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ABSTRACT 

Methods for assessing vitamin A status in the horse 

and rabbit were developed and evaluated using a modified 

Relative Dose Response Test (%RDR = A4-A0/A4 X 100, where A4 

and AO represent four hours post-feeding and fasting serum 

total vitamin A levels, respectively) for horses and a 

Vitamin A Fractionation (VAF) Test monitoring serum levels 

of vitamin A palmitate, vitamin A acetate and retinol for 

horses and rabbits. 

In Experiment 1 (RDR test), 5 horses per treatment 

group were fed 0 (deficient), 10,000 (control) or 80,000 

(excess) I.U. vitamin A palmitate daily, for 30 days. RDR 

Test was positive (>20%) for all horses receiving diets 

deficient in vitamin A and negative «20%) for all horses 

receiving contlul or excess diets. 

In Experiment 2 (VAF test), rabbits were fed 

varying dietary levels of vitamin A palmitate (ranging from 

o to 58000 LU./kg feed) for up to 87 days. Percentages of 

retinol and vitamin A palmitate were reflective of vitamin A 

status. An approaching vita'min A deficiency or toxicity is 

indicated when percentages of vitamin A palmitate and 

retinol are more than 1 SD from the means observed for 

control rabbits (6.2t1.8 and 92.9±3.5, respectively). If a 

ix 
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deficiency is approaching then percentage of vitamin A 

palmitate will be between 21% and 73% and percentage 

retinol between 8% and 21%. If toxicity is approaching then 

percentage vitamin A palmitate and retinol will be greater 

than 21% and less than 73%. Rabbit is normal if percentages 

are maintained within the ± SD of the mean. 

Experiment 3 (VAF test) was conducted using the 

same horses and conditions as in Experiment 1. After 30 

days on treatment, percentages of retinol and vitamin A 

palmitate were significantly lower and higher (P<.05) than 

controls, for deficient and excess horses, respectively. 

The percentages of vitamin A palmitate and retinol in 

deficient horses were intermediate between values observed 

in horses from the other two treatment groups. If 

percentage retinol is between 45% and 65% and percentage 

vitamin A palmitate is between 31% and 45% the horse is 

approaching deficiency. If the percentage retinol is less 

than 45% and and vitamin A palmitate is greater than 45%, 

then the horse is probably approaching toxicity. 

Results suggests that both RDR and VAF tests can 

be used to determine vitamin A status before appearance of 

overt signs of deficiency occur,· however only the VAF test 

is suitable for detecting toxicity. 



CHAPTER 1 

INTRODUCTION 

Vitamin A is one of the most important vitamins of 

concern when feeding livestock, since ~-carotene, the 

vitamin precursor, is easily destroyed during feed 

processing and storage. The use of vitamin A supplementat

ion has become widespread in the livestock industry, 

however, many producers over-supplement causing further 

problems associated with clinical vitamin A toxicity. 

Horses, like other livestock, are susceptible to clinical 

vitamin A deficiency or toxicity without appearance of overt 

signs. Unfortunately no satisfactory procedure for 

determining vitamin A status before these signs appear, has 

been developed. Liver biopsy is the most reliable method 

for determining status, but is not feasible in most cases. 

Likewise, the regulation of the different forms of vitamin A 

found in blood of horses is not well-defined due to the fact 

that liver vitamin A release mechanisms and other related 

metabolic processes are not completely understood. 

The purpose of the'experiments described in the 

following pages of this dissertation was to determine more 

accurately, relatio~ships between blood vitamin A and 

general vitamin A status of horses. Specific experimental 
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objectives were: 1} to establish total vitamin A, and 

vitamin A alcohol, ester and acetate concentrations in the 

blood of horses; 2} to determine the effect of varied 

dietary vitamin A intakes on serum total vitamin A and serum 

vitamin A ester and alcohol fractions in these horses; and 

3} to establish a new method (or methods) for determining 

sub-clinical vitamin A status. In addition to 

experimentation with the horse, the rabbit was used as a 

model for the horse in this dissertation. 



CHAPTER 2 

LITERATURE REVIEW 

Vitamin ~ Requirements for Horses 

Retinol and its derivatives are necessary for growth, 

vision, reproduction and maintenance of epithelial tissue 

and bone. Early work to determine symptoms of vitamin A 

deficiency in the horse was conducted by Howell and co

workers (1941), with later contributions from Stowe (1968a). 

A deficiency of vitamin A is characterized by poor growth, 

anorexia, eye abnormalities (night blindness, lacrimation, 

keratinization of the cornea), respiratory symptoms, 

progressive weakness, convulsive seizures and keratinization 

of the skin. 

Vitamin A toxicity may result after prolonged feeding 

of excess vitamin A. Sk1an and Donoghue (1982) indicated 

that growing fillies fed 1,OOO-times the National Research 

Council (NRC) requirement, grew poorly and developed hair 

loss, neurologic signs, anemia, liver dysfunction and bone 

lesions. 

Most of the NRC recommendations for vitamin A for 

any species are based on studies that have determined the 

minimal amount necessary to prevent classical signs of 

3 
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hypovitaminosis A, such as night blindness. Vitamin A 

requirements for horses have been established from the 

research of Stowe (1968b). Stowe (1968b) noted that 9.5 to 

11 I.U. of vitamin A per kilogram of body weight would 

prevent deficiency symptoms. Data on the upper safe limits 

of vitamin A are very ~imited. The requirement for vitamin 

A can be met by carotene, the plant precursor of vitamin A, 

or by preformed (synthesized) vitamin A supplements. It has 

been estimated that 25 I.U. of vitamin A per kilogram of 

body weight is adequate for maintenance and that 40 I.U. per 

kilogram are adequate for weanlings. The growing horse's 

requirement for vitamin A decreases as growth decreases and 

as the young horse approaches maturity. Donoghue (1981) 

suggests that NRC recommended daily intake of 40 I.U. is 

less than optimal for growth and that two to five times that 

amount should be administered. Gestating and lactating 

horses require 50 I.U. vitamin A per kilogram of body 

weight, but requirements for lactation are influenced by the 

level of milk production. The requirement during lactation 

has been estimated by adding the amount of vitamin A in the 

milk to the basic body requirement. Milk probably contains 

1,000 I.U. of vitamin A per kilogram. Normal milk 

production during early lactation is estimated to be close 

to three percent of body weight and declines to about two 

percent of body weight by late lactation. 
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Under practical feeding conditions, many points must 

be considered when one is attempting to meet a horse's 

vitamin A requirement, especially if the source of the 

vitamin is carotene. Carotene and vitamin A are unstable in 

the presence of light and high temperature and are easily 

destroyed during feed processing and storage. The type of 

carotene in a particular feedstuff may not be readily 

utilized by the horse. Carotene content in dry summer 

grasses is lower than it is in rapidly growing grasses. 

Garton et a1. (1964) indicated that when summer grasses are 

fed to horses, there are decreases in liver, fat and blood 

concentrations of vitamin A and carotene. Fonnesbeck and 

Symons (1967) suggested that conversion of carotene to 

vitamin A in horses is not very efficient. In Fonnesbeck and 

Symons report, it was assumed that 1 mg of carotene is 

equivalent to 400 I.U. of vitamin A. No one has adequately 

determined the exact conversion factor for carotene to 

vitamin A in horses. Even when consuming sub-marginal 

levels of carotene or vitamin A, horses will store enough 

vitamin A for 3 to 6 months. Other considerations which 

must be made when feeding horses are that body stores of 

vitamin A may"be low due to stress, malnutrition, disease or 

illness. 

The use of commercial supplements, rich in vitamin A 

has become widespread in the horse industry to compensate 
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for possible deficiencies caused as a result of vitamin A 

destruction in feeds. However, many producers ove~-feed 

them, therefore causing further problems associated with 

clinical vitamin A toxicity. With these things in mind, we 

find that horses are suseptible to abnormal vitamin A intake 

and that sub-clinical vitamin A deficiency or toxicity is 

likely to occur. Donoghue and co-workers (1981) have 

observed poor growth, mild liver dysfunction, anemia and 

microscopic lesions of the parotid ducts'and bones in 

fillies fed no vitamin A for 40 weeks. These horses appeared 

to be normal, clinically. Similar signs were observed for 

mildly intoxicated fillies. Development of a test to detect 

sub-clinical vitamin A deficiency and toxicity is 

necessitated. 

Vitamin A Requirement for Rabbits 

Vitamin A requirements for rabbits are not clearly 

defined. Thr estimated requirement for growing rabbits 

(Payne et al., 1972) is 580 I.U. of vitamin A per kilogram 

of diet (or 8 pg of vitamin A per kilogram body weight per 

day). Reproducing females appear to need a higher level, at 

1,160 IoU. per kilogram of diet~ 

Rabbits normally obtain their vitamin A requirement 

through p-carotene, but the efficiency of conversion of p

carotene to vitamin A in the rabbit is not known. Vita~in A 

deficiency can be prevented and normal growth and 



reproduction maintained by supplying 50 pg of carotene per 

kilogram body weight in the diet (Phillips and Bohstedt, 

1938 ). 
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In rabbits, symptoms of vitamin A deficiency 

include: retarded growth, spastic paralysis, neural 

lesions, ataxia, xerophthalmia, impaired reproduction, lack 

of appetite, abnormal elasticity of the lungs and aorta with 

a decreased elastin content, and a high incidence of 

hydrocephalus with stenosis of the cerebral aqueduct. These 

signs have been observed by Nelson and Lamb (1920), Mellanby 

(1935), Phillips and Bohstedt (1938), Mann et al., 1946; 

Lamming et a1. (1954a, 1954b) and Saksena et al. (1971). 

General Vitamin A Metabolism 

Digestion and Absorption of Vitamin A and Carotenoids 

Preformed vitamin A and carotenoids are released by 

the action of pepsin in the stomach and various proteolytic 

enzymes in the upper intestinal tract. The carotenoids and 

vitamin A derivatives are dispersed into the upper intestine 

by conjugated bile acids after aggregating into lipid 

globules. Vitamin A in the lipid emulsions is then 

hydrolyzed by esterases in pancreatic juice, yielding free 

vitamin A. The emulsified particles diffuse into the 

glycoprotein layer surrounding microvilla of the intestinal 

epithelial cells and then are absorbed. 
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Most of the absorbed retinol is esterified to 

palmitic acid within the mucosal cells. Coenzyme A and ATP 

are required for this esterification (Ross, 1980). Some 

retinol may be oxidized to retinaldehyde, and/or may be 

further oxidized to retinoic acid. p-carotene is cleaved at 

the 15,15' double bond to yield two mol of all-trans 

retinaldehyde (Goodman and Haung, 1965). This reaction is 

catalyzed by 15, 15'-carotenoid dioxygenase and its action 

can be depressed by inadequate protein intake. Most of the 

retinaldehyde formed is reduced to retinol by retinaldehyde 

reductase. Retinol is then esterified to retinyl ester and 

incorporated into chylomicra with triglyceride, phosholipid 

and cholesteryl ester. Some carotenoids (specie dependent) 

may escape cleavage in the gut and may also appear in 

chylomicra. 

Uptake and Storage of Vi tamin A in the Li ver 

The chylomicra containing retinyl ester are 

transported through the lymph and into the general 

circulation. A chylomicron remnant results because much of 

the triglyceride in the chylomicra is degraded. The 

chylomicron remnant is removed from the circulation by the 

liver. Vitamin A seems to be stored in a special 

perisinusoidal cell termed a lipocyte. 

Normally, more than 90 percent of vitamin A in the 

body, is stored in the liver. Most of the liver vitamin A 
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(about 96 percent) exists in the ester form while only 4 

percent in liver is in the alcohol form. Retinyl ester 

hydrolase (retinyl palmitate hydrolyase), in the presence of 

an acceptor protein (retinol-binding protein), hydrolyzes 

retinyl ester and transfers the retinol (all-trans) to the 

acceptor. The resultant holo-RBP (retinol-binding protein) 

is then processed through the Golgi apparatus and with the 

involvement of microtubules, is secreted into the plasma 

(Smith and Goodman, 1979; Smith et a1., 1980). 

Retinol Binding Protein 

Most vitamin A circulates in blood as retinol, bound 

to specific carrier, retinol binding protein (RBP). In 

humans and rats RBP is transported in plasma as a prealbumin 

complex (Kanai et al., 1968; and Muto and Goodman, 1972). 

In ruminants, the published results are in conflict. 

Heller (1975) reported that RBP is circulating free with 

retinol in the bovine, while RBP-prealbumin complex was 

found in the goat. Considerable seasonal variation in 

plasma RBP have been reported in sheep (Glover et al., 

1980), resulting in low levels during the lambing season. 

Retinol exists in a 1:1 molar ratio with RBP with 

little mobility and no change in the configuration of the 

retinol as a result of the binding process. The RBP

prealbumin complex appears to be stable and serves to 

protect retinol. In addition the prealbumin portion of the 
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complex prevents glomerular filtration and loss of·RBP 

(Goodman, 1979). Thyroxine is further bound to the retinol 

binding complex but its significance is not fully 

understood. It is known, however to affect the conversion 

of carotene to retinol (Fisher et al., 1970). 

Cell Surface Receptors For Plasma Retinol Binding Protein 

Retinol binding protein is recognized by cell 

surface receptors. These receptors are known to occur on a 

number of different cells (Rask et al., 1979), but have been 

studied the most in the pigment epithelium of the vertebrate 

eye. Prealbumin is not bound to the receptor, nor is the 

RBP-prealbumin complex necessary for binding. All-trans 

retinol is transferred into the cell after the holo-RBP is 

bound. The resultant apo-RBP is released possibly as a 

result of conformational change or proteolytic cleavage. 

The kidney cell s take up and degrade apo-RBP (which is no 

longer bound to prealbumin). 

Intracellular Binding Protein 

Cellular retinol binding protein (CRBP), which has a 

molecular weight of approximately 14,600 (Chytil and Ong, 

1979), quickly binds retinol when it enters the target cell. 

Cellular retinol binding protein molecules have been 

detected in many tissues, including brain, intestinal 

mucosa, testes, eye, kidney, liver and lung. It binds one 
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mol of all-trans retinol per mole of protein and is normally 

about 40 to 70 percent saturated with retinol. Vitamin A 

deficiency has little effect on the steady state 

concentration of CRBP. 

Cellular Retinoic Acid Binding Protein (CRABP), 

another intracellular binding protein, is found in many of 

the same tissues (excluding kidney, liver, lung, spleen or 

muscle of adult animals), and is specific for all-trans 

retinoic acid. Cellular Retinoic Acid Binding Protein is 

present in many fetal tissues, but disappears with age. It 

is also found in a number of epithelial cell tumors and may 

be necessary for retinoids therapeutic action. 

Excretion 

Upon delivery of retinol to the various tissues, the 

retinol can be oxidized to retinal and utilized by the 

tissue, or further oxidized irreversibly to retinoic acid 

(Olson, 1969; Fidge et al., 1968; Lawrence et al., 1966). 

The exact pathways for excretion of retinoic acid are not 

clear but various studies indicate that the primary route 

for excretion is conversion to the p-glucuronide form and 

excretion via the bile (Zachman and Olson, 1964; Lippel and 

Olson, 1968). Urinary excretion occurs a lesser extent in 

the form of unidentified metabolic endproducts (Olson, 

1983). The metabolic fate of RBP in the kidneys is not well 

documented, however it is postulated that some tubular 
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resorption occurs (Maddy, 1978). Although, further work 

must be done to explain RBP excretion, it is known that 

there are species differences. Differences concerning the 

mechanisms of excretion and metabolism of vitamin A in the 

presence or absence of the prealbulmin production may come 

into play. 

Bilary secretion of vitamin A varies with the vitamin 

A status of the animal suggesting hepatic control of vitamin 

A excretion (Hume et al., 1971). 

Function 

In addition to its well documented role in vision, 

vitamin A is essential for growth, reproduction, mucus 

secretion and the maintenance of differentiated epithelia. 

(Wolf, 1984). The exact role of vitamin A in these 

functions has not been completely defined at the molecular 

level, except for its role in vision. Despite the knowledge 

of the physiological effects of vitamin A, the mechanism of 

action is unknown. It has been postulated that vitamin A 

serves a coenzyme function and that it is involved in 

membrane action and protein synthesis (Olson et aI, 1983). 

In attempt to elucidate. the mode of action of 

vitamin A in cell differentiation, two working hypotheses 

have been developed. One line of study is testing the 

hypothesis that vitamin A has an extranuclear function 

either in the endoplasmic reticulum or on the cell surface 



(DeLuca, 1977). The second line is testing the hypothesis 

that it functions through an action on the cell nucleus to 

alter the expression of genetic information with the 

epithelial cells in the course of controlling their 

differentiation (Chytil and Ong, 1979). In both cases 

vitamin A may be controlling the synthesis of specific 

glycoproteins. 
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Unlike the eye where retinal is utilized, retinol 

and retinoic acid are the forms of vitamin A preferred 

during cell differentiation. Their action appears to be 

mediated by CRBP and CRABP. Separate nuclear receptors have 

been detected for both (Liau and Chytil, 1981; Wiggert et 

al., 1977). 

Vitamin A Homeostasis 

The release of vitamin A from the liver is tightly 

controllea to prevent retinol deficiency or toxicity in 

tissues. Four processes within the liver could regulate the 

release: 1) hydrolysis of stored retinol esters to free 

retinol; 2) synthesis of apo-RBP; 3) attachment of retinol 

to apo-RBP; and 4) release of holo-RBP. 

Plasma retinol levels remain relatively constant 

despite great variation in dietary supply and liver stores. 

Thus, a homeostatic mechanism that establishes a level for 

plasma retinol that is normal for a given species, 

individual and circumstance must exist. Level of dietary 
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protein, zinc, vitamin A deficiency, hormonal changes, 

chonic and acute diseases and stress are circumstances that 

could change the plasma level of retinol. 

Recent research from Underwood's (1979) laboratory 

suggests that the rate of release of vitamin A from the 

liver is determined by vitamin A needs of extrahepatic 

tissues. The release rate was.determined through the 

evaluation of liver and blood vitamin A levels serially 

sampled during progressive vitamin A depletion and 

repletion, where the homeostatic set point for plasma 

retinol becomes altered. Plasma and liver levels of vitamin 

A were determined in rats fed: 1) no dietary vitamin A (-A) 

source for 33-38 days; 2) retinoic acid (RA) for 33-38 days; 

or 3) retinoic acid (RA) from day 21 to day 38. No rats 

developed deficiency symptoms during the experimental 

period, nor did plasma vitamin A levels decrease below a 

normal range. Liver reserves of rats fed the deficient diet 

were 3-5 pg/g wet weight. RA supplementation for the 

several days (treatment 3) caused an immediate drop in 

plasma levels (within two days) of vitamin A. Rats 

supplemented with RA throughout also had much lower plasma 

retinol than unsupplemented rats. The authors pOint out 

that because growth rates were unaffected, the lower plasma 

levels of retinol in the RA-supplemented rats still 

fulfilled all tissue needs. Liver analysis revealed a much 
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lower depletion rate of liver vitamin A reserves in RA-fed 

rats, demonstrating that the decline in plasma retinol level 

was caused by decreased mobilization of liver stores. It 

appears therefore that with a vitamin A deficient diet, the 

lack of dietary supply of the vitamin was compensated for by 

a regulatory mechanism that released enough of the vitamin 

from the liver stores to maintain plasma levels at the 

normal homeostatic set point. In this manner, if the 

deficiency was not severe and liver stores not totally 

depleted, then tissue needs would be adequately supplied. 

The authors postulate that a signal, such as metabolite of 

retinol which informs the liver of how much retinol to 

mobilize, is generated in tissues (extrahepatic). This 

information in part, later became criteria for development 

of the Relative Dose Response test (Underwood, 1979). 

In another experiment, to test the effect of 

limiting protein quality and quantity on RBP synthesis, 

Underwood (1979) concluded that the regulatory step in 

vitamin A release is probably not in the synthesis of apo

RBP and may be in the activiation or deactivation of liver 

retiny1 palmitate hydrolase. This hypothesis was 

strengthened by Goodman's (Soprano et al., 1982) laboratory 

by evidence suggesting that vitamin A deficiency had neither 

an effect on rate of synthesis nor on the level of 

translatable RBP-specific mRNA in the liver of rats. In 
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deficiency the release of holo-RBP into the circulation 

caused by a decreases; it is now known that this is not 

decline in RBP, synthesis or RBP-mRNA level. The RBP release 

may be determined by the amount of free retinol formed from 

the esters by the hydrolase. The suggestion that retinyl 

palmitate hydrolase may be important in vitamin A 

mobilization is also supported by Harrison et al. (1979) and 

Prystowsky et a1. (I 979). 

Studies with rats have indicated that two 

compartments of stored vitamin A exist in the liver. Newly 

administered vitamin A is preferentially metabolized 

(mobilized) over the more stable compartment of vitamin A 

(Yeung, 1974). Newly administered vitamin A satisfied the 

tissue needs preferentially rather than mixing with reserve 

pools in the liver (Keilson et al., 1979). Only after six 

days did newly supplied (labeled) vitamin A mix with the 

liver stores. The labile type of vitamin A is stored in the 

hepatic cells as a protein complex which is readily 

available for liberation into the blood (Glover and Morton, 

1948) . 

Lewis et al. (1981), indicate that the turnover 

rate of plasma pool of retinol was 2-6 times faster in 

control rats than in depleted rats. Newly ingested labeled 

retinol (after 48 hours) appeared in livers of control rats 

while it appeared in extrahepatic tissues of depleted rats. 
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This finding confirms earlier reports of a long-term hepatic 

storage pool (possibly in nonparenchymal cells) and short

term pool (in parenchymal cells). The later pool only 

becomes involved in the depleted animal, in which newly 

ingested vitamin A enters the short-term pool and 

immediately leaves again for the tissues. 

In a 1979 study by Donoghue with sheep, the turnover 

of plasma retinol increased rapidly when liver contents of 

retinol and retinyl ester exceeded 10 and 100 mg, 

respectively, and kidney contents of both retinol and 

retinyl esters exceeded 30 mg. Plasma clearance of retinyl 

esters was unchanged by intake. Fecal excretion of vitamin 

A increased linearly with plasma retinol clearance. Thus 

from that study, several control mechanisms involved in 

retinol homeostatis were identified, including plasma 

retinol clearance, kidney storage, and fecal excretion. The 

study also showed that fecal excretion may be one of the 

primary means of controlling plasma retinol concentration. 

In general, plasma retinol clearance rates respond 

effectively to maintain a constant retinol concentration. 

However, since retinal ester clearance is unchanged, high 

plasma retinyl ester concentrations result. 

An entirely different viewpoint is taken by Wright 

and Hall (1979) who suggest that plasma levels of retinol 

vary linearly as the log of total liver vitamin A when 
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extremely low and high plasma levels are avoided. At first 

this conclusion contradicts the concept of a regulated 

release of retinol from liver resulting in constant plasma 

levels and disputes extensive literature showing no 

relationship between plasma level and liver storage. On the 

other hand, the data are not completely inconsistant with 

the hypothesis of a tissue-depletion signal. If 

equilibration between plasma and tissue levels is 

postulated, then the authors point out that "the extent 

of filling the plasma compartment opposes further release by 

the liver and causes release to change arithmetically with 

respect to a geometric change in liver storage". 

The homeostatic set point for plasma retinol 

ultimately depends on the rate of release of retinol-RBP

prealbumin from the liver. This set point changes under a 

variety of dietary and hormonal conditions. Muto et al. 

(1972) suggests that RBP secretion from the liver is 

dependent on the vitamin A status of the animal. These 

workers found that retinol deficiency specifically blocked 

the secretion of RBP from the liver so that plasma RBP 

levels fell and liver RBP levels rose. Hence, there was 

less retinol being removed from "the liver into the 

bloodstream. They also found that repleting the vitamin A

deficient rats by injecting them intravenously with retinol 

stimulates the rapid secretion of RBP (and vitamin A) from 



19 

the expanded liver pool in the plasma. Similar results have 

been indicated by Smith et al. (1978). Other studies with 

vitamin A-deficient rats shows a decline in plasma RBP as 

plasma vitamin A levels decrease even though synthesis of 

RBP in the liver remains normal (Oomen, 1974 Peterson et 

al., 1973; and Soprano et al., 1982). 

Early reports suggests that plasma RBP levels depend 

on both quality and quantity of dietary protein (Mubilal and 

Glover, 1974; and Lange et al., 1980). Venkataswamy et a1. 

(1977) reported that adequate dietary protein is needed as a 

source of amino acids from which to synthesize RBP for 

normal retinol transport. This study indicated that 

functional impairment in the hepatic release of vitamin A 

and thus low plasma vitamin A levels result from inadequate 

protein intake. This is due to a defective production of 

RBP. When dietary protein is supplied, plasma RBP and 

vitamin A levels return to normal, suggesting increased 

production of RBP. 

Dietary zinc may be essential for the release of 

holo-RBP into the plasma. The involvement of zinc 

specifically in the synthesis of apo-RBP or the release of 

holo-RBP is unclear, however it is known when zinc is 

restored to normal by supplementation, that plasma retinol 

levels rise (Elte, et al., 1979). Zinc deficiency is 

accompanied by a depression in plasma retinol. Sundaresan 
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et al. (1977) suggests that the depression in plasma retinol 

during zinc deficiency is secondary to a decline in food 

intake (or appetite). In this study they showed that plasma 

and liver retinol levels were identical in zinc-depleted and 

pair-fed control animals. In patients with cirrhosis of the 

liver, where impaired night vision is common, vitamin A 

supplementation does not restore night vision unless zinc is 

supplemented with it. In this case, zinc-dependent alcohol 

dehydrogenase in the retina is probably impaired (due to a 

lack of zinc) while circulating holo-RBP levels are probably 

not affected (Solomons and Russell, 1980). 

Hormones of hypothalmic-pituitary origin have been 

shown to affect the release of holo-RBP from the liver 

(Glover et al., 1980). Estrogens (Vahlquist, 1982) and 

progestrone (Supopark and Olson, 1975) also tend to increase 

holo-RBP levels. The connection is possibly through growth 

hormone. The suggestion was made that growth hormone is 

necessary for the release of holo-RBP (Ahluwalia et al., 

1980): the liver stores of hypophysectomized rats on a 

vitamin A-deficient diet were not depleted (nor did the 

animals grow) until injected with growth hormone. At time 

of injection, a sudden depletion of liver vitamin A also 

resulted. Similar experiments (Ahluwalia et al., 1980; and 

Smith et al., 1976) also suggests that growth hormone 

controls both growth and vitamin A utilization. Another 



hormone that appears to accelerate depletion of vitamin A 

stores is thyroid hormone. 

Form of Vitamin A in the Blood 
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In contrast to the liver, the alcohol form of 

vitamin A predominates in the blood (Moore, 1957). The 

relative amounts of each form of vitamin depends on the 

nutritional status of the animal. Many researchers however, 

have been unable to change the amount of retinol in the 

blood by manipulating the amount of vitamin A in the diet. 

Tomlinson et al. (1972) indicated that about 70 percent of 

the vitamin A activity in bovine serum was in the alcohol 

form, while Clausen et al. (1940) concluded that nearly all 

the vitamin A present in human plasma under fasting 

conditions was present in the alcohol form. Later, in a 

1943 study by Clausen, when large doses of vitamin A were 

given by ingestion or injection, marked increase in the 

ester form without change in the alcohol concentration was 

shown. Eden and Sellers (1950) found mainly the alcohol 

form of vitamin A before the animal (calf) was dosed, but 

after dosing only the ester form increased. McGillivray in 

1957 found similar results. These workers could not 

increase the retinol level in the blood by feeding any form 

of the vitamin. In human studies by Hoch (1946), Hoch and 

Hoch (1946) and Krinsky et al. (1958) and in rat studies by 

Kaiser and Kagan (1956) and Ganguly and Krinsky (1953) 
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similar results were obtained. The ester form of the 

vitamin contributed 10-17 percent of the total plasma 

vitamin A in normal human patients in Hoch's 1946 study. 

Popper et a1. (1948) reported 20 percent ester in humans. 

Several studies concerning the effects of 

hypervitaminosis A on yitamin A alcohol and ester fractions 

in plasma vitamin A have been described. In 1982, Donoughue 

found that in control ponies approximately 1 percent of 

ester was in the total plasma vitamin,A. However, the 

plasma in mildly intoxicated ponies contained 85 percent 

ester in the tbta1 vitamin A. Similar results in human and 

rat studies have been reported by Smith and Goodman (1976) 

and Mallia et a1. (1975). Mallia et a1. (1975) postulated 

that the elevation in the plasma ester fraction may have 

been due to saturation of hepatic capacity to store vitamin 

A. However, the ester fraction was not related to liver 

vitamin A content in Donoughue's study. Instead a positive 

relationship between kidney contents of vitamin A and plasma 

retiny1 ester fraction suggested a need to investigate 

functional association between these two variables. 

Current Ideas for Assessing Vitamin A Status 

Research concepts involving vitamin A abnormalities 

have shifted from concerns of frank vitamin A deficiency or 

toxicity, to sub-clinical deficiencies or toxicosis, where 

growth of young is stunted, or mild anemia and bone lesions 
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result in otherwise clinically normal animals. In the past 

six years researchers have developed new hypotheses for 

determination of sub-clinical vitamin A status. 

Relative Dose Response Test 

One new line of thinking utilizes a Relative Dose 

Response (RDR) test in the determination of sub-clinical 

vitamin A deficiency. The equation for humans and rats is: 

RDR(%)=A5-AO/A5 X 100, where A5 is the plasma total vitamin 

A level five hours post-dosing with vitamin A, and AO is 

fasting plasma total vitamin A level. Relative Dose 

Response is expressed as a percentage and is the absolute 

magnitude of rise in plasma vitamin A five hours 

after a small dose (450 llg) of vitamin A acetate is 

administered orally, divided by the plasma level of vitamin 

A attained after five hours. The test is based on the fact 

that less retinol bound-retinol binding protein (RBP) is 

released from the liver of fasting subject with inadequate 

liver vitamin A stores than from a fasting individual with 

adequate liver stores. When an animal is fed a small dose 

of vitamin A a larger release of retinol bound-RBP occurs in 

the individual with inadequate liver vitamin A reserves than 

in the vitamin A adequate individual, in which retinol 

bound-RBP is released from the liver at a steady rate. 

Because a greater amount of that vitamin A is released into 

the plasma of the more deficient animal after a dose of 



vitamin A, the percentage RDR is increased to a greater 

extent in that organism. 
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The RDR cutoff values in various studies (Flores et 

al., 1984; Loerch et al., 1979; Mobarhan et al., 1981; and 

Russell et al., 1983) have ranged from 14-50% for humans or 

rats, however, collection of liver biopy samples was not 

possible in these studies. One publication (Manesme et al., 

1984) using the same test, in humans, suggests that the RDR 

cutoff should be approximately 20% but that more work needs 

to be done to assure that value. In this particular study 

liver samples were analyzed for vitamin A and the 

researchers suggested that there was no correlation between 

how negative the RDR was, plasma vitamin A levels and liver 

vitamin A concentrations. 

Although the RDR test appears to be accurate for 

determining vitamin A status in humans, several factors 

affect its results (Mobarhan et al., 1981; Russell et al., 

1983): dietary factors (diets deficient in protein, zinc or 

other nutrients); absorption of vitamin Ai synthesis of RBP 

in the liver; and mobilization of retinol-RBP complex from 

the liver. 

Before a system such as RDR test can be utilized 

under practical situations more work to determine the 

affects of various factors mentioned above and exact cutoff 

values must be more accurately evaluated. 
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Vitamin A Fractionation Test 

Another new possibility for detecting deficiency or 

toxicity of vitamin A before overt signs appear is by 

analyzing the fractions of retinol and vitamin A palmitate 

in the plasma or serum. Studies in ponies, humans and rats 

describing the affects of hypervitaminosis on plasma 

fractions of vitamin ester and alcohol have been conducted 

(Donoghue, 1982; Mallia et al., 1975; Smith and Goodman, 

1976). These researchers found that intoxicated animals 

and humans had high plasma ester. 

A study investigating the possibility for using the 

fractionation test for detection of sub-clinical vitamin A 

deficiency was conducted by Haydon (1983). In this 

study mature beef cows with low liver vitamin A stores were 

utilized. Cows were fed a vitamin A free basal diet plus 0, 

50, 100, 200, or 400 percent of "the NRC requirement for 

vitamin A fed as a topdressing. Each treatment period was 

one week followed by a control period (one week) in which 

cows were fed only the basal diet containing no vitamin A. 

Total vitamin A increased with increasing levels of vitamin 

A trea,tment. The percentage of retinol decreased 

significantly (P<.05) with increasing intake of vitamin A. 

No significant changes were observed in the concentration of 

retinol except during the 400 percent NRC requirement period 

(P<.05). The concentration and percentage of vitamin A 
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palmitate throughout the various treatment periods increased 

signifisntly from the initial value. 

A one week control period between treatments did not 

seem to be an adequate time for blood values to return to 

those observed in initial controls, due to a carry-over 

effect enhanced by the various treatment periods. 



CHAPTER 3 

USE OF A MODIFIED DOSE RESPONSE TEST FOR 
DETERMINATION OF VITAMIN A STATUS IN HORSES 

Summary 

This study was conducted to determine if the recently 

developed Relative Dose Response (RDR) test can be used for 

determination of marginal vitamin A status in horses. In 

humans, the RDR test is conducted by evaluating the 

percentage rise in plasma vitamin A (five hours post

dosing). A positive test results when RDR is greater than 

20%. In horses, the maximal rise in plasma vitamin A level 

appears to be four hours post-feeding, so the test was 

modified for horses as follows: RDR(%)=A 4-AO/A4 X 100. 

Fifteen mature horses (five per treatment) were fed a low

carotene basal diet plus 0 (deficient), 10,000 (control) or 

80,000 (excess) I.U. vitamin A palmitate daily, for 30 days. 

Jugular blood was sampled and RDR tested on days 0, 7 and 30 

of the experimental period. After 30 days, no horses on the 

control or excess vitamin A treatments had positive RDR 

tests, while all horses fed the deficient vitamin A 

treatment exhibited positive test results. Results suggest 

that the RDR test can potentially be used for determination 

of sub-clinical vitamin A deficiency in horses. 

27 
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Introduction 

Vitamin A is the vitamin most likely to be of 

concern when feeding livestock, since ~-carotene, the 

vitamin A precursor, is easily destroyed during feed 

processing and storage. The use of vitamin A 

supplementation has become widespread in the hors~ industry, 

however many producers over-supplement causing further 

problems associated with clinical vitamin A toxicity. 

Horses, like other livestock, are susceptible to clinical 

vitamin A deficiency or toxicity without appearance of overt 

signs (Donoghue et al., 1981). Unfortunately, no 

satisfactory procedure for determining vitamin A status 

before these signs appear, has been developed. Liver biopsy 

is the most reliable method, but is not feasible in most 

cases. 

Recently, several researchers (Donoghue,et a1., 

1981; Flores, et al., 1984; Loerch, et al., 1979; Manesme, 

et al., 1984; Mobarhan, et al., 1981; Russell, et al., 1983; 

Sklan and Donoghue, 1982) have suggested methods for 

determining sub-clinical vitamin A deficiency and 

toxicity. One method for determining deficiency in 

humans, involves the Relative Dose Response (RDR) test which 

is based on the percentage increase in plasma total vitamin 

A levels five hours after a small dose of vitamin A acetate 

is administered orally. Evidence supporting the RDR test 
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include greater mobilization of retinol bound-retinol 

binding protein (RBP) from the liver in deficient subjects, 

than from the individual with sufficient vitamin A reserves 

after a dose of vitamin A is administered to each 

(Loerch et al., 1979; and Manesme et al., 1984). The 

present study investigates the potential for use of a 

similar test for detecting vitamin A status in the 

equine. 

Materials and Methods 

Fifteen mature horses (five per treatment group) of 

mixed breed, (Quarter horses, Thoroughbreds, and Arabians) 

including 10 mares, and 5 geldings ranging in age from 3 to 

14 years were adjusted to a low-carotene basal diet (Table 

1) meeting NRC requirements for mature horses at maintenance 

(except for vitamin A). Varying levels of vitamin A were 

added to the basal diet and horses were allotted according 

to weight, age and sex into one of three treatment groups. 

Initial body weight ranged from 367 to 594 kg and averaged 

497 kg. The total amount of feed offered per day was 6.4 

kg, with one half being fed in the morning and the remainder 

in the afternoon. The basal feed contained approximately 

2.89 Mcal Digestible Energy/kg, 14.6% Crude Protein, and 

32.7 I.U. of naturally occurring vitamin A activity per 

kilogram offered. Treatments included an oral dose of 0 

(deficient), 10,000 (control), and 80,000 (excess) IoU. 



TABLE 1. Composition of Basal Low-Carotene Diet Fed to 
Mature Horses 

Ingredient 

Oats 
Cottonseed Hulls 
Soybean Meal 
Molasses 
Limestone 
Trace Mineral Salt 
Monosodium phosphate 

Total 

Daily Feed (kg) 
Dry Matter 
Digestible Energy (Meal/kg) 
Ether Extract 
Crude Protein 
Vitamin A (I.U./kg) 

% 

59.0 
20.0 
11.0 

7.0 
1.0 
1.0 
1.0 

100.0 

6.4 
89.0 
2.9 
7.0 

14.6 
32.7 

30 
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vitamin A palmitate daily, referred to hereon as treatment 

A, B, and C, respectively. Horses were housed in individual 

pens containing no vegetation where daily feed intake was 

measured. Body weight data were taken at the beginning and 

end of the experimental period. All horses had received 

diets similar and adequate, by NRC standards, in vitamin A 

content for at least one year prior to this experiment. 

There was no reason to suspect inadequate vitamin A reserves 

in any of these horses at the start of this experiment. 

In the RDR test conducted with humans (Flores et 

al., 1984; Loerch et al., 1979; Manesme et al., 1984; 

Morbarhan et al., 1981; Russell et al., 1983) blood from 

the anticubital vein was collected in fasting condition and 

then again five hours after oral administration of a small 

dose of vitamin A acetate (450 pg). Five hours appeared to 

be peak time of mobilization of vitamin A from the liver in 

humans. To determine time of peak mobilization in horses, 

jugular blood was sampled after an overnight fast and hourly 

for 10 hours post-feeding during day 0 of the experimental 

period. Peak mobilization of total vitamin A into plasma of 

horses was at four hours post-feeding. Information 

illustrating actual plasma vitamin A levels at fasting and 

hourly post-feeding are depicted on Figure 1. The 

calculated line on Figure 1 fits a cubic equation to the 

data and further verifies that the peak plasma vitamin A 
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concentration post-feeding is a four hours. Therefore, the 

following equation, %RDR(Horse) = A4- AO/A4 x 

100, was used to determine vitamin A status in horses, where 

A4 is plasma total vitamin A concentration four hours post

feeding and AO is fasting plasma total vitamin A level. 

Total vitamin A was extracted from plasma by the method 

from Kimble (1938) and analyzed colorimetrically for content 

by the method from Dugan et al. (1964). An RDR value 

greater than 20% was considered a positive response in some 

human studies (Flores et al. 1984; and Manesme et al., 1984) 

and was also used in the present study. 

Jugular blood was collected at two times (fasting 

and again four hours post-feeding) on days 0, 7 and 30 of 

the treatment period into heparinized tubes, centrifuged, 

and frozen until total vitamin A analyses needed for RDR 

tests could be accomplished. Enough plasma was collected to 

analyze total protein and albumin using Sigma kits no. 540 

and 630, respectively, since if low levels of these proteins 

may alter results of the RDR test. Collection of liver 

samples from all individuals was not feasible, however a 

sample from one individual in the control group was 

possible. This sample was saponified and extracted by the 

method of Gallup and Hoefer (1946) and vitamin A content 

determined with trifluoroacetic acid as described by Dugan 

(1964). 
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Initial statistical analyses were performed using 1 

and 2-way analysis of variance procedures. Treatment means 

were separated by Least Significant Difference analysis at 

the 0.05 level of probability (Steel and Torrie, 1960>' 

Results 

No horses exhibited signs of vitamin A deficiency or 

toxicity or abnormal levels of plasma total vitamin A during 

the experimental period. Overall mean concentrations of 

total vitamin A in plasma were 16.1, 18.2, and 20. 7 ~g/dl, 

for horses fed treatments A, B, and C, respectively (Table 

2>' Plasma vitamin A levels were not affected by days on 

treatment, however, levels in horses on treatment A tended 

to decrease over the 30 day period. By day 30, horses from 

the excess vitamin A treatment group (treatment C) had 

plasma vitamin A levels which were significantly higher 

(P<.05) than levels observed for horses on deficient 

(treatment A) or control (treatment B) vitamin A treatments. 

However, there were no differences in levels of plasma 

vitamin A between deficient and control treatment horses, 

further suggesting that plasma vitamin A levels are poor 

indicators of vitamin A status and lending to the 

justification for using a test such as the RDR test for 

determination of sub-clinical vitamin A deficiency in 

horses. 



TABLE 2. Mean Fasting Plasma Total Vitamin A Levels 
(~g/dl) in Mature Horses Fed Three Levels of 
Vitamin Aa 

35 

Overall 
Treatment 

Treatment DaX 1 DaX 7 DaX 30 Mean 

A 17.2 + 2.5 15.7 + 2.3 15.3 .± 2.1 16.1c 

B 1B.5 + 3.1 19.1 + 2.9 17.0 + 1.5 1B.2b ,c 

C 19.5 + 4.9 21. 7 + 3.1 20.5 + 2.9 20.7 b 

Overall 
Day Mean 1B.2 19.0 17.6 

aMean .± S. D. 

b,cMeans in the same column with different superscripts 
differ (P<.05). 

Treatment A = 0 I.U. vitamin A supplement fed daily 
Treatment B = 10,000 I.U. vitamin A supplement fed daily 
Treatment C = BO,OOO I.U. vitamin A supplement fed daily 
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On day 0 (Figure 2) of the experimental period, there 

were no differences between plasma vitamin A levels in 

horses fed treatment A, B, or C. Likewise, there was no 

difference in fasting and four hour post-feeding plasma 

vitamin A levels in any of the treatment groups. 

By day 30 (Figure 3), there were no significant 

changes in plasma vitamin A levels between fasting and four 

hour post-feeding for horses fed treatment B or C, however, 

there was a 40% increase in plasma vitamin A after feeding 

in the horses fed deficient vitamin A diet (treatment A). 

This 40% increase in plasma vitamin A resulted in a positive 

RDR test (greater than 20%) as shown in Figure 4. No 

horses, including those from treatment A (the diet deficient 

in vitamin A) had positive responses on day 0 of the 

experimental period. Figure 5 suggests that the RDR test can 

indeed be used for determination of vitamin A status in 

individual horses, and not only for groups of horses since 

all five horses treatment A tested positive by day 30 of 

receiving a diet deficient in vitamin A. 

The liver sample collected from one individual in 

the control group had 76 pg vitamin A/g liver which is 

considered an adequate storage of vitamin A in the horse. 

This horse did not show a positi ve RDR test at any time 

during the experimental period. 
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Mean plasma total protein (g/dl) and albumin (g/dl) 

levels were 5.4, 5.5, 5.5 and 4.0, 4.1, 4.1, respectively, 

for treatments A, B, and C. These values are in the normal 

range for mature horses, and were not confounding factors in 

this study. 

Average daily feed intake was 6.0 kg, 6.4 kg, and 

6.4 kg for treatment A, B, and C, respectively. The level 

of feed intake utilized in this study is lower than the 

NRC recommendation (at approximately 1.3% of body weight), 

however the calo~ic density and protein content of the 

diet was greater than the requirement for mature horses of 

this weight classification. Average daily intake of 

Digestible Energy (Meal/day) and Crude Protein (kg/day) were 

17.4 and .88 for treatment A, and 18.5 and .93 for 

treatments Band C. Total daily vitamin A consumptions for 

treatments, Band C were 196, 10,209, and 80,209 IoU. of 

vitamin A palmitate, respectively. Mean body weight was not 

altered during the 30 day treatment period, and was 479 kg, 

477 kg, and 485 kg, for treatments A, Band C, respectively 

at the end of the experiment. 

Discussion 

The Relative Dose Response test for humans is 

expressed as a percentage and is the absolute magnitude 

of rise in plasma total vitamin A levels five hours post

dosing with 450 ~g of vitamin A acetate (Manesme et a1., 
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1984). The test is based on the fact that less retinol 

bound-RBP is released from the liver of a fasting subject 

with inadequate liver vitamin A stores than from a 

fasting individual with adequate liver stores. When 

an animal is fed a small dose of vitamin A, a larger 

release of retinol bound-RBP occurs in the individual with 

inadequate liver vitamin A reserves than in the vitamin A 

adequate individual, in which retinol bound-RBP is released 

from the liver at a steady rate. Because a greater amount 

of total vitamin A is released into the plasma of the 

more deficient animal after a dose of vitamin A, the % RDR 

is increased to a greater extent in that organism. 

The regulation of RBP release from the liver has 

been found to depend on the vitamin A status of the 

subject. Muto and co-workers (1972) suggested that retinol 

deficiency specifically blocks RBP release from the liver 

so that plasma RBP levels fall and liver levels rise. 

Therefore, less retinol bound to RBP is removed from the 

liver into the bloodstream. Since plasma total vitamin A 

levels are maintained (levels do not decrease) until liver 

stores are depleted, in sub-clinical vitamin A deficiency, 

retinol may be released from an 'expanded liver pool of 

vitamin A as free retinol into the bloodstream. Repletion 

of vitamin A deficient rats with retinol stimulates rapid . . 

secretion of RBP from the expanded liver pool into the blood. 
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An RDR test cutoff value of 14% has been 

suggested by some workers (Loerch et al., 1979; Mobarhan 

et al., 1981; Russell et al., 1983) for humans, but 

collection of liver biopsy samples were not possible in 

these publications. Two publications (Manesme et al., 1984; 

and Flores et al., 1984) using the same test in humans, 

suggests that the RDR cutoff should be slightly higher, 

possibly 20%. Liver samples were analyzed for vitamin A in 

one of these studies (Manesme et al., 1984). 

Although the RDR test appears to be accurate for 

determining vitamin A status in humans, several factors 

affect its results (Mobarhan et al., 1981; Russell et a1., 

1983) dietary factors (diets deficient in protein, zinc or 

other nutrients); absorption of vitamin A; synthesis of RBP 

in the liver; and mobilization of retinol-RBP complex from 

the liver. Plasma total protein, albumin and 

albumin/globulin ratio were in normal range for equine in 

this study, so protein deficiency was not a confounding 

factor. 

Mean plasma total vitamin A concentrations were in 

normal range and increased with increasing vitamin A intake. 

Concentrations were not altered with time (after 30 days) on 

vitamin A treatment. Most researchers have found no 

relationship between plasma and liver vitamin A 



concentrations, in that plasma concentrations do not 

decrease until liver stores are nearly exhausted. 
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If the RDR test can indeed be utilized to determine 

sub-clinical vitamin A deficiency in horses, then 30 days on 

a deficient or excess vitamin A diet should yield positive 

and negative RDR results, respectively. After 30 days, 

horses on deficient diets did have a positive test, whereas, 

none from the excess group showed postive test. 

Although the results of this study seem encouraging, 

before a system can be developed for use in practical 

situations, liver samples must be collected and related to 

the RDR results. Also, since sub-clinical deficiency most 

often occurs with multiple nutrient deficiency, the protein 

deficient horse should be RDR tested to determine if results 

of this test are confounded by protein deficiency in horses. 

Under practical conditions, a test such as RDR would 

be extremely valuable for determination of sub-clinical 

vitamin A deficiency, before the appearance of overt 

deficiency symptoms in horses. 



CHAPTER 4 

RELATIONSHIP BETWEEN LIVER VITAMIN A STORES AND 
BLOOD VITAMIN A FRACTIONS AND USE OF BLOOD VITAMIN A 

FRACTIONS AS AN INDEX OF VITAMIN A STATUS IN THE RABBIT 

Summary 

Using the domestic rabbit as a model, an attempt 

was made to evaluate intermediate stages between "normal", 

deficient or toxic states of vitamin A nutriture by 

monitoring serum levels of retinol and vitamin A palmitate. 

Growing rabbits were fed a low carotene basal diet plus 0 

(deficient), 290 (mildly deficient), 580 (control), 5800 

(mildly toxic) and 58000 (toxic) I.U. vitamin A palmitate 

per kilogram feed, for up to 87 days. Four rabbits from 

each treatment group were sacrificed on days 0, 21, 42 and 

87 of the experimental period and blood, livers and kidneys 

collected for analysis of total vitamin A and vitamin A 

fractions. Feed intakes and body weight gain data were also 

collected at every sacrificing. Rabbits receiving diets 

toxic and deficient in vitamin A had decreased growth and 

feed intakes by days 21 and 87, respectively. Serum total 

vitamin A concentrations regressed on liver total vitamin A 

concentrations showed a poor relationship between the two 

(R=.62) and suggested that serum total vitamin A should not 

be used as an indicator of vitamin A status. Conversely, 

4S 
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the use of percentages of vitamin A palmitate and retinol 

making up the serum total vitamin A concentration are more 

promising. Significance in percentage retinol and vitamin 

A palmitate from the control values was observed 83% of the 

time (10 out of 12 times) for at least one of the two 

fractions. The only cases where inadequate intakes of 

vitamin A were not detected, were early in the treatment 

period until day 42, where the mildly deficient diet was 

fed. Until day 87 of the experimental period, rabbits 

receiving diets of vitamin A other than the vitamin A 

requirement, had percentages of retinol and vitamin A 

palmitate which were lower (P<.OS) and higher (P<.OS) than 

controls, respectively. Percentages of retinol and vitamin 

A palmitate for rabbits on the mildly deficient diets were 

generally intermediate between controls and rabbits fed the 

two diets toxic in vitamin A. However, by day 87 of the 

treatment period, percentages of retinol and vitamin A 

palmitate for deficient rabbits were higher (P<.OS) and 

lower, respectively, than controls. 

Liver and kidney total vitamin A levels increased 

with increasing vitamin A intake. Percentages of liver 

vitamin A pa1~itate was highest (at 100%) in deficient 

treatment rabbits and lowest in toxic rabbits. Percentage 

retinol was highest in toxic rabbits. 
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From results of this study a system was designed for 

determining abnormal vitamin A status. More than one SD 

<standard deviation) from the overall mean <established from 

rabbits on control diets over all days) indicates abnormal 

vitamin A intake and either an approaching deficiency or 

toxicity. The mean (x) ± SD for percentage retinol and 

vitamin A palmitate in "normal" rabbits were 92.9 ± 3.5 and 

6.2 ± 1.8, respectively. A rabbit is approaching deficiency 

if percentage vitamin A palmitate is between 8.1 and 21% and 

percentage retinol is between 73% and 89%. Where decreased 

growth occurs due to deficiency, then percentage vitamin A 

palmitate will be below 6.2 - 1.8 and percentage retinol 

above 92.9 + 3.5. A rabbit is approaching toxicity if 

percentage vitamin A palmitate is above 20.4% and percentage 

retinol is below 72.8%. 

Introduction 

Vitamin A is one of the most important vitamins to 

be concerned with in animal nutrition (Moore, 1957), yet an 

adequate method for determining vitamin A status has not 

been developed. Blood total vitamin A levels are generally 

poor indicators of status and liver biopsy for vitamin A 

analysis is not practical. Recently, it has been suggested 

that retinol, the alcohol form of vitamin A, which is 

mobilized from liver vitamin A stores, is the predominant 

form of blood vitamin A in deficient animals (Haydon, 1983; 
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and Jarrett et al., 1984a and b), whereas vitamin A 

palmitate, the ester form of vitamin A, which is 

supplemented in feed, is the predominant form in vitamin A 

toxicity (Donoghue et al., 1981). From these reports, we 

suggest that intermediate stages between "normal" or 

deficient or toxic states can be assessed by monitoring 

blood levels of retinol and vitamin A palmitate. This 

research was an attempt to test this hypothesis for 

determining vitamin A status by using the domestic rabbit as 

a model. 

Materials and Methods 

Sixty domestic rabbits (30 males and 30 females) at 

six weeks of age, were allotted to one of five dietary 

treatment levels of vitamin A palmitate for periods up to 87 

days. Vitamin A treatments, including 0 (deficient), 290 

(mildly deficient), 580 (control), 5800 (mildly toxic), and 

58000 (toxic) I.U. per kilogram feed, were added to a 

vitamin A-free basal diet (Table 3) formulated to meet the 

nutritional requirements for growing rabbits (except for 

vitamin A). The basal diet was calculated to contain 66.7 

I.U. of naturally occuring vita~in A per kilogram of feed. 

Four rabbits (2 males and 2 females) per treatment group 

were sacrificed for collection of blood, liver and kidney 

samples on days 0, 21, 42 and 87 of the experimental period. 

Total weights of tissues were recorded and 5 gram samples 



Table 3. Composition of Basal Low-Carotene Diet Fed to 
Growing Rabbits 

Ingredient 

Rolled Barley 
Rolled Oats 
Soybean Meal 
Wheat Bran 
Dicalcium Phosphate 
Limestone 
Tallow 
Salt 
Trace Mineral Salt 
Vitamin ~fix 

Total 

Dry Mater(%) 
Digestible Energy (Kcal/Kg) 
Fat (%) 
Crude Protein (%) 
Vitamin A (I.U./Kg) 

% 

28.0 
20.0 
24.5 
20.0 
1.0 
1.0 
3.0 

.5 

.1 
2.0 

100.0 

89.0 
2862.7 

5.2 
20.7 
66.7 

49 
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taken from each. Ten milliliters of physiological saline 

were added to each tissue container. Blood was centrifuged 

and serum collected. Both blood and ti~sue samples were 

frozen until they could be analyzed. Feed intake and body 

weight data were collected just pr~or to every sacrificing 

for estimation of daily feed and vitamin A intakes and body 

weight gains. 

Blood and tissue samples were analyzed for total 

vitamin A, vitamin A palmitate, retinol and vitamin A 

acetate. Vitamin A was extracted from blood samples by 

adding 2 milliliters of a 70% hexane-30% chloroform solution 

to an equal volume of serum, vortexing the mixture for 1 

minute, then centrifuging it for 10 minutes at 3,000 rpm, to 

precipitate the protein. The hexane-chloroform layer was 

removed and passed through a 45-pm millipore filter and 200 

~l of filtrate injected into the HPLC chromatographic 

system. Liver and kidney samples were prepared for 

injection into the same system by combining approximately 1 

gram of tissue with 2 grams of anhydrous sodium sulfate and 

grinding it in a mortor and pestle until completely dry. 

Sample and sodium sulfate were transferred to a 100 ml 

volumetric flask, diluted to volume with the 70:30 hexane 

and chloroform mixture, shaken for 5 minutes and allowed to 

settle for 30 minutes prior to filtration of the liquid 

portion of the solution through a Millipore filter for 
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injection of 200 pI of the filtrate into the chromatographic 

system. 

Separation of vitamin A fractions was accomplished 

with a modification of the method by Stowe (1982) using a 

Spectra Physics 8000A High Pressure Liquid Chromatograph 

(HPLC) with silica column (4.6 mm 1D X 25 em long) and 

detection acheived with a 7 ~l flowcell in a 

spectrofluorometer (Beckman 157 Fluorescence Detector) set 

at 330 and 470 nm for excitation and emission wavelengths, 

respectively. The solvent system was isocratic and 

consisted of a 70:30 mixture of degassed and filtered 

spectrophotometer grade hexane and chloroform pumped at a 

rate of 2.5 ml per minute through the HPLC system. Serial 

dilutions of vitamin A standards including vitamin A 

palmitate, acetate and retinol purchased from Sigma Chemical 

Company were prepared and separated on the HPLC. 

Concentrations of samples were computed with a Spectra 

Physics Integrating Recorder. Vitamin A palmitate, acetate 

and retinol were eluted from the column at 1.6, 1.9 and 6.4 

minutes, respectively. 

Various comparisons of vitamin A intake, growth, 

liver, kidney and blood concentrations of vitamin A were 

made using linear regression. Statistical analyses were 

preformed using I-way and 2-way Analysis of Variance 

procedures. Treatment means were separated by Least 



Significant Difference analysis at the 0.05 level of 

probability (Steel and Torrie, 1960). 

Results 

Clinical Status 
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Rabbits receiving treatments 1 (0 Vitamin A 

requirement) and 2 (50% of the vitamin A requirement) 

appeared normal and active until approximately day 82 of the 

experimental period when all had developed ears which 

flopped over at the tips and when compared to 

control rabbits, appeared slightly smaller. Two rabbits, 

from treatment 1, by day 83 of the experimental period, 

exhibited xerophthalmia and spastic paralysis. 

Rabbits fed treatment 5 (100 times the vitamin A 

requirement) appeared unthrifty, lethargic and most had 

developed slight cases of diarrhea and rough hair coats by 

day 21 of the experiment. Rabbits fed treatment 5 were 

small in size had tearing of the eyes and brittle bones and 

undeveloped gastro-intestinal tracts (observed upon 

necropsy). Four rabbits on treatment 5 died by day 36 of 

the experimental period. 

Rabbits fed treatment 3 (control level of vitamin 

A) and 4 (10 times the vitamin A requirement) appeared 

clinically normal and alert throughout the 87 day 

experimental period. 
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Feed Consumption and Growth 

Decreased feed intake (Table 4) accompanied by 

decreased growth rate (Table 5) were observed by day 87 for 

rabbits receiving diets deficient (treatments 1 and 2) in 

vitamin A and by day 21 in rabbits fed diets toxic 

(treatment 5) in vitamin A. An apparent decrease in intake 

in treatment 1 rabbits was observed by day 42. Maximum feed 

intake (at 110.1 grams per day) and growth (at 38.4 grams 

per day, which contributed an overall increase in body 

weight over treatment 1 and treatment 5 rabbits) were 

promoted when Treatment 3 (control), which contained 580 

I.U. vitamin A palmitate per kilogram of feed, was fed. 

Daily body weight gain was decreased (P<.05) in treatment 5 

(toxic vitamin A) rabbits by day 21 with no changes in gain 

throughout the treatment period for the other groups (Table 

6). Vitamin A intakes (Table 7) ranged from 47.9 IoU. 

(through day 21) to 72 IoU. per day (from day 22 through day 

87) when maximum growth occured. Mean daily vitamin A 

intakes for the study were 6.2, 28.8, 63.9, 571.9 and 6097.6 

IoU. for treatments 1,2,3,4 and 5, respectively. 

Serum, Liver, and Kidney Vitamin A Concentrations 

When mean serum total vitamin A concentrations 

(pg/dl) were regressed on mean liver total vitamin A 

concentrations (pg/g liver)·results suggested that serum 

vitamin A concentrations are generally poor indicators of 
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Table 4. Daily Feed Intake (gms) in Rabbits Fed One of Five 
Treatments of Dietary Vitamin A 

Treatment 

1 

2 

3 

4 

S 

SEM 

0-21 

79.8 8 

78.6 a 

82.6 a 

83.2a 

4S.6 b 

3.3 

22-42 

lOS. Ide 

116.7e 

122.Se 

11S.le 

89.7d 

7.6 

Day 

43-S8 

66.2b 

102.7b 

125.0a 

114.3ab 

8.0c 

6.9 

Overall 
Mean 

ll0.0a 

102.8ab 

Sl.9c 

3.4 

a,b,cMeans in the same column with unlike superscripts 
differ (P<.OS) 

d,eMeans in the same column with unlike superscripts differ 
(P<.l) 

Treatment 1 = 66.7 I.U. Vitamin A Palmitate/kg Feed 
Treatment 2 = 290 I.U. Vitamin A Palmitate/kg Feed 
Treatment 3 = 580 I.U. Vitamin A Palmitate/kg Feed 
Treatment 4 = 5800 I.U. Vitamin A Palmitate/kg Feed 
Treatment S = S8000 I.U. Vitamin A Palmitate/kg Feed 
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Table 5. Total Body Weight (gms) of Rabbits Fed One of Five 
Treatments of Dietary Vitamin A 

Day 

0 1 -21 22-42 43-87 

Treatment 

1 860.4a 1791.3a 2550.5 a 3539.3b 

2 832.0 a 1709.0a 2502.8 a 3589.8ab 

3 861.3a 1791. 8a 2623.8 a 3955.7 a 

4 842.5 a 1738.5a 2359.3a 3601.3ab 

5 857.3a 1064.3b 1300.3b 1430.0c 

SEM 28.7 39.5 87.7 132.6 

a,b'CMeans in the same column with unlike superscripts 
differ (P<.05) 

Treatment 1 = 66.7 I.U. Vitamin A Palmitate/kg Feed 
Treatment 2 = 290 I.U. Vitamin A Palmitate/kg Feed 
Treatment 3 = 580 I.U. Vitamin A Palmitate/kg Feed 
Treatment 4 = 5800 I.U. Vitamin A Palmitate/kg Feed 
Treatment 5 = 58000 I.U. Vitamin A Palmitate/kg Feed 



Table 6. Daily Body Weight Gain (gms) for Rabbits Fed One 
of Five Treatments of Dietary Vitamin A 

0-21 

Treatment 

22-42 

36.0a 

37.8a 

39.6 a 

Day 

43-87 

22.0a 

24.2a 

29.0a 

Overall 
Mean 

34.1ab 

34.6ab 

38.4a 
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1 

2 

3 

4 

44.3 a 

41.8a 

44.3a 

41.4 a 29.3ab 

21.1 b 

3.5 

27.6a 

O.Ob 

32. Sb 

5 

SEM 

8.9 b 

1.3 

10.0c 

3.5 1.7 

a,bMeans in the same column with unlike superscripts differ 
(P<. 05 ) 

Treatment 1 = 66.7 I.U. Vitamin A Palmitate/kg Feed 
Treatment 2 = 290 I.U. Vitamin A Palmitate/kg Feed 
Treatment 3 = 580 I.U. Vitamin A Palmitate/kg Feed 
Treatment 4 = 5800 I.U. Vitamin A Palmitate/kg Feed 
Treatment 5 = 58000 I.U. Vitamin A Palmitate/kg Feed 
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Table 7. Daily Vitamin A Intake (I.U.) for Rabbits Fed One 
of Five Dietary Treatments of Vitamin A 

Day 

Overall 
0-21 22-42 43-87 Mean 

Treatment 

1 5.38 7.2 b 6.4 d 6.2 b 

2 22.8a 33.8b 29.8d 28.8b 

3 47.9 a 71.2b 72.5c 63.9 b 

4 455.8 a 667.6 b 662.9 a 571.9 b 

5 9587.4 a 5199.7 a 465.1 b 6097.6 a 

SEM 3171. 0 744.2 9.8 1230.8 

,.,,,' 

a,b,c,dMeans in the same column with unlike superscripts 
differ (P<.05) 

Treatment 1 = 66.7 I.U. Vitamin A Palmitate/kg Feed 
Treatment 2 = 290 I.U. Vitamin A Palmitate/kg Feed 
Treatment 3 = 580 I.U. Vitamin A Palmitate/kg Feed 
Treatment 4 = 5800 I.U. Vitamin A Palmitate/kg Feed 
Treatment 5 = 58000 I.U. Vitamin A Palmitate/kg Feed 



vitamin A status and liver stores (R=.62). These findings 

are supported by others such as Dowling and Wa1d (1958), 

McCord and Luie-C1ausen (1934), Popper and Brenner (1942) 

and Ganguly et a1. (1952). 

58 

Liver total vitamin A concentrations (pg/1iver) and 

serum vitamin A palmitate and retinol concentrations (pg/d1) 

and percentages (%) in rabbits fed dietary vitamin A. 

treatments are depicted in Table 8. By day 21, rabbits 

receiving diets toxic in vitamin A (both treatments 4 and 5) 

had higher liver vitamin A levels than control rabbits. By 

day 87, rabbits receiving treatments 1 and 2 had lower 

(P<.05) liver levels of vitamin A than rabbits fed NRC 

requ~rement (treatment 3). In control rabbits, mean 

concentrations of liver vitamin A increased with time on 

treatment and for days 21, 42 and 87 were 6262.1, 9859.0 and 

22,755.9 pg/1iver, respective1y~ An apparent increase in 

liver vitamin A stores from 3333.3 pg/1ivei to 7754.5 

pg/1iver was observed for rabbits from treatment 2 between 

day 42 and 87. Maximum liver vitamin A stores occured in 

rabbits fed treatment 4 on day 87 at 182,558.8 pg/1iver. 

Concentrations of serum vitamin A palmitate (~g/d1) 

increased with increasing vitamin A intake and ranged from 

2.3 to 6.1 ~g/d1 and averaged 3.8 pg/d1 in rabbits fed 

control diets. Concentrations were significantly lower 

(P<.05) than controls (1.2 and 1.9 vs. 6.1 pg/d1) for 
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Table 8. Liver Total Vitamin A Concentrations (pg/dl) and 
Serum Vitamin A Palmitate and Retinol 
Concentration (~g/dl) and Percentages (%) in 
Rabbits Fed One of Five Dietary Treatments of 
Vitamin A 

Serum 
Liver 

Day Total Vito A Vito A Palm. Retinol T. Vito A 

Day 21 
Treatment 

1 
2 
3 
4 
5 

Day 42 
Treatment 

1 
2 
3 
4 
5 

Day 87 
Treatment 

1 
2 
3 
4 
5 

SEM 

pg/liver pg/dl 

993.5g 
3727.2g 
6262.lg 

55516.9
d
d 

47487.4 e 

392.9g 
3333.3g 
9859.0f g 

37384.ge 
75909.3 c 

339.8g 
7754.5g 

22755.9 f 
182558.8a 
114475.1b 

3.9 

3.3ef 
3.5ef 
3.0ef 

19.5d 

307.6a 

1.2f 
1.9 f 

6.1e 
21.9d 
87.5b 

1.4 

% 

20.4 d 
6.5 f gh 
5.6ef 

33.4 c 
86.2a 

11. 4 e 
7.0ef 
4.8 f 

27.2c 
62.0b 

2.3 f 
3.3 f 

8.0ef 
30.5c 
61.6 b 

2.2 

Jlg/dl 

15.6 
51.1 
55.6 
37.6 
49.4 

13.4 
41.2 
51.3 
54.1 
43.2 

29.5 
53.9 
58.5 
66.5 
54.4 

3.5 

% 

79.6c 
93.5 ab 
94.5 ab 
66.3d 
13.8f 

88.6b 
93.0ab 
95.2ab 
72.8cd 
37.ge 

97.7a 
96.7 a 
88.9b 
69.5d 
37.ge 

2.4 

a,b,c,d,e,f,g,hMeans in the same column with unlike 
superscripts differ (P<.05) 

Treatment 1 = 66.7 I.U. Vitamin A Palmitate/kg Feed 
Treatment 2 = 290 I.U. Vitamin A Palmitate/kg Feed 
Treatment 3 = 580 I.U. Vitamin A Palmitate/kg Feed 
Treatment 4 = 5800 I.U. Vitamin A Palmitate/kg Feed 
Treatment 5 = 58000 I.U. Vitamin A Palmitate/kg Feed 

19.0i j 
52.2gh 
53.6gh 
57.4 f g 

357.0a 

15.2j 
44.3h 
55.5 f gh 
74.3de 

114.4c 



rabbits fed deficient diets (treatments 1 and 2) by day 87 

and were higher (P<.05) than controls for rabbits fed the 

high levels of vitamin A (treatments 4 and 5), by day 21. 

60 

The percentage serum vitamin A palmitate ranged 

from 4.8 to 8.2% with no significant differences between 

days on treatment, in control rabbits. Percentages of 

vitamin A palmitate were significantly higher (P<.05) than 

controls for rabbits fed deficient diets, treatment 1, by 

day 21 (except for day 87 when percentages decreased to 

percentages similar to controls) and treatment 2, by day 87. 

Percentages were significantly higher (P<.05) in rabbits 

receiving diets toxic in vitamin A (treatments 4 and 5) than 

for rabbits on treatments 1,2 and 3, by day 21. Therefore, 

the percentages of vitamin A palmitate were lowest in 

control rabbits and highest in rabbits fed toxic levels of 

vitamin A. Percentages intermediate to controls and toxic 

rabbits were observed in rabbits fed deficient diets (until 

day 87). Percentages of vitamin A palmitate were 

statistically different from controls 66.7% of the time (8 

out of 12 times) including always on toxic diets (treatments 

4 and 5) and on days 21 and 42 in rabbits fed diets 

deficient in vitamin A (treatment 1). 

There were no differences (P>.05) in concentration 

of serum retinol between treatment groups, however when 

percentage retinol was considered, rabbits receiving 
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treatment 1 had a lower percentage retinol than controls, on 

day 21. Percentage increased with day on treatment in 

rabbits from this treatment group and had become 

significantly higher than controls and higher than the 

percentage retinol observed on other days (within treatment 

1), by day 87. In all,cases the % retinol in toxic 

treatment groups was lower (P<.05) than controls. 

Liver concentrations of total vitamin A (pg/g 

liver) and concentrations (pg/g liver) and percentage (%) 

vitamin A palmitate and retinol in rabbits fed the various 

treatments of vitamin A are shown on Table 9. 

Liver total vitamin A concentrations increased 

with increasing dietary vitamin A (P<.05) but did not change 

linearly with progessive day on diet due to decreased 

vitamin A intake in rabbits on toxic treatment of vitamin A. 

Regardless, concentrations were still highest in rabbits fed 

treatments 4 and 5. 

Liver vitamin A palmitate concentrations increased 

with increasing vitamin A intake and were significantly 

higher than controls for rabbits receiving treatments 4 and 

5. There were no significant differences however, between 

treatment groups, in the liver percentages of vitamin A 

palmitate. Percentages ranged from 57.1% to 100% and 

averaging 74.8% and tended to be highest in rabbits fed 

diets deficient in vitamin A. By day 87, vitamin A 
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Table 9. Liver Concentrations of Total Vitamin A (pg/g 
liver) and Concentrations (pg/g liver) and 
Percentages (%) of Vitamin A Palmitate and Retinol 
in Rabbits Receiving One of Five Daily Dietary 
Treatments of Vitamin A 

T. Vito A Vito A Palm. Retinol 

pg/g liver pg/g liver % pg/g liver % 

Day 21 
Treatment 

1 
2 
3 
4 
5 

Day 42 
Treatment 

1 
2 
3 
4 
5 

Day 87 
Treatment 

1 
2 
3 
4 
5 

SEM 

11. ge 
54.6de 
86.0de 

697.2 c 
ll88.8 b 

5.0e 

34.1e 
100.5de 
386.8cd 

1761. 7 a 

6.8e 
57.6de 

198.2de 
1157.2b 
1362.8b 

117.9 

11 9d 
• d 

45.2
d 60.2 

588.5c 
967.2b 

6.8d 

39.1 d 
147.6d 
943.5 b 

1026.4b 

110.2 

99.2 
80.9 
73.3 
83.5 
81. 7 

93.9 
80.7 
70.7 
57.1 
79.4 

100.0 
80.0 
80.4 
89.6 
75.2 

4.6 

0.1 
7.5 

15.7 
104.8 
262.5 

1.3 
6.5 

29.4 
131. 6 
346.2 

0.0 
14.1 
36.0 

146.5 
335.5 

13.8 

0.8 
19.1 
26.7 
15.8 
18.3 

6.1 
19.3 
29.3 
42.9 
20.6 

0.0 
20.0 
19.6 
10.4 
24.3 

4.5 

a,b,c,d,eMeans in the same column with unlike superscripts 
differ (P<. 05 ) 

Treatment 1 = 66.7 I.U. Vitamin A Palmitate/kg Feed 
Treatment 2 = 290 I.U. Vitamin A Palmitate/kg Feed 
Treatment 3 = 580 I.U. Vitamin A Palmitate/kg Feed 
Treatment 4 = 5800 I.U. Vitamin A Palmitate/kg Feed 
Treatment 5 = 58000 I.U. Vitamin A Palmitate/kg Feed 



63 

palmitate represented 100% of the vitamin A concentration in 

the liver in rabbits from treatment 1. 

Liver concentrations and percentages of retinol 

were unchanged (P>.OS) by level of vitamin A intake, but 

retinol concentrations tended to increase with increasing 

dietary vitamin A. Retinol reached 0% of serum vitamin A 

concentration by day 87 of the experimental period in 

rabbits on treatment 1. 

Kidney concentrations of total vitamin A (pg/g 

kidney) and concentrations (pg/g kidney) and percentages (%) 

of vitamin A palmitate and retinol are depicted on Table 10. 

Kidney total vitamin A, vitamin A palmitate and 

retinol levels increased with increasing intake of vitamin A 

and were significantly higher than other treatment groups in 

rabbits receiving diets toxic in vitamin A (total vitamin A 

and retinol for treatment S; and vitamin A palmitate for 

treatments 4 and S) by day 42 of the experimental period. 

By day 87, kidney retinol levels stabilized and were not 

different (P>.OS) between treatment groups. 

Percentage of vitamin A palmitate in kidneys 

decreased with increasing level of dietary vitamin A through 

day 42, but by day 87 percentages were higher in rabbits 

receiving treatments 2 and 4 than in other treatment groups. 

By day 87 t percentage vitamin A palmitate in treatment 1 

rabbits was not different from the control on that day but 
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Table 10. Kidney Concentrations of Total Vitamin A (pg/g 
kidney) and Concentrations (~g/g kidney) and 
Percentages (%) of Vitamin A Palmitate and Retinol 
in Rabbits Fed One of Five Dietary Treatments of 
Vitamin A 

T. Vito A Vito A Palm. Retinol 

J.lg/g Kidney ~g/g kidney % J.lg/g kidney % 

Day 21 
Treatment 

1 0.4c 0.4e 100.0a O.Ob O.Od 
2 0.6c 0.6e 100.0a O.Ob O.Od 
3 2.Bc 2.8de 100.0a O.Ob O.Od 
4 3.2c 3.0c 98.9a O.l b 1.l d 
5 54.0bc 31.9c 52.8d 29.2b 47.2a 

Day 42 
Treatment 

3.9de O.Ob O.Od 1 3.9c 100.0a 
2 4.7c 5.6de 87.7bc 0.5b 12.7bc 
3 11.7~ 10.0de 86.7bc l.6b 13.3bc 
4 46.5 c 39.6c 85.3c 6.9 b 14.7bc 
5 386.8a 204.8a 56.4d 180.4a 43.6 a 

Day 87 
Treatment 

6.8de 1.7b 10.1 bcd 1 10.9c 83.8c 
2 l.Oc 1.0e 100.0a O.Ob O.Od 
3 2.3c l.ge 81.1 c 0.3 b 18.9b 
4 18.5bc 16.5d 94.7ab l. 9b 5.3cd 
5 78.4 b 62.0b 79.1c 16.3b 20.4 b 

SEM 20.8 4.8 3.1 16.4 3.7 

a,b,c,d,eMeans in the same column with unlike superscripts 
differ (P<.05) 

Treatment 1 = 66.7 I.U. Vitamin A Palmitate/kg Feed 
Treatment 2 = 290 I.U. Vitamin A Palmitate/kg Feed 
Treatment 3 = 580 I.U. Vitamin A Palmitate/kg Feed 
Treatment 4 = 5800 I.U. Vitamin A Palmitate/kg Feed 
Treatment 5 = 58000 I.U. Vitamin A Palmitate/kg Feed 
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was significantly less (P<.OS) than that observed on 

previous days. Percentage of kidney vitamin A palmitate in 

control rabbits decreased with progessive day on treatment. 

Percentage retinol increased (P<.OS) with 

increasing level of dietary vitamin A through day 42, but 

only rabbits on treatment 2 and 4 had percentages different 

from controls by day 87. The percentage retinol tended to 

increase in treatments 1 (P>.OS) and 3 (P<.OS) rabbits and 

decrease in treatment S rabbits (P<.OS) with increasing day 

on diet. 

Concentrations and percentages of vitamin A 

acetate were determined but information is not included 

because in all but one or two cases in tissue or blood 

vitamin A acetate represented less than 1% of the total 

vitamin A concentration. 

Concentrations and percentages of vitamin A 

fractions in serum, liver and kidneys averaged over all days 

can be reviewed in Appendix Tables 1,2 and 3, respectively. 

Discussion 

Rabbits on diets deficient or toxic in vitamin A 

from this study had decreased growth and decreased feed 

intake. Saksena et a1. (1971) observed similar findings. 

In this experimint decreased growth had occured by day 21 in 

rabbits fed diets toxic in vitamin A (treatment S) and by 

day 87 in rabbits receiving diets deficient in vitamin A 
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(treatment 1). An apparent decrease (P>.OS) in growth of 

rabbits on deficient diets had occured by day 42. Data 

suggests that sub-clinical vitamin A deficiency and toxicity 

in rabbits had occured and also that rabbits respond more 

quickly to diets high in vitamin A than deficient diets. 

Little research has been conducted to establish 

the vitamin A requirement for the rabbit. However, it has 

been determined that 580 I.U. per kilogram of feed will 

maintain growth in young rabbits (Payne et al., 1972). The 

control diet in this experiment which contained 580 I.U. per 

kilogram (corresponding to 64 I.U. per day), supported 

optimum growth, feed intake and promoted vitamin A storage 

in the liver with lengths of feeding. The requirement may 

decrease, however, by 18 weeks of age, to approximately 290 

I.U. per kilogram feed (corresponding to day 87 in this 

experiment), since rabbits at that time had begun to store 

vitamin A (shown by an apparent increase in liver vitamin A 

concentration over the day 42 value in treatment 2 rabbits) 

in the liver. 

As already stated, serum total vitamin A levels 

were not adequate indicators of vitamin A status. The 

primary goal of this research was to develop a reliable 

method to assess vitamin A nutriture in rabbits and to use 

the rabbit as a model for development of similar tests in 

other species. In an effort to develop a suitable test, 
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serum fractions of vitamin A were analyzed and both absolute 

concentrations and percentages of total vitamin A 

calculated. In general, concentrations of serum vitamin A 

palmitate and retinol appear to be less accurate than 

percentages of total vitamin A as indicators of status. 

There were no statistical differences in concentration of 

retinol with day on treatment or between treatment groups. 

And, although, serum vitamin A palmitate concentrations 

reflected differences in liver vitamin A, blood levels were 

significantly different from controls only where growth had 

already decreased. At that time, blood analysis for vitamin 

A was merely confirmatory. Conversely, use of percentages 

of vitamin A palmitate and retinol seem more likely for 

determination of vitamin A status. By day 21 rabbits 

receiving a diet toxic in vitamin A (both treatments 4 and 

5), had significantly higher percentages of vitamin A 

palmitate than controls. Sub-optimal vitamin A intake was 

reflected by changes in the percentage retinol (decreases) 

and vitamin A palmitate (increases) from controls on day 21 

and 42. However, only the percentage retinol was different 

from control by day 87. Percentage retinol increased with 

increasing day on the deficient diet and by day 87 was 

higher than control values on that day. As overt signs of 

deficiency occur in other species, the percentage retinol 

becomes the predominant form of vitamin A in blood (Haydon, 



1983; and Jarrett et al., 1984a and b). This research 

confirms that the same also occurs in the rabbit. 
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Percentage vitamin A palmitate decreased with increasing day 

on the deficient diet. A decrease would be expected if 

there was a deficit of incoming dietary vitamin A. Except 

for rabbits on treatment 2 (days 21 and 42 on diet), either 

the percentage retinol or vitamin A palmitate were 

significantly different from controls and could therefore be 

used to indicate an approaching deficiency or toxicity, 

before decreased growth or other signs occur. 

Ranges of percentages of vitamin A palmitate and 

retinol for "normal" rabbits (control treatment) were 4.8% 

to 8.0% and 88.9 to 95.2%, respectively. Data from this 

study suggests that if amounts deviate from these percentage 

ranges, then status is not "normal". Generally, if 

percentage palmitate is above control levels (greater than 

8%) but below 27% (lowest percentage vitamin A palmitate 

when toxic vitamin A diet is fed; treatment 4 on day 42) or 

percentage retinol is intermediate between percentages 

observed in rabbits on control and toxic diets (between 73 

and 88.8%), then the rabbit is probably approaching 

deficiency. However, perecentage vitamin A palmitate and 

retinol in later stages of vitamin A deficiency, just prior 

to occurance of decreased growth and symptoms, follows a 



different pattern. At this time, the percentage retinol 

predominates in serum (97.7%). 
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In this experiment, an apparent decrease in growth 

(P>.05) had occured by day 42 in rabbits from treatment 4 

and by day 87 in rabbits from treatment 2. On these days 

corresponding changes in the percentages of vitamin A 

palmitate and retinol in serum,had also occured and were 

indicative of approaching toxicity and deficiency. The 

suggestion that an increase in serum percentage vitamin A 

palmitate and decrease in percentage retinol eventually 

leads to toxicity of vitamin A was confirmed by a 

statistical decrease in growth on day 87 in rabbits from 

treatment 5. 

As a practical method for detecting sub-clinical 

vitamin A deficiency or toxicity, the following system was 

designed. Values more than one standard deviation (SD) from 

the overall mean (established from rabbits from treatment 3, 

the control diet), indicates "abnormal" vitamin A intake and 

either an approaching deficiency or toxicity. The x ± SD 

for percentages of retinol and vitamin A palmitate in 

"normal" rabbits were 92.9 ± 3.5 and 6.2 ± 1.8, 

respectively. 

To separate those rabbits receiving deficient or 

toxic diets in vitamin A, the system was partitioned 

further. If the rabbit is approaching deficiency then the 
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percentage vitamin A palmitate will be 8.0% (6.2 +1.8) and 

21% and the percentage retinol between 72.8% (percentage 

retinol for treatment 4 on day 42) and 89.42 (92.9% - 3.5). 

In case of vitamin A deficiency where decreased growth 

occurs, the percentage palmitate will be below the 6.2% ± 

1.8 range and percentage retinol will be above the 92.9% ± 

3.5 range. 

If approaching a toxicity, the percentage vitamin 

A palmitate will increase above the range of 6.2% + 1.8 and 

also above 20.4% (top limit for percentage vitamin A 

palmitate in approaching deficiency). The percentage 

retinol below the range of 92.9% - 3.5 and also equal to or 

below the highest value of 72.8% retinol observed in the 

toxic treatment group (treatment 4 on day 42). 

In one case where control rabbits were involved, 

the serum percentage retinol fell below the range of 92.9% ± 

3.5 to 88.9% (treatment 3; day 87). However, the percentage 

vitamin A palmitate was still within the range of 6.2% ±1.8, 

at 8.0%. Therefore, for accurate use of the test, both serum 

percentage retinol and vitamin A palmitate must be more than 

one SD from the overall mean. 

The percentages of retinol and vitamin A palmitate 

in control rabbits observed in this study are somewhat 

different than in other species. For instance, research 

indicates approximately 70% retinol and 30% vitamin A 
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palmitate in serum of cattle receiving the NRC requirement 

for vitamin A (Tomlinson, 1972; and Haydon, 1983). Donoghue 

et al. (1981) has suggested that growing ponies receiving 

the NRC requirement for vitamin A have approximately 60% 

retinol and 40% vitamin A palmitate in serum and also that 

the requirement for vitamin A in ponies should be increased 

1.5 to 5 times for optimal growth of young ponies. Similar 

percentages for vitamin A palmitate and retinol in serum of 

mature horses receiving their approximate vitamin A 

requirement have been observed by Stowe (1982). If the 

requirement for vitamin A in horses is low and 60% retinol 

and 40% vitamin A palmitate is indicative of sub-clinical 

vitamin A deficiency, then it is possible that the vitamin A 

requirement for cattle is also too low. This could also 

explain the difference in serum parameters between species. 

From previous findings that the predominant form 

of blood vitamin A is retinol (Haydon, 1983; and Jarrett et 

al., 1984) during deficiency and that vitamin A palmitate is 

the major form of blood vitamin A in toxic animals, we would 

expect that during sub-clinical deficiency or toxicity that 

intermediate percentages of retinol and vitamin A palmitate 

between those observed in frank deficiency and toxicity, 

would be observed. This phenomenon did occur in rabbits 

receiving diets toxic in vitamin A, but it was not the case 

however, in rabbits receiving diets deficient in vitamin A. 
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Instead, in the deficient treatment group rabbits, the 

percentage vitamin A palmitate increased to values 

intermediate between control and toxic treatments , until 

growth decreased and overt signs of deficiency had occured 

in 50% of rabbits on that treatment. 
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To aid in explaining the resul ts of this study in 

terms of serum percentages of vitamin A palmitate and 

retinol, liver and kidney samples were analyzed for their 

fractions of retinol and vitamin A palmitate. 

In general, liver total vitamin A and vitamin A 

palmitate concentrations (pg/g liver) increased with 

increasing intake of vitamin A. Percentage liver vitamin A 

palmitate tended to be highest and percentage retinol lowest 

in rabbits fed diets deficient in vitamin A. Livers in 

these rabbits, by day 87, had 100% vitamin A palmitate and 

no retinol. Kidney total vitamin A and vitamin A palmitate 

levels increased with increasing level of vitamin A 

treatment, while percentage vitamin A palmitate generally 

decreased as level of vitamin A intake increased. By day 

87, the kidney percentage vitamin A palmitate in treatment 1 

rabbits had fallen below the 100% mark which occured on days 

21 and 42, and in turn led to an apparent increase in 

percentage retinol to 10.1%, by day 87,in these rabbits. 

Blood percentages of vitamin A palmitate on days 21 to 42 

were 20 and II, respectively, while percentages decreased to 
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2% by day 87. The increase in serum percentage vitamin A 

palmitate over controls (on days 0 through 42) could have 

resulted because dietary vitamin A was deficient and since 

retinol is not mobilized from liver when vitamin A in diet 

is deficient (Muto et al., 1972). In order to maintain serum 

total vitamin A levels, the small amount of vitamin A 

occuring naturally in the feed may have gone straight to 

blood by-passing the liver and subsequent conversion to 

retinol. By day 87 when serum percentage retinol increased 

to 97.7 there was no retinol in livers of the affected 

rabbits. It appears that that retinol was converted from 

vitamin A palmitate in the kidney and released into the 

bloodstream. In control and toxic rabbits, percentage 

retinol in kidney was greater than in rabbits on deficient 

diet. This may have been in effort to clear excess vitamin 

A from the body. Research by Sklan and Donoghue (1982) in 

horses, suggested the same conclusion when excessive levels 

of dietary vitamin A was fed. In toxic rabbits were serum 

vitamin A palmitate predominated, the kidney may have 

converted vitmain A palmitate to retinol in preparation for 

excretion. 

Using greater than one SD from the overall mean 

of serum percentage retinol and vitamin A palmitate was 

accurate 83.3% of the time (10 out of 12 times) in this 

experiment. Only early stages of vitamin A deficiency in 



rabbits receiving a diet with only 50% of its vitamin A 

requirement were not detected. 
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A test such as the one experimentally described in 

this paper, using one SD away from a standard mean of 

percentage vitamin A palmitate and retinol, to determine 

vitamin A deficiency and toxicity before, decreased growth 

and other symptoms occur, would be benifical for use in the 

rabbit and other species. However, in other species more 

research is needed, to more adequately establish optimal 

vitamin A requirements and "normal" serum percentage vitamin 

A palmitate and retinol, before a test similar to one 

described in this paper can be developed and utilized to its 

fullest potential. 



CHAPTER S 

USE OF SERUM FRACTIONS OF VITAMIN A TO 
DETERMINE VITAMIN A STATUS OF HORSES 

Summary 

This study was conducted to determine: 1) serum 

fractions of vitamin A alcohol (retinol), vitamin A 

palmitate and vitamin A acetate at various levels of vitamin 

A intake; 2) if fractions can be used to evaluate vitamin A 

status in the horse. Fifteen mature horses (S per treatment 

group) were fed a low carotene basal diet plus 0 

(deficient), 10,000 (control) or 80,000 (excess) IoU. 

vitamin A palmitate, daily, for 30 days. Jugular blood was 

sampled on day 30 of the experimental period and analyzed 

for total vitamin A, retinol, vitamin A palmitate, and 

vitamin A acetate with a High Pressure Liquid Chromatograph. 

Serum total vitamin A levels were not altered (P>.OS) by day 

on treatment period and were 10.2, lS.0 and 11.S pg/dl for 

deficient, control and excess diets, respectively. After 30 

days on treatment, horses on control diets had 30% vitamin A 

palmitate, 66% retinol and 4% vitamin A acetate contributing 

to serum total vitmain A. Serum from horses on deficient 

and excess vitamin A diets had more (P<.OS) vitamin A 

palmitate (42% and S6%, respectively), and less (P<.OS) 
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retinol (59% and 43%, respectively) than control horses. 

Vitamin A acetate was not different from control values. 

Results indicate that serum fractions of vitamin A are 

altered by level of dietary vitamin A and suggests potential 

for using serum vitamin A fractions for evaluating sub

clinical vitamin A nutriture in the horse. 

Introduction 

In horses, vitamin A deficiency is a potential 

problem on farms where hays are stored for extended periods 

of time or grains,such as oats, low in p-carotene, are 

commonly fed. Likewise, sub-clinical vitamin A toxicity is 

possible when excess vitamin A is fed. Young horses 

subjected to a diet low in vitamin A or carotene, or high in 

preformed vitamin A are prone to decreased feed intake and 

growth rate, and have general unthrifty appearances, without 

alteration in serum total vitamin A level (Donoghue et al., 

1981). As indicated by other workers, serum total vitamin A 

levels are not adequate estimates of vitamin A status and a 

liver biopsy for vitamin A analysis is usually not feasible. 

Therefore development of a reliable method for determining 

vitamin A status in animals would be well justified. 

To facilitate the development of an accurate test 

for determining status in horses, before the appearance of 

overt signs, the fractions of serum vitamin A where studied 

to evaluate the usefulness as indicators of vitamin A 
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deficiency and toxicity. The basis for studying fractions 

stemmed from the fact that "normal" amounts of serum retinol 

and vitamin A palmitate are altered during vitamin A 

deficiency or toxicity. "Normally", in other species, 

percentages of retinol and vitamin A palmitate are 70% and 

30%, respectively (Tomlinson, 1972; and Haydon, 1983). 

However, during deficiency, retinol, the form of vitamin A 

mobilized from the liver predominates in the blood (Haydon, 

1983). Conversely, during toxicity, vitamin A palmitate, a 

preformed source of vitamin A, usually supplemented to the 

diet, is the main form in the blood (Donoghue et al., 1981). 

In taking this information into consideration, it seems 

likely that intermediate levels of retinol and vitamin A 

palmitate may be present in the serum of horses who are 

approaching deficient or toxic states. This study is an 

attempt to establish percentages of retinol, vitamin A 

palmitate and vitamin A acetate in the serum of horses, and 

to investigate the potential for vitamin A alcohol (retinol) 

and ester (vitamin A palmitate) for determining vitamin A 

status in horses. 

Materials and Methods 

Fifteen mature horses (five per treatment group) of 

mixed breed, including ten mares and five geldings ranging 

in age from 3 to 14 year s, were allot ted to one of three 

levels of dietary vitamin A palmitate, for 30 days. Vitamin 
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A treatments were added to a basal vitamin A-free diet 

(which contained 210 I.U. of naturally occuring vitamin A 

activity per day) in amounts to provide 0, 10,000 or 80,000 

I.U. vitamin A palmitate, daily, referred to hereon as 

treatments A, Band C. The basal diet was formulated to 

supply the NRC's requirements for mature horses at 

maintenance, except for vitamin A and was of a oat

cottenseed hull base (Table 11). Horses were housed in 

individual pens containing no vegetation, where daily feed 

intake was measured. Body weight data were taken at the 

beginning and end of the experimental period. 

On day 30 of the experimental period jugular blood 

was collected at four hours post-morning feeding from all 

horses, centrifuged and serum frozen. Serum was analyzed 

for vitamin A content, including total vitamin A, retinol, 

vitamin A palmitate, and vitamin A acetate with a Spectra 

Physics 8000A High Pressure Liquid Chromatograph (HPLC), with 

a modification of the method by Stowe (1982) and Dennison 

and Kirk (1976). Specifically, a one milliliter aliquot of 

plasma was combined with an equal volume of absolute ethanol 

in disposable test tubes and vortexed briefly to form a 

suspension of denatured protein. Two milliliters of hexane 

were added to each assay tube and each tube was vortexed for 

one minute and centrifuged at 3,000 rpm for 10 minutes. The 

hexane layer of each tube was removed and passed through a 



TABLE 11. Composition of Basal Low-Carotene Diet Fed to 
Mature Horses 

Ingredient 

Oats 
Cottonseed Hulls 
Soybean Meal 
Molasses 
Limestone' 
Trace Mineral Salt 
Monosodium phosphate 

Total 

Daily Feed (kg) 
Dry Matter 
Digestible Energy (Meal/kg) 
Ether Extract 
Crude Protein 
Vitamin A (I.U./kg) 

% 

59.0 
20.0 
11. 0 

7.0 
1.0 
1.0 
1.0 

100.0 

6.4 
89.0 
2.9 
7.0 

14.6 
32.7 
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45-~m Millipore filter and collected for injection of 100 ~l 

of each extract into the chromatographic system. Separation 

was isocratic in a silica column (4.6 mm ID X 25 cm long) 

with a 70:30 mixture of degassed and filtered spectrophoto

meter grade hexane and chloroform. The solvent was pumped 

at a rate of 2.5 ml per minute through the HPLC system. 

Detection was accomplished with a 7 pI flowcell in a 

spectrofluorometer (Beckman Fluorescence Detector)set at 330 

and 470 nm for excitation and emission wavelengths, 

respectively. Serial dilutions of vitamin A standards 

including vitamin A palmitate, acetate and retinol purchased 

from Sigma Chemical Company were prepared and separated on 

the HPLC. Concentrations of samples were computed with a 

Spectro Physics Integrating Recorder. Vitamin A palmitate, 

acetate and retinol were eluted from the column at 1.6, 1.9 

and 6.4 minutes, respectively. 

Collection of liver samples from all horses was not 

feasible, however a sample from one individual in the 

control group was possible. This sample was saponified and 

extracted by the method of Gallup and Hoefer (1946) and 

vitamin A content determined with trifluoroacetic acid as 

described by Dugan (1965). 

Initial statistical analyses were performed using 

I-way and 2-way analysis of variance procedures. Treatment 

means were separated by Least Significant Difference 
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analysis at the 0.05 level of probability (Steel and Torrie, 

1960 ). 
Results 

Concentrations (pg/d1) of serum total vitamin A, 

vitamin A palmitate, vitamin A acetate and retinol are shown 

on Table 12. Vitamin A palmitate concentrations increased 

with increasing vitamin A intake, and for treatments A, B 

and C were 4.0, 4.2, and 6.8 pg/d1, respectively. Vitamin A 

palmitate concentration for the treatment C group was 

statistically higher than for other treatment groups 

(P<.05). Level of dietary vitamin A also affected serum 

concentrations of vitamin A acetate (P<.05). Concentrations 

were lowest in treatment A horses, at .19 ~g/d1, with 

highest concentrations in treatment B horses, at .72 ~g/dl. 

An intermediate concentration of vitamin A acetate was 

observed in treatment C horses, at .48 ~g/dl. There were no 

significant differences between treatment groups in serum 

total vitamin A and retinol. Ranges of total vitamin A and 

retinol were 10.2 to 15.00 pg/d1 and 5.58 to 8.14 }Jg/dl, 

respectively. 

Percentages of vitamin A palmitate, vitamin A 

acetate and retinol making up t~e serum vitamin A were 

calculated (Table 13). When percentages of each of the 

fractions were considered, only differences in vitamin A 

palmitate and retinol, were observed. The vitamin A 

palmitate percentage observed for horses receiving treatment 



Table 12. Concentrations of Serum Vitamin A (~g/dl) in 
Horses Fed Varying Levels of Dietary Vitamin A 
for 30 Days 

Total Vitamin A Vitamin A 
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Treatment Vitamin A Palmitate Acetate Retinol 

A 10.2 4.00b .19c 6.01 

B 15.00 4.20b .72a 8.14 

C 11. 49 6.80a .48b 5.58 

SEM 1.18 .41 .05 .85 

a,b,cMeans in the same column with unlike superscripts 
differ (P<.05) 

Treatment A = 0 I.U. Vitamin A Palmitate per Day 
Treatment B = 10,000 I.U. Vitamin A Palmitate per Day 
Treatment C = 80,000 I.U. Vitamin A Palmitate per Day 
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Table 13. Percentages (%) of Serum Vitamin A in Horses Fed 
Varying Levels of Dietary Vitamin A for 30 Days 

Vitamin A Vitamin A 
Treatment Palmitate Acetate Retinol 

A 42.92 b 3.68 59.56 a 

B 29.78 c 4.21 66.35 a 

C 56.63a 4.04 43.12 b 

SEM 3.05 1.35 3.53 

a,b'CMeans in the same column with unlike superscripts differ 
(P<.05) 

Treatment A = 0 I.U. Vitamin A Palmitate per Day 
Treatment B = 10,000 I.U. Vitamin A Palmitate per Day 
Treatment C = 80,000 I.U. Vitamin A Palmitate per Day 
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C was S6.63%. which was statistically higher than values 

observed for horses on treatments A and B (P<.OS). 

Percentage obtained in horses receiving treatment B, at 

29.78%, was statistically lower than (P<.OS) those observed 

for other treatment groups. Horses representing treatment A 

had 42.92% serum vitamin A palmitate which was intermediate 

between values for horses from treatments A and C (P<.OS). 

For the percentage retinol, horses from treatment Chad 

43.12% retinol making up serum vitamin A content, which was 

lower (P<.OS) than the percentage observed for A and B 

treatment groups. There was an apparent increase (P>.OS) 

from S9.S6% and 66.3S% between treatment A and B groups, 

respectively. The percentage vitamin A acetate ranged from 

3.68% to 4.21% in horses from the various treatment groups 

with no statistical differences between treatment groups 

(P>.OS). 

Mean concentrations and percentages of serum 

vitamin A at fasting and until 12 hours post-feeding which 

were used to determine the most appropriate time for 

collection of blood for vitamin A analysis during 

development of a new test for the determination of vitamin A 

status, can be reviewed in Appendix Tables 4 through 10. 

Most researchers suggest that serum vitamin A 

levels below 10 pg/dl are indicative of vitamin A 

deficiency. Serum total vitamin A levels estimated on an 
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HPLC, observed in this study were low. However, a recent 

report which compares HPLC vitamin A analyses with the 

chemical method using triflouroacetic acid for vitamin A 

determination suggests that HPLC results are consistantly 4 

to 6 pg/dl lower than chemical estimations. When serum 

total vitamin A content was determined by chemical analyses 

in this experiment, levels were consistantly 8 pg/dl higher. 

The liver sample collected from the individual in 

the control group had 76 pg vitamin per gram of liver which 

is considered an adequate storage of vitamin A in the horse. 

Average daily feed intake and mean body weights 

can be observed in Table 14. Overall average daily feed 

intakes were 6.0 kg, 6.4 kg and 6.4 kg for treatments A, Band 

C, respectively. Mean body weights were not altered during 

the 30 day treatment period, and were 479 kg, 477 kg and 485 

kg for treatments A, Band C, respectively at the end of the 

experiment. 

Discussion 

In this paper, serum vitamin A concentrations and 

percentages at four hours post-feeding are reported. Four 

hours post-feeding was determined to be the most accurate 

hour to collect blood for vitamin A analysis to be used in 

determining vitamin a status of horses. The four hour mark 

was chosen because th.e greatest variation in serum vitamin A 

percentages between treatment groups occurs at that time (as 
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Table 14. Mean Body Weights (kg) and Feed Consumption (kg) 
in Horses Fed Three Levels of Vitamin A Intake 
for 30 Days 

Mean Body Weight (kg) 

Day 0 

Day 30 

Mean Feed Intake (kg) 

Day 0 

Day 7 

Day 30 

Overall Mean 

A 

478 

479 

6.4 

5.3 

6.4 

6.0 

Treatment 

B 

464 

477 

6.4 

6.4 

6.4 

6.4 

Treatment A = 0 I.U. Vitamin A Palmitate per Day 
Treatment B = 10,000 I.U. Vitamin A Palmitate per Day 
Treatment C = 80,000 I.U. Vitamin A Palmitate per Day 

C 

482 

485 

6.4 

6.2 

6.4 

6.4 
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observed in Appendix Tables 1 through 7) and it is the peak 

time of increase in serum vitamin A concentrations post

feeding (as reported in Chapter 3 of this dissertation). 

To summarize the results of this study, percentages 

of serum retinol, vitamin A palmitate and vitamin A acetate 

were 66, 30 and 4, respectively, for horses receiving the 

recommended daily intake of vitamin A. Similar estimations 

of serum fractions have been observed by Stowe (1982) and 

Donoghue et a1. (1981). 

As indicated by this study, there were significant 

differences between treatment groups in the serum 

percentages of vitamin A palmitate and retinol, however, no 

differences between treatment groups in absolute 

concentrations of total vitamin A or retinol. Significant 

alterations in serum percentages of vitamin A palmitate 

resulted from statistical differences between treatment 

groups in vitamin A palmitate concentrations and only 

apparent (P>.OS) changes in serum total vitamin A. Changes 

in percentages of retinol between treatment groups resulted 

from slight changes in serum concentrations of total vitamin 

A without deviation in retinol concentrations between 

treatment groups. Generally, the percentages of vitamin A 

palmitate increased and retinol decreased in horses fed 

diets deficient and in excess of vitamin A. Percentages of 

retinol and vitamin A palmitate for horses fed diets 



deficient in vitamin A (treatment A) were intermediate 

between values observed for horses from control and excess 

treatments of vitamin A. 
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In order to explain results obtained in this study, 

several facts should be reviewed: 1) serum total vitamin A 

levels are maintained at a relatively steady concentration 

regardless of the level of dietary vitamin A (Dowling and 

Wa1d, 1958); 2) preformed vitamin A is usually fed in the 

ester form; and 3) vitamin A is mobilized from the liver in 

the form of an alcohol, retinol (Goodman, 1974). From these 

facts it can be speculated that blood vitamin A fractions 

may change with varying vitamin A intake. For instance, if 

an excess of dietary vitamin A (ester) is supplied, one 

would expect that less retinol would be mobilized from the 

liver since there is an excess amount of dietary vitamin A 

and that in order to maintain serum vitamin A levels, the 

incoming ester would go into the bloodstream shifting the 

ratio of vitamin A toward vitamin A ester (vitamin A 

palmitate), thus increasing the percentage of serum ester. 

Conversely, if no dietary vitamin A was being supplied then 

one would expect that, in order to maintain serum total 

vitamin A levels, that more vitamin A, retinol, would be 

mobilized from the liver, into the blood, shifting the ratio 

of vitamin A toward the alcohol end. If an animal receives 

adequate dietary vitamin A, the NRC standards, one would 
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expect that both forms of vitamin A would be represented in 

serum at close to equal percentages. In this study, the 

control horses had approximately 66% retinol and 30% vitamin 

A palmitate (excluding vitamin A acetate percentage). As 

expected, horses receiving excess dietary vitamin A 

generally had more serum ester and less alcohol than 

controls. However, horses receiving a diet deficient in 

vitamin A (containing 210 I.U. of naturally occuring vitamin 

A activity) surprisingly had vitamin a palmitate percentages 

above controls (P<.OS) and retinol percentages slightly 

below controls (P>.OS). Data suggests that the small amount 

of naturally occurring vitamin A in the basal diet was 

absorbed from the intestine and went straight into the 

bloodstream, by-passing the liver, in order to maintain serum 

vitamin A level and supply tissues needy in vitamin A with 

vitamin A. It also suggests that similarity in percentage 

retinol between control and deficient treatment groups was 

reflective of ingestion of the small amount of naturally 

occuring vitamin A in the diet. Muto et al. (1972) 

indicated that release of vitamin A from the liver was 

stimulated when deficient rats were repleted with vitamin A. 

The small amount of vitamin A in the basal diet when 

absorbed, may have stimulated release of retinol from the 

liver. 
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It should be recognized that all status' of vitamin 

A in horses were not examined in this experiment. Values of 

vitamin A fractions obtained in this study were compared to 

values obtained by Donoghue et al. (1981). Donoghue and 

coworkers suggested that the vitamin A requirement for 

growing ponies should be increased 1.5 to 5 times above the 

present recommendation. If this is true, then vitamin A 

intake in the present study, for control horses, may have been 

somewhat inadequate. 

Data from this study suggests that the percentage 

of vitamin A fractions can be used to determine sub-clinical 

vitamin A deficiency and toxicity in horses. Under 

conditions used in this stupy, it can be assumed that if 

percentages deviate from the approximate 66, 30 and 4 

percentages of retinol, vitamin A palmitate and vitamin A 

acetate, that vitamin A status is not "normal". If the 

percentage of retinol is less than 45% and the percentage of 

vitamin A palmitate is greater than 45%, then the horse is 

probably receiving a toxic vitamin A diet. If the 

percentage of vitamin A palmitate is between 31 and 45 and 

the percentage retinol is between 45 and 65, then the horse 

is probably receiving a diet deficient in vitamin A. 

In the present study, horses were fed vitamin A 

deficient and excess diets for 30 days. In a similar study, 

Donoghue et al. (1981) examined clinical and biochemical 
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manifestations in growing ponies resulting from extended 

feeding (40 weeks) of deficient and toxic levels of vitamin 

A and found ponies not only to be clinically affected by 

lack or excess of dietary vitamin A, but also to have blood 

levels of vitamin A fractions similar to ones observed in 

this study. Because of the similarity in results, it 

appears that 30 days on a toxic or deficient diet is enough 

time to detect sub-clinical vitamin A toxicity or deficiency 

through methods of blood analysis of vitamin A utilized in 

this study. 

A test such as a vitamin A fractionation test for 

determining vitamin A status would be extremely useful for 

assessing vitamin A status before the appearence of overt 

vitamin A deficiency or toxicity, when a blood test is 

merely confirmatory. 



CHAPTER 6 

SUMMARY 

Although the occurance of "abnormal" intakes of 

vitamin A resulting from destruction of carotene in 

feedstuffs or excessive vitamin A supplementation are 

great, no reliable or feasible method for determining 

vitamin A status in animals, before clinical signs appear, 

is available. 

The goal of experimentation described in the 

preceeding chapters of this disseration was to establish the 

relationship between vitamin A status and blood vitamin A 

levels, and ultimately to develop a new test (or tests) for 

determining vitamin A status in the horse, through a blood 

vitamin A analysis. The rabbit was used as an experimental 

model for the horse since tissue samples from the horse 

could not be collected. 

Two experimental methods for determination of 

vitamin A status were investigated. The methods included 

the Relative Dose Response (RDR) test and the Vitamin A 

Fractionation (VAF) test. The VAF test was designed in our 

laboratory. The RDR test was originally developed in 

Underwood's laboratory (1979) and used experimentally for 

determining sub-clinical vitamin A deficiency in humans. 
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The RDR test in humans is: %RDR = AS - AO/AS X 

100, where AO is plasma level of vitamin A at fasting and AS 

is plasma level of vitamin A five hours post-dosing (orally) 

with 450 ~g of vitamin A acetate. Five hours post-dosing is 

the peak time of mobilization of vitamin A from liver in 

sub-clinical vitamin A deficient subjects. A %RDR greater 

than 20% is considered positive. The basis for the RDR test 

stems from the fact that less retinol bound to retinol 

binding protein (RBP) is re leased f rom the liver of a 

fasting subject with inadequate liver vitamin A stores than 

from a fasting subject with adequate liver stores. When the 

subject is fed a small dose of vitamin A, a larger release 

of retinol bound-RBP occurs in the individual with 

inadequate liver vitamin A reserves than in a vitamin A 

adequate individual, in which retinol bound-RBP is released 

from the liver at a steady rate. Because a greater amount 

of total vitamin A is released into the bloodstream of the 

more deficient subject after a dose of vitamin A, the %RDR 

is increased to a greater extent in that organism. 

Several alterations in the RDR test were made for 

its use in the horse. Instead of dosing horses with 450 pg 

of vitamin A acetate, a normal feeding regime (containing 

vitamin A palmitate), was fed. Also, the peak time of 

increase in plasma total vitamin A in horses was at four 

hours post-feeding. Therefore, the RDR test for horses was 



modified as follows: %RDR = A4 - AO/A4 X 100, where AO is 

plasma total vitamin A level at fasting and A4 is plasma 

total vitamin A level at four hours post-feeding. 
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The basis for development of VAF test, stems from 

the following information. Serum total vitamin A levels are 

maintained at a relatively constant concentration until the 

liver capacity to store vitamin A or capacity to excrete 

vitamin A from the body is exceeded or until liver stores 

are nearly exhausted. In vitamin A deficiency, retinol, the 

form of vitamin A mobilized from the liver, is the major 

form of blood vitamin A. During vitamin A toxicity, vitamin 

A palmitate, the form supplemented in the diet, is the 

predominating form. Therefore, the hypothesis that serum 

fractions of vitamin A palmitate and retinol can be used to 

determine vitamin A status at intermediate stages between 

"normal", deficient or toxic states, was made. 

R~sults of our experimentation suggests that the 

RDR test can be used to determine sub-optimal vitamin A 

intake, leading to sub-clinical deficiency as soon as 30 

days after feeding a diet deficient in vitamin A. The test 

can be used in individual horses and not only groups of 

horses since all horses receiving vitamin A deficient diets 

~howed a positive response to the test. 
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The VAF test can be used to determine approaching 

vitamin A deficiency or toxicity in horses and rabbits by 30 

days of receiving diets deficient or toxic in vitamin A. 

In rabbits more than one standard deviation (SD) 

from the mean (x) of the percentage yitamin A palmitate (6.2 

± 1.8) and retinol (92.9 ± 3.5) (established from 

rabbits on a control vitamin A diet), is considered to be an 

inadequate intake of vitamin At and rabbits will be 

approaching either vitamin A deficiency or toxicity. If the 

rabbit is approaching vitamin A deficiency then serum 

percentage retinol and vitamin A palmitate will be between 

73% and 89%, and 8.1% and 21%, respectively. When decreased 

growth, resulting from vitamin A deficiency, has occured, 

serum percentage retinol and vitamin A palmitate will be 

above 92.9 + 3.5 and below 6.2 - 1.8, respectively. If the 

rabbit is approaching vitamin A toxicity, then the 

percentage retinol and vitamin A palmitate will be below 

72.8% and above 20.4%, respectively. 

In the horse, the serum percentages of retinol, 

vitamin A palmitate and vitamin A acetate in horses 

receiving the requirement for vitamin A were 66%, 30% and 

4%, respectively. Serum percentages of retinol and vitamin 

A palmitate in horses receiving deficient diets in vitamin A 

were intermediate between values observed for controls and 

toxic treatment groups. If horse is approaching vitamin A 
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deficiency (or toxicity) then the percentage retinol and 

vitamin A palmitate will be between 45% and 65% (or below 

45%) and 31% and 45% (or above 45%), respectively. 

The percentage of serum vitamin A palmitate and 

retinol observed in horses and rabbits receiving vitamin A 

deficient diets from this study, were not as expected. 

Instead of percentage vitamin A palmitate and retinol in 

deficient rabbits and horses being intermediate between 

values observed for control and deficient animals, levels 

of each were intermediate between values observed for 

control and toxic treatment horses. The vitamin A 

deficient diets fed to horses and rabbits contained 

naturally occuring vitamin A at 210 I.U./day and 66.7 

I.U./kg feed, respectively, and could explain results of 

this study. The small amount of naturally occuring vitamin 

A in feeds was probably absorbed and went directly into the 

bloodstream by-passing the liver (and conversion of ester to 

retinol), in order to maintain plasma total vitamin A 

levels. 

Percentages of vitamin A palmitate and retinol in 

deficient and toxic rabbits and horses followed similar 

patterns but percentages were different between the two 

species. In rabbits and horses receiving requirement for 

vitamin A, percentages of retinol and vitamin A palmitate 

were 93% and 6% vs. 66% and 30, respectively. Optimum 
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growth rate in rabbits occured when these percentages of 

retinol and vitamin A palmitate were present in serum. In 

horses, Donoghue et a1. (1981) have suggested that the 

vitamin A requirement in growing ponies should be 1.5 to 5.0 

times higher than the existing requirement. If this is true 

then the percentage of vitamin A palmitate and retinol in 

serum of horses from this study may have been representative 

of abnormal vitamin A intake. 



CHAPTER 7 

APPENDIX A: OVERALL MEAN CONCENTRATIONS 
AND PERCENTAGES OF VITAMIN A FRACTIONS IN 

EXPERIMENTAL RABBITS AND HORSES 
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Table A-I. Mean Serum Concentration of Total Vitamin 
A (~g/dl) and Concentrations (~g/dl) and 
Percentages (%) of Vitamin A Palmitate 
and Retinol in Rabbits Fed One of Five 
Dietary Treatments of Vitamin A 

Total 
Treatment Vitamin A 

Vitamin A 
Palmitate Retinol 

1 

2 

3 

4 

5 

SEM 

~g/dl 

20.3e 

49.9d 

58.3c 

70.2b 

204.3a 

2.2 

~g/dl 

2.3 c 

2.Bc 

3.Bc 

20.5b 

l55.4 a 

0.8 

% 

l1.4 c 

5.6d 

6.2d 

30.4 b 

69.9a 

1.3 

pg/dl % 

l8.2c 88.6 b 

48.4 b 94.4a 

55.la 92.9 a 

52.8ab 69.5 c 

49.0b 28.4 d 

2.0 1.4 

a,b,c,d'€Means in the same column with unlike superscripts 
differ (P<.05) 

Treatment 1 = 66.7 I.U. Vitamin A Palmitate/kg Feed 
Treatment 2 = 290 I.U. Vitamin A Palmitate/kg Feed 
Treatment 3 = 580 I.U. Vitamin A Palmitate/kg Feed 
Treatment 4 = 5800 I.U. Vitamin A Palmitate/kg Feed 
Treatment 5 = 58000 I.U. Vita~in A Palmitate/kg Feed 
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Table A-2. Mean Liver Concentrations of Total 
Vitamin A (~g/g liver) and Concentrations 
(pg/g liver) and Percentages (%) of Vitamin 
A Palmitate and Retinol in Rabbits Fed One 
of Five Dietary Treatments of Vitamin A 

Total Vitamin A Palmitate Retinol 
Vitamin A 

1-1g/g liver 1-1g/g liver % IJg/g liver % 

Treatment 
1 8.3c 8.1 c 96.3a 0.3d 

2 49.6c 37.8c 80.6b 8.9cd 

3 128.2c 97.1 c 74.8b 25.9 c 

4 747.1 b 595.7b 77.7 b 124.4 b 

5 1437.8a 1136.3a 78.8b 314.7a 

SEM 68.1 63.6 2.6 6.2 

a,b,cMeans in the same column with unlike superscripts 
differ (P<.05) 

Treatment 1 = 66.7 I.U. Vitamin A Palmitate/kg Feed 
Treatment 2 = 290 I.U. Vitamin A Palmitate/kg Feed 
Treatment 3 = 580 I.U. Vitamin A Palmitate/kg Feed 
Treatment 4 = 5800 I.U. Vitamin A Palmitete/kg Feed 
Treatment 5 = 58000 I.U. Vitamin A Palmitate/kg Feed 

3.7 b 

19.4a 

25.2a 

22.0a 

21.1a 

2.6 
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Table A-3. Mean Kidney Concentrations of Total 
Vitamin A (pg/g kidney) and Concentrations 
(~g/g kidney) and Percentages (%) of 
Vitamin A Palmitate and Retinol in Rabbits 
Fed One of Five Dietary Treatments of 
Vitamin A 

Total 
Vitamin A 

Vitamin A 
Palmitate 

~g/g kidney ~g/g kidney % 

Retinol 

~g/g kidney % 

Treatment 
5.0b 0.5 b 1 4.0c 95.6 a 

2 2.2 b 2.9c 97.3a O.l b 

3 6.4 b 5.6c 88.9b 0.8b 

4 19.9b 17.3b 93.8ab .2.6 b 

5 172.1a 99.6 a 62.8c 75.3a 

SEM 112.0 2.8 1.8 9.5 

a,b,cMeans in the same column with unlike superscripts 
differ (P<. 05) 

Treatment 1 = 66.7 I.U. Vitamin A Palmitate/kg Feed 
Treatment 2 = 290 I.U. Vitamin A Palmitate/kg Feed 
Treatment 3 = 580 I.U. Vitamin A Palmitate/kg Feed 
.Treatment 4 = 5800 I.U. Vitamin A Palmitate/kg Feed 
Treatment 5 = 58000 I.U. Vitamin A Palmitate/kg Feed 

3.4 c 

2.8c 

11.1 b 

6.2 bc 

37.0 a 

2.1 



102" 

Table A-4. Serum Total Vitamin A Concentrations 
(pg/d1) From Fasting Until 12 Hours Post
Feeding in Horses Fed One of Three 
Treatments of Dietary Vitamin A 

Treatment 

Time A B C 

0 6.32a 9.91 b 11.80b 

1 11.00 12.71 12.S1 

2 10.4Sa 14.38b 13.04b 

3 10.4 11.87 10.72 

4 10.2a lS.00b 11. 49 a 

S 9.0S a 13.92b 9.74a 

6 6.41a 11.16b 11. lOb 

7 11.13 12.49 11.11 

8 8.47a 13.S6b 11. 70b 

9 10.S6b 11.82b 4.8Sa 

10 11.69 11.26 11.S0 

11 14.11 lS.98 14.91 

SEM = .91 

a,bMeans in the same row with unlike superscripts differ 
(P< .OS) 

Treatment A = o r. U. Vitamin A Palmitate per Day 
Treatment B = 10,000 1. U. Vitamin A Palmitate per Day 
Treatment C = 80,000 I.U. Vitamin A Palmitate pet Day 



Time 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

SEM = 
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Table A-5. Serum Retinol Concentrations (pg/dl) From 
Fasting Until 12 Hours Post-Feeding in 
Horses Fed One of Three Treatments of 
Dietary Vitamin A for 30 Days 

Treatment 

A B C 

3.13a 6.12 b 4.94 a ,b 

5.45 6.56 6.69 

6.29a 9.69b 7.97 a ,b 

6.86a ,b 7.64b 4.80 a 

6.01a ,b 8.14 b 5.58 a 

4.99a 8.80b 5.99 a 

1.97a 8.71c 6.37 b 

4.56 a 7.29 b 6.70 a ,b 

4.20a 8.55b 6.92 b 

5.25b 7.79c 1. 52 a 

5.98 7.53 6.91 

6.48 8.75 7.18 

.80 

a,b,cMeans in the same row with unlike superscripts differ 
(P<. 05) 

Treatment A = ° I.U. Vitamin A Palmitate per Day 
Treatment B = 10,000 I.U. Vitamin A Palmitate per Day 
Treatment C = 80,000 I.U. Vitamin A Palmitate per Day 
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Table A-6. Serum Vitamin A Palmitate Concentrations 
(pg/dl) From Fasting Until 12 Hours Post-
Feeding in Horses Fed One of Three Treat-
ments of Dietary Vitamin A for 30 Days 

Treatment 

Time A B C 

0 2.74a 2.76 a 4.36 b 

1 4.30 3.84 5.09 

2 3.59B ,b 3.4la 4.79 b 

3 3.96 4.80 4.41 

4 4.00a 4.20a 6.8b 

5 3.54 3.60 4.19 

6 3.19 a 4.74 b 4.33 a ,b 

7 4.30 3.98 4.63 

8 3.85 a 3.02a 5.71 b 

9 4.56 3.86 3.29 

10 6.88 b 5.3a 4.06 a 

11 5.32 4.93 6.20 

SEM = .48 

a,bMeans in the 
(P<. 05) 

same row with unlike superscripts differ 

Treatment A = o I.U. Vitamin A Palmitate per Day 
Treatment B = 10,000 I. U. Vitamin A Palmitate per Day 
Treatment C = 80,000 I.U. Vitamin A Palmitate per Day 
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Table A-7. Serum Vitamin A Acetate Concentrations 
(~g/dl) From Fasting Until 12 Hours Post
Feeding in Horses Fed One of Three Treat
ments of Dietary Vitamin A for 30 Days 

Time 

o 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

SEM = .19 

A 

.42 

.67 

.64 

.33 

.19 

.18 

.82 

.78 

.32 

.33 

.02 

.91 

Treatment 

B 

.71 

.67 

.88 

.65 

.72 

.76 

.86 

.85 

.69 

.13 

.89 

1. 71 

Treatment A = 0 I.U. Vitamin A Palmitate per Day 
Treatment B = 10,000 I.U. Vitamin A Palmitate per Day 
Treatment C = 80,000 I.U. Vitamin A Palmitate per Day 

C 

.42 

.46 

.54 

.57 

.48 

.35 

.29 

.13 

.21 

.04 

.43 

.44 
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Table A-B. Percentage (%) of Retinol in Serum From 
Fasting Until 12 Hours Post-Feeding in 
Horses Fed One of Three Treatments of 
Dietary Vitamin A for 30 Days 

Treatment 

Time A B C 

0 48.69 58.36 53.14 

1 52.30 62.86 54.42 

2 54.69 62.62 63.70 

3 66.75 b 58.31 b 45.508 

4 59.56b 66.35 b 43.128 

5 54.46 a 66.91 b 60.29 8 ,b 

6 46.71 a 62.36 b 60.08 b 

7 52.41a 61.22 a ,b 65.06 b 

8 53.38 61.12 57.44 

9 51.19 57.31 53.49 

10 52.11 60.06 55.76 

11 49.33 56.36 52.64 

SEM = 4.72 

a,bMeans in the same row with unlike superscripts differ 
(P<. 05) 

Treatment A = o I.U. Vitamin A Palmitate per Day 
Treatment B = 10,000 I. U. Vitamin A Palmitate per Day 
Treatment C = 80,000 I.U. Vitamin A Palmitate per Day 



Time 

o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 
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Table A-9. Percentage (%) Vitamin A Palmitate in 
Serum From Fasting Until 12 Hours Post
Feeding in Horses Fed One of Three Treat
ments of Dietary Vitamin A for 30 Days 

A 

45.21 a 

38.17 

38.37 

32.26a 

42.92b 

40.28 a 

34.63 

43.38b 

41.93 

46.96 b 

39.92 

42.97 a 

Treatment 

B 

34.10b 

31.73 

31.86 

35.04a 

29.75a 

27.25b 

35.05 

32.41a 

38.38 

27.89a 

41.83 

29.2b 

c 

40.25 a ,b 

38.33 

36.02 

48.85 b 

56.63 c 

36.05a,b 

37.44 

34.09a ,b 

39.00 

41. 38 

44.55 a 

SEM = 3.36 

a,b,cMeans in the same row with unlike superscripts differ 
(P<. 05) 

Treatment A = 0 I.U. Vitamin A Palmitate per Day 
Treatment B = 10,000 I.U. Vitamin A Palmitate per Day 
Treatment C = 80,000 I.Ue Vitamin A Palmitate per Day 



Time 

o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 
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Table A-IO. Percentage (%) Vitamin A Acetate in Serum 
From Fasting Until 12 Hours Post-Feeding 
in Horses Fed One of Three Treatments of 
Dietary Vitamin A for 30 Days 

A 

8.06 

6.45 

7.92 

1. 99 

3.68 

2.99 

10.95 

2.38 

4.27 

2.78 

4.35 

8.05 

Treatment 

B 

6.74 

5.41 

7.45 

5.25 

4.21 

5.84 

6.60 

5.92 

6.75 

6.77 

1.07 

5.31 

c 

3.76 

3.19 

6.88 

5.65 

4.04 

1. 93 

4.97 

1.15 

5.02 

9.01 

2.85 

3.86 

SEM = 1.63 

Treatment A = 0 I.U. Vitamin A Palmitate per Day 
Treatment B = 10,000 I.U. Vitamin A Palmitate per Day 
Treatment C = 80,000 I.U. Vitamin A Palmitate per Day 



CHAPTER 8 

LITERATURE CITED 

Ahluwalia, G. S .. L. Kaul and B. S. Ahluwalia. 1980. 
Evidence of facilitory effect of growth hormone on tissue 
vitamin A uptake. J. Nutr. 110:1185. 

Chytil, F. and D. E. Ong. 1979. Cellular retinol and 
retinoic acid-binding proteins in vitamin A action. Fed. 
Proc. 38:2510. 

Clausen, S. W. 1943. The absorption of vitamin A and its 
storage in the tissues. Harvey Lectures Sere 38:199. 

Clausen, S. W., A. B. McCoord, W. S. Baun, L. G., Steadman, 
J. O. Rydeen and B. G. Breese. 1940. Effect of alcohol on 
vitamin A content of blood in human subjects. Amer. Chern. 
Soc. 35:1520 (Abstr). 

DeLuca, L. M. 1977. Direct involvement of vitamin A in 
glycosyl transfer reactions of mammalian membranes. Vitam. 
Horm. (N.Y.) 35:1. 

Dennison~ D.B. and J.R. Kirk. 1976. Quantitative analysis 
of vitamin A in cereal products by high speed liquid 
chromatography. J. Food Sci. 42:1376. 

Dion, L.D., L.M. DeLuca and N.H. Colaumi. 
ester induced anchorage independence and 
retinoic acid correlates with expression 
glycoproteins. Carcenogenesis 2:951. 

1981. Pharbol 
antagonism by 
of specific 

Dowling, J.E. and G. Waldo 1958. Vitamin A deficiency and 
night blindness. Proc. Natl. Acad. Sci. U.S. 44:648. 

Elias, P.M., S. Grayson, T.M. Caldwell and N.S. McNutt. 
1980. Gap junction proliferation in retinoic acid treated 
haman basal cell carcinoma. Lab Invest. 42:470. 

Donoghue, S. 1982. Vitamin A metabolism in ruminants and 
horses. Cornell Nutr. Meeting, Cornell University, Ithaca, 
N.Y. 

Donoghue, S., D. S. Kronf e 1 d, S. J. Berkowitz and R. L. 
Copp. 1981. Vitamin A nutrition of the equine: growth, 
serum biochemistry and hematology. J. Nutr. 111:365. 

109 



110 

Donoghue, S., D. S. Kronfeld, and C. F., Ramberg. 1979. 
Plasma retinol transport and clearance in hypervitaminosis 
A. J. Dairy Sci. 62:326. 

Dugan, R. A., N. H. Frigerid, and J. M. Siebert. 1964. 
Colorimetric determination of vitamin A and its derivatives 
with trifluoroacetic acid. Analytical Chemistry 36:114. 

Eden, E. and K. C.Sellers. 1950. Hydrolysis and 
esterification of vitamin A during absorption. Biochem. J. 
46:261. 

Elte, S. I., T. K. Basu and J. W. T. Dickerson. 1979. 
Short-term effects of zinc sulfate on plasma and hepatic 
concentrations of vitamins A and E. Nutr. Metab. 23:11. 

Fidge, N. H., T. Shira tori, J. Ganguly, and D. S. Goodman. 
1968. Pathways of absorption of retinal and retinoic acid 
in the rat. J. Lipid Res. 9:103. 

Fisher, K. D., L. J. Carr, J. E. Huff and T. E. Huber. 
1970. Dark adaptation and night vision. Fed. Proc. 
29:1605. 

Flores, H., F. Campos, C. R. C. Araugo and B. Underwood. 
1984. Assessment of marginal vitamin A deficiency in 
Brazilian children using the relative dose response 
procedure. Amer. J. Clin. Nutr. 40:1281. 

Fonnesbeck, P. V. and D. Symons. 1967. Utilization of 
carotene of hay by horses. J. Anim. Sci. 26:1030. 

Gallup, W. D. and J. H. Hoefer. 1946. Determination of 
vitamin A in liver. Ind. Eng. Chern. Anal. Ed. 18:288. 

Ganguly, J. and N. I. Krinsky. 1953. Absence of 
relationship between vitamin A alcohol levels in plasma and 
in liver of rats. Biochem. J. 54:177. 

Ganguly, J. ,N.I. Krinsky, J.W. Mehl, and H.J. Devel. 1952. 
Studies on the distribution of vitamin A as ester and 
alcohol and of carotenoids in plasma proteins of several 
species. Arch. Biochem. Biophys. 38:275. 

Garton, C. L., G. W. Vander Noot and P. V. Fonnesbeck. 
1964. Seasonal variation in carotene and vitamin A 
concentration of the blood of broodmares in New Jersey. J. 
Anim. Sci. 23:1233 (Abstr.>. 



111 

Glover, J. and R. A. Morton. 1948. The administration 
storage and metabolism of vitamin A. Biochem. J. 43:XII. 

Glover, J., D. J. Heaf and S. Lange. 1980. Seasonal 
changes in plasma RBP holoprotein concentration in Japanese 
quail. Br. J. Nutr. 43:357. 

Goodman, D. S. 1979. 
advances. Fed. Proc. 

Vitamin A and retinoids: 
38:2501. 

Recent 

Goodman, D. S. and H. S. Haung. 1965. 
vitamin A with rat intestinal enzymes. 

Biosynthesis of 
Science 149:879. 

Harrison, G. H., J. E. Smith, and D. S. Goodman. 1979. 
Unusual properties of retinyl palmitate hydrolyse activity 
in rat liver. J. Lipid Res. 20: 760. 

Haydon, S. A. 1983. The relationship between 
plasma vitamin A and the vitamin A status of beef cows. 
Masters Thesis. University of Kentucky, Lexington, 
Kentucky. 

Heller, J. 1975. Interactions of plasma retinol binding 
protein with its receptor. J. BioI. Chern. 250:3613. 

Hoch, H. 1946. The state of vitamin A in human serum. 
Nature 158:59. 

Hoch, H. and R. Hoch. 1946. The state of vitamin A in 
human serum. Barit. J Exp. Path. 27:316. 

Howell, C. E., G. H. Hart, and N. R. Ittner. 
A deficiency in horses. Am. J. Vet. Res. 

1941. 
2: 60. 

Hume, I. D., G. E. Mitchell and R. E. Tucker. 1971. 

Vitamin 

Biliary and urinary excretion and enterohepatic recycling of 
vitmin A in sheep. J. Nutr. 101:1169. 

Jarrett, S.H., R.E. Tucker, R.B. Muntifering and G.E. 
Mitchell. 1984. Plasma vitamin A ester and alcohol 
fractions during repletion of vitamin A-deficient cows. Ky. 
Beef Cattle Research Report, p. 40, University of Kentucky, 
Lexington. . 

Jarrett, S.H., G.E. Mitchell and R.E. Tucker. 1984. The 
relationship between plasma vitamin A and vitamin A status 
of beef cows. J. Anim. Sci. 59(Supp1. 1):420 (Abstr.). 
Kaiser E. and B. M. Kagan. 1956. Separation of vitamin A 
alcohol and vitamin A esters by paper chromatography. Arch. 
Biochem. Biophys. 63: 118. 



112 

Kanai, M., A. Raz and D. S. Goodman. 1968. Retinol Binding 
Protein: The transport protein for vitamin A in human 
plasma. J. Clin. Invest. 47: 2025. 

Keilson, B., B. A. Underwood and J. D. Loerch. 1979. 
Effects of retinoic acid on the mobilization of vitamin A 
from the liver in rats. J. Nutr. 109:787. 

Kimble, M. S. 1938. The photocolorimetric determination of 
vitamin A and carotene in human plasma. J. Lab. Clin. Med. 
24:1055. 

Krinsky, N.!., D. G. Cronwell and J. L. Oncleyl. 1958. The 
transport of vitamin A and carotenoids in human plasma. 
Arch. Biochem. Biophys. 73:233. 

Lamming, E.G., G.W. Salisbury, R.L. Hays and K.A. Kendall. 
1954a. The eff.ct of incipient vitamin A deficiency on 
reproduction in the rabbit. I. Decidua, ova and 
fertilization. II. Embryonic and fetal development. J. 
Nutr. 52:217. 

Lamming, E.G., D.H.M. Wollan and J.W. Millan. 1954b. 
Hydrocephalus in young rabbits associated with maternal 
vitamin A deficiency. Br. J. Nutr. 8:363. 

Lange S., G. Neal, J. Glover, O. Thananglou and R. E. Olson. 
1980. The early changes in RBP and PA concentration in 
plasma of protein-energy malnourished children after 
treatment with retinol and an improved diet. Br. J. Nutr. 
43:393. 

Lawrence, C. W., Fo D. Crain, F. J. Lotspeich, and R. F. 
Krause. 1966. Absorption, transport and storage of 
retinyl-15-C palmitate-9, 10-H. J Lipid Res. 7:226. 

Lewis, K. C., M. H. Green and B. A. Underwood. 1981. 
Vitamin A turnover in rats as influenced by vitamin A 
status. J. Nutr. 111:11335. 

Liau, G. and F. Chytil. 1981. Interaction of the 
retinol/cellular retinol-binding protein complex with 
isolated nuclei and nuclear components. J. Cell BioI. 
91:63. 

Lippel, K. and J. A. Olson. 1968. Biosynthesis of 13-
glucuronides of retinol and of retinoic acid in vivo and in 
vitro. J. Lipid Res. 9:168. 



113 

Loerch, J. D., B. A. Underwood and K. C. Lewis. 1979. 
Response of plasma levels of vitamin A to a dose of vitamin 
A as an indicator of hepatic vitamin A reserves in rats. J. 
Nutr. 109:778. 

Maddy, K. H. 1978. Vitamin A in animal nutrition. BASF 
Wyandotte Corporation, New York City, New York. 

Mallia, A. K., J. E. Smith, P. O. Milch and Goodman, J. 
1975. Regulation of retinol-binding protein and vitamin A 
during hypervitaminosis A in the rat. J Lipid Res. 16:180. 

Manesme, O. A. H., D. Anderson and J A. Olson. 1984. 
Relation of the relative dose response to liver 
concentrations of vitamin A in generally well-nourished 
surgical patients. Amer. J. C1in. Nutr. 39:898. 

Mann,!., A. Pirie, K. Tansley and C. Wood. 1946. Some 
effects of vitamin A deficiency on the eye of the rabbit. 
Am. J. Ophthalmol. 29:801. 

McCord, A.B. and Luce-Clausen. 1934. The storage of 
vitamin A in the liver of the rat. J. Nutr. 7:557. 

McGillivray, W. A. 1957. Factors influencing the vitamin A 
content of milk fat. The possible existance of protein 
bound carotenoids and vitamin A alcohol in mammary 
secretion. Dairy Res. 24:353. 

Mellanby, E. 1935. Lesions of the central and peripheral 
nervous system in young rabbits by vitamin A deficiency and 
a high cereal intake. Brain 58:141. 

Mobarhan, S., R. M. Russell, B. A. Underwood, J. 
Wallingford, R. D. Mathieson, H. AI-Midani. 1981. 
Evaluation of the relative dose reponse test for vitamin A 
nutriture in cirrhottics. Amer. J. Clin. Nutr. 34:2264. 

Moore, T. 1957. Vitamin A. New York. Elsevier Publishing 
Company. 

Mubilal H. and J. Glover. 1974. Effects of dietary 
deficiencies of protein and retinol on the plasma level of 
retinol-binding protein in the rat. Br. J. Nutr. 32:549. 

Muto, Y., F. R. Smith and D. Goodman. 1972. Regulation of 
retinol-binding protein metabolism by vitmain A status in 
the rat. BioI. Chern. 247:2542. 



114 

N. R. C. 1978. Nutrient Requirements of Domestic Animals, 
No.6. Nutrient Requirements of Horses. National Research 
Counsil. Washington, D. C. 

Nel son, V.E. and A.R. Lamb. 1920. The production of 
xerophthalmia in the rabbit. Am. J. Physiol. 51:530. 

Olson, J. A., C. D. B. oridges, L. Packer, F. Chytil and G. 
Wolf. 1983. The function of vitamin A. Federation Proc. 
42:2740. 

Olson, J. A., D. B. Gunning and R. A. Tilton. 1984. Liver 
concentrations of vitamin A and cartenoids, as a function of 
age and other parameters, of American children who died of 
serious causes. Amer. J. Clin. Nutr. 39:903. 

Oomen, H. A. P. C. 1974. Vitamin A deficiency, 
xerophthalmia and blindness. Nutr. Rev. 32:161. 

Payne, A.S., E. Donefer and R.D. Baker. 1972. Effects of 
dietary vitamin A on growth and reproduction in rabbits. 
Can. J. Anim. Sci. 52:125. 

Peterson, P. A., L. Rask, L. Ostberg, L. Anderson, F. 
Kamwendo and H. Pertoft. 1973. Studies on the transport 
and cellular distribution of vitamin A in norreal and vitamin 
A-deficient rats with special reference to vitamin A-binding 
plasma protein. J. Bio. Chern. 24:4009. 

Phillips, P.H. and G. Bohstedt. 1938. Studies on the 
effects of a bovine-blindness-producing ration upon rabbits. 
J. Nutr. 15:309. 

Popper, H., F. Steigmann, A. Dubin, H. A. Dyniewiesz, and F. 
H. Hesser. 1948. Significance of vitamin A alcohol and 
ester partitioning under normal and pathologic 
circumstances. Proc. Soc. Exp. Med. 68:676. 

Prystowsky, J. H., J. E. Smith and D. S. Goodman. 1979. 
Retinyl palmitate hydrolase activity (RPHA) in normal rat 
liver. Fed. Proc. 38:281 (abstr). 

Rask, L., H. Anundi, K. Sege and P. A. Peterson. 1979. 
Tissue receptors for vitamin A. Ind. J. Nutr. Dietet. 
16:289. 

Ross, A. C. 1980. retinol esterification by microsomes 
from lactating rat mammary gland. Fed. Pr9c. 39:340. 



115 

Russell, R. M., F. L. Iber, S. D. Krasinski and P. Miller. 
1983. Protein-energy malnutrition and liver dysfunction 
limit the usefulness of the relative dose response (RDR) 
test for predicting vitamin A deficiency. Human Nutrition: 
Clinical Nutrition 37C:361. 

Saksena, J.S., J.A. Mehta and A. Naimark. 1971. The effect 
of vitamin A deficiency in rabbits on the elastic properties 
of the lung and thoracic aorta. Can. J. Physiol. Pharmacol. 
49:127. 

Sklan, D. and S. Donoghue. 1982. 
retinol transport in the equine. 

Serum and intracellular 
Br. J. Nutr. 47:273. 

Smith, J. E., D.D. Deer, D. Sklan and D. S. Goodman. 
Colchicine inhibition of RBP secretion by rat liver. 
Lipid Res. 21:229. 

1980. 
J. 

Smith, J. E., C. Borek and D. S. Goodman. 1978. Regulation 
of RBP metabolism in cultured rat liver cell lines. Cell 
15:865. 

Smith, J. E., E. 1. Brown, E. G. McDaniel and W. Chan. 
1976. Alterations in vitamin A metabolism during zinc 
dificiency and food and growth restriction. J. Nutr. 
106:569. 

Smith, F. R. and Goodman, D. S. 1976. Vitamin A transport 
in human vitamin A toxicity. New Eng. J. Med. 294:805. 

Smith, J. E. and D. S. Goodman. 1979. Retinol binding 
protein and the regulation of vitamin A transport. Fed. 
Proc. 38:2504. 

Solomons, N. W. and R. M. Russell. 1980. The interaction 
of vitamin A and zinc: implications for human nutrition. 
Am. J. Clin. Nutr. 33:2031. 

Soprano. D. R •• J. E. Smith and D. S. Goodman. 1982. 
Effect of retinol status on RB) biosynthesis rate and 
translatable mRNA level in rat liver. J. BioI. Chern. 
257:7693. 

Steel, R.G.D. and J.H. Torrie. 1960. Principles and 
Procedures of Statistics. McGraw-Hill Book Co., New York, 
N.J. 

Stowe, H.D. 1968a. Alpa-tocopherol requirements for equine 
erythrocyte stability. Am. J. Clin. Nutr. 21:135. 



116 

Stowe, H. D. 1968b. Experimental equine avitaminosis A and 
E. In Proceedings, Equine Nutrition Research Symposium. 
University of Kentucky, Lexington, p. 27. 

Stowe, H. W. 1982. Vitamin A profiles of equine serum and 
milk. J. Animal Sci. 54:76. 

Sundaresan, P.R., F.O. Cope and J.C. Smith. 1977. 
Influence of zinc deficiency on retinal reductase and 
oxidase activities in rat liver and testis. J. Nutr. 
107:2189. 

Supopark, W. and F. A. Olson. 1975. Effect of ovral, a 
combination type oral contraceptive agent on vitamin A 
metabolism in rats. Int. J. Vitam. Nutr. Res. 45:113. 

Thompson, J. N., J. M. Howell, A. G. Pih and C. I. 
McLaughlin. 1969. Biological activity of retinoic acid in 
the domestic fowl and the effects of vitmain A deficiency on 
the chick embryo. Br. J. Nutr. 23:471. 

Tomlinson, J. E. 1972. Vitamin A metabolism in the bovine: 
I. Mobilization of hepatic vitamin A stores during -
gestation and lactation. II. Preferential mammary transfer 
of vitamin A alcohol. Ph. D. Thesis. University of 
Kentucky, Lexington, Kentucky. 

Underwood, B. A., J. D. Loerch and K. C. Lewis. 1979. 
Effects of vitamin A deficiency, retinoic acid and protein 
quantity and quality on serially obtained plasma and liver 
levels of vitamin A in rats. J. Nutr. 109:796. 

Vahlquist, A. 1982. Vitamin A in human skin: detection and 
identification of retinoids in normal epidermis. J. Invest. 
Dermatol. 79:89. 

Venkataswamy G. J., M. Glover and A. Pirie. 1977. Retinol
binding protein in serum of xerophthalmic malnourished 
children before and after treatment at a nutrition center. 
Am. J. Clin. Nutr. 30:1968. 

Wiggert, B., P. Russel, M. Lewis and G. Chader. 1977. 
Differential binding to soluble nuclear receptors and 
effects of cell viability of retinol and retinoic acid in 
culture retinoblatoma cells~ Biochem. Biophys. Res. Commun. 
79:218. 

Wolf, G. 1984. Multiple functions of vitmain A. Physiol. 
Rev. 64:873. 



Wright, K. E. and R. C. Hall. 1979. 
plasma and liver vitamin A levels. 

Association between 
J. Nutr. 109:1063. 

117 

Yeung, D. L. and M. J. Veen-Bayen. 1974. Compartmentation 
of "endogenous" and newly absorbed vitamin A in the rat. 
Can. J. Phys. Pharm. 53:583. 

Zachman, R. D. and J. A. Olson. 1964. Formation and 
enterohepatic circulation of water-soluble metabolites of 
retinol in the rat. Nature 201:1222. 


