

0.025% ASA 34.1 56.6 87.4a 89. la 5.25a 

0.065% ASA 85.9a 87.0a 6.56a 

0.169% ASA 47.8 43.0 82.5a 90.6a 6.90a 

0.052% MDS 52.9 

0.556% PASA —  m m  m  

0.0545% APAP m  m  m  m  

0.0343% BMD 45.4 28.8 

'"Symbols as described in Table 11. 

2 
Values with different superscripts were significantly different 
(P<0.05). 

3 
ASA levels in feed and feces were corrected with unsupplemented group 
values. 
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In order to determine the relationship of ASA and the other com

pounds to heat stress metabolism, blood samples were drawn during the 

summer for citric acid and ascorbic acid determinations. The anti

pyretic drugs did not alter adrenal ascorbic acid levels (Table 16), 

which suggests that these compounds may act in the pituitary-adrenal 

response to stress, since lower amounts of ascorbic acid in the adrenals 

and higher plasma levels suggests accelerated cortical activity (Sayers 

et al., 1948). ASA and MDS significantly lowered (P<0.05) plasma ascor

bic acid concentrations, (Table 16). 

The same blood samples, obtained during July, September and 

October, were also analyzed for citric acid (Table 16). Citric acid 

concentrations were numerically increased with increasing levels of ASA, 

but no significant differences were obtained upon statistical analysis. 

MDS significantly lowered (P<0.05) plasma citric acid concentration 

during July, the hottest month tested (Table 16). Elevated citrate 

levels in the blood are suggestive of a stress adaptive syndrome which 

may have been alleviated somewhat by MDS feeding. 

No significant differences were found in either liver or kidney 

isocitric dehydrogenase (ICD) activities when pullets were fed four 

levels of ASA or one level of MDS (Table 17). Plasma ICD activities 

were significantly accelerated by MDS. Kreb's cycle enzymes were sig

nificantly lowered (P<0.05) by MDS when compared to the 0.169 percent 

ASA level. The other ASA levels were without effect on Kreb's cycle 

enzymes (Table 17). 



Table 16. Effect of Acetyl-Salicylic Acid and Some Chemical Analogues on Adrenal and Plasma 
Ascorbic Acid and Plasma Citric Acid Concentrations in. White Leghorn Pullets. 

Supplement to 

basal diet*" 
Ascorbic Acid Citric Acid 

July September 
Adrenal Plasma Plasma 
(mg./mg. tissue)(meg. Anl.) (meg./ml.) 

July September October 
Plasma Plasma Plasma 
(meg./ml.) (meg./ml.) (meg./ml.) 

None 1.70 

0.2737% Bacitracin--— 

0.025% ASA 

0.065% ASA 

0.169% ASA 

0.439% ASA 

0.052% MDS 

0.0556% PASA 

0.0545% APAP 

0.0343% BMD 

1.75a 

1.60a 

a 
1.68 

1.63a 

1.62a 

1.67a 

1.75a 

1.65a 

2 1 . 6 C  

15.5£ 

2 2 . 0 U  

12.1® 

11.0C  

ab 8 . 2  

7.0a 

7.0a 

6.4a 

29.9 a 

33.5 a 

24.0b 

32.2' 

31.2' 

36.6' 

30.2' 

23.3' 

21.9' 

28.8" 

31.5 

34.8* 

a 

Symbols as described in Table 11. 

"Values with different superscripts were significantly different (P<0.05). 
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Table 17. Effects of Acetyl-Salicylic Acid and Some Chemical Analogues 
on Various Respiratory Enzymes in White Leghorn Pullets. 

Supplement to Isocitric 
2 

Dehydrogenase 
Kreb cycle 
enzymes^ 

basal diet*" 
Plasma 
(mean 
activity)^ 

Kidney 
(mean 
activity) 

Liver 
(mean ^ 
activity) 

Liver 
(mean 
activity) 

None 1.22a 1.70a 2.41a 3.44ab 

0.2737% Bacitracin 

0.025/4 ASA 1.44a 1.90a 2.40a 3.25ab 

0.065% ASA 1.28a 1.69a 2.23a 3.42ab 

0.169% ASA 1.70a 2.44a 3.94a 

0.439% ASA 1.46a 1.83a 2.32a 3.23ab 

0.052% MDS 2.53** 1.75a 2.16a 3.02b 

0.0556% PASA 

0.0545% APAP 

0.034% BMD 

^•Symbols as described in Table 11. 

2 
Values with different superscripts were significantly different 
(P<0.05). 

3 
Changes in optical densities per hour per milliliter of plasma. 

4 
Changes in optical densities per hour per gram of protein. 

^Microliters of oxygen consumed per hour per milligram of protein. 
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Oxygen consumptions were measured individually on 20 pullets 

before and after oral administration of 319.3 milligrams of ASA (Tabic 

18). Six other pullets were used to determine the absorption of ASA at 

different time intervals after administration (Table IS). Mean oxygen 

consumption rates were numerically increased after 1 hour with the oral 

administration of ASA, and numerically decreased after 3 hours. How

ever, these differences were not significant. During the time inter

vals when oxygen consumptions were measured, the plasma ASA levels rose 

linearly and remained high after 7 hours, thus absorption of ASA was 

rapid and high blood levels prolonged. 

The extent to which this drug and two others were retained and 

the effect of the drugs on two enzyme systems were studied in the last 

experiment. Salicylic acid from ASA was retained to the extent of 49.0 

and 57.8 percent for 500 and 1000 parts per million levels, respectively, 

which were 39.1 and 47.5 percent greater than MDS and BMD at the 1000 

ppm. level, respectively. Approximately 25.0 percent lower drug reten

tions were observed at the 1000 ppm. level than the 500 ppm. level of 

MDS or BMD. Both levels of BMD were retained to a lesser extent than 

the same levels of MDS. A decline in liver cytochrome oxidase activi

ties was noted with increased amounts of dietary ASA (Table 19). Sig

nificantly lower activity was observed for this enzyme at the 1000 ppm. 

ASA levels as compared to the same level of BMD. Liver succinic dehy

drogenase activities were significantly accelerated (P<0.05) by both 

levels of BMD and 500 ppm. MDS. The ASA treatments did not signifi

cantly effect the activities of these enzymes. 
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Table 18. Absorption Elates of Orally Administered Acetyl-Salicylic 
Acid and Effect on Oxygen Consumption in White Leghorn 
Pullets. 

Treatments Mean Mean 
Oxygen ^. .ASA levels 

Consumption ' in plasma 

without ASA orally, 0 hour 921.6a 0000 

with 319.3 mg. ASA orally, after 3/4 hour —-— 82.54 

with 319.3 mg. ASA orally, after 1 hour 968.4a -----

with 319.3 mg. ASA orally, after l\ hours 150.54 

with 319.3 mg. ASA orally, after 3 hours 889.2a 193.61 

with 319.3 mg. ASA orally, after 5 hours 229.72 

with 319.3 mg. ASA orally, after 7 hours ----- 257.81 

^Microliters of oxygen consumed per hour per kilogram of body weight. 

Values with different superscripts were significantly different 
(P<0.05). 

3 
Micrograms of acetyl-salicylic acid per milliliter of plasma. These 
values were corrected with values obtained at 0 hour. 
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Table 19. Retentions of Acetyl-Salicylic Acid, Methylene Disalicylate, 
and Bacitracin Methylene Disalicylate in White Leghorn 
Pullets. 

Experiment 3^ 
Supplement to 

basal diet*" 
Drug Retained^ 

Liver Cytochrome 
Oxidase 

Liver Succinic 
Dehydrogenase „ 

Supplement to 

basal diet*" (7.) (mean activity)^ (mean activity) 

None 33.51ab 4.03a 

500 ppm. ASA 49.0 29.58ab 4.26a 

1000 ppm. ASA 57.8 28 .43a 3.37a 

500 ppm. MDS 44.5 30.03ab 4.12a 

1000 ppm. MDS 18.7 29.68ab 4.53ab 

500 ppm. BMD 34.3 31.53ab 5.87bc 

1000 ppm. BMD 10.3 37,30b 6.64° 

Symbols as described in Table 11. 

2 Changes in optical densities per hour per milligram of protein in 1% 
homogenates. 

Values with different superscripts were significantly different 
(P<0.05). 

4 
Salicylic acid levels in feed and feces for the three drugs were 
corrected with the unsupplemented group values. 
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Summary 

Two long-term experiments with White Leghorn pullets were 

conducted simultaneously in single cages and floor pens for 40 weeks. 

Metabolic and reproductive effects of acetyl-salicylic acid (ASA), 

bacitracin (B), bacitracin methylene disalicylate (MDS), acetyl-para-

amino phenol (APAP), methylene disalicylate (MDS) and para-amino 

salicylic acid (PASA) were determined with birds in cages. Four ASA 

levels which were identical to those used in the first experiment were 

tested with birds housed in floor pens. Another short-term experiment 

was carried out for three weeks to determine drug retentions and enzy

matic effects of ASA, MDS and BMD in the laying birds. 

The following results were obtained: 

1. The 0.025 percent ASA level was significantly better 

in maintaining egg production with caged birds during 

hot weather than the untreated groups. 

2. With birds in floor pens, 0.025 and 0.065 percent 

dietary ASA significantly increased egg production 

during warmer weather. In both experiments, 0.439 

percent ASA and APAP significantly lowered egg pro

duction rates compared with the untreated birds. 

3. Egg weights and percent shell were significantly 

lowered in cage birds with 0.439 percent ASA during 

the 40 week study. Haugh unit values were signifi

cantly increased with this level of ASA due, perhaps 

to the lowered production rates. In floor pens, 
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0.025 percent ASA significantly increased egg size, 

and 0.439 percent ASA significantLy lowered percent 

shell. 

4. No significant effects were observed on fertility, 

hatchability and protein-bound iodine values when ASA 

was fed to pullets in floor pens. 

5. MDS produced 16.5 percent higher nitrogen retention 

when compared with that of the unsupplemented birds. 

6. MDS significantly lowered plasma ascorbic acid levels, 

and plasma citrate concentrations were increased 

numerically with graduated levels of ASA. 

7. Enzymatic measurements indicated that isocitric 

dehydrogenase activities were not affected in liver 

and kidney homogenates by the ASA and MDS treatments. 

MDS significantly accelerated the activity of this 

enzyme in plasma. No significant differences were ob

served between the dietary treatments in relation to 

the Kreb's cycle enzymes. 

8. Oxygen consumptions measured before and after orally 

administered ASA indicated an increase after one hour", 

and then a decrease after three hours. Plasma ASA 

levels determined at different time intervals after 

administration showed a linear increase of the drug 

time. 
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In the short-term experiment, birds fed 500 and 1000 

ppm. ASA retained the drug more efficiently than either 

the MDS or BMD. Liver succinic dehydrogenase activi

ties were significantly accelerated with both levels 

of BMD, and liver cytochrome oxidase activities were 

not significantly affected by the drugs. 
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