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INTRODUCTION 

The serum proteins are composed of a complex mixture of 

components which are known to play important roles in body met

abolism. In addition to their function in maintaining osmotic 

pressure, the serum proteins apparently possess a binding capacity 

for many substances. By means of this combining property, the 

serum proteins may serve as transport agents for various nutrients 

or substances which are of importance in the regulation of met

abolism* The fact that they play a major role in metabolism is 

further indicated by the variations in the electrophoretic patterns 

of the serum proteins which have been found to occur in pathological 

conditions* Specific changes in certain of the protein fractions, 

either in concentration or electrophoretic mobility, have been of 

value clinically in the diagnosis of specific diseases. 

On the other hand, relatively little is known in regard to 

the specific functions of the glycoprotein and lipoprotein fractions 

of the serum. Glycoproteins have been found to be distributed in 

all of the plasma fractions of normal human serum and a number of 

pathological conditions have been found to cause marked changes in 

the electrophoretic pattern of glycoproteins. However, the signifi

cance of these fluctuations is not yet understood. 

The lipoprotein fractions in human serum are apparently 

composed of complex alpha and beta globulins and according to 

Oncley (89) are important in the transport and exchange of fats 
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and fat-soluble materials« Quantitative changes in the electrophor

etic patterns of serum lipoproteins have been observed in cases of 

disturbed lipid metabolism. However* as in the case of the glycoproteins, 

the significance of the observed fluctuations is unknown. 

The development of electrophoretic methods provided a means 

of separating protein fractions without undue denaturation. The 

first electrophoretic equipment was complex in operation and not 

adapted to large scale studies but the development of paper electro

phoresis provided a rapid and accurate method for the routine separation 

and study of protein mixtures which found immediate application in 

the field of clinical medicine* However, its use has been fruitful 

in many other fields of the biological sciences; especially in the 

study of the complex protein fractions of the blood, to which it 

lends itself particularly well. 

A great amount of work has been accomplished in the field 

of human medicine in regard to the study of serum proteins, especially 

in relation to diseases* However, little work has been done concerning 

specific factors which influence the electrophoretic pattern of serum 

protein, glycoprotein, and lipoprotein fractions in the serum of the 

ruminant animal. 

This work was initiated to study the development of blood 

serum protein, glycoprotein, and lipoprotein fractions in the young 

lamb and dairy calf; the latter as affected by the presence or 

absence of colostrum in the diet« Further, to study the effect of 

varying levels of dietary protein and fasting on the protein met

abolism of sheep as reflected in changing serum protein fractions* 

It was hoped that further insight into the protein metabolism of 
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dairy cattle might be obtained by observing the effect of thyroid

ectomy and thyroparathyroidectomy on the serum protein patterns of 

dairy cows. A study of the effect of adrenalin was proposed in 

order to ascertain whether or not the actoiinistration of the hormone 

would affect the serum protein patterns and vitamin A metabolism 

in cattle and sheep* Also to be studied were physiological states 

such as pregnancy and parturition in regard to their effect on the 

electrophoretic patterns of serum proteins. Finally, it was 

proposed to study the effect of storage temperature on the electro

phoretic pattern of serum proteins, glycoproteins, and lipoproteins 

in serum samples obtained from four different species of animals, 

By these studies it was hoped to elucidate the effect of 

various nutritional and physiological factors on the electrophoretic 

pattern of the different serum protein fractions. And in so doing, 

contribute to the knowledge of the importance of the various protein 

fractions in the serum of the ruminant animals* 



REVIEW OF LITERATURE 

Serum proteins play important roles in the various metabolic 

processes "which take place in the animal body. As stated by Moore (80), 

a primary function of albumin is the maintenance of normal osmotic 

pressure. The importance of albumin in the maintenance of osmotic 

pressure has further been born out in a study by Autio et al (2), 

These workers conducted a study of osmotic pressure on 27 serums of 

varying protein concentration and found that albumin concentration 

was correlated with osmotic pressure. On the other hand, neither the 

albumin-globulin ratio nor the concentration of the various globulins 

appeared to affect osmotic pressure. Chakravarti (22), studied 

patients suffering from malnutrition and found that the degree of 

edema was proportional to the decrease in serum albumin concentration. 

The serum proteins have been found to possess a binding 

capacity for many different substances. Rawson (96) reported that 

several structurally related diazo dyes in low concentration were 

wholly bound by plasma albumin in proportions of 1 mole of albumin 

to 8—lU moles of dye. Palmer and Ekles (90), in 1911;, observed a 

relationship between serum proteins and serum carotenoids. More 

recently, Crook and El Marsafy (26), by means of electrophoretic 

studies, found that serum carotenoids were associated primarily 

with serum albumin and beta globulin. Krinsky et al (68) reported 

that carotene was bound to alpha and beta lipoproteins in serum. 

Dzialoszynski et al (36) studied the relationship of serum proteins to 
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vitamin A and carotene and reported that vitamin A and carotene were 

bound to the albumin fraction. Results similar to those of the latter 

study were reported recently in a paper by Erwin et al (39)* These 

workers conducted vitamin A and carotene analyses on bovine serum 

proteins separated by continuous floi: electrophoresis and concluded 

that vitamin A and carotene were principally bound to the albumin 

fraction# In the same study, a progressive decrease in albumin con

centration was found in a vitamin A deficient heifer which was one of 

a pair of twins. Administration of carotene did not alleviate abnormal 

serum protein patterns. However, serum albumin in the vitamin A 

deficient co-twin returned to normal within 10 days following intra

venous vitamin A administration. The fact that vitamin A and carotene 

are closely related to serum proteins was further indicated in a 

study by Ganguly et al (U6) who concluded that specific serum proteins 

are involved in the absorption of vitamin A and carotene * Further, 

Diven and Erwin (3u) reported that vitamin A deficient sheep utilized 

dietary carotene inefficiently as compared to normal animals. 

Studies conducted by Balkova (U) "indicated that serum proteins 

formed complexes with cholesterol which varied with age. Blagorazumova 

(12) found cholesterol in all serum protein fractions of rabbit blood 

and concluded that alpha and beta globulin acted as the principal 

transport agents for exogenous cholesterol. Roberts and Szego (98) 

reported that practically all of the protein-bound estrogen -in 

human serum occurred in the lipoprotein fraction, apparently in an 

esterified form bound to a beta lipoprotein. According to Gould ($2)  

and Hagerman and Gould (5U) cholesterol also forms labile complexes 

with the lipoproteins of plasma, liver, and red blood cells. 
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Takikawa (107), utilizing electrophoretic and physiochemical 

methods, reported that the serum proteins interact with steroid 

hormones. As stated by Moore (80) there are many other types of 

compounds which are known to form bound complexes with the serum 

proteins. 

In addition to their functions as vehicular agents, the serum 

proteins are important factors in the immunological defense of the 

organism. The studies by Pierce (9U, 9S>) and Smith (10U, 105) empha

size the fact that the ingestion of colostral gamma globulin is a 

critical factor in the survival of the newborn calf. However, Pierce 

(9li, 9E>) found that calves which survived without colostral gamma 

globulin developed an autogenous serum globulin within 28 days. Gamma 

globulin is generally considered to be the most important of the serum 

protein fractions in regard to antibody content. However, according 

to the studies of Davis et al (30), Koprowski et al (67), and Berson 

et al (11) on syphylitic sera, equine encephalomyelitis, and diabetic 

serum respectively, the antibody activity in these sera were found to 

migrate between gamma and beta globulins. Morgan (85) reported an 

antibody associated with all serum protein fractions including albumin 

in the serum of rabbits immunized against western equine encephalomyel

itis. Weimer et al (111) reported that changes in the electrophoretic 

pattern of glycoproteins occurred after experimental immunization of 

animals and suggested that the fluctuations in the electrophoretic 

pattern of glycoproteins may be indicative of immunologic process. 

The changes in the electrophoretic patterns of serum proteins 

which occur in pathological conditions have been of much interest in 

the clinical field. A tremendous number of studies have been made in 



an attempt to correlate the serum protein pattern with various states 

of disease or stress. The literature pertaining to the clinical 

applications of paper electrophoresis has been reviewed recently in a 

paper by Ehrmantraut (37)• Vesselinovitch (109) has reviewed the 

literature concerning the analysis of the serum proteins of domestic 

animals by paper electrophoresis. 

Since the electrophoretic pattern of serum proteins have been 

shown to be closely correlated with various states of health, it is im 

portant to characterize and understand the normal development of 

proteins in the sera so that abnormal conditions can be evaluated, 

Falaschini et al (U3) studied the development of serum 

proteins in the kid while Pierce (9U> 95) and Jameson et al (62) con

ducted electrophoretic studies on the serum of the young calf. These 

workers found that beta and gamma globulin were present in relatively 

high concentration one day after birth and declined for a short period 

after which alpha and beta globulin underwent an increase in concen

tration. Albumin was generally somewhat low in concentration at birth 

but was found to increase in a short time. Dunlap et al (35) reported 

that in the young sheep, alpha globulin increased for several weeks 

after birth and then declined slightly. In comparing the results of 

the previous studies with those of other workers, a marked difference 

according to specie and age in the electrophoretic pattern of serum 

proteins becomes apparent. Halliday and Kekwich (55) found that two 

albumin components appeared in the electrophoretic pattern of serum 

from rats of all ages and that no marked change occurred in the alpha 

globulin fraction of young rats except for a slight decline in con

centration from 18 to 30 days of age. 
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Heim and Schectman (57)> in an electrophoretic study of the 

sera of the chicken, found that a pre- albumin component appeared in 

the embryonic sera or that of laying hens but not in males or immature 

females. In this case, the albumin percentage remained constant during 

development while gamma globulin increased toward the end of develop

ment and several days after hatching, Moore et al (82) studied the 

changes occurring in the plasma of developing chick and pig embryos and 

found that only a single component was apparent in very young embryos 

whereas in older fetuses, electrophoretic fractionation revealed traces 

of other components# Centonze and DeSalvia (21) reported no similarity 

between the electrophoretic pattern of fetal serum and that of the 

mother# Total protein increased with maturity of the fetus. A decrease 

in albumin and a rise in alpha globulin levels was noted during develop

ment whereas alpha and beta globulin were hardly modified. Alpha and 

beta lipoprotein maintained constant levels until birth and, in some 

cases, the level of alpha lipoprotein reached a level above that of 

beta. Glycoprotein patterns were observed to follow a pattern similar 

to that of the developing serum proteins. 

Larson and Touchberry (73) reported that a highly significant 

correlation was found between age and blood serum protein level in 

the bovine. Several antibody containing protoin fractions were 

apparently responsible for increased serum protein levels with age. 

Total protein increased rapidly up to k years of age and then leveled 

off# The largest changes were due to increases in the beta-2 and 

gamma-1 globulin fractions and a tendency for a drop in albumin levels 

with increasing maturity. The authors also found that while age was 
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the most important source of variation in serum protein levels, there 

was a significant decrease in percent of total protein from summer to 

winter sampling dates, according to the breed of cattle. Moore (8l) 

reported that the serum of young rats and guinea pigs contained little 

gamma globulin and that of baby rats and kittens the least gamma glob

ulin of all. Rutqvist (100) studied the serum proteins of fetal pigs 

and was able to detect albumin and alpha and beta globulin in the fetal 

serum after 2\ to 3\ months of gestation. No gamma globulin was found, 

however, in the serum of either fetal or new born pigs. The reports 

of Pierce {9hy 9$)j Jameson et al (62), Falaschini et al (U3)* and 

Dunlap and Dickson (35) on calves, goats, and sheep state that gamma 

globulin is found in high concentrations in the serum at one day post-

parturition. 

Moore (80) states that there is a correlation between the 

amount of fetal gamma globulin and the thickness of the placental wall. 

Thus, pigs and cattle, which have complex placental walls, are born with 

little gamma globulin and develop it rapidly after the ingestion of 

colostrum. Conversely, the new born of mammals with thin placental 

walls such as man, have gamma globulins in concentrations equal to that 

of the mother. 

Moore (81) concluded that although each species exhibited 

characteristic and reproducible serum protein patterns under comparable 

conditions, it would not be possible to determine the meaning of the 

fluctuations of the various serum protein patterns in regard to species 

and physiological or pathological states until the mechanism of serum 

protein production is revealed and the many factors involved in response 

to a stimulus are understood. Further, that diagnoses of disease based 
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upon the electrophoretic pattern of serum was uncertain. Therefore, 

it is of importance to fully characterize the normal serum protein 

pattern of developing and mature domestic animals in order that 

alterations in the electrophoretic pattern may be correctly inter

preted in the light of sufficient knowledge of the normal state. 

The metabolic relationship between the amino acids that enter 

an organism and the amino acids of the tissue proteins has long been 

an interesting field of investigation. Many of the early studies on 

the aspect of protein metabolism were reviewed in 1912 in a monograph 

by Cathcart (19)• Significant advances were made in the study of 

protein metabolism in 1938 when Schoenheimer (102) succeeded in using 

isotopic amino acids in the study of protein metabolism. From his 

work, and that of Borsook and Keighley (15) > a. concept of dynamic or 

"continuing metabolism" of proteins was developed. 

According to this concept, the proteins of the body are in a 

continually dynamic state of metabolism and therefore are labile sub

stances. Henriques et al (58) reported a rapid exchange of plasma and 

liver glycine in the rabbit. Total liver glycine was replaced by 

plasma glycine within a period of 15-20 minutes while the oxchange of 

muscle glycine with that of plasma was within a range of 20-25 hours. 

These workers calculated that approximately 1.9 grams of protein per day 

was synthesized in rabbit liver, of which U0 percent was plasma protein. 

Zeldis and Ailing (115) reported a rapid restoration of plasma proteins 

in dogs subjected to plasmapheresis even though food was withheld prior 

to and after treatment. Addis et al (1) studied the amount of protein 

lost by the various organs and tissues of fasted rats and concluded 

that the liver of well fed rats containea a store of protein which 
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could bo utilized by the body in time of need. Miller (78) reported a 

rapid loss of several enzymes from the livers of rats fasted for a 

period of 7 days. Luck (75) isolated four protein fractions from rat 

liver and found a marked augmentation of each fraction in rats on a 

high-protein diet as compared to the low levels of each protein frac

tion in the livers of rats on low-protein diets. Luck suggested, 

however, that none of the four protein fractions separated could be 

specifically singled out as a reserve protein to the exclusion of the 

basic structural proteins and that, apparently, all liver proteins 

participate equally in regard to storage function. 

As stated by Fruton and Simmonds (iUO, the thyroid hormone is 

known to affect protein metabolism and is generally assumed to exert 

a catabolic effect upon tissue protein. 

Rupp at al (99) reported that thyroidectomy in the rat was 

followed by an increased excretion of urinary nitrogen which was 

alleviated by physiological doses of thyroxine; whereas the same drug 

had no effect when administered to the intact rat. The excretion of 

urinary nitrogen was increased by large doses of thyroxine, which 

suggested that large doses exerted a catabolic effect on tissue protein̂  

as opposed to a protein anabolic effect of doses in physiological 

amounts. Bondy (lit) reported that thyroidectomy of eviscerated rats 

caused a decrease in the rate of rise of plasma amino acids which was 

restored by the administration of 20 ug. of thyroxine daily. The 

catabolic effects of thyroxine occurred in the absence of liver in

fluence and were therefore not associated with alterations in the rate 

of urea formation. Further, the effect of thyroxine was apparently 

exerted on carcass tissue and was independent of the effect of adreno-
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cortical extract, which was found to exert a protein catabolic effect 

upon carcass and lymphoid tissue* White and Dougherty (112) also 

found that thyroid secretion controls the rate of nitrogen loss from 

carcass tissue. However, their results indicated that the adreno-

cortico secretion was one of the factors regulating the thyroid 

activity. However, the adreno-cortico activity was apparently not 

dependent upon thyroid secretion. Persike (93) reported that protein 

catabolism was increased in rats subjected to thyroidectomy and, from 

the results of his studies, concluded that thyroidectomy in rats caused 

a decrease in the catabolism of fat and carbohydrate and a concurrent 

increase in the rate of protein catabolism. 

Bernasconi (10) conducted studies on the serum protein patterns 

of hypophysectomized rats and noted a decrease in serum albumin con

centration and a rise in the concentration of serum globulins. Glyco

protein levels also tended to increase in each protein fraction. In 

another study, Bernasconi (9) reported that alpha-2 globulin increased 

in the serum of rats treated with thyrotropic hormone. Also, an 

increase was noted in the concentration of glycoprotein with an 

electrophoretic mobility of alpha-2 globulin. Moore et al (83) found 

no change in the serum albumin levels of hypothyroid rats. However, 

a component designated as an alpha globulin appeared in the serum 

patterns of all hypothyroid rats whereas the component was absent in 

the serum of the control animals. 

Levin and Leatham (7h) reported that thyroidectomy in rats 

caused an increase in serum globulin whereas no change was noted in 

albumin concentration. On the other hand, hypophysectomy caused a 

decrease in serum albumin concentration and a rise in the globulin 
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fractions* Treatment of the hypophysectomized rats with thyroid hormone 

prevented the increase in serum globulins but not the decrease in albumin 

levels. Conversely, treatment with adrenocortical extract or deoxy-

cortisone prevented the decrease in albumin but did not inhibit the 

rise in levels of serum globulins. These results led the workers to 

conclude that albumin levels were maintained under adreno-cortical 

influence and that serum globulin levels were dependent upon thyroid 

secretion. 

As previously mentioned, Rupp et al (99) state that the thyroid 

hormone is customarily regarded as a stimulator of protein catabolism. 

However, several studies conducted on the growth promoting effects of 

thyroid hormone in rats and goats respectively, indicates that thyroxine 

exerts a more complex effect on protein metabolism than solely that of 

catabolism of tissue protein. Evans et al (1*2) studied the relation

ship of the growth promoting effects of anterior pituitary extracts 

and thyroid hormone and found that growth promotion in excess of 

normal, secured by anterior pituitary extracts, was not dependent 

upon the presence of thyroxine but was greater when thyroxine was 

present. Further, that the growth promotion of thyroidectomized or 

thyroidectomized-hypophysectomized rats in excess of normal, secured 

by anterior pituitary extracts, was maximal only if thyroxine was 

administered concurrently. Thyroxine, which promotes the growth of 

thyroidectomized animals, had no effect when administered to 

thyroidectomized-hypophysectomized rats. Reineke et al (97) reported 

that the cessation of growth and symptoms of cretinism in thyroid

ectomized kids could be alleviated by the feeding of iodinated skim-

milk proteins. Blincoe and Weeth (13) reported that radiothyroxine 
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was apparently bound to an alpha globulin in the serum of sheep and 

cattle. Thus, the serum proteins could possibly act as vehicular 

agents for the thyroid hormone "which may then exert an effect on the 

metabolism of body protein and influence the dynamic balance between 

tissue and plasma protein. 

Further evidence that changes in protein metabolism are re

flected by concurrent alterations in the electrophoretic patterns of 

serum has been shown by several workers in studies of the effect of 

protein depletion or fasting on the serum protein patterns of several 

species. Chow et al (2h) found that protein depletion in dogs resulted 

in a marked decrease of serum albumin. Gamma globulin also decreased 

slightly in concentration whereas alpha globulin remained essentially 

unchanged# Olson et al (87) reported a fall in the concentration of 

the beta lipoprotein fraction in the serum of rats fed a diet deficient 

in choline and methionine. Gulzow (5>3) reported that the amount of 

circulating albumin fell to one-third of normal in the serum of dogs 

fed very low protein diets. The final drop in albumin concentration 

occurred in a phase of especially marked negative nitrogen balance. 

The period required for regeneration of albumin depended upon the 

value of the protein administered in the diet. Gohr et al (U9) 

separated two albumin components in human serum which he designated 

as albumin I and II. In an edematous form of inanition, albumin I 

rose in concentration while albumin II decreased, whereas in a 

cachetic form of inanition, the reverse picture was found. Chakravarti 

(22) reported a reduction in total serum protein, mainly due to a 

fall in albumin, in the serum of patients suffering from malnutrition. 

Erwin (Ul) found that dietary proteins of different quality caused 
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significant alterations in the electrophoretic pattern of serum 

protein and lipoprotein fractions in rats. Wehmeyer (110) withheld 

water from cows on a hay diet for a period of three days and found that 

serum albumin underwent an increase during this period. Upon intake 

of water, a marked reduction in albumin, accompanied by a rise in 

globulin, occurred within 30 minutes to 2 hours. Muting (86) reported 

that the serum of patients suffering from mild inanition contained 

a lowered albumin content which increased to normal levels immediately 

upon intake of an adequate diet. The serum of patients with wasting 

inanition had a greatly reduced total serum protein and albumin content 

whereas an increased globulin content was noted. 

Addis et al (1) reported that 6 percent of the total protein 

was lost from the blood of rats subjected to a fasting period of 7 

days. However, the alterations in specific protein fractions were not 

studied in this case. On the other hand, Falaschini et al (lj.3) found 

no changes in the serum protein patterns of kids fed solely on rice 

bran. Pellegrini (91) reported that an electrophoretic study of the 

serum proteins of infants on protein deficient diets did not show, 

as a whole, characteristic differences from the serum protein 

patterns of infants on an adequate dietary regime. However, the 

alterations most frequently found in the serum of protein deficient 

infants were a decrease in albumin concentration and a rise in the 

gamma globulin fraction. 

Havel (56) found no consistent changes in any of the lipo

protein fractions of human plasma during periods of fasting although 

the concentration of low-density lipoproteins was apparently dependent 

upon the availability of carbohydrate for energy production. 
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Several worker3 have studied the electrophoretic patterns of 

pregnant animals subjected to varying protein intakes during the 

gestation period. In this regard, KLosterman et al (6£) reported a 

lower serum albumin in pregnant ewes on a low protein diet as compared 

to the serum albumin concentration of pregnant ewes on adequate pro

tein intake. Dalgarno et al (28, 29) found that while the total serum 

protein content was higher in pregnant ewes on a high plane of nu

trition, there was no significant difference in the albumin-total 

protein ratio between pregnant ewes on high and low nutritional planes. 

Conversely, Whiting et al (113) found no significant differences, 

until late pregnancy, either in total serum protein or albumin concen

tration in the serum of pregnant ewes on high and low protein intakes. 

Animals on low protein intakes had significantly lower total serum 

protein and albumin concentration during lactation whereas serum 

globulin content was not influenced to any marked degree either by 

protein intake or pregnancy and lactation. These workers concluded 

from their results that changes in total serum protein and/or albumin 

content were not sufficiently sensitive to serve as indices of the 

protein requirements of the mature ewe. 

The condition of pregnancy and the level of protein intake 

apparently are factors which interact to produce physiological changes 

which are manifested in alterations of serum protein patterns. 

However, several studies have shown that pregnancy in itself is a 

factor which may cause rather non specific changes in the serum 

protein patterns. In this respect, Dieckmann et al (33) found that 

total protein decreased in the serum of pregnant women during 

pregnancy and for a short period post-partum. A. rise in concentration 
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then occurred until normal levels were reached approximately 8 weeks 

post-parturn. Larson and Kendall (71) reported that, in the pregnant 

cow, total serum protein increased to a maximum level at H weeks prior 

to parturition and dropped to a minimum level at parturition. The 

decrease in protein concentration at parturition was apparently caused 

by the loss of immune globulins, including some alpha and beta com

ponents. The level of serum albumin, beta, and gamma globulins were 

not observed to change appreciably during pregnancy. Shetlar et al 

(101) found that the serum of women in the third trimester of pregnancy 

contained a high glycoprotein level, which suggested an influence of 

factors other than inflammatory conditions on serum glycoproteins 

levels • Centonze and DeSalvia (21) studied the serum glycoproteins 

in normal and pregnant women and separated £> fractions which were 

designated albumin, alpha-1, alpha-2, beta, and gamma globulin with 

respect to electrophoretic mobility. Albumin glycoprotein values in 

the serum of pregnant women remained below those of normal serum 

whereas the alpha-2 fraction underwent an increase in concentration 

from tern until the UOth day of puerperium. Little change in the 

levels of alpha-1 glycoprotein was noted. Beta glycoprotein decreased 

from term to 1*0 days puerperium whereas the average level of gamma 

glycoprotein fell slightly at delivery and returned to normal at h.0 

days puerperium. 

Bouman (17) reported that total protein, albumin, and gamma 

globulin decreased in the serum of women during pregnancy whereas 

alpha and beta globulin increased. However, Bouman pointed out that 

since hydremia was high during pregnancy, the drop in total protein, 
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albumin, and. gamma globulin could not be considered as being real but 

occurred due to the dilution of the protein components. MacGillwray 

and Tovey (76) also reported a fall in total protein, albumin, and 

gamma globulin and a concurrent rise in levels of alpha and beta 

globulin in the serum of pregnant women. However, these workers 

apparently did not consider the condition of hydremia mentioned by 

Bouman (17) • Cuilla (25) found that the lipoprotein spectrum in the 

serum of pregnant women showed generally low levels of concentration 

and a preponderance of components possessing a low molecular weight. 

Conversely, Howe (6l) reported that pregnancy in the cow had no 

appreciable effect on plasma proteins except in cases of infection or 

abortion. 

Caerniki (27) found that changes in serum'protein patterns 

which ware characteristic during pregnancy in the human could not be 

shown in the pregnant bovine. This is in agreement with the pre

viously mentioned results of Dieckmann and Wegner (33) and Larson and 

Kendall (71)} studying humans and cows respectively, in that an 

entirely different serum protein picture during pregnancy was found in 

each species. 

The studies of Moore (81) and Balakrishman et al (3) on the 

serum proteins of various species showed that each species possessed a 

characteristic serum protein pattern which was highly reproducible 

under comparable conditions. Deutsch and Goodloe (31) conducted an 

electrophoretic study on the serum proteins of 20 different species 

and found that while each species had a characteristic and reproducible 

pattern, there was great variation among speciesj in mobility, number 

and relative concentration of components, and in the resolution of 
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some plasmas due to small differences in the electrophoretic mobility 

of various protein components# Bossack et al (16) conducted electro

phoretic studies of lipoproteins in the serum of man, dogs, monkeys, 

and rabbits and found a distinct species difference in regard to lipo

protein patterns, 

A difference in levels of serum proteins within species is 

also apparent since Erwin (lj.0) reported that levels of certain serum 

protein fractions differed significantly between Angus and Brahman 

breeds of cattle under similar environmental conditions. Ho significant 

breed differences were found, however, in glycoprotein or lipoprotein 

fractions• 

Although the electrophoretic pattern of serum proteins have 

been studied in a large number of species, little work can be found on 

the glycoprotein and lipoprotein patterns in the serum of ruminant 

animals. 

In previously mentioned studies, it was shown that the 

thyroid hormone was a factor involved in the regulation of protein 

metabolism and that its effects were, in certain cases, reflected in 

alterations of serum protein patterns. In addition to thyroxine, 

several other hormones have been found to exert physiological effects 

which were manifested in changes in the levels of the serum proteins. 

Bondy (1U) found that the hormonas of the adrenal cortex exerted a 

protein catabolic effect on carcass and lymphoid tissue which was 

apparently independent of the action of thyroxine. Levin and Leatham 

(7U) reported that the fall in serum albumin, noted in hypophysec-

tomized rats, could be prevented by administration of adreno-cortical 

extracts; thereby suggesting that serum albumin levels were under the 
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control of the adrenal cortex# White and Dougherty (112) found that 

adreno-cortical hormones had a protein catabolic effect which was 

apparently independent of that of thyroid secretion. Bernasconi (8) 

reported an increase in the total protein of all electrophoretic 

fractions in the serum of rats treated with adrenocorticotropic hormone. 

This effect was followed by a general decrease in serum protein levels 

except for the alpha-2 serum protein which maintained a high concen

tration, Further, an increase was noted in the carbohydrate content 

of the alpha-2 and gamma globulin fractions whereas a decrease occurred 

in the level of carbohydrate constituents of beta globulin. In 

addition to the studies previously mentioned, Bernasconi (6, 7) reported 

that treatment of rats with growth and gonadoptropic hormones caused 

marked alterations in the electrophoretic pattern of serum and glyco

proteins. 

At the present time, studies are lacking on the effect of 

adrenaline on serum protein patterns although Gleye et al (U7) have 

shown that the administration of adrenaline markedly reduces serum 

albumin in the guinea pig. Several investigations have shown that 

certain serum proteins bind vitamin A and carotene and thus may 

provide for their transportation in the blood to sites of utilization 

(Erwin £t al (39), Ganguly et al (U6) Dsialoszynski et al (36).) 

"With rats, Klopp et al (6I4.) found that adrenaline injections resulted 

in an increased serum vitamin A content while Hillman ($9) reported 

that adrenaline injections resulted in. an increased serum vitamin A 

content in 1*2 percent of normal and cirrhotic human subjects. However, 

Goodwin jgt al (f>l) found no change in levels of serum vitamin A in 

rats and rabbits subjected to adrenaline injection. It has been 
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shown by previously mentioned studies that various hormones are 

capable of altering serum protein patterns. Therefore, it is possible 

that the effect of adrenaline on the alteration of vitamin A in the 

blood of man and mono gastric animals reported by Hillman (59) and 

Klopp (6U) was predisposed by changes in serum protein fractions. 

Studies of the serum protein, glycoprotein, and lipoprotein 

fractions of serum often involve the treatment of large numbers of 

serum samples and it is often necessary to store serum samples for 

a period of time prior to electrophoretic fractionation. This 

procedure could possibly lead to erratic results due to changes in 

the concentration or electrophoretic mobility of certain of the 

protein moieties present in serum. Shulz (103) and Hoch and 

Chanutin (60) reported that the exposure of serum proteins to 

heat or storage at room temperature respectively, caused alterations 

in the electrophoretic mobility of certain serum components * 

Goffaux (U8) and Moore jet al (8U) reported that freezing or lyo-

philization (81*) of human serum resulted in alterations of the 

electrophoretic pattern, Kuttler and Marble (69) reported a sig

nificant increase in the beta fraction of ovine serum proteins as 

a result of 9 months storage at -20° C. Further, Pensinger et al 

(92) found that repeated freezing and thawing significantly altered 

the electrophoretic pattern of baby swine serum, 

Goldwater et al (£0) reported that different techniques of 

preparation caused variations in the electrophoretic pattern of 

canine serum. On the other hand, Matthews and Buthala (77) reported 

no change in the electrophoretic pattern of swine serum after re

peated freezing and thawing and Campbell (18) found no variations 
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in the electrophoretic pattern of serum stored for a prolonged 

period at low temperature. 

As previously shown (3, 16, 31» 81), serum components differ 

in various species of animals and it is possible that conditions of 

storage may affect the serum proteins of one species differently 

than those of another. Limited information is available concerning 

the effect of storage on the glycoprotein and lipoprotein fractions 

in serum. Moore et al (8U) concluded that changes in serum proteins 

which occurred at room temperature were mainly due to the lipid 

content of the serum, whereas the alterations which occurred at more 

drastic temperatures were due to protein denaturation, a process 

independent of lipids. Oncley and Gurd (89) stated that the solu

bility of alpha lipoprotein changed by large amounts upon aging 

despite freezing in the absence of light and oxygen and with or 

without various antioxidants. The electrophoretic pattern of beta 

lipoproteins changed upon aging, apparently due to the oxidation of 

carotenoids and unsaturated fatty acid residues. Solubility, how

ever, was apparently not affected. 

An apparatus for the electrophoretic fractionation of 

charged particles was first developed and applied to proteins by 

Tiselius (108) in 1937• Since that time electrophoretic techniques 

have been successfully applied in many fields of the biological 

sciences and many modifications of the original apparatus, especially 

in regard to the supporting media have been made. The development 

of an improved hanging strip paper electrophoresis technique by 

Williams et al (llU) provided a simple and accurate method of electro

phoresis which immediately found wide application in the field of 
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clinical medicine. The significance of the clinical applications 

of paper electrophoresis has been reviewed in a recent paper by 

Ehrmantraut (37)• Paper electrophoresis provides a method for the 

separation of proteins without affecting the native structure and 

properties of the molecules and thus lends itself particularly well 

to the study of the complex protein fractions of the blood. According 

to Moore (80) the results of paper electrophoresis, in the case of 

serum proteins, agree closely with the values obtained by free 

electrophoresis. Although quantitative results can not be expected 

for glycoproteins or lipoproteins, paper electrophoresis is never

theless a valuable aid in the study of the changes which these 

proteins may undergo in the serum. 



EXPERIMENTAL 

The Development of Serum, Glyco-, and Lipoproteins 

in Lambs in Relation to Age 

The importance of the serum proteins as factors -which aid 

in the maintenance of normal physiological and nutritional states 

in the body has been previously discussed. In addition, as re

viewed by Ehrmantraut (37), the alterations of serum protein fractions 

have been studied in many specific disease conditions and have been 

used as a diagnostic aid. 

It is important, therefore, to understand the normal de

velopment of proteins in the serum so that abnormal conditions may 

be evaluated. Although considerable study has been made of the 

development of serum protein fractions in various species, no 

information is available concerning changes in the glycoprotein 

and lipoprotein fractions of newborn lamb sera. The objective of 

the present study was to study the development of the serum protein, 

glycoprotein, and lipoprotein fractions in the serum of the newborn 

lamb and thereby gain some knowledge of the normal course of de

velopment of these protein fractions in the young lamb. 

Materials and methods 

Blood samples were withdrawn from 6 newborn lambs at 

intervals of 1, 7, ill, 28, and hZ days of age. Serum was prepared 

2k 
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from the whole blood and immediately frozen until analyzed. Electro-

phoretic separation for serum, glyco"*, and lipoproteins was performed 

on paper strips (.008 ml. for serum proteins and .0U ml. for glyco" 

and lipoproteins) in a Durrum-type cell with sodium veronal buffer 

pH « 8.6j u • .075; 2.5 ma») for 16 hours. Serum proteins were dyed 

with alcoholic bromphenol blue and glyco- and lipoproteins were dyed 

with a Schiff base reagent and oil red "O" dye respectively. After 

the dyeing process, the strips were scanned immediately with a 

Spinco Model RB analytrol and the percentages of each protein fraction 

were calculated from the integrated tracing. 

Results and discussion 

The typical changes in serum, glyco", and lipoproteins of one 

of the lambs are shown in fig. 1. The average percent of serum 

albumin in the 6 lambs increased until the 7th day, after which it 

decreased until the lUth day and remained constant for the rest of 

the study (fig. 2). The changes in the average percent of beta and 

gamma globulin (fig. 2) coincided with the results reported by 

Jameson et al (62). Levels of these fractions were high at 1 day 

after birth and then decreased until the 7th day, after which an 

increase in concentration occurred until the lambs were 2 weeks old. 

On the other hand, the changes in the percentage of alpha globulin 

fraction were similar to those reported by Dunlap and Dickson (35). 

The average percentage of alpha globulin increased until the 28th day 

and then began to decrease slightly. Perhaps a longer study would 

have shown a further decrease in the percentage of alpha fraction 



Fig# 1* Typical changes in the electrophoretic pattern of serum, 
glyco- , and lipoproteins in lambs from 1 to U2 days of 
age. 
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as the lambs matured. 

Only 3 distinct fractions of glycoproteins in ovine serum 

could be separated by the method used in this investigation (fig. 1)• 

These were designated as I, II, and III, representing the fastest to 

the slowest electrophoretic mobilities respectively. Fraction I and 

fraction III move in an electric field similar to albumin and gamma 

globulin respectively. Fraction II contains alpha and beta portions 

which could not be separated in ovine sera. Total analytrol count 

(indicative of total glycoproteins) decreased in lambs from 1 to 7 

days of age, increased slightly to 28 days, and remained essentially 

unchanged thereafter (fig. 3) • Fraction I was low at birth and rose 

until the 28th day, after which a decrease in concentration occurred 

(fig, 3)• The electrophoretic pattern of fraction II showed a high 

peak at birth (fig, 1), which decreased afterward in proportion to 

the increase in percentage of fractions I and III (fig. 3)• Fraction 

III exhibited little marked change other than a slight decrease to an 

age of 7 days and slight increase up to llj. days, after which the 

percentage remained constant (fig. 3)» 

Three distinct fractions were found in the lipoprotein patterns 

which were designated in the same manner as the glycoproteins. One 

day following birth, fraction III constituted nearly all of the 

lipoprotein present in serum (fig, 1). However, at 7 days of age, 

fraction III had decreased sharply while fractions I and II increased 

correspondingly (fig. U)• The average percentage of fraction I 

increased up to 28 days then decreased slightly (fig. U)• The average 

percentage of fraction II in the lambs rose sharply for 7 days then 



Fig. 2, Changes in the average percentage of serum protein fractions 
in lambs from 1 to kZ days of age. 
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Fig. 3« Changes in the average glycoprotein fractions in the serum 
of lambs from 1 to i±2 days of age. 
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Fig® i|. Changes in the average percentage of lipoprotein fractions 
in the serum of lambs from 1 to U2 days of age. 
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decreased to 28 days of age (fig. U)» Total lipoprotein (total 

analytrol counts) increased markedly for a period of 111 days and 

declined steadily thereafter (fig» U)• 

The alterations in serum, glyco"", and lipoprotein fractions 

reflect the rapid physiological changes in the development of the 

newborn. When more exacting information becomes available relative 

to the exact role of each protein fraction, normal developmental 

processes will be more clearly understood. 

Summary 

Blood serum from 6 newborn lambs was electrophoretically 

separated for serum, glyco-, and lipoproteins at 1, 7, lU, 28, and 

U2 days of age. Development of each fraction was studied in re

lation to age* 

Serum proteins varied in the following manner: 

1* Albumin rose after birth for a period of 7 days and 

then decreased to a constant level, 

2, Alpha globulin increased for 28 days and decreased 

slightly thereafter, 

3, Beta and gamma globulins were relatively high 1 day 

after parturition, decreased for 7 days, and increased slightly there

after. 

Three distinct glycoprotein fractions were designated as I, 

II, and III with respect to electrophoretic mobility, 

1. Total glycoprotein (total analytrol counts) decreased 

sharply from 1 to 7 days then increased to a constant level at 28 days. 
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2« The average percent of fraction II was high 1 day 

after parturition and thereafter decreased approximately in proportion 

to the increase in percentage of fractions I and III* 

Three distinct lipoprotein fractions were observed and des

ignated in the same manner as the glycoprotein fractions, 
i 

1. Fraction III constituted nearly all of the lipoprotein 

present at 1 day after parturition and decreased sharply thereafter 

to a more constant level* 

2* The average percentage of fraction I increased for 

28 days and decreased slightly thereafter. 

3* Fraction II increased for a period of 7 days, decreased 

for 28 days and then increased slightly* 



The Development of Serum, Glyco-, and Lipoproteins in 

Normal and Colostrum-Deprived Dairy Calves 

The studies of Pierce (9U, 95), Smith (101+), Deutsch and 

Smith (32), and Jameson et al (62) have sho-wn that the newborn calf 

is lacking in serum gamma globulin, which it must aquire from 

colostrdm within 2k hours after birth. As mentioned previously, 

several groups of workers have studied the development of serum 

protein fractions in the young of various species. Montemagno et al 

(79) reported the percentage values of serum, glyco", and lipopro

teins in the mature bovine and equine species. However- no references 

could be found on the development of glycoproteins and lipoproteins 

in the young ruminant. Therefore, this work was initiated to study 

the fluctuations in the electrophoretic pattern of serum, glyco"", and 

lipoproteins in noimal and colostrum-deprived calves. 

Methods and materials 

One Jersey and 1 Holstein female calf and 2 male Holstein 

calves were used as experimental animals in this study which was 

conducted from February to June of 1959. The male calves were re

moved from the cow immediately after birth and deprived of colostrum. 

They were maintained on mature milk which was fed at the rate of 1 lb. 

of milk per day per 10 lb. of body weight. Hay and concentrate were 

provided. The female calves served as normal controls. They were 

allowed to remain with their dams for the first three days after birth. 

37 
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Thereafter they ware managed the same as those deprived of colostrum* 

Treatments were randomly assigned to the calves before birth. Blood 

samples were withdrawn at 1, 3, 7, lU> 21, 28, 1*2, £6, and 70 days 

of age and serum was frozen at -30° <3. until fractionated electro-

phoretically. Serum samples (.01 ml. for serum proteins and 0OI4. ml. 

for glyco" and lipoproteins) were electrophoretically fractionated 

in a Spinco Model R electrophoresis apparatus on paper strips in 

sodium veronal buffer (pH » 8.6j u 13 .075>j 2.5 ma.) for 16 hours. 

Serum proteins were dyed with alcholic bromphenol blue and glyco" 

and lipoproteins were stained with a Schiff base reagent and oil 

red "0" dye respectively. After the staining process, the strips 

were scanned immediately in a Spinco Model RB analytrol and the 

percentages of each protein fraction were calculated from the in

tegrated tracing. 

Results 

Typical changes in the electrophoretic patterns of serum, 

glyco-, and lipoproteins of normal (C) and colostrum-deprived (0) 

calves from 1 to £6 days of age are shown in fig. 5>« Table 1 shows 

the fluctuations in the average percent of serum protein fractions 

of the (C) and (0) calves from 1 to 70 days of age. 

The average percent of the serum albumin fraction of the (C) 

sera was markedly lower at 1 day after birth than that of the (0) 

sera (table 1). Albumin percent increased steadily in the (C) sera 

until the age of 70 days when it reached a percent above that of the 



Changes in the eiectrophoretic pattern of serum, glyco-3 
and lipoproteins in the serum of normal (C) and colostrum-
deprived (0) dairy calves. 
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Table 1. Devslopraent of serum proteins in the serum of normal (C) and Colostrum-
deprived (0) calves 

Days of age 

1 3 7 1h 21 28 1*2 56 70 

Serum proteins 
Albumin j> (G) 

(0) 
29.1 
53.2 

33.2 
1*9.2 

35.8 
1*8.8 

1*1* .1* 
1*9.0 

1*9.3 
52.6 

1*8.9 
57.0 

50.3 
57.3 

1*9.5 
52.3 

51.5 
1*1*.7 

Alpha % (G) 
(o) 

18.5 
28.6 

15.3 
29.1 

11* .5 
27. h 

U+.3 
23.7 

H*.9 
22.8 

11*.7 
19.3 

13.8 
17.0 

11* .0 
17.7 

13.9 
16.6 

Beta % (c) 
(o) 

11.1 
15.1* 

15.5 
19.0 

16 a 
21.1 

15.7 
22.1 

17.0 
18.5 

llwO 
H*.8 

16.6 
11* .8 

16.2 
11* .5 

15.6 
H* .5 

Gamma % (c) 
(o) 

i*l. 2 
1*.U 

35.9 
6.2 

33.5 
5.3 

25.2 
51. 

19.7 
6.0 

22.3 
7.3 

18.1* 
11.2 

20.2 
15.8 

19.0 
2l*«2 
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(0) sera* The average percent of the (C) alpha and beta fractions 

were also lower at 1 day post-partura than the alpha and beta of the 

(0) sera. The alpha fraction of the (C) calf sera decreased sharply 

from 1 to 3 days after which it remained fairly constant. On the 

other hand, the alpha fraction of the (0) calves increased slightly 

from 1 to 3 days and then decreased steadily until k2 days of age 

to a relatively constant level. The beta fraction of both (c) and 

(0) calves followed a similar pattern in regard to fluctuations. 

The (C) beta fraction increased for 21 days, then dropped until an 

age of 28 days and increased slightly thereafter. The beta fraction 

of the (0) calves rose sharply until the age of 2 weeks and then 

decreased to an average percent similar to that of the (C) calves 

at 28 days of age. 

The large percentage of gamma globulin in the (C) calf sera at 

birth largely accounted for the differences between albumin percent 

in the (C) and (0) calves. Gamma globulin percent in (C) and (0) 

serum decreased and increased respectively in a linear fashion. 

After k2 days (table 1), gamma globulin percent in (0) calves 

approximated the percentage in (C) calf sera. 

Four different glycoprotein fractions were observed by this 

method of electrophoretic separation and were designated as I, II, 

III, and IV, in respect to electrophoretic mobility. These results 

are in agreement with those reported by Montemagno et al (79). Frac

tion I moves in an electric field at a rate similar to serum albumin 

while fractions II, III, and IV move as alpha, beta, and gamma 

globulin respectively. Total glycoproteins (total analytrol counts) 
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of the (C) calves remained below that of the (0) calves during the 

study (table 2). However, both underwent similar fluctuations. The 

total counts decreased for a period of 21 days (0) to 28 days (C), 

and then increased until an age of U2 days after which a drop in the 

average percentage was noted (table 2). Fraction I of both (C) and 

(0) calves increased until U2 days of age and then leveled off. The 

average percentage of fraction I in the (C) calves remained below that 

of the (0) calves during the study. Fraction II of the glycoproteins 

also underwent similar changes in the (C) and (0) calves and showed 

no marked difference in fluctuations. Fraction II decreased in 

both (C) and (0) calves between 1 and 1*2 days and remained constant 

thereafter. There was also little difference in the average percent 

of fraction III between the normal and colostrum-deprived calves 

during the study. The average percent of fraction III in both (C) 

and (0) calves increased with minor fluctuations until £6 days of 

age when a drop in the average percentage occurred. There was a 

distinct difference in the concentration of fraction IV in the (C) 

and (0) calves from 1 to 21 days of age. During this period the 

average percent of fraction IV in the sera of normal calves was 

much higher than in that of the colostrum-deprived animals. At 21 

days of age the average percent of fraction IV (C) decreased sharply 

and increased gradually thereafter for the remainder of the study. 

The concentration of fraction IV (0) remained at a low level until 

an age of 21 days after which the average percentage increased for 

the remainder of the study. 



Table 2. Development of glycoproteins in the serum of normal (C) and colostrum-
deprived (0) dairy calves 

Glycoproteins 
Total: (C) 

(0) 

Fraction I % (C) 
(0) 

Fraction II % (C) 
(0) 

Fraction III % (c) 
(0) 

Fraction IV % (C) 
(0) 

Days of age 

13 7 lk 21 28 1*2 56 70 

128 110 109 86 77 69 111 89 86 
136 1U9 ll*l* 89 82 97 128 9k 135 

2.0 1.7 5.1 2.2 5.1; 6.9 12.8 11.3 12.9 
9.6 9.2 8.5 6.5 11.2 9.5 l6.li 15.2 17 .ij 

7lu3 69.8 61.5 63.7 69 Ji 61.6 1+7.7 1*8.1 51.5 
76a 70.1* 69.8 68.9 58.7 67.8 1*6.6 1+6.5 1+1+.3 

28.6 28.k 29.3 3U.0 15.3 11.1 17.6 20.2 H* .1* 
8.7 12.6 li.U 11+.8 21.9 ll+.O 17.6 17.9 12.7 

0.0 0.0 0.0 0.0 13.0 17 .k 21.8 18.8 21.2 
8.7 8.5 7.1* 9.9 X5.0 8.7 19 *k 20.3 25.5 
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Five lipoprotein fractions are generally found upon analysis 

of human sera (80). Montemagno et al (79) report the results of 

lipoprotein analysis of bovine sera as two general protein fractions. 

In the present 3tudy three distinct lipoprotein fractions were 

separated by this method of electrophoresis and were designated in 

the same manner as the glycoprotein fractions with regard to electro-

phoretic mobility. Total lipoprotein (total analytrol counts) of 

the normal sera increased sharply after birth to an age of 21 days, 

decreased to U2 days, and increased thereafter. Total lipoprotein 

of the colostrum-deprived sera increased sharply to 21 days of age 

and decreased thereafter (table 3)• Fraction I of both normal and 

colostrum-deprived calves followed the same general trend throughout 

the experiment. An increase in average percent was noted for 21 

days after which a slight decrease for lU days corresponded to the 

increase in fraction I (C). A rise in average percentage then 

occurred to an age of h2 days. On the other hand, fraction II (0) 

dropped slightly from 1 to 3 days, increased sharply at 7 days, 

dropped again to 21 days of age and increased thereafter to a constant 

level at U2 days of age. Fraction III of the lipoproteins followed 

the same general pattern of fluctuations in the sera of the normal 

and colostrum-deprived calves. A sharp decrease in average percent 

was noted from 1 to 21 days after which fraction III (C) increased 

slightly to a constant level. Fraction III (0) rose sharply at this 

time to 28 days of age and then decreased to 1±2 days of age after 

which a slight increase in average percent occurred. 



Table 3. Development of lipoproteins in the serum of normal (€) and colostrum-
deprived (0) dairy calves 

Days of age 

1 3 7 1U 21 28 1*2 56 70 

Lipoproteins 
156 Total: (c) 71 156 181* 196 239 23U 218 231 21*5 

(0) 68 133 188 283 239 308 252 162 196 

Fraction I % (c) 26.0 51.5 57.2 67.7 71.2 61.8 66.5 61.9 59.7 
(0) 12.1 3l*.9 37.6 56.2 75.7 62.0 11*.3 23.7 51*.9 

Fraction II % (G) 38.3 2k.h 16.5 16.6 17.3 21* .3 20.1 25.5 25.7 
(0) 27.9 21.7 3U.7 26.9 12.2 11* .3 25.9 25.6 27.5 

Fraction III % (c) 35.6 2k.k 26.2 15.6 11.5 13.8 13.3 12.5 11* .6 
(0) 1*9.1 ii3.lt 27.6 16»8 12*0 23.7 16.6 19.2 17.6 

£ 
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Discussion 

The changes in the electrophoretic patterns of serum, glyco-, 

and lipoproteins reflect the rapid physiological development of the 

young calf. The drop in percentage of serum albumin in the (0) calves 

at an age of U2 to 70 days appeared to be somewhat proportional to 

the rapid rise of the "autogenous globulin" reported by Pierce 

(9U» 95) • Conversely, the serum albumin of the (C) calves underwent 

an increase in albumin percentage which perhaps could be explained 

by the proportional drop in the gamma globulin percent to an age of 

21 days. The appearance of small amounts of a fraction which migrated 

electrophoretically as gamma globulin also coincided with the results 

of Pierce (9U, 95) and could be either "autogenous globulin" or gamma 

globulin acquired in utero. On the other hand, Jameson et al (62) 

found no gamma globulin present in the sera of newborn calves at 

birth. However, this is presumably a factor which could vary con

siderably between various animals. The results are similar to those 

reported by Jameson et al (62) in that alpha globulin was high at 

birth in both (C) and (0) calves and decreased thereafter, and that 

the beta globulin underwent an increase in concentration for a short 

period, then dropped. The changes in the percent of s erum albumin 

observed in this study showed a marked difference between the (C) and 

(0) calves. This was not in accord with the results of Dunlap and 

Dickson (35) who reported no significant changes in the albumin 

fraction of newborn lambs. Possibly, there could be a species 

difference involved or, environmental factors that were not controlled 
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in these studies* 

Since the exact functions of lipo" and glycoproteins remain 

obscure, the explanations of the significance of the developmental 

fluctuations cannot be offered. The higher concentration of fraction 

IV in the glycoproteins in the (C) calves and the reverse picture 

in the (0) calves indicates a relationship of this fraction to gamma 

globulin. More study is needed to determine the exact roles of 

glyco" and lipoproteins in regard to physiology and nutrition in 

order that the significance of developmental changes can be under

stood* 

Summary 

Blood serum from normal (C) and colostrum deprived (0) calves 

•was electrophoretically separated for serum, glyco", and lipoproteins 

at 1, 3j It 21, 28, 1;2, £6, and 70 days of age. Development of 

each fraction "was studied in relation to age and treatment with and 

without colostrum at birth. 

Serum proteins varied in the following manner: 

1. Serum albumin (C) was markedly lower at one day after 

birth than albumin in (0) serum. Albumin (C) increased for 70 days 

when it reached a level above albumin (0). 

2. Alpha and beta globulin (C) levels were also below 

those of alpha and beta globulin fractions in (O) serum. The alpha 

globulin fraction (C) decreased to a rather constant level at 3 days 

after birth whereas the alpha fraction (0) increased slightly for 

1 to 3 days after birth and then decreased to reach a constant level 
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at UZ days of age. 

3* The (C) beta fraction increased for a period of 21 

days, decreased from 21 to 28 days and increased slightly thereafter. 

Beta globulin (0) increased in concentration for lU days and then 

decreased to an average percent similar to that of the (C) calves 

at 28 days of age* 

U. Gamma globulin percent in (C) and (0) serum decreased 

and increased respectively in a linear fashion. At 1*2 days of age, 

the level of gamma globulin (0) approximated that in (C) calf serum. 

Four distinct glycoprotein fractions were designated I, II, 

III, and IV with respect to electrophoretic mobility. 

1. Total glycoprotein (total analytrol counts) decreased 

for a period of 21 days (0) and to 28 days (C) and then increased 

until an age of U2 days after which a drop in the average percentage 

was noted. 

2. Fraction I of both (C) and (0) calves increased to a 

constant level at I4.2 days of age. 

3. Fraction II decreased in both (C) and (0) calves 

between 1 and 1*2 days of age and remained constant thereafter. 

U. The average percent of fraction III in both (C) and 

(0) calves increased with minor fluctuations until £6 days of age 

when a decrease in average percent occurred. 

£• A marked difference was noted in levels of fraction IV 

between (C) and (0) calves from 1 to 21 days of age in that fraction 

IV (C) was present in much higher concentration than that in the serum 

of the (0) calves. At 21 days of age, fraction IV (C) decreased 
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sharply and then increased for the remainder of the study. Fraction 

IV (0) remained at a low level until 21 days of age after which an 

increase in concentration occurred. 

Three distinct lipoprotein fractions were observed and des

ignated in the same manner as the glycoprotein fractions, 

1. Tbtal lipoprotein (total analytrol counts) in both 

(C) and (0) serum increased for a period of 21 days and decreased 

thereafter# 

2. Fraction I of both (C) and (0) serum increased for a 

period of 21 days after which a fall in average percent occurred. 

3. Fraction II (C) decreased for lU days and then rose 

in concentration to U2 days of age. Fraction II (0) dropped slightly 

from 1 to 3 days, increased sharply at an age of 7 days, dropped 

again to an age of 21 days and increased thereafter to a constant 

level at U2 days of age. 

U. Fraction III in both (c) and (o) calf serum decreased 

in average percent from 1 to 21 days of age, after which fraction III 

(C) increased slightly to a constant level while fraction III (0) 

rose sharply until 28 days of age, decreased until an age of lj.2 days, 

and increased slightly in concentration thereafter. 



The Effect of Dietary Protein Level and Fasting 

on Serum Proteins and Glycoproteins in Sheep 

Previous studies conducted by other workers have shown that 

in several different species the serum protein levels are affected by 

the level of protein in the diet or by a period of fasting. In the 

human subject, Muting (86) found that low levels of serum albumin 

provailed during periods of mild inanition while in cases of wasting 

inanition, lowered albumin and high globulin levels were found. 

Gulzow (53) reported similar results in the case of dogs subjected 

to severe starvation and found that the period for regeneration of 

plasma proteins depended upon the quality of dietary protein. Chow 

et al (2lj.) also reported that protein depletion in the dog resulted 

in a marked decrease in serum albumin. Dalgarno (28) reported that 

although total blood protein was higher in ewes on a high plane of 

nutrition than in those on low plane, there was no significant 

difference between the albumin-total protein ratio in the serum of 

the animals on different nutritional planes. Whiting et al (113) 

studied the serum protein content of ewes in relation to level of 

dietary protein. No significant differences were found in total 

serum protein or albumin until late pregnancy. 

The opposing nature of the reports on the effect of dietary 

protein level or fasting on serum protein levels indicates that 

perhaps a species difference is involved. No work has been reported 

5l 
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concerning the effect of protein depletion or fasting on the levels 

of glycoproteins and lipoproteins in the serum of the ruminant. 

The present work -was therefore initiated in order to study 

the effect of protein depletion and fasting on the levels of serum, 

glyco-, and lipoproteins in the sheep* 

Materials and methods 

Protein level. Sixteen mature Suffolk ewes weighing approx

imately 120 lb. were divided at random into two groups of 8 animals 

each. One of the groups was fed a high-protein ration containing 

approximately 11 percent crude protein while the other group received 

a low-protein ration containing 6 percent crude protein. The com

position of the two rations is shown in table k* Blood samples were 

withdrawn for electrophoretic analysis at the time the animals were 

placed on the respective rations and every 28 days thereafter for a 

period of 112 days. Serum samples were electropharetically fraction

ated for serum, glyco"*, and lipoproteins according to the procedures 

described in previous studies* Serum lipoproteins, however, were 

apparently affected in an adverse manner by storage and the results 

obtained were not considered sufficiently valid for inclusion in 

the present paper. 

The differences between the mean values of protein levels 

in the serum of each group at the sampling intervals were tested for 

significance by the method of group comparisons outlined by Snedecor 

(106)» Differences between the mean values of body weight were tested 

for significance in the same manner. 



5>3 

Table lu Composition of high and lo*«- protein rations 

Rations 

Constituent High-protein Low-protein 

Processed cotton 
Gin burrs 1US0 lb. 11*70 lb. 

Molasses 200 200 

Urea 20 

Cottonseed meal 220 

Ground milo 100 300 

Salt 20 20 

Bone meal 10 10 

Total 2020 2000 

Fasting. Six mature ewes were divided into 2 groups of 3 

animals each. One group was fed ad libitum the 11 percent protein 

ration used in the previous study. The other group was subjected to 

a 12 day fasting period. At the end of the first period the groups 

were reversed} according to treatment, for another period of 12 days® 

Blood samples were withdrawn at intervals of 0, 3, 6, 9, and 12 days 

during each period. Serum samples were electrophoretically fraction

ated for serum, glyco", and lipoproteins according to the procedures 

described in previous studies. Due to unexplainable difficulties 

encountered in the staining procedure, the analysis for lipoproteins 

was unsuccessful. Therefore, the data presented pertains only to 

the serum protein and glycoprotein fractions in the serum of the 
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experimental animals. 

Results and discussion 

The low level of dietary protein caused a significant 

decrease in the body weight of the experimental animals (table 5)• 

However, as shown in table 6, no significant differences were 

found at any of the sampling periods between the mean values of 

either the serum protein or the glycoprotein fractions in the serum 

of animals on high-protein and low-protein rations. 

Table Average changes in body weight of sheep during 
a 112 day feeding period on high-protein and 
low-protein rations 

Days 

Ration 0 28 *6 Qh 112 

High protein 125 122 128a 136a 138 a 

Low protein 121 117 107 107 101 

a Significant difference between the mean body weight of high 
and low-protein groups, (P<1$). 

These results were in accord with those reported by Dalgarno 

et al (28) and Whiting et al (113) who found that serum protein 

levels in mature sheep were not significantly affected by dietary 

protein level* Studies with dogs (2l*) have shown that serum protein 

levels are markedly affected by quality of dietary protein and Erwin 

(Ul) found that serum protein levels in rats were also influenced by 
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Table 6. Effect of high and low dietary protein levels 
on serum protein and glycoprotein fractionsa 
in sheep 

Days 

Serum proteins 0 28 56 8U 112 

Albumin % High 1*6.9 U6.0 U5.2 U6.8 U5.U 
Low uu.u U5.7 U6.3 UU.9 Ui.5 

Alpha % High 6.7 6.9 7.2 7.1 7.8 
Low 9.8 8.7 9.0 8.5 8.7 

Beta % High 18.2 17.7 19.7 17.3 16.1 
Low 17*5 18.8 18 .U 18.6 17.5 

Gamma % High 28.2 29 .k 27.9 28.8 30.7 
Low 28.3 27.2 26.3 28.0 32.3 

Glyc oproteins 

Total High 160 178 181 153 13U 
Low 172 185 176 169 128 

Fraction I % High 17.8 16.6 17.1 16.8 lU.U 
Low 16.3 18.0 15.5 15.7 13.1 

Fraction II % High 51.7 51.1 53.2 50.8 53.3 
Low 51.8 U8.6 51.7 50.2 5U.6 

Fraction 111% High 30.5 32.3 29.7 32 .U 32.3 
Low 31*9 33 .h 32.8 3U.1 32.3 

a Expressed as average percent of total proteins* 
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quality of dietary protein. In comparing the results of the present 

study with those of other workers it is apparent that a species 

difference in protein metabolism may be involved which is reflected 

in the response of serum protein fractions to changes in dietary 

protein levels. 

The effect of fasting and refeeding on serum protein and 

glycoprotein fractions is shown in table 7. Serum albumin tended 

to decrease in the fasted animals while a slight rise was found in 

the alpha globulin fraction# Beta globulin was not affected by the 

fasting or refeeding periods. Gamma globulin fractions showed a 

slight tendency to increase but not in proportion to the decrease 

in albumin concentration. These results further indicate that 

a species difference may exist in regard to the response of body 

metabolism-to changes in dietary regime. 

Total glycoproteins (total analytrol count) tended to rise 

during periods of fasting. However, there was no appreciable change 

in any of the specific glycoprotein fractions due to fasting or 

refeeding. 

Summary 

The effect of protein depletion and fasting on serum and 

glycoprotein levels was studied using mature Suffolk ewes as ex

perimental animals. 

No significant differences were found either in serum or 

glycoprotein levels due to a low level of dietary protein although 

significant changes occurred in body weight. Serum albumin levels 



Table 7« Effect of a 12 day fasting period on serum proteins and glycoproteins 
in sheep 

Group 1-Fasted Group i-Fed 

Days 0 3 6 9 12 3 6 9 12 

Serum proteins 
1*6.6 Albumin % 1*7.0 1*5.5 1*5.3 1*6.6 1*3.0 1*0.2 li.0.8 1*0.6 1*0.1 

Alpha % 6.9 6.5 7.9 8.9 7.8 9.5 9.5 11.3 11.6 
Beta $ 16.2 18.0 16.9 15.0 16.2 17.2 17.1 16.3 15.8 
Gamma % 29.9 30.0 29.9 29.5 33.0 33.1 32.6 31.8 32.5 

Glycoproteins 
126 186 Total 115 1U8 131 9k 126 186 130 170 211* 

Fraction I % 13.7 13.9 12.7 10.1 11.2 11* .3 17.8 11* .3 17.3 
Fraction II % 53.7 50.8 56.1 58.3 57.1* 51w3 1*8.0 52.8 1*9.9 
Fraction 111$ 32.6 35.3 31.2 31.6 31 .U 31.1* 3l*.2 32.9 32.8 

Group 2-Fed Group 2-Fasted 

Serum proteins 
Albumin % 1*8.3 1*8.3 1*7.5 1*9.2 1*8.3 1*1.0 1*1.5 37.1* 1*1*. 2 
Alpha % 6.0 5.7 7.5 5.8 5.9 12.9 11.2 11.7 13.1* 
Beta % 17.5 17.8 16.7 16.8 16.6 15.3 16.3 19.3 ll*.2 
Gamma % 28.2 28.2 28.3 28.2 29.2 30.8 31.0 31.6 28.2 

Glycoproteins 
Total 
Fraction I % 
Fraction II % 
Fraction IIl£ 

106 
19.0 
1*9.8 
31.2 

153 
18.3 
50.2 
31.5 

125 
15.3 
51*.5 
30.2 

109 
11.6 
56.7 
31.7 

121 
12.1* 
55.2 
32 .U 

178 
15.6 
53.8 
30.6 

lii.2 
1U.2 
51*.l 
31.7 

187 
16.0 
52.1 
31.9 

20li 
17.2 
50.7 
32.1 



decreased in the fasted animals, whereas no appreciable change was 

noted in the levels of alpha, beta, and gamma globulin* 

Total glycoprotein (total analytrol counts) increased in 

the serum of the fasted sheep. The specific glycoprotein fractions 

were not affected by fasting or refeeding. 

Comparison of the results with those of other workers 

indicated that a species difference may exist in regard to the 

effect of dietary protein levels on the alteration of serum protein 

patterns• 



The Effect of Thyroidectomy and Thyroparathyroidectomy on 

Serum Proteins and Glycoproteins in 

Dairy Cows 

Rupp et al (99) state that the thyroid hormone is generally 

assumed to exert a catabolic effect on tissue protein and Bondy 

(lU) reported that the catabolic effect is exerted primarily on 

carcass tissue. Studies arising from the work of Schoenheimer 

(102) have shown that body protein is in a dynamic state of metabolism 

and is therefore labile in nature. In accordance with this conception, 

the thyroid hormone could possibly act as a catalyst which would 

affect the conversion of tissue protein to plasma proteins. The 

removal of the thyroid gland may affect the dynamic balance between 

tissue and plasma proteins. Possibly, the effect would be reflected 

in an alteration of the electrophoretic pattern of serum protein 

fractions. 

Several previously mentioned studies have shown that either 

thyroidectomy or treatment with thyroid hormone results in an alter

ation in the electrophoretic pattern of serum proteins in rats. 

However, no work has been reported concerning the effect of thyroid

ectomy or thyroparathyroidectomy on the serum protein patterns in the 

ruminant, A study of the effect of the removal of the thyroid and 

parathyroid glands on the electrophoretic pattern of serum proteins 

may be of value in adding further to the knowledge of the function 

59 
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of the thyroid gland in regard to protein metabolism in ruminants. 

This work, in conjunction with a study on calcium metabolism 

in dairy cows, was initiated in order to ascertain the effects of 

thyroidectomy and thyroparathyroidectomy on the electrophoretic 

patterns of blood serum and glycoprotein fractions in dairy 

cows. 

Materials and methods 

Six daiiy heifers of various breeds were used as experimental 

animals in this study. Three of the heifers were subjected to thyroid

ectomy and the other three were thyroparathyroidectomized. Blood 

samples were withdrawn 1 day before and at the time of operation to 

serve as a basis of comparison. Thereafter, blood samples were 

withdrawn at periods of 1, 3, 9, 1$> 30, 60, and 120 days. Serum was 

prepared from the whole blood and immediately frozen at -30° C. until 

time of analysis. Electrophoretic fractionation and staining pro

cedures for semam and glycoproteins were the same as those described 

in previous studies. 

Results and discussion 

Table 8 shows the change in the average percent of serum and 

glycoprotein fractions as affected by thyroidectomy and thyropara

thyroidectomy. Serum albumin in the thyroidectomized animals decreased 

sharply from 1 to 3 days and tended to follow a downward trend in 

concentration for the remainder of the study. Albumin level in cows 

subjected to thyroparathyroidectomy fell markedly from 1 to 9 days 



Table 8. Effect of thyroidectomy and thyroparathyroidectomy on blood serum protein 
and glycoprotein fractions in dairy cowsa 

Days pre- and post-operative 

-1 0 +1 +3 +9 +15 +30 +60 +120 

Thyroide ctomized 
Serum proteins UUi £AL IIP JL1 HJ 

X S.D. X S.D. X S.D. X S.D. X S.D. X S.D. X S.D. X S.D. X S.D 
Albumin % £6.3 2.8 56.9 1.2 56.3 2.8 UO.U l*.l 1*1.9 6.2 1*0.7 6.3 36.9 2.1* 1*0.6 6.2 37.1 h.h 
Alpha % 10.7 .81 10.8 1.5 12.5 1.5 18.8 l*.o 19.2 1*.2 18.7 2.3 18.5 2.8 17.0 3.1* 18.2 3.2 
Beta % 11.5 1.9 11.2 1.6 11.5 l.i 15.1 1.0 13.7 0.6 13.5 0.3 12.8 1.1 13 2.1 H*.7 1.5 
Gamma % 21.5 1.5 20.1 2.1 19.6 3.1* 25.7 2.7 25.2 2.9 27.1 2.2 29.1 1.6 29.0 1.1* 30.0 2.0 
Glycoproteins 

161* 62 225 21* 26 Total 199 21 161* 17 237 62 225 21* 218 26 217 31 187 29 188 1*3 201 36 
I % 5.7 2,6 10.6 2.1* 7.1 2.7 7.9 3.3 15.1 i*.l 13.9 2.8 U.2 2.2 13.3 2.6 15.1* 3.8 
II % 1*8.7 12.9 5o.5 3.1* 1*6.6 2.5 1*5.2 3.8 1*1.1* 2.9 38 *9 3.1* 37.1* 202 1*2.6 1.9 36.3 5.1 
III % 17.U 2.6 16.8 3.1 25.3 7.1 19.0 3.3 13.3 I* .6 ll*.l* 2.3 20.3 3.1 13.8 U.2 15 .U 3.3 
IV % 23.1* 1.7 22.1 0.5 21.0 3.5 27.9 l*.l 30.1 3.1* 32.8 2.7 31.1 1.8 30.3 2.1* 32.9 3.7 

Thyroparathyroide ctomized 
Serum proteins 
Albumin $ 56.6 0.7 5lu0 6.2 51.1 2.6 1*1.0 10.5 35.5 2.5 31*.5 3.6 35.8 2.9 1*3.7 1.2 1*3.1* 1.6 
Alpha % 10.2 1.1 11.1 2.2 11.5 1.6 16.9 3.1 17.5 2.2 18.8 0.1* 17.5 3.1 11*.2 1.3 16.0 2.8 
Beta $ 11.1 0.3 12.U 2.0 13.6 1.5 16.6 h*7 17.1 6.2 15.5 7.U 16.0 5.5 12.3 1.1 12.7 1.1 
Gamma % 22.1 1.1 22.5 3.8 23.8 1*.8 25.5 2.9 29.9 2.8 31.2 5.5 30.7 3.7 29.8 2.8 27.? 1.1* 
Glycoproteins 
Total 195 23 183 13 219 12 181* 39 171* 1*1* 173 51 156 22 167 33 156 1*5 
I % 8.1* 1*.8 8.1 2.6 7.8 2.7 10.0 3.3 11.2 0.5 13.2 1.9 15.8 1.2 16.9 3.3 ll*.5 0.2 
II % 1*5.0 6.8 l*i*.9 3.2 1*3.7 2.1 U3.2 11.2 1*0.0 2.3 35.7 1.7 33.8 U.l 31.8 2.9 33.2 2.1 
III % 19.0 3.3 16.9 5.9 22.0 li.2 19.1* 1.8 16.8 0.5 16.1 3.2 16.0 1.0 16.9 3.1 16.1 1.0 
17 % 26.6 .92 30.1 2.3 26.5 U.2 27.1* 7.7 32.0 2.2 35.0 2.1* 31*.1* 1*.5 3U.i* 2.1* 36.2 3.1* 

a Expressed as value from serum samples of 3 cows per treatment and standard deviation. 
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after the date of operation. However, in these animals, an increase 

in serum albumin level occurred from 30 to 69 days post-treatment* 

A slight increase in the alpha and beta globulin levels 

occurred at 3 days in both thyroideeternized and thyroparathyroidectora-

ized animals. Thereafter, levels of alpha and beta globulins in 

the serum of animals subjected to both treatments tended either to 

remain rather constant or to decrease slightly in concentration. 

Gamma globulin appeared to fluctuate in inverse relationship to the 

changes in albumin concentration. In the thyroidectomized animals, 

gamma globulin levels continued to rise as serum albumin concentration 

decreased. The sarae relationship was noted in the thyroparathyroid-

ectomized cows in that gamma globulin levels rose as albumin concen

tration decreased arid then tended to fall concurrently with the rise 

in albumin levels at 30 days post-treatment* 

These results appear to be in accord with those reported by 

Levin and Leatham (7U) with rats in that thyroidectomy caused an 

increase in serum globulin concentration. Conversely, Levin and 

Leatham (7U) and Moore et al (83) found no effect of thyroidectomy 

on serum albumin levels in the rat. Since most of the previous work 

has been conducted with the rat, it is possible that a species 

difference exists in regard to the action of the thyroid hormone on 

protein metabolism. 

Four different glycoprotein fractions were separated in the 

serum of the cows used in the present study and were designated as 

fractions I, II, III, and IV with regard to electrophoretic mobility. 

Fraction I moves in an electric field as albumin while fraction II, 
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III» and IV move as alpha, beta, and gamma globulin respectively. 

Total glycoprotein (total analytrol counts) in the serum of the 

thyroidectomized cows increased sharply at one day after treatment 

and decreased thereafter until 60 days post-treatment when an increase 

in concentration occurred. Total glycoprotein in the serum of the 

thyroparathyroidectomized animals underwent an increase in con

centration at 1 day post-treatment after -which the level continued 

to fall for the remainder of the study * 

Fraction I in the serum of animals subjected to both 

treatments followed a similar pattern of fluctuation in that a 

gradual rise in concentration was noted during the course of study* 

Although fraction I moves in an electric field at a rate similar to 

that of serum albumin, the changes in concentration of fraction I 

were the reverse of those followed by albumin. This indicates that 

fraction I and serum albumin are distinct chemical entities and that 

thyroidectomy affects each in a separate manner. 

Fraction II also followed a similar pattern in both groups 

of animals and decreased in concentration throughout the study. The 

changes in levels of fraction III were similar in both thyroidectom

ized and parathyroidectomized animals. An increase in fraction III 

occurred at 1 day post-treatment after which a fall to a rather 

constant level was noted except for a temporary rise in the level 

of fraction III in the thyroidectomized animals at 30 days post-

treatment. 

The levels of fraction IV in the serum of animals subjected 

to both treatments fluctuated in inverse relation to changes in the 
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concentration of fraction IX. In both groups of animals, fraction IV 

rose in concentration during the study. Although fraction I was 

apparently not related to serum albumin, the changes in fraction IV 

indicated a relationship to serum gamma globulin since each of these 

blood fractions increased during the study. The changes in levels 

of alpha globulin appeared to be somewhat proportional, in an inverse 

manner, to alterations in albumin concentration. H°wever, there was 

little apparent relationship between the fluctuations of alpha and 

gamma globulin. Neither was a relationship apparent between alpha and 

gamma globulin.and glycoprotein fraction II. In the light of these 

facts, it is difficult to explain the relationship between the changes 

in concentration of glycoprotein fractions II and IV. It is possible 

that glycoprotein fraction IV is related to serum gamma globulin in 

some manner while the other glycoproteins are distinct entities 

unrelated to serum proteins. 

The results show that serum albumin and globulin levels in 

the ruminant, as well as those of glycoproteins, are apparently 

under the control of thyroid secretion. However, the specific site 

of action is not apparent from the data presented here• 

Summary 

Six dairy heifers were used as experimental animals in a 

study of the effect of thyroidectomy and parathyroidectomy on blood 

serum protein and glycoprotein fractions in the ruminant. 

Serum protein levels varied in the following manner: 



65 

1. Serum albumin levels decreased rapidly in both 

groups of animals after 1 day post-treatment and continued to decrease 

throughout the study except for an increase in albumin levels in the 

serum of thyroparathyroide ctomized cows after 30 days post-treatment. 

2. A. slight increase in alpha and beta globulin levels 

occurred at 3 days post-treatment in both groups of animals. There

after, alpha and beta globulin tended either to remain constant or 

decrease slightly. A slight inverse relationship was apparent in the 

fluctuations of serum albumin and alpha globulin. 

3. Gamma globulin appeared to fluctuate in inverse 

relationship to the changes in albumin levels. 

Four distinct glycoprotein fractions -were separated and 

designated as I, II, III, and IV with regard to electrophoretic 

mobility. 

1* Total glycoprotein (total analytrol counts) in the 

serum of thyroidectomized animals increased sharply at 1 day 

post-treatment and decreased thereafter until 60 days post-treatment 

at which time an increase in concentration occurred. Total glyco

protein in the serum of thyroparathyroidectomized cows increased at 

1 day post-treatment and then decreased for the remainder of the 

study. 

2* Fraction I in the serum both groups increased during 

the study* 

3«. Fraction II in the serum of both groups decreased 

during the study. 

U* The level of fraction III in the serum of both groups 
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increased at 1 day post-treatment after which a fall to a rather 

constant level occurred. 

5>. The levels of fraction IV in both groups increased 

in a manner which appeared to be inversely related to the decrease 

in the levels of fraction II. Fraction IV appeared to be related 

to serum gamma globulin in regard to the pattern of alteration. 

Serum albumin, globulins, and glycoprotein levels were 

apparently under the control of thyroid secretion in the bovine. 

The results of this study, when compared to those obtained in similar 

studies with rats, suggest a species difference in the action of the 

thyroid hormone on protein metabolism. 



Effect of Adrenaline on Serum Proteins 

and Vitamin A Metabolism 

in Cattle and Sheep 

In vitamin A investigations, a variable amount of excitement 

is created when cattle and sheep are restrained for the -withdrawal 

of blood and liver samples. KLopp et al (6I4.) and Hillman (!?9) 

working with rats and humans respectively, found that adrenaline 

injections resulted in an increased serum vitamin A content. Results 

of other investigations, Goodwin et al (01), with rabbits and rats 

revealed no evidence that adrenaline influenced vitamin A metabolism. 

The studies of Erwin et al (39) j Ganguly et al (lj.6), and 

Dzialoszynski et al (36) have shown that certain serum proteins 

bind vitamin A and carotene and thus provide for their transportation 

in the blood to sites of utilization. Gleye et al (1*7) have shown 

that adrenaline markedly reduces serum albumin in the guinea pig. 

Possibly, the effect of adrenaline on the alteration of vitamin A 

levels in the blood of man and monogastric animals reported by 

Hillman (59) and Klopp et al (61;) was predisposed by changes in serum 

protein fractions. 

No references could be found concerning the effect of 

adrenaline, either on vitamin A metabolism or on serum protein 

fractions, in the ruminant animal. The present work was initiated 

to study the influence of adrenaline on serum proteins and vitamin A 

metabolism in cattle and sheep. 

6? 
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Materials and methods 

Bovine, Four sets of identical twin calves, weighing 

approximately 750 lb., of various breeds (Holstein, Santa Gertrudis, 

and crossbreed) were fed carotene-free rations. One co-twin in each 

set served as a control while the other one was injected intra

muscularly with adrenaline, U mg. per 100 lb. body weight <, Serum 

proteins from blood withdrawn prior to and U hours after treatment 

were separated in a Spinco Model R electrophoresis apparatus on 

paper strips in sodium veronal buffer (pH • 8.6; u » .07$) for 16 

hours. Carotene and vitamin A analyses were conducted by the method 

of Kimble (63) on plasma from blood withdrawn prior to and at 

1, 2, U, 6, and 8 hours after treatment. Liver samples were withdrawn 

by the method of Erwin et al (38) prior to and at 2 days following 

treatment for carotene and vitamin A determinations by the method 

of Gallup and Hoefer (U5) • 

Ovine. In trial I, 10 wethers weighing approximately 70 lb. 

were divided into 2 groups. One of the groups was then intramuscularly 

injected with U mg. adrenaline per 100 lb. body weight. Vitamin A 

and carotene analyses were conducted by the method of Kimble (63) on 

plasma from blood withdrawn prior to and at 1, 2, U, and 8 hours 

after treatment. 

In trial II, 8 fat wether lambs, weighing approximately 

102 lb. were divided at random into 2 groups of U animals each. One 

group was subcutaneously injected with 1 mg. adrenaline per 30 lb. 

body weight, initially and at 1, 2, and U hours, while the other 
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group served as control. Blood was withdrawn from the lambs prior 

to injection and at 1, U, and 19 hours for vitamin A analyses* 

Results and discussion 

As stated previously, several investigations have shown that 

adrenaline influences blood levels of vitamin A and serum proteins 

in certain monogastric animals* However, in the present study, 

adrenaline injections altered neither the ratio of serum proteins in 

cattle (table 9) nor plasma carotene and vitamin A levels of cattle 

and sheep (table 10). Further, the hormone did not influence the 

content of carotene and vitamin A in the bovine livers even though 

adrenaline markedly altered the physical activity cf the calves. 

These results suggest that factors regulating vitamin A metabolism 

may be different in the ruminant from those in certain monogastric 

animals* 

Table 9. Effect of adrenaline on serum protein fractions3, 
of cattle 

Group and 
time interval Albumir̂  Alpha 

Globulins % 

Beta Gamma 

Injected 
57.6 0 hours 57.6 3.5 12.0 2.1 10.9 5.7 19.5 2.8 

k. hours 5U.9 1.9 12.9 0.7 11.8 1.7 20.3 2.1 

Control 
0 hours 51.5 2.1* 13 .U 2.2 1U.0 6.3 20.5 l*.l 
h hours 5o.l U.6 12.1 1.6 1U.1 6.9 23.7 2.8 

Êxpressed as percent of total serum proteins and standard 
deviation from the mean, respectively. 



Table 10. Effect of adrenaline on carotene and vitamin A content of plasma and liver 
of cattle and sheep 

Carotene and 
Carotene and vitamin A contentaof plasma at- vitamin A in liver3 

Animals and 
treatment 

0 1 hr. 2 hr. 1; hr. 6 hr. 8-19 hr. Initial Final'* 

Injected calves 
Control calves 

2.3 
2.9 

0.6 
0.9 

2.1* 
3.0 

o.5 
0.6 

Carotene 
2.6 0.6 3.2 0.6 
2.2 0.3 3.3 0.8 

3.6 
3.5 

0.3 
0.1* 

3.5 
3.1* 

0.1* 
0.1* 

1.8 
1.6 

0.5 
0.3 

1.1* 0.2 
1.5 0.3 

Injected calves 
Control calves 

20.2 
25.2 

3.5 
8.9 

20.1 
21.3 

7.2 
7.1 

Vitamin A 
19.8 7.1 13.3 9.0 
20.9 3.3 13.9 6.5 

15.1* 
12.0 

1*.8 
5.5 

16.7 
13.0 

1.7 
6.7 

2.8 
2.5 

2.0 
1.9 

2.0 1.5 
2.6 1.3 

Injected wethers 
Control wethers 

ill .8 
143.0 

5.8 
8.1 

39.5 
1+5.8 

5.1 
8.2 

Vitamin A, Trial I 
1*0.3 10.5 1*0.3 3.2 
k$Ji 6.9 39.5 7.U 

1*0.1* 
1*1.8 

5.9 
6.2 

Injected wethers 
Control wethers 

36.0 
1*6.0 

3.2 
7.1 

35.8 
1*1* »1* 

1*.8 
7.3 

Vitamin A, Trial 11 
U0.5 2.2 
1*6.9 7.1* 

37.3C 1.7 
1*6.0° 5.9 

Expressed as meg. per 100 ml. plasma and standard deviation from the mean. 

b Expressed as meg. per gm., fresh basis. 

c Blood withdrawn 19 hours after treatments. 

 ̂Two days after treatment. 
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All lambs in trial II -were slaughtered 2k hours after the 

initial adrenaline injection. As compared to controls, the carcasses 

from the adrenaline-injected lambs were dark. These observations 

indicate that the araount of adrenaline administered to the lambs 

was greater than the amount normally released in stress predisposed 

by physical restraint. Therefore, results of investigations of 

vitamin A and carotene in blood and liver as well as serum proteins 

of ruminants should not be influenced by the variation in excit

ability at sampling time. 

Summary 

Intramuscular injections of adrenaline into cattle and sheep 

influenced neither the carotene and vitamin A content of blood and 

liver nor serum protein fractions of the blood. 



The Effect of Parturition on the Electrophoretic Pattern of 

Serum Proteins, Glycoproteins and 

Lipoproteins in Dairy Cows 

Previous studies on the changes in serum protein levels 

during pregnancy and parturition have been concerned with only the 

serum protein fractions of the blood, Larson and Kendall (71) 

reported that in the bovine, serum protein levels increased during 

pregnaney and then fell to lower levels at parturition due to the 

loss of immune beta-2 and gamma-1 globulins at the time colostrum 

was being formed in the mammary glands. Conversely, Howe (6l) 

reported that pregnancy in the cow had no effect on concentration of 

plasma proteins# Whiting et al (113) found no significant differ

ences in total serum protein or albumin content during the gestation 

period of ewes until late pregnancy and lactation. 

No work has been reported concerning changes in glycoproteins 

or lipoproteins as affected by parturition in the ruminant. There

fore, the present work was initiated in order to study the effect of 

parturition on serum, glyco*", and lipoproteins in the bovine. 

Materials and methods 

Blood samples from 6 dairy cows were withdrawn at periods 

of 12, 8, and U days prior to parturition, at the time of 

parturition, and 1 and ij. days thereafter. Serum samples were 

72 
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prepared from the whole blood and immediately frozen at -30° C. 

until time of analysis. The procedures followed in regard to 

electrophoretic fractionation and staining of the various protein 

fractions were the same as those described in previous studies* 

Results and discussion 

Table 11 shows the average values calculated for the levels 

of serum, glyco"*, and lipoproteins in the maternal serum at the 

specified sampling periods before, after, and at the time of 

parturition. Unfortunately, serum samples from the pregnant cows 

were not available during the entire period of gestation* Therefore, 

the values for blood protein fractions are reported only for a short 

period prior to and after parturition. 

None of the serum protein fractions underwent any appreciable 

change in concentration either before and after or at the time of 

parturition. The levels of all serum protein fractions were comparable 

to those found in the serum of non-pregnant cows in the same environ

ment, Therefore, it appeared that no marked changes had occurred in 

the concentration of any of the protein fractions in the serum of the 

cows used in this study. Larson and Kendall (71) reported a fall 

in beta-2 and gamma-1 globulins at the time of colostrum formation. 

However, under the conditions of the present study, no change in the 

levels of either beta or gamma globulin was apparent. The results 

are in agreement with those reported by Howe (6l) who found no 

changes in the concentration of serum proteins during pregnancy in 

the bovine. Larson et al (70, 72) conducted studies on the 



Table 11* Effect of parturition on serum protein, glycoprotein, and lipoprotein 
fractions3 in dairy cows 

Days pre- and post-parturition 

-12 -8 0b +1 H * 
Serum proteins 

6.6 U6.6 Albumin % U8.3 8.5 i*8.8 U.8 U7.7 6.6 itf.O li.5 U6.6 3.7 
Alpha % 12,9 2.2 12.6 l.k 11.8 M 11.9 1.6 11.9 3.3 
Beta % 13.9 o.U 12.8 1.3 1U.2 2.1 13.5 2.i| 12.9 5.1 
Gamma % 2U.9 8.8 25.8 7.1 26.3 8.6 25.6 9.3 25.6 7.2 

Glycoproteins 
106 76.2 86.0 Total 106 U3 79.0 23 76.2 7.2 86.0 Ik 99.0 8.0 

Fraction I % 314.0 3.9 9.9 3.8 9.9 3.8 9.9 3.3 11.6 U.5 
Fraction II % 5U.2 5.6 58.0 7.6 55.9 7.8 57.1* 8.5 56 .U 8.7 
Fraction III % 31.8 2.5 32.1 U.6 3U.2 7.0 32.7 6.U 33.0 7.5 

Lipoproteins 
Total 20$ 88 198 fl- 15U 57 lU5 kl 105 16 
Fraction I % 68.9 1.6 66.5 7.9 6H.2 5.8 65.7 11.6 63.2 io.5 
Fraction II % 11,6 5.8 16̂  6.5 15.1 2.9 liu8 k.2 15.7 6.1 
Fraction III % 19.5 7.1 17.3 9.7 20.7 7.7 20.5 12.7 21.1 8.6 

a Expressed as average value from serum samples of 6 cows and standard deviation from 
the mean respectively* 

b Parturition 
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production of milk proteins in the bovine and concluded that the 

immune globulins of milk came from the blood in a preformed state 

while other milk proteins were synthesized in the mammary gland 

from a common amino acid pool. If this is true, some change in the 

levels of the immune serum globulins would be expected, especially 

at the time of colostrum formation in the mammary gland* However, 

the results of the present study appear to support the findings of 

Barry {$) who concluded that milk proteins, while originating solely 

from the blood, were formed from free amino acids and not from 

plasma proteiiis per se. 

The levels of glycoproteins and lipoproteins in the serum of 

the pregnant cows were also comparable to those found in the serum of 

non-pregnant animals used in other studies under similar environmental 

conditions. As in the case of serum proteins, no appreciable change 

was found in the concentration of any of the glycoprotein or lipo

protein fractions either before, after, or at the time of parturition. 

No references could be located concerning the effect of pregnancy 

and parturition on glycoprotein and lipoprotein fractions in serum. 

Therefore, it was not possible to compare the results of the present 

study with those of other workers. However, it was apparent that 

under the conditions of the present study, parturition had no effect 

on levels of glycoprotein or lipoprotein fractions in the serum of 

the dairy cow. 

Summary 

Serum samples from pregnant dairy cows were electrophoretically 
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fractionated, for serum, glyco", and lipoproteins at intervals of 

12, 8, and U days prior to parturition, at parturition, and at 

intervals of 1 and U days thereafter. 

No appreciable change was found in the level of any of the 

serum, glyco", and lipoprotein fractions at the specified sampling 

times• 

The results indicated that the proteins of colostrum may 

be formed from some other source such as a free amino acid pool and 

not from the serum proteins per se. 



The Electrophoretic Pattern of Serum Proteins, 

Glycoproteins and Lipoproteins as Affected 

by Storage at -30°, 10°, and 37° C. 

The results of many previously mentioned studies have shown 

that paper electrophoresis is a valuable aid in the study of serum 

proteins as influenced by various physiological or nutritional 

conditions• It is often necessary to store serum samples for a 

period of time prior to electrophoretic fractionation. This pro

cedure could possibly lead to erratic results due to changes in the 

concentration or electrophoretic mobilities of certain of the 

protein moieties present in serum. Hoch and Chanutin (60) reported 

that storage at room temperature altered the electrophoretic mobility 

of certain serum components "while Goffaux (U8) and Moore et al (81*) 

found that freezing and lyophilization (81;) caused changes in the 

electrophoretic pattern of human serum. Conversely, other previously 

mentioned workers reported no change in the electrophoretic patterns 

of serum subjected to freezing and thawing or storage for a prolonged 

period at low temperatures. It has been shown that serum components 

differ in various species of animals and it is possible that conditions 

of storage may affect the serum proteins of one species differently 

than those of another. 

Limited information is available concerning the effect of 

storage on the glycoprotein and lipoprotein fractions in serum. The 

77 
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objective of the present study was to determine the effects of 

different storage temperatures on the electrophoretic patterns of 

serum, glyco-, and lipoproteins in the serum of U species: the rat, 

canine, bovine, and ovine. 

Materials and methods 

Serum was obtained from a rat, dog, steer, and ewe, and 

electrophoretically fractionated for serum, glyco"*, and lipoproteins. 

The fresh sera was analyzed immediately to provide a basis for compar

ison of stored samples. Serum samples from each species were then 

subjected to storage at -30°, 10°, and 37° C. and electrophoretically 

fractionated at various intervals in order to observe changes in the 

electrophoretic pattern and the relative percent of serum components. 

Ele ctrophoretic analyses were performed at 0, 2, I4., 6, and 8 days 

on serum stored at 10° and 37° C» An additional fractionation at 

1 day was performed on the samples stored at 37° C. and at 15 days 

on samples stored at 10° C« Due to non-sterile conditions, the 

serum stored at 37° C. spoiled at the end of 8 days and was discarded. 

Electrophoretic fractionation was performed in a Durrum type 

cell with sodium veronal buffer (pH • 8*6, u » .075, 2.5 ma.) for 

l6 hours. Serum proteins were dyed with alcoholic bromphenol blue 

and glyco" and lipoproteins were dyed with a Schiff base reagent. 

and oil red (0), respectively. After the staining process all 

strips were scanned immediately with a Spinco Model RB recording 

Analytrol and the relative percentages of serum, glyco", and 

lipoprotein fractions calculated from the integrated tracing of the 



79 

electrophoretic pattern. Figure 6 illustrates the comparative 

electrophoretic patterns of serum, glyeo", and lipoproteins in the 

fresh sera of each species involved in the study. 

Results 

Serum proteins; The concentration of albumin in the serum 

samples from the dog, steer, and ewe increased during 1 week of 

storage at -30° C. after which the relative percentage began to 

decrease. By the third week of storage, the percent of albumin in 

the sera from these species was slightly below that of the fresh 

sera (table 12). On the other hand, albumin in the rat serum 

remained at a constant level for a period of 2 weeks after which 

a decrease in concentration was noted. The albumin fraction of all 

serum samples subjected to storage at 10° C. increased in concentration 

after 2 days and then began to decrease (table 13)* Another increase 

in the concentration was noted after 8 days of storage. However, after 

2 weeks, the concentration of albumin in the sera of the rat, steer, 

and ewe was below that of the fresh sera while that of the dog serum 

was similar to the original value. A slight increase in albumin 

percent occurred from 1 to 6 days in serum samples stored at 37°C. 

except in the serum of the rat, in which the albumin concentration 

dropped sharply (table ll+) • 

Alpha globulins, except for minor fluctuations in the 

relative percentages, tended to increase in concentration under 

all conditions of storage in the sera of all species throughout the 

study (tables 12, 13, lU). The beta globulin fraction in the sera 



Figure 6. Comparative electrophoretic patterns of serum proteins} glycoproteins, 
and lipoproteins in the sera of 1* species at 0 days of storage. 
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Figure 7• Changes in the electrophoretic pattern of lipoproteins 
in the sera of h species as affected by various 
storage conditions. 
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Table 12» Effect of storage at -30° C. on serum protein and glycoprotein fractions in serum 
samples from li species 

Serum proteins % Glycoproteins % 

Specie Weeks Albumin % Alpha % Beta % Gamma % Total I % II % III % IV % 

Canine 0 35.9 12.3 26 .u 25 .1* lill* 11.8 33.3 51*.9 
1 1*2.3 11.9 25.9 19.9 160 11.2 36.9 51-9 
2 39.6 l6.8 25.7 17.9 148 10.1 33.1 56.8 
3 35.2 16.2 26.0 22.6 186 12.4 33.3 51*.3 

Rat 0 51.8 10.3 17 .U 20.5 90 55.9 l*l*.l 
1 51.9 10.8 20.0 17.3 H*l* 56.9 1*3.1 
2 5i.8 13.1* 17.U 17 0)4 11*5 55.9 1*1* .1 
3 . 1*7.0 12.6 21.7 18.7 167 56.3 1*3.7 

Bovine 0 35.3 13.ii 12.2 39.1 135 10 .1* 37.8 Hi .8 37.0 
L 38.1* 13.2 12.8 35.6 138 12.3 1*1*.9 10.9 31.9 
2 3lw3 15.0 15.0 35.7 11*1* 11.1 1*1.7 13.2 3U.0 
3 32.3 20.1 12.9 3l*.7 200 11.0 38.5 16.0 31*.5 

Ovine 0 1*9.1 7.0 1k*k 29.5 ill 18.9 50.5 30.6 
1 5U.o 6J4 12.1 27.5 132 18.9 51.5 29.6 
2 1*8.7 8.3 13.9 29.1 131 17.5 50.1* 32.1 
3 U3.X 8.9 17.5 30.5 197 li*.7 50.3 35.0 



Table 13• Effect of storage at 10° C. on serum protein and glycoprotein fractions in serum 
samples from I4 species 

Specie Days 

Serum proteins % Glycoproteins % 

Specie Days Albumin j I Alpha % Beta $ Gamma % Total . 1 %  II % III % IV % 
Canine 0 35.9 12.3 26.1; 25.U H*l* 11.8 33.3 51*.9 

2 38.9 12.5 23.2 25. U 1U5 11.7 29.0 58.3 
h 33.5 12,9 28.5 25.1 126 11.9 31* .1 5U.0 
6 . 31.9 16.2 31 *h 20.5 120 11.7 29.5 60.8 
8 32.8 16.3 28.3 22.6 167 11.u 31* .1 5U.5 
15 35.7 15.8 2U.5 21**0 162 1U.8 31*.0 51.2 

Rat 0 51.8 10.3 17 .U 20.5 90 55.6 1*1*.1* 
2 56.2 9.5 18.0 16.3 112 57.1 1+2.9 
k 52.0 10.9 19.2 17.9 98 51* .1 39.5 
6 52.8 8.3 23.1* 15.5 127 55 .U 1*i*.6 
8 57.0 7.9 20.7 ll*.l* 166 5U.5 1*5.5 
15 U9.8 11 .u 22.7 16.1 176 51.9 38.1 

Bovine 0 35.3 13 .U 12.2 39.1 135 10 .u 37.8 111.8 37.0 
2 38.9 UU 13.0 33.7 166 12,0 Ul .6 12.0 3U.1* 
U 33.6 1U.6 lU.9 36.9 153 10̂ 5 3U.2 16.3 33.3 
6 35.1 16.3 13.9 3lw7 126 9.1 36.5 18*3 38.1 
8 Ul.7 15.0 10.0 33.3 155 12.3 3U.2 18.1 35 .U 
15 33.0 16.5 12.7 37.8 172 11.1 36.6 18.0 3U.3 

Ovine 0 U9.1 7.0 lU .u 29.5 
2 51.2 6.5 13 .U 28.9 
h U6.7 7.3 13.0 33.0 
6 U3.-5 8.3 m.8 33 
8 52.3 6.2 12.8 29.7 
15 U3.U 7.9 1U.6 3k.l 

CD \JT 



Table 1It. Effect of storage at 37° C. on serum protein and glycoprotein fractions in serum 
samples from It species 

Serum proteins % Glycoproteins % 

Specie Days Albumin % Alpha % Beta % Gamma % Total I % II % III % 17 % 

Canine 0 35.9 12.3 26.lt 25.lt litlt 11.8 33.8 51w9 
1 3606 15.0 2lt.7 23.7 135 11.9 37.0 51.0 
2 3U.7 15.0 27.1 23.2 lUlt 11.9 35.it 52.7 
k 32.8 13.9 28.6 2it.7 119 8Jt 3lt.lt 57.2 
6 36.1 15.9 2I4..U 23.6 105 11.6 30.lt 58.0 
8 36.5 15.8 2U.2 23.5 150 17.9 28.8 53.3 

Rat 0 51.8 10.3 17.lt 20.5 90 55.6 ltlt.lt 
1 51.5 10.2 19.9 l8.lt 105 58.1 ltl.9 
2 lt2.7 10.9 25.lt 21.0 12lt 52.lt lt7.6 
It lt0.6 10.6 27 Jk 21.U 130 53.8 lt6.2 
6 37.2 15.0 26.8 21.0 89 51t.7 lt8.3 
8 38.3 lit .8 26.lt 20.5 98 51+.1 lt5.9 

Bovine 0 35.3 13.1+ 12.2 39.1 135 10.1; 37.8 lit.8 37.0 
1 38.8 15.1 11.9 3U.2 163 11.0 38.7 15.3 35.0 
2 38.3 15.6 11.3 3lt.8 153 9.1 lt2.lt 16.5 32.0 
k 31.2 13J-+ 13.8 la .6 128 12.5 38.2 18.9 30.lt 
6 36.5 ll+.U 12.6 36.5 111 12.7 32.lt 19.8 35.1 
8 37.1 Ht.2 13.0 35.7 160 10.8 38.7 11.8 38.7 

Ovine 0 U9.1 7.0 Ht.lt 29.5 111 18.9 50.5 30.6 
1 5o.lt 8.0 12.3 29.3 131 18.3 lt8.1 33.6 
2 '52.lt 7.1 12.6 27.9 109 18.3 53.2 28.5 
It 1*6.7 7.3 13.0 33.0 105 16.3 it7.6 36.1 
6 50.5 7.6 12.5 29.lt 103 lit.7 lt7.5 37.8 
8 51.5 It .8 12.9 30.8 150 16.0 50.0 3lt.0 
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of each specie except the rat tended to remain rather constant under 

all storage conditions (tables 12, 13, UU)• Beta globulin in the 

rat serum increased in concentration under each storage condition 

during the study. The levels of gamma globulin in the serum of 

all species underwent minor fluctuations during the study but did 

not appear to be markedly affected by any of the storage temperatures 

(tables 12, 13, Hi). 

Glycoproteins. The number of fractions of glycoproteins 

separated by this method varied with the specie. Three distinct 

fractions were separated in the sera of the dog and ewe and 2 and 

U fractions were observed in the rat and steer respectively. Glyco

protein fractions were designated with respect to electrophoretic 

mobility as compared to serum protein fractions. Fraction I moves 

in an electric field at the same rate as serum albumin and fractions 

II, III, and IV move as alpha, beta, and gamma globulins respectively. 

Total glycoproteins (total analytrol counts) increased in the sera 

of each specie under storage at -30° G. (table 12). An increase in 

total glycoproteins was also observed during storage at 10° C. 

(table 13). During storage at 37° C., total glycoproteins of the dog 

and ewe generally tended to decrease until 8 days when an increase 

in total counts occurred (table lU). Total glycoproteins in the 

serum of the rat and steer increased until the 6th day of storage 

when a decrease in total counts was noted. The concentration of all 

glycoprotein fractions tended to remain rather constant under all 

conditions of storage and showed only minor fluctuations which could 
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possibly be due to errors in technique. Fraction III in the sera of 

the steer and ewe tended to increase slightly under conditions of 

storage at 10° C» and 37° C. and fraction XV in the serum of the 

steer decreased slightly in concentration during storage at —30° C. 

Lipoproteins. Three distinct lipoprotein fractions were 

observed in the serum of each specie by this method of electrophoretic 

fractionation. The fractions were designated as I, II, and III in 

the same manner as the glycoproteins with respect to electrophoretic 

mobility. Figure 7 illustrates the changes in the electrophoretic 

pattern of lipoproteins in the serum of each specie under the 

conditions of storage imposed. Alterations of the lipoprotein 

fractions of all species took place so rapidly during storage at 

10° C. and 37° C. that recognition of distinct fractions became 

impossible within a short time. Changes were also observed under 

conditions of storage at -30° C. but these were not as marked as 

those which occurred under the other storage treatments* 

Discussion 

The fluctuations in relative percent of the various proteins 

during the short time of this study indicate that storage under these 

conditions is likely to cause some deviation from the original 

values. It may be assumed that inherent variables in this system 

of electrophoresis will cause slightly different results in sub

sequent analyses of the same sample. However, the fluctuations 

observed in the electrophoretic patterns of the serum and glyco

proteins fractions were, in most cases, of sufficient magnitude to 
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indicate that storage temperatures were the main cause of the changes 

in concentration. 

The serum of each specie apparently differs as to the 

conditions and length of time at -which it may be stored before 

certain of the components begin to differ seriously from the original 

value. In general, the results -were in accord with those of Hoch and 

Chanutin (60) in that the first major changes in serum protein patterns 

occurred within the first I4.8 hours of storage. Although no new 

peaks appeared in subsequent serum protein patterns of any specie, 

the increase in the relative percent of alpha globulins could possibly 

have been due to an increase in concentration as reported by Goffaux 

(50). Possibly, increased mobility of certain of the beta globulin 

moieties could also account for the increase of alpha globulins. 

Moore et al (8U) and Hoch and Chanutin (60) reported that a certain 

part of the beta fraction could apparently increase in electrophoretic 

mobility of that of the alpha fraction. This would result in an 

increased alpha fraction. However, no reversal of the alpha-beta 

ratio was observed in this study. Therefore, it seems unlikely 

that this was the cause of the increase in the alpha fraction. It 

has been our experience in this laboratory that glycoprotein 

fractions in ruminant serum are altered but little by nutritional 

or hormonal treatments. This is apparently true for storage 

treatments, according to the results of the present study. Further, 

these results indicate that the glycoproteins of monogastric animals 

such as the dog and rat are not affected by storage under various 
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temperature conditions. Although the best procedure would obviously 

be to conduct electrophoretic analyses on fresh sera, the results 

indicate that serum samples may be stored for approximately 1 week 

at 10° C. and for several weeks at -30° C. without serious deviations 

from the original values of serum protein or glycoprotein fractions. 

The lipoproteins in the sera of all of the species involved 

in the present study were readily affected under conditions of 

storage at 10° G. and 37° C. Changes in proteins at room temperature 

have been reported to be due to the lipid content of sera and at 

more drastic temperatures to protein denaturation (810. The same 

type of results were indicated by this study since lipoproteins 

were not affected as markedly under storage conditions of -30° C. 

However, it is apparent that in order to obtain unequivocal results 

in a study of lipoproteins, the fresh sera must be analyzed 

immediately or, in any case, with as little delay as possible. 

Summary 

Serum samples from the rat, dog, cow, and sheep were stored 

at temperatures of -30°» 10°, and 37° C« The serum samples were 

electrophoretically fractionated at varying intervals in order to 

ascertain the effect of temperature on the electrophoretic pattern 

of serum, glyco", and lipoproteins. 

Serum albumin remained at a constant level for a period of 

2 weeks in the serum of the rat whereas a slight decrease in albumin 

concentration occurred in the serum samples of the other species• 

At 10° C«, serum albumin levels in all species increased slightly 
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for a 2 day perxocU After 2 -weeks, the level of albumin in the serum 

of the dog -was close to the original value while albumin levels in 

the serum of the other species had decreased slightly below the 

original value# Serum albumin levels tended to increase slightly 

in the serum samples of the canine, bovine, and ovine species stored 

at 37° C. Albumin concentration dropped sharply in the rat serum 

stored at 37° C. 

Alpha globulins tended to increase slightly in concentration 

in the sera from all species, under all conditions of storage. 

Beta globulin levels in the serum from the rat increased in 

concentration under all storage conditions whereas the concentration 

of beta globulin in the sera of the other species tended to remain 

rather constant. 

Gamma globulin levels in the serum of all species underwent 

no marked changes under any of the storage conditions used in the 

study. 

The number of glycoprotein fractions varied according to 

specie. Three fractions were separated in the sera of the dog and 

ewe and 2 and U fractions were observed in the rat and steer 

respectively. Glycoprotein fractions in the sera of any of the 

above species were not appreciably affected by any of the storage 

conditions imposed. 

Three lipoprotein fractions were observed in the serum of 

each specie. Lipoproteins were adversely affected within a short 

time at temperatures of 10° and 37° C. Storage at -30° C. also 

affected the electrophoretic pattern but the changes took place 
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more slowly than at the higher temperatures. 

The results indicate that serum may be safely stored for a 

period of at least 1 week at 10° C. and for several weeks at -30° C. 

without serious alterations in the electrophoretic pattern of serum 

protein or glycoprotein fractions. However, lipoprotein analyses 

should be made on fresh serum if unequivocal results are to be obtained® 



GENERAL DISCUSSION 

It is apparent from the results of the studies presented, 

and those of many other "workers, that the various protein fractions 

of the blood play important rolea jji the nutrition and physiology of 

the animal body. However, in studying the alteration of serum 

proteins as influenced by various nutritional or physiological 

conditions, it is often difficult to draw conclusions in regard to 

the specific function of the various protein fractions. In this 

respect, Erwin et al (39) found that acute vitamin A deficiency in 

ruminants predisposed a marked fall in the level of serum albumin. 

The low albumin levels could be alleviated by administration of 

vitamin A but not by carotene. It was shown in the same study that 

vitamin A and carotene were bound to albumin which apparently serves 

as a vehicle for the transport of vitamin A and carotene in the 

blood. It is not clear whether the inability to utilize carotene 

was caused by vitamin A deficiency per se or by the lowered level 

of serum albumin. 

Many difficulties have also been encountered in the attempts 

to utilize the alterations of serum protein levels as an aid in the 

diagnosis of various pathological conditions. In many cases the 

changes in the electrophoretic patterns of serum proteins are so 

non-specific that it is difficult to assign them to a specific 

disease condition. Thus, it is apparent that in order to effect

ively utilize alterations in serum protein levels in the 
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interpretation of pathological conditions, the normal pattern must 

be fully characterized and the changes in metabolism which specifically 

affect serum protein patterns must be understood.. 

The studies concerning the development of serum protein 

patterns in the young animal aid in characterizing the normal protein 

pattern of a particular specie. The marked fluctuations which 

occur in the electrophoretic patterns of the various protein fractions 

are of further interest in that they reflect the rapid physiological 

development of the young animal. In the studies presented in regard 

to the development of serum, glyco", and lipoprotein fractions in 

the serum of lambs and calves, it was found that the alpha globulin 

fraction was present at a relatively high level at the time of birth 

and then decreased with maturity. The fact that alpha globulin 

levels were higher in the serum of colostrum deprived calves than 

in calves which received colostrum suggests that alpha globulin may 

play a role in the immunological defense of the young ruminant 

until such time as gamma globulin concentration reaches an effective 

level. In this respect, Morgan et al (8£) reported an antibody 

associated with all serum protein fractions in the serum of rabbits. 

Although gamma globulin is generally assumed to be the most important 

protein fraction in regard to antibody content, it is possible that 

in the ruminant animal, alpha globulin may play a similar role at the 

time of parturition. This is further suggested by the fact that 

alpha globulin in the colostrum-deprived calves appeared to decrease 

in proportion to the rise in the "autogenous" gamma globulin fraction. 

Although the young ruminant is considered to be born without gamma 
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globulin, it was evident that a small amount was present in the serum 

of the colostrum-deprived calves. However, whether this gamma 

globulin was preformed in the body of the calf or aquired in utero 

was not apparent. The relatively rapid development of this "autogenous" 

globulin fraction is evidence of the ability of the physiological 

mechanism of the young animal to adapt to an unfavorable condition 

and thus aid in its survival. 

It is apparent from these studies that serum albumin and 

gamma globulin are interrelated in some manner since in nearly all 

cases, these two serum protein fractions fluctuated in an inversely 

proportional fashion. The difference in albumin levels in the serum 

of colostrum deprived calves and those which received colostrum could 

largely be accounted for by the differences in gamma globulin content 

in the serum of the calves. It is possible that serum albumin also 

plays some role in antibody acitivity. However, at the present, the 

relationship between albumin and gamma globulin is not clear. 

Studies by Muting (86) and Chow et al (2U) with humans and 

dogs respectively have shown that protein depletion and inanition 

cause marked changes in the serum protein patterns of these species. 

Further, Erwin (ill) found that the quality of dietary protein altered 

the eleotrophoretic patterns of serum and lipoproteins in the rat. 

On the other hand, Dalgarno et jg. (28) and Whiting et al (113) re

ported that the level of dietary protein had no effect upon serum 

protein levels in mature sheep. The results of the present study 

on the effect of dietary protein level and fasting on serum and 

glycoprotein levels in sheep were in accord with those of the latter 
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two workers <> No significant differences were found in any of the 

serum protein or glycoprotein le vels due to the level of dietary protein* 

A comparison of these results with those obtained in similar studies 

with other species suggests a species difference in regard to protein 

metabolism as affected by level or quality of dietary protein. It 

is possible that, in the ruminant animal, the serum proteins do not 

play the same type of role in protein metabolism as in monogastric 

animals and are therefore not affected by alterations in the levels 

or quality of dietary protein. 

Although the level of dietary protein did not affect the 

protein patterns in the serum of sheep, the results of the study 

in regard to the effect of thyroidectomy show that the thyroid hormone 

exerts a definite influence upon protein metabolism in the bovine* 

The marked fall in the level of serum albumin after thyroidectomy 

indicated that there may have been a decrease in the rate of tissue 

protein catabolism which was reflected in the alteration of the serum 

albumin levels. Again, an inversely proportional fluctuation was 

noted in the case of albumin and gamma globulin which indicated a 

relationship between these protein fractions* It was concluded by 

Levin and Leatham (7il) that serum alburn levels in the rat were 

under adrenocortical control while serum globulins were dependent 

upon thyroid secretion* It would be of interest to conduct similar 

studies with ruminant animals in order to clarify the relationship 

between hormonal activity and the levels of various serum protein 

fractions* It is apparent, however, that the body protein in 

ruminants is labile in nature and that the dynamic balance between 
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tissue and plasma proteins is controlled to some measure by thyroid 

secretion. 

A species difference is also indicated with respect to the 

effect which adrenaline exerts on serum protein patterns and vitamin A 

levels o Gleye et al (lj.7) found that serum albumin levels in the 

guinea pig were markedly reduced by adrenaline injections and Hillman 

(5>9) and Klopp _et al (6I4.) reported that adrenaline markedly influence 

levels of serum vitamin A in the human and rat respectively. 

However, in the study reported herein, adrenaline injections 

had no effect on either serum protein patterns or on serum and 

hepatic vitamin A levels in cattle and sheep. Since Erwin et al 

(39) and others have shown that vitamin A and carotene are bound to 

albumin, the conflicting reports on the effect of adrenaline on 

serum protein patterns and vitamin A levels must be attributed to 

a species difference in the response to adrenaline. 

The results of the study on the effect of parturition on 

serum, glyco-, and lipoproteins in the bovine, when compared to those 

of other workers, also indicated that different physiological con

ditions may exist, according to the species involved, during pregnancy 

and parturition. However, the reports of studies oh serum proteins 

during pregnancy in the same specie are conflicting. Larson and 

Kendall (71) reported that pregnancy in the bovine caused an 

alteration of serum protein levels while Howe (6l) found no change in 

the levels of serum proteins during pregnancy in the bovine. The 

results of the study reported herein were in accord with those of 

Howe (6l) in that no changes in either serum protein or glycoprotein 
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levels were found before, after, or at the time of parturition. 

However, it is logical to assume that factors such as age and 

environmental conditions may play an important role in the alteration 

of serum proteins and thus affect the protein patterns of the serum 

during pregnancy and parturition. 

Due to limitations in time and the capacity of equipment 

it is often necessary to store serum samples prior to electrophoretic 

analysis. In this Respect, several workers have reported that the 

storage of serum may cause .altera'tions! in':the electrophoretic pattern 

of certain of the serum protein fractions. Thus, it is. important to 

know the approximate length of time that serum samples may be stored 

before serious deviations in the electrophoretic pattern of serum, 

glyco"", or lipoprotein fractions may be expected. 

The results of the study on the effect of various temperatures 

conditions on the electrophoretic pattern of the serum samples of U 

species show that some deviation from the original values may occur, / 

even at low storage temperatures. However,, the changes which did 

occur in serum protein and glycoprotein patterns were, in most 

cases, not marked deviations from the values found in the fresh 

sera. It appears, therefore, that the freezing of serum samples 

for a period of several weeks will not alter the serum protein or 

glycoprotein components to any marked degree. Serum samples may 

probably be stored at 10° C. for a period of approximately 1 week 

without seriously affecting the serum protein or glycoprotein com

ponents . 

There was an apparent species difference in regard to the 
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length of time for which serum may be stored before certain of the 

components begin to differ from the original value. However, the 

reason for this is not clear. It is possible that the serum protein 

fractions of different species differ in their chemical nature and 

are thus not affected in the same manner by storage. Although the 

glycoproteins in the serum of all species in the present study appeared 

to be unaffected by storage, the same is not true of lipoproteins. 

Under conditions of storage at 10° C. and 37° C., alterations in the 

electrophoretic pattern of lipoproteins took place rapidly. It is 

probable that the changes in lipoproteins were due to rapid oxidation 

of the fatty components of the lipoproteins. The results show that 

while serum can probably be stored for some time at low temperatures 

for the purpose of determining serum proteins, an analysis for 

lipoproteins should, if at all possible, be carried out on fresh 

serum if unequivocal results are to be obtained. 

These studies and those of many other workers show that the 

serum proteins are important factors in maintaining normal physiological 

and nutritional conditions in the animal body. The function of 

glycoproteins and lipoproteins is still rather obscure although there 

is evidence that glycoproteins are important factors in resistance to 

disease while lipoproteins are able to form complexes with carotenoxds 

and other nutritionally important substances.. Lipoproteins may also 

serve as vehicular agents for the transport of large quantities of 

fat and thus play an important role in the energy metabolism of the 

body. 

Although the alterations in levels of serum, glyco", and 
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lipoproteins under various experimental and disease conditions are 

indicative of their importance, they give little clue as to the specific 

function of each protein fraction. Therefore, it is evident that 

a great deal more work is needed in order to determine the meaning of 

the alterations in the electrophoretic pattern of serum, glyco", and 

lipoproteins and to correlate the changes with specific nutritional 

of physiological conditions• 



SUMMARY 

Paper electrophoresis was utilized to study the effect of 

various nutritional and physiological factors on blood serum 

protein, glycoprotein, and lipoprotein fractions in the ovine and 

bovine spe cie s• 

The development of serum, glyco", and lipoproteins in lambs 

in relation to age, 

1. Serum from 6 newborn lambs was electrophoretically 

separated for serum, glyco-, and lipoproteins at 1, 7, lU, 28, and 

Jj.2 days of age. 

2» Serum albumin in the young lambs increased for a 

period of 7 days after birth and then decreased while levels of 

alpha globulin rose in concentration for 28 days after which a 

decrease in concentration occurred. 

3* Levels of beta and gamma globulin were relatively 

high at 1 day after parturition, decreased until 7 days of age and 

increased slightly thereafter. 

U. Albumin and gamma globulin fluctuated in an inversely 

proportional manner, indicating an interrelationship between these 

protein fractions. 

Three distinct glycoprotein fractions were designated as 

I, II, and III with respect to electrophoretic mobility. 

1» Total glycoprotein decreased sharply from 1 to 7 

days and then increased to a constant level at 28 days. 

101 
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2» The average percent of fraction XI -was high at 

1 day after parturition and thereafter appeared to decrease in 

proportion to a concurrent increase in the levels of fractions 

I and III. 

Three distinct lipoprotein fractions were separated in the 

sera of the young lambs and designated in the same manner as the 

glycoprotein fractions. 

1. At 1 day after parturition, fraction III constituted 

nearly all of the lipoprotein in the serum. 

2* Fractions I and II increased after birth for periods 

of 28 and 7 days respectively and then decreased in concentration. 

The development of serum, glyco~, and lipoproteins in normal 

and colostrum-deprived calves. 

1. Blood serum from normal ( c )  and colostrum-deprived 

(0) calves was electrophoretically separated for serum, glyco", and 

lipoproteins at 1, 3> 7> lUj 21, 28, ij.2, £6, and 70 days of age.. 

2. Serum albumin in the (G) calves was markedly/lower 

at 1 day after birth than albumin in the (0) serum. Albumin;--(fa) 

increased in concentration until, at 70 days of age, it reached'a; 

level above that of albumin in the (0) serum. 

3. The levels of alpha and beta globulin -were lower 

in the serum of (c) calves than in (0) calves at 1 day after 

parturition. Alpha globulin (C) decreased to a constant level at 

3 days after birth. Alpha globulin (0) increased slightly for a 

period of 3 days after birth and decreased to a constant level at 

U2 days of age. 
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U« Levels of beta globulin in (C) and (0) calves 

increased for 21 and 1J+ days, respectively, and then decreased 

until the average percent was similar in both sets of calves at 28 

days of age. 

Gamma globulin percent in (C) and (0) serum de

creased and increased respectively in a linear fashion which was 

inversely proportional to changes in albumin concentration. At 

U2. days of age, the average percent of gamma globulin was similar 

in both (C) and (0) serum. 

Four glycoprotein fractions were separated and designated 

-;a£ -fractions I, II, III, and IV with respect to electrophoretic 

.jrioBility. 

1. Total glycoprotein in (C) and (0) calves decreased 

.:a'f-fcet;' birth for a period of 28 and 21 days respectively and then 

'.increased until an age of U2 days when a drop in average percent 

,-faas noted. 

2. Fraction I in the serum of both (C) and (0) calves 

increased to a constant level at U2 days of age whereas fraction II 

in both sets of calves decreased to a constant level at U2 days of 

age. 

3. Fraction III in both (C) and (0) calves increased 

to an age of $6 days and then decreased slightly, 

U. Levels of fraction IV were much higher in the serum 

of the (C) calves than in (0) calves. The manner in which fraction 

IV fluctuated in concentration indicated a relationship to serum 

gamma globulin. 
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Three distinct lipoprotein fractions were observed and 

designated in the same manner as the glycoprotein fractions» 

1* Total lipoprotein and fraction I in both (C) and 

(0) calves increased in concentration for a period of 21 days after 

birth and decreased thereafter• 

2. Fraction II (C) decreased for lit days after birth and 

then increased to 1*2 days of age whereas fraction II (o) decreased 

in concentration from 1 to 3 days, increased sharply from 3 to 7 

days of age, decreased from 7 to 21 days of age and rose in con

centration from 21 to 1+2 days of age, 

3* Levels of lipoprotein fraction III in (C) and (0) 

serum decreased from 1 to 21 days of age. Fraction III (c) then 

increased slightly to a constant level whereas fraction III (0) 

rose sharply in concentration until 28 days of age, decreased from 

21 to 1+2 days, and increased slightly thereafter. 

The effect of protein depletion and fasting on serum proteins 

and glycoproteins in sheep. 

1. No significant alterations were found in any serum 

or glycoprotein fraction due to protein depletion although significant 

changes in body weight occurred. 

2. A 12 day period of fasting had no appreciable affect 

on serum or glycoproteins except for a decrease in albumin concen

tration. 

The effect of thyroidectomy and thyr©parathyroidectomy on 

serum proteins and glycoproteins in dairy cows. 

1. Both treatments caused a rapid decrease in serum 

albumin concentrations. Alpha and beta globulins were not markedly 
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affected. 

2. Gamma globulin appeared to fluctuate in inverse 

relationship to changes in albumin levels. 

3. Fraction IV of the glycoproteins appeared to fluctuate 

inversely proporbional to changes in the level of fraction I I .  

Iw Serum albumin, globulins, and glycoprotein levels 

appeared to be under the control of thyroid secretion. A species 

difference was indicated in regard to the action of the thyroid 

hormone on protein metabolism. 

Effect of adrenaline on serum proteins and vitamin A metabolism 

in cattle and sheep. 

1. Intramuscular injections of adrenaline into cattle 

and sheep influenced neither the carotene and vitamin A content of 

blood and liver nor serum protein fractions. 

The effect of parturition on the electrophoretic pattern 

of serum proteins, glycoproteins, and lipoproteins in dairy cows. 

1, No appreciable change was found in levels of serum, 

glyco"*, and lipoproteins either before and after or at the time of 

parturition. 

2. The results suggest that the proteins of colostrum 

may be formed from a free amino acid pool instead of from the serum 

proteins per se. 

The electrophoretic pattern of serum proteins, glycoproteins, 

and lipoproteins affected by storage at -30°, 10°, and 37° C. 

1. The results indicate that serum proteins are relatively 

stable at low temperatures, however, freezing for a long period may 
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cause deviations from the original values. Serum proteins from 

different species are affected differently by storage at various 

temperaturesj possibly because of differences in the chemical 

nature of the serum proteins according to specie. 

2. Glycoproteins inthe serum of any of the species 

studied were not appreciably affected by storage at -30°s 10°, or 

37° C. 

3. Lipoproteins -were markedly affected -within a short 

time at storage temperatures of 10° and 37° C. They were affected 

more slowly at temperatures of -30° G* The results suggest that 

lipoprotein analyses should be carried out on fresh serum if un

equivocal results are to be obtained. 
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