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ABSTRACT 

Twelve cycling Holstein heifers were placed on a 

diet of 40% net energy of maintenance for 100 days to lower 

their body condition to a state at which they became 

anestrous. After this period they were fed .45 kg of a 

protected fat supplement for two periods of 21 days each. 

Blood samples were used for determination of progesterone, 

total serum lipids, and LH response to Gonadotropin 

Releasing Hormone. 

Average weight of the heifers at the start of the 

study was 368 kg. By the end of 100 days they had lost an 

average of 73 kg. Condition scores for days 0, 100 and 142 

were 10.5, 5.9, 4.4 respectively. Percent empty body lipid 

after 100 days was 8.6% and remained unchanged 42 days 

later. Time to LH peak was increased by energy restriction 

and was the only significant change of the hormonal 

parameters. 

vii 



CHAPTER 1 

INTRODUCTION 

Reproductive inefficiency following parturition in 

dairy and beef cattle has been attributed to a number of 

causes. Among them are genetic influence/ climatic conditions, 

lactation-suckling complex, hormonal imbalances, nutrition and 

disease. To achieve the goal of one calf per year and allowing 

285 days for gestation, the remaining 80 days become critical 

to the producer. The longer a cow remains open, the more money 

the owner will have to spend for feed and maintenance and thus 

will see a smaller return on his investment. Gilson (1984) 

compared the effect of calving interval on yearly milk 

production and income. His example used two cows both 

producing 16,000 pounds of milk per lactation. One had a 12 

month calving interval while the other calved on a 14 month 

interval. Annual milk production for the 14 month calving 

interval cow would actually have to be corrected to 13,741 

pounds for the same time as the 12 month interval cow. The 

difference of 2259 pounds of milk multiplied by $14.00 per 

hundred weight was $316.26 less per animal. For an average 

size herd of 130 cows the difference was much more remarkable, 

$41,113.80 per year. Also, it required 17% more cows to 
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produce the same gross income per year with the longer calving 

interval. The obvious conclusion is that increases in cow 

numbers, work and feed would be required to produce the same 

amount of milk as a result of extended calving intervals. 

In addition to milk production, a management goal of 

the dairy is to maintain a high reproduction rate to provide 

replacement heifers for older or less fertile cows. Having 

high producing, prolific cows allows the owner to sell some of 

his potential high yielding stock and create an alternative 

source of income. 

In an intensive management situation, such as a dairy, 

some of the causative factors of poor reproductive performance 

can be alleviated. Climatic stress as found in the desert 

southwest has a large impact on the industry. Decreased 

production is a result of exposure to elevated temperatures 

(>38C) for several months at a time. Ames and Ray (1983) 

reported animals exposed to heat stress reduce feed intake 

while their maintenance requirements are increased leading to 

reduced performance. Many producers in Arizona utilize water 

misters, shades and evaporative cooling to improve upon milk 

production and fertility (Ames and Ray, 1983). Management 

steps could be utilized to reduce heat increment by altering 

diets and by adjusting breeding times to allow for calving 

when the environment would be conducive for rebreeding, e.g., 
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late fall, winter and early spring. Unfortunately, this is not 

economically feasible as it is desired to have year-round milk 

production. More cows lactating during the summer are 

required to compensate for decreased performance. Normal 

management can provide feed for dairy animals to compensate 

for some of the stresses; however, this is often difficult for 

beef cows under a range situation. The major problem with 

dairy cattle seems to be getting sufficient energy intake to 

allow for production, pregnancy and maintenance. During times 

of climatic heat stress feed intake tends to decrease and 

reproduction then becomes a luxury that the animal cannot 

afford. 

To study the effects of energy deprivation and blood 

lipid concentration on reproduction, an experiment was 

conducted at The University of Arizona Dairy Research Center 

with Holstein heifers. Serum lutenizing hormone response to a 

Gonadotropin Releasing Hormone challenge was the major 

criterion elevated. 



CHAPTER 2 

LITERATURE REVIEW 

The Postpartum Interval 

The postpartum interval is defined as the time from 

parturition to first ovulation accompanied by estrus. It is 

generally recognized that a long (> 80 days) postpartum 

interval will result in decreased income in both the beef 

and dairy industry. The goal of one calf per cow per year 

requires that the cow be rebred no later than 80 days 

postpartum using an average of 285 days for gestation. At 

the termination of pregnancy, the reproductive system 

undergoes a series of changes before resuming normal ovarian 

cyclicity and there are several factors known to affect this 

transition period. Level of nutrition, environment, age, 

suckling-milking interactions, breed, and periparturient 

disease directly affect the time required for successful 

rebreeding. 

There is follicular development (follicles > 10 mm) 

in dairy cows at 15 days after calving (Morrow , Roberts and 

McEntee, 1969) but they quickly regress and no visible 

indications of estrus occurs. In contrast, Stevenson and 

Britt (1979) reported the interval to first ovulation in 

Holstein cows averaged 17.6 + 1 days with a range of 9 to 34 
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days. Wagner and Hansel (1969) and Callahan, Erb, Surve, and 

Randel (1971) reported the average period after calving to 

rupture of the first ovarian follicle (ovulation) in dairy 

cows ranged from 14 to 35 days with only 14 to 35% of the 

cows showing estrus at first ovulation. Growth and 

maintenance of the corpus luteum (CL) may be subnmormal with 

time from the first to second ovulation averaging about 15 

days. Subsequent cycles are normal in duration (Marion and 

Gier, 1968). Absence of estrus or subnormal expression of 

estrus prior to first ovulation after calving and shorter 

than expected luteal life span indicate that during this 

period endocrine mechanisms are incapable of establishing 

normal estrous cycles. 

Endocrinology of the Postpartum Period 

Interactions between several hormones are necessary 

to initiate the first postpartum estrus. A large amount of 

research has focused on luteinizing hormone (LH) in an 

effort to unravel the mystery of the postpartum period. 

Concentrations of LH in plasma increased until day 20 after 

calving in dairy cows (Fernandes, Thatcher, Wilcox, & Call, 

1978). Kesler, Gaverick, Youngquist, Elmore, and Bierschwal 

(1978) reports systemic LH increased during the early 

postpartum period in dairy cattle, also, pituitary 

responsiveness to gonadotropic releasing hormone (GnRH) as 



6 

indicated by plasma LH concentrations appeared to be 

regained by 7 or 8 days postpartum. In suckled beef cows, 

plasma concentrations of LH did not vary significantly with 

time after calving to first estrus (Irvin, Gannerick, Zaied, 

Kester, Day, & Youngquist, 1977; Echternkamp and Hansel, 

1973) even though pituitary LH increased with time in a 

manner similar to the dairy cow (Saiduddin, Riesen, Tyler, 

and Casida, 1968). Walters, Short, Convey, Staigmiller, 

Dunn, and Kaltenbach (1982b), and Humphrey et al. (1976) 

reported the frequency of LH pulses increases until first 

estrus postpartum in beef cows. The ability of the pituitary 

to release LH in response to exogenous GnRH is regained by 

day 7 to 10 postpartum in dairy cows (Fernandes et al., 

1978; Kesler et al., 1977) and increases in nonsuckled beef 

cows, peaking at 10 days postpartum (Williams, Kotwica, 

Slanger, Olson, Tilton, and Johnson, 1982). Wagner, Saatman, 

and Hansel (1969) demonstrated there was a rise in pituitary 

LH following parturition and that nursing of calves appeared 

to have no effect on pituitary LH content. In vivo (Carter 

et al., 1980, Troxel, Kesler, Noble, and Carlin, 1980) and 

in vitro (Carruthers, Convey, Kesner, Hafs, and Cheng, 1980) 

studies have shown that pituitaries of nonsuckled cows 

release more LH in response to GnRH than do pituitaries of 

suckled cows. In contrast, Williams et al. (1982) using 48 
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beef cows found no evidence to suggest that pituitary 

responsiveness is decreased in cows suckling a single calf. 

Walters et al. (1982) concluded that suckling may exert its 

effect by inhibiting GnRh secretion from the hypothalamus 

and/or reducing pituitary responsiveness to endogenous GnRh. 

The increased frequency of pulsatile LH release in the 

nonsuckled postpartum beef cow appears to affect the ovary 

by increasing the number of follicular LH receptors and 

increasing concentration of prolactin in the follicular 

fluids (Walters et al., 1981). Secretion of LH was not 

affected by prolactin since inhibition of prolactin release 

did not influence LH secretion in primiparous beef heifers 

(Williams and Ray, 1980). Humprey et al. (1976) reported an 

increase in the number of weekly plasma LH peaks as the 

first postpartum estrus approached. The number of LH 

receptors in the preovulatory follicle just before the 

ovulatory surge of LH is also high in cycling beef cows 

(Webb and Bellow, 1980). Increase in follicular fluid 

prolactin concentrations observed in weaned cows is in 

agreement with a number of studies using rats which have 

indicated that prolactin can regulate the number of LH 

receptors (Holt, Richards, Midgley, Reichert, 1976; Bohnet 

and Frisen, 1976; Belanser, Auclair, Sequin, Kelly, and 

Labrie, 1979). It should be noted that there is no direct 
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evidence for the prolactin-LH receptor relationship in the 

cow; thus the physiological significance of such an increase 

in follicular fluid concentrations of prolactin is not 

known. 

Progesterone and estrogens in plasma are elevated 

during the late stages of pregnancy, decrease rapidly at 

parturition, and are low during the early postpartum period. 

This reduction in progesterone concentration prior to 

calving is apparently essential since Wright, Settergen, 

Saatman, and Hansel (1970) could not terminate pregnancy in 

the cow unless progesterone was <lng/ml plasma. Williams and 

Ray (1980) found that during the first 3 to 4 weeks 

postpartum spikes of estradiol-17B preceeded abbreviated 

increases in serum progesterone. In ovariectomized cows, 

Beck, Smith, Seguin, and Convey (1976) showed that an 

exogenous progesterone vaginal pessary and estrogen ear 

implant given together suppressed LH in plasma. As gestation 

progresses, pituitary responsiveness to GnRH stimulation is 

reduced in ewes (Chamley, Dindlay, Cumming, Buckmaster, and 

Goding, 1974). Thus, high concentrations of progesterone and 

estrogen in combination are involved in reducing pituitary 

responsiveness to GnRH stimulation during gestation. 

Following parturition in the bovine serum concentrations of 

LH increase as pituitary responsiveness to GnRH is regained. 
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Progesterone in the postpartum interval remains at a 

very low level until just prior to estrus when there is an 

increase (Rawlings, Weiss, Todd, Manns, and Hyland, 1980; 

Arige, Wiltbank and Hopwood, 1974; Corah, Quedly, Dunn, and 

Kaltenbach, 1974). Corpora lutea or luteinized follicles 

have been reported to be the source of the progesterone 

(Castenson, Sorenson, Cobos, and Fleeger, 1976). Some 

researchers have reported a slight deviation from these 

almost negligible values during the non-luteal phase and 

this may have resulted from adrenal progesterone secretion 

(Wagner, Stratman and Hansel, 1969) or follicular 

development and luteinization of small follicles (Donaldson, 

Basseh, and Thornburn, 1970; Corah et al., 1974). Williams 

and Ray (1980) also found this short term elevation in serum 

progesterone in beef heifers prior to first estrus 

postpartum. A similar increase in progesterone has been 

reported in prepuberal heifers (Gonzalez-Padilla, Ruiz, 

Lefever, Denham, and Wiltbank, 1975). 

Effects of Suckling-Lactation 

Postpartum estrus and ovulation are delayed by 

suckling in lactating cows (Clapp, 1937; Graves, Lauderdale, 

Hanser, and Casida, 1968; Short, Bellows, Moody, and 

Howland, 1972). Cows that are not suckled have higher serum 

LH concentrations in early postpartum versus suckled cows 



(Randel et al., 1976; Short et al., 1972). Carruthers and 

Hafs (1980) reported the pulsatile pattern of LH release 

develops 10-15 days after parturition in dairy cows but is 

significantly delayed in dairy cows suckling calves. In the 

beef cow, this development of a pulsatile LH release pattern 

has been confirmed (Peters, Lamming, and Fisher, 1981). 

Smith, Walter, Harms, and Wiltbank, (1977) found that 

weaning calves for 48 or 96 hours results in increased basal 

serum LH concentrations. An increase in the frequency of LH 

pulses was observed by Walters, Kaltenbach, Dunn, and Short 

(1982a) and they speculated this caused an increase in basal 

serum LH after short term calf removal. From these studies 

it would appear that suckling exerts its influence by 

inhibiting GnRH secretionn from the hypothalamus and/or 

reducing pituitary responsiveness to endogenous GnRH. This 

might not be the case as Carruthers et al. (1980) used 

pituitary and hypothalmic tissue explants from day 14 

postpartum cows and were unable to detect in vitro a 

significant change in pituitary LH or hypothalmamic GnRH 

content as a result of the postpartum suckling stimulus. 

Walters et al. (1982b) conducted a comprehensive 

experiment to determine the effects of suckling on pituitary 

and ovarian function in postpartum beef cows. Removal of the 

suckling stimulus resulted in changes in the pituitary and 
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the ovary that were remarkably similar to changes that occur 

in the pituitary and ovary of the cycling cow when the 

inhibitory effect of progesterone is removed. They proposed 

that the suckling stimulus and progesterone both perform a 

similar function, in that, both act as a "brake" in 

preventing the endocrine events necessary for ovulation to 

occur. Thus, when the "brake" is removed, i.e., weaning, 

regression of the corpus luteum, removal of progestin 

implants; the various events necessary for ovulation are 

allowed to proceed. He further speculated that, since it is 

known that progesterone suppresses LH pulses, presumably at 

the level of the brain to decrease the frequency of GnRH 

pulses, it is possible that the neutral stimulus caused by 

suckling also acts at the level of the brain to inhibit the 

frequency of GnRH pulses, or concisely that suckling 

prolongs the postpartum interval of the cow by reducing the 

frequency of pulsatile GnRH release. Supporting this theory 

Carruthers et al. (1980) and Carruthers and Hafs (1980) 

demonstrated that nonsuckled postpartum dairy cows released 

2.1 pulses per 4 hours while suckled controls released only 

0.9 pulses per 4 hours. 

The endocrine mechanisms associated with neural 

stimulation of mammary tissue are not clear. Oxytocin 

released in response to each milking or nursing event 
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appears to have some effect (Tucker and Butler, 1971). It 

has been shown that oxytocin has a negative effect on 

lutereal formation and/or function (Harms, Niswender, and 

Malven, 1969; Armstrong and Hansel, 1959). Several 

investigations (Holt et al., 1976; Bohnet and Friesen, 1976; 

Belanger et al., 1979) have shown that prolactin can 

regulate the number of follicular LH receptors in rats and 

mice. Walters (1982) reported an increased accumulation of 

prolactin in the follicular fluid of weaned cows and 

speculated that increased prolactin concentration in the 

follicular fluid could increase the number of follicular LH 

receptors. In contrast, Butler et al. (1969), Morrow et al. 

(1969) and Kann and Mortinet (1975) have suggested that 

elevated prolacting levels postpartum are a cause of 

lactational anestrus. Williams and Ray (1980), using 24 

primiparous beef heifers and a prolactin inhibiting 

compound, demonstrated that the inhibition of prolactin 

release failed to enhance ovarian activity over that of 

control heifers. Levels of estradio-17B, progesterone and 

LH were unaffected. Their results refute the hypothesis that 

prolactin is antigonadotropic in the bovine. 

Environmental Effects 

The environment can be modified in an intensive 

management system, such as a dairy by using shades and 
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sprinklers in hot weather and windscreens and dietary 

adjustments for cold climates. Beef cattle on an open range 

are not afforded these compensatory modifications. In both 

situations, though, stress cannot be eliminated and its 

effects on animal productivity are important. Researchers 

have shown ovulation in ruminants can be disrupted by 

periods of stress such as that encountered during 

transportation or severe climatic conditions (Stoebel and 

Moberg, 1982). 

Confounding these problems is the effect of taking 

animals out of their "natural conditions" which had allowed 

the animal to evolve a particular seasonal pattern of 

reproduction that synchronized birth with optimal 

environmental conditions for the survival of the newborn, as 

well as optimizing maternity (Roubicek, 1981). It has been 

shown that heat stress, as is encountered in a hot arid 

environment, does act to delay puberty and can influence the 

estrous cycle, as well as the length and intensity of estrus 

(Roubicek and Ray, 1971). It is during these climatic 

extremes that reproduction of animals becomes a luxury. 

Under these conditions energy utilization is directed 

towards self survival with reproduction becoming secondary. 

The hormonal factors affecting reproductive abnormalities 

have centered on adrenocorticotropic hormone (ACTH) and 
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Cortisol which are shown to be released in response to 

stress. Moberg (1982) reported that in the cow higher than 

physiological concentrations of either ACTH or Cortisol can 

prevent the occurrence of the preovulatory surge of 

luteinizing hormone. These results support the concept that 

stress induced activation of the adrenal axis can disrupt 

normal reproductive capabilities. Li and Wagner (1980) 

determined that Cortisol decreased luteinizing hormone 

releasing hormone (LHRH) induced LH release in cultured 

bovine pituitary cells. Also, it has been demonstrated that 

corticosteroid treatment in both humans (Sakakura et al., 

1975) and rats (Baldwin, 1979) will prevent or reduce the 

LHRH-induced release of LH. Corticosteroids possibly can 

inhibit the LH surge by lowering the pituitary's sensitivity 

to LHRH. 

It has been demonstrated (Stott and Robinson, 1970; 

Stoebel and Moberg, 1982) that short term intermittent 

exposure to stress does not significantly alter reproductive 

parameters even though there is a short interruption of 

gonadotropin release due to the increases in Cortisol and 

ACTH. Ovulation can be disrupted, however, if the stress is 

prolonged as would be encountered in areas of climatic 

extremes. 



Plane of Nutrition/Body Condition 

Dunn and Kaltenbach (1980) reviewed the work of 

numerous researchers that correlate postpartum reproductive 

performance with nutritional status. It is accepted that 

cows in good body condition at calving will return to estrus 

earlier than those in poor body condition. The disagreement 

lies in defining what optimal condition is and how it 

affects hormonal patterns in the postpartum animal. Ray, 

Young, Hansen, and McGinty (1974) reported that there is no 

improvement in fertility by providing postpartum energy in 

excess of National Research Council recommenndations to 

first calf heifers under dry lot conditions. Conversely, 

Whitmore, Tyler, and Casida (1974) reported a decreased time 

to first postpartum ovulation when dairy cows were fed a 

high caloric diet. Folman, Rosenberg, Herz, and Davidson 

(1973) reported that dairy cows on a high plane of nutrition 

(6 kg hay and ad lib concentrate) required fewer 

inseminations and conceived 19 days earlier than cows fed an 

adequate plane of nutrition (6 kg hay and concentrate for 

production). No relationship could be established between 

actual weight change and blood progesterone or number of 

follicles or follicular or luteal volume in yearling beef 

heifers that were fed a restricted diet of one-third the 

recommended energy required for two and one half estrous 



cycles (Spitzer, Niswender, Siedel, and Wiltbank, 1978). 

They did find, however, that the ovary containing the corpus 

luteum was 57% larger in heifers fed adequate energy than 

those restricted in energy intake. Beal, Short, Stagmiller, 

Bellows, Kaltenbach, and Dunn (1978) demonstrated that serum 

progesterone concentrations tended to be reduced in intact 

heifers and cows on a low energy diet containing 3.90 

megacalories (Meal) of net energy per day. They also 

reported that the release of LH after GnRH did not 

negatively affect the cows fed the low energy ration as 

compared to cows fed a high energy ration. Using 

ovariectomized cows also resulted in a greater pituitary 

responsiveness to GnRH in cows fed the low energy ration. 

They concluded that restricted energy intake acted directly 

on the pituitary to increase the responsiveness to GnRH. 

In a reversal type experiment with Holstein heifers 

fed either 100 or 62% of Morrison's (1956) Total Digestible 

Nutrient (TDN) allowances, a progressive increase in plasma 

LH was noted from the first to third estrous cycle in 

heifers on the low energy diet (Gombe and Wilson, 1973). 

Furthermore, during the first cycle plasma progesterone was 

slightly higher in the low energy group but became 

progressively lower in the subsequent cycles. Both total 

progesterone and progesterone concentration in corpora lutea 



taken on the 10th day of the third cycle were lower in the 

restricted heifers than their normal counterparts. They 

concluded that restricted energy did not reduce circulating 

levels of LH but resulted in a reduced ability of ovarian 

tissue to respond to LH and despite the increased 

concentration of LH in underfed heifers, size of the corpus 

luteum was smaller than that of controls. 

Prior to the report of Gombe and Hansel, the 

pseudo-hypophysectomy theory focused attention on the 

pituitary and hypothalamus as the primary sites affected by 

underfeeding. Chronic inanition induced by allowing one half 

of the amount of the complete food mixture that rats had 

been eating during a preliminary period of observation, 

resulted in endocrine characteristics resembling 

hypophysectomy. These included decrease in number and size 

of graffian follicles and within three weeks ovarian atrophy 

(Mulinos and Pomerantz, 1940). Apgar, Aspros, Hixon, 

Saatman, and Hansel (1975) designed an experiment similar to 

that of Gombe and Hansel to test the response of the corpus 

luteum in vitro. In agreement with Gombe and Hansel, Apgar 

et al. reported that there was a decreased progesterone 

release in vitro of corpora lutea incubated with LH from 

underfed cows. However, in their experiment plasma LH 

concentrations were decreased rather than increased so that 



18 

the decreased sensitivity in vitro may have been the result 

of factors other than impaired sensitivity in vivo. The 

restricted fed cows had the same concentration of plasma 

progesterone even though they had smaller corpora lutea, 

which suggests that corpora lutea from the restricted cows 

were producing more progesterone per unit weight than were 

corpora lutea from control cows. Supporting this idea is the 

observation that progesterone concentration was higher in 

corpora lutea from restricted energy fed cows than that 

observed in controls, even though initial concentrations 

were similar (Apgar et al., 1975). 

It is not surprising that the results obtained with 

underfeeding have been conflicting. Any site of the 

hypothalamic-pituitary-ovarian axis could be affected by 

several limiting nutrients. Also, since different factors 

may become limiting under different conditions it is 

possible that the hypothalamus or pituitary may be primarily 

affected under one set of conditions and the ovary under 

other conditions (Apgar et al., 1975). 

Body condition is positively correlated to plane of 

nutrition. The general assumption in many studies has been 

that the metabolic resposne will be similar among individual 

animals within a given level of dietary intake and endocrine 

measurements have been averaged among all animals within a 



treatment. This ignores differences in body reserves and 

nutrient intake and thus, what may be limiting to one animal 

may be an excess to another within the same treatment group. 

Calculated requirements may not be as important as 

recognizing whether or not the female must mobilize body 

reserves to meet production needs (Rutter and Randel, 1984). 

It becomes obvious though, that when an animal is steadily 

losing weight body reserves are being depleted and body 

condition will also decline. Butler et al. (1980) compared 

beef cows in below normal (10 percent body lipid) vs. normal 

body condition (20 percent body lipid). Body weight and 

condition scores were measured at calving, mid-breeding and 

at the end of a 120-day breeding season. They reported that 

heifers in below normal condition consistently weighed less 

and had a greater mean weight loss from calving through the 

end of breeding season (23.5 kg vs. 7.2 kg). The mean 

interval from parturition to conception was 81 days for 

below normal and 73 days for normal body condition. Milk 

production was unaffected but the heifers in the below 

normal group had lower percent conception versus the normal 

body condition group (45% vs. 84%). Similarly, Bluntzer et 

al. (1983) partitioned 106 primiparous Brahman cows into one 

of 3 weight classes, <340 (L), 340-387 (M) and > 386 kg(H) 

within 48 hours after parturition. Monthly weights and 
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condition scores prior to calving and bi-monthly weights 

postpartum were observed. They reported the greatest 

difference occuring in the 0-60 day interval postpartum 

where 67, 39 and 26% exhibited estrus in the H, M. and L 

weight classes and 40, 18 and 7% conceived following 

artificial insemination, respectively. Although chi-square 

analysis yielded no difference in the percentage in estrus 

or conceiving based on body condition it was reported that 

weight and score classes were contingent on each other. 

Their study indicated that cows that were heavier after 

calving had shorter postpartum intervals to estrus and 

conception than cows that were lighter after calving. 

Protected Fat Studies 

During early lactation dairy cattle have difficulty 

consuming sufficient feed to meet energy needs for lactation 

and reproduction. Attempts to increase energy intake by the 

feeding of fat have failed largely due to events in the 

rumen which impaired digestion and depressed appetite 

(Storry, Brumby, Hall, and Tuckley, 1974). Johnson and 

McClure (1972) and Figroid (1971) found that diets 

containing in excess of 5 percent added fat caused 

depression of animal performance. The technique of 

protecting lipid via encapsulation in formaldehyde treated 

protein (Scott, Cook and Mills, 1971) made it possible to 
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feed higher levels of fat without adversly affecting 

digestion. This process was basically the formation of a 

lipid-protein homogenate and then protecting it from rumen 

fermentation by treating the homogenate with formaldehyde. 

One of the benefits associated with protection of fat 

against rumen fermentation is that it can be used to produce 

meat and dairy products high in polyunsaturated fatty acids. 

Garrett et al. (1974) found high intake of saturated animal 

fat is linked to high serum cholesterol in man and that 

substituting polyunsaturated fats in the diet can reduce 

serum cholesterol. The medical profession has recommended 

diets that are low in ruminant fats because fat from these 

animals contains approximately 50 percent saturated to only 

about 3 to 5 percent polyunsaturated fats. Macleod, Yu and 

Schaeffer (1977) demonstrated that when protected fats are 

used to bypass the rumen, meat and dairy products are 

produced that contain higher percentages of polyunsaturated 

fats. Also by feeding protected fats a higher percentage fat 

diet can be fed without adversely affecting digestion in the 

ruminant (Scott et al., 1971). Feeding high producing 

Holstein cows one kilogram protected fat daily, resulted in 

high milk yield with elevated fat tests (Macleod et al., 

1977). These changes could be sustained without 

significantly elevating cholesterol or formaldehyde contents 
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of the milk. Khalaf (1985) reported feeding either 4% or 8% 

calcium treated animal fat to lactating Holsteins elevates 

serum total lipids and serum total cholesterol without 

affecting milk production or composition. 

DeLuna (1981), using ovariectomized heifers, 

demonstrated that feeding .68 kilograms protected tallow 

soap daily could significantly alter peak LH response to a 

GnRH challenge (49.0 vs. 5.3ng/ml) as well as mean values 

(34.0 vs. 4.9 ng/ml). In another experiment with postpartum 

Brangus cows, there was no difference in mean LH 

concentrations (18 vs. 13 ng/ml). However, all protected fat 

fed cows displayed estrous activity 45 days postpartum 

compared with less than 50 percent of the controls. 

In conclusion, it appears that feeding a protected 

fat supplement can influence meat and milk production as 

well as reproductive performance. Polyunsaturated fat 

content of carcasses has been proven to be significantly 

increased by protected fat feeding. Reproductive parameters 

might also be influenced with the addition of this 

supplement. 



CHAPTER 3 

MATERIALS AND METHODS 

Twelve Holstein heifers, 14-18 months old, mean weight 

of 363 kilograms (kg), were kept outside in two adjoining pens 

at The University of Arizona Dairy Research Farm. The period 

of observation lasted 182 days from April 21 to October 22, 

1982. 

Both pens were combined during a 40 day 

pre-experimental period (phase I), during which the heifers 

were weighed weekly, fed a diet of alfalfa cubes providing 

100% National Research Council (1976) Net Energy of 

Maintenance (NEm) to maintain animal weights, observed twice 

daily for estrous activity and rectally palpated at 10 day 

intervals to assess ovarian activity. To acclimate the animals 

to the subsequent fat supplement feeding they were fed twice 

daily in individual head lock stanchions with amount fed 

adjusted for weekly weights. The average weight after this 

period was 368 kg. Trace mineralized salt was provided at a 

rate of 60 grams per animal per day. 

Following phase I, the heifers were put on a 

restricted energy diet (phase II) providing about 40% the 

recommended requirement for NEm (NRC, 1976). Except for 
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reduced energy all other nutrient requirements were provided 

to eliminate any confounding. Animals were weighed weekly with 

their diets adjusted accordingly, observed twice daily for 

estrous activity, rectally palpated every 10 days and fed 

twice daily in individual head lock stanchions. Diets are 

shown in Table 1. The heifers were kept on this restricted 

energy diet until all had stopped cycling as determined by 

projected heat dates and rectal palpation. The time required 

to reach this point was 100 days. 

At this time the animals were randomly assigned by 

weight and body condition score (3= very thin, 15= very fat) 

to 2 groups of six heifers each. Both groups were fed diets in 

separate pens at 85% NEm with the control group getting 

cottonseed hulls and alfalfa cubes while the treatment group 

received cottonseed meal and alfalfa cubes plus .45 kg of a 

calcium soap protected fat (Corenco Corp., Tewksbury, MA). 

Composition of the calcium soap protected fat was 7.5% 

calcium, 8.0% moisture, 82.5% total fatty acid and 0.5% free 

fatty acid. Both diets met protein, calcium and phosphorous 

requirements with the addition of trace mineralized salt. The 

diets fed are shown in Table 2. Animals were fed twice daily 

and weighed weekly with the diets adjusted accordingly. 

Estrous activity was checked by twice daily observation and 

rectal palpation every 10 days. The treatment was divided into 

two 21 day periods (phases III and IV). 
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Table 1. Weight Reduction Diets During Phase II (100 days). 

Animal wt. Cottonseed Alfalfa NEm (Meal) Protein 
(23 kg Meal (kg) (kg) Req. Sup. (kg) 
increr (100%) (40%) Req. Sup. 
ments) 

227 .45 .60 4.1 1.6 .33 .33 

250 .50 .64 4.4 1.8 .35 .35 

272 .54 .67 4.7 1.9 .38 .38 

295 .52 .77 5.0 2.0 .40 .40 

318 .57 .79 5.2 2.1 .41 .41 

340 .64 .79 5.5 2.2 .44 .44 

363 .68 .79 5.8 2.3 .46 .46 

386 .74 .79 6.1 2.4 .49 .49 

408 .72 .97 6.4 2.6 .51 .51 
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Table 2. Control and Protected Fat Diets During Phases 
III and IV. 

Control Group 

Animal Wt. Cottonseed Alfalfa 85%NEm Protein 
(23 kg Hulls (kg) (kg) (Meal) (kg) 
Incre- _ Supplied Supplied 
ments) 

227 

250 

272 

295 

318 

340 

2.5 

2.6 

2.8 

3.0 

3.2 

3.4 

1.2 

1.3 

1.3 

1.4 

1.5 

1.5 

3.5 

3.7 

4.0 

4.2 

4.4 

4.7 

.33 

.35 

.38 

.40 

.41 

.44 

Fat Supplement Group 

Cottonseed Alfalfa 85% NEm Protein 
Meal (kg) (kg) (Meal) (kg) 

w/.45kg fat Supplied 
Supplied 

227 .27 1.0 3.5 .33 

250 .21 1.3 3.7 .35 

272 .15 1.6 4.0 .38 

295 .08 1.9 4.2 .40 

318 .01 2.1 4.5 .41 

340 .08 2.2 4.7 .48 
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At the conclusion of each of the phases, the heifers 

were fitted with indwelling jugular catheters for blood 

sampling. Ten ml blood samples were taken at 15 minute 

intervals for 5 hours with the first 4 samples serving as a 

baseline value. Gonadotropin releasing hormone (GnRH) 

(Cystorelin, Ceva Labs, Overland Park, KS) was injected 

intramuscularly into each cow (200 ug inn 2 ml isotonic 

saline) and sampling continued for 4 more hours. After each 

sample 10 ml of 1% heparinized saline was used to flush the 

catheter to maintain patency. First blood was discarded before 

the collection of the sample blood. New syringes were used 

for each sample. The animals were secured in a covered pen 

using halters and four by eight panels to limit movement 

during sampling. Blood was allowed to clot in individually 

labelled non-heparinized tubes and kept on ice until 

centrifugation. After all samples had clotted, the clots were 

loosened with a wooden stick and the samples were centrifuged 

at 2000 rpm and 4C to separate the serum. Serum samples were 

stored at -20C until hormone analyses were performed for 

luteinizing hormone and progesterone. Prosta-gladin-F2 (25 

mg) (The Upjohn Co., Kalamazoo, Ml) was injected 10 days prior 

to bleeding phases II, III and IV to synchronize estrous and 

mlinimize the interactive effects of differences in stage of 

cycle. 

At the end of phases II and IV bleedings each heifer 

was infused with a urea solution and blood samples collected 
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for body composition determination using the urea dilution 

technique of Preston and Kock (1973). A 20% urea solution 

dissolved in .9% saline was infused into the jugular catheter. 

The amount used was determined to provide 130 mg urea/kg live 

weight. Heparinized blood samples were collected prior to 

infusion and at 9, 12, and 15 minutes after infusion time. The 

samples were centrifuged and the plasma frozen for urea 

analyis. The plasma urea nitrogen determination procedure was 

a modification of the direct colorimetric procedure described 

by Fearon (1939) and is expanded upon in Appendix A. 

Serum luteinizing hormone concentrations were analyzed 

using the double antibody radioimmunoassay technique. The 

procedure used in this laboratory was the one described by 

Williams et al. ( 1980). Briefly the technique requires: 

1. A radioactively labelled antigen. 

2. A standard hormone in varying amounts and unknown 

sample added to a fixed amount of buffer. 

3. Addition of first antibody (from rabbits) for LH and 

incubation for 24 hours at 4C. 

4. Addition of a fixed amount of labeled hormone and 

incubation for 24 hours at 4C. 

5. Addition of the second antibody (anti-rabbit gamma 

globulin from sheep), incubate 48-72 hours at 4C. 

6. Centrifugation to precipitate the antigen-first 

antibody-second antibody complex. 
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7. Counting of precipitate with a gamma radiation 

counter. 

Serum progesterone concentrations were estimated using 

a double antibody assay with both the first and second 

antibodies developed in our laboratory. The extraction 

procedure involved 400 ul serum double extracted in 5 ml of 

distilled petroleum ether for 1 minute. Tubes were dryed in a 

warm water bath (37C) under a gentle stream of nitrogen. 

Progesterone extract was then dehydrated with .1% 

gel-phosphate buffered saline (PBS) buffer and assayed using 

the same protocol as LH. To estimate recovery of progesterone 

using this extraction procedure, approximately 10,000 cpm 1, 

3 
2, 6, 7- H-progesterone was added to triplicate tubes 

containing 400 ul bovine serum. Cross reactivity was checked 

with six closely related steroids: Testosterone, 20-B-C)H-^-4 

Pregnen-3-one, Hydrocortisone, 17- «< -OH Progesterone, 

Estradiol, ̂  -5 Pregnen-3B-OL-20-one. As Figure 1 shows, there 

are little or no interference determined. The recovery of 

added tritiated progesterone to bovine serum was 90.2%. The 

sensitivity of the assay was .078 ng/ml. 

Total serum lipids were analyzed colorimetrically 

using a sulfophosphovanillin reaction as reported by Postma 

and Stroes (1968). When compared to an extraction procedure to 

evalaute the reliability of this method the results were good, 

with a correlation coefficient of .984. 
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LH baseline, peak estimates, time to peak and area 

under curve were statistically analyzed using 2-way analysis 

of variance with unequal replication. Weights, condition 

scores, serum lipids, and empty body lipid percentage were 

also statistically analyzed by two-way analysis of variance. 

Comparisons of means among groups were made using Least 

Significant Difference Tests (Steele and Torrie, 1960). 

Correlations of progesterone to LH parameters and LH 

parameters among themselves were calculated. 

Following phase IV, heifers were fed poor quality hay 

ad lib for 10 days. After this time they were fed four kg 

grain plus eight kg good quality hay until conception. Time to 

first estrus was determined by visual observation and tail 

chalking. Conception was confirmed by rectal palpation. 



CHAPTER 4 

RESULTS AND DISCUSSION 

Phase I 

This period was primarily for determination of estrous 

activity and to acclimate the animals to being fed in head 

locking stanchions. Weights were unchanged throughout this 40 

day period (363 vs. 368 kg). All animals exhibited normal 

length estrous cycles (avg. 20.3 days). Mean condition scores 

were 10.5 (Table 3) for the heifers at the end of this period. 

Heifers at this age in good condition would be scored ten or 

eleven. LH data is reported in Table 4. Mean baseline values 

are reported but are not included in the analyses as the 

animals were at different stages of their cycles during this 

bleeding period. Mean peak LH concentration was 16 ng/ml. 

Time to LH peak averaged 63 minutes. Mean area under the 

curve was 105 units. 

Phase II 

Heifers lost an average of 0.73 kg per day (Table 3) 

during the 40% NEm restriction period. This weight loss was 

significant (P<.05) at the end of 100 days. None of the 

animals demonstrated estrous activity at the end of this 



33 

Table 3. Weights, Condition Scores, Percent Body Lipid, 
Total Serum Lipids. 

Variable/ ^ 
Group 

0 100 121 142 
(Phase I) (Phase II) (Phase III) (Phase IV) 

Weights (kg) 

Control 373.8a 294.lb 296.5b 295.7b 

Treatment 363.2a 297.7b 281.2b 277.7b 

Condition 
Scores* 

Control 10.5a 5.8b 4. 8C 

Treatment 10.5a 6.0b 4. 0C 

% Empty 
Body Lipid 

Control 8.65 8.04 

Treatment 8.54 7.77 

Total Serum 
Lipids (mg/dl) 

Control 122.6a 145.6a 

Treatment 131.3a 239.6b 

*3 = very thin; 15 = very fat. 
ci Id c 
' ' means with different superscripts within variables 

differ significantly, P<.05. 
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Table 4. LH Baseline, Peak, Time to Peak, Area Under Curve. 

Days 

Variable 0 
(Phase 

100 
I) (Phase 

121 
II) (Phase 

142 
III) (Phase IV) 

Baseline 
(ng/ml) 

Control .29 .15 .18 •17 

Treatment .17 .12 .25 .23 

Peak 
(ng/ml) 

Control 17.9 32.2 43.3 20.1 

Treatment 13.6 46.8 22.7 15.2 

Time to Peak 
(min) 

Control 54C 130a 90bC 115ab 

Treatment 52C 130a llla 1113 

Area Under 
Curve 
(Arbitrary 
units) 

Control 125 296 368 156 

Treatment 85 321 181 129 

a'k'cnieans with different superscripts wi th in  var iab les  
differ significantly, P<.05, 
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period. This was confirmed by rectal palpation. Progesterone 

concentrations (Table 5) revealed that one animal was 

apparently cycling but ceased by the next sampling period 21 

days later. 

Condition scores (Table 3) dropped dramatically after 

100 days at 40% NE . The initial mean condition score was 10.5 J m 

and after restriction decreased significantly (PC.05) to 5.9. 

A decrease in condition score would be expected in animals 

that have lost 20% of their body weight. The heifers started 

to show signs of unthriftiness, e.g., lethargy and dull coat, 

by day 75. Empty body lipid percentages (Table 3) were 

estimated at this time and found to be 8.59%. A simple 

correlation was calculated and a high degree (r=.86) of 

association between condition score and percent body lipid was 

determined. Empty body lipid percentage when these heifers 

became acyclic was approximately 8.6%. This elaborates upon 

previous research from this department. Butler (1980), using 

Brangus cows 60 days postpartum, indicated the minimum body 

lipid percent neccessary for pregnancy to occur was 

approximately 13%. Chipepa (1981) however, reported that even 

with 11% carcass lipid, Brangus cows continued to exhibit 

normal estrous activity. Energy restriction in cattle has been 

shown to result in decreased reproductive performance 

(Wiltbank et al., 1962, 1964; Dunn et al. 1969) and in extreme 

cases can result in the cessation of ovarian activity (Bond et 
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Table 5. Mean and Individual Progesterone Concentration 
(ng/ml). 

Days 

0 100 121 142 
Group (Phase I) (Phase II) (Phase III) (Phase IV) 

Mean Progesterone 

Control 5.43a . 30b . 19b .10* 

Treatment 5.98a .31b .10b .10* 

Individual 
Progesterone 

Animal Number 

898T 8.49 .33 .03 .15 

899T 3.19 .15 .10 .10 

904C 7.36 .43 .35 .15 

905C .83 .15 .10 .10 

906T 7.72 2.35 .15 .10 

907C 12.37 .26 .05 .10 

908T 6.06 .49 .15 .10 

910T 1.25 .41 .07 .10 

913C 1.67 .66 .37 .05 

916C 7.47 .10 .19 .14 

917T 9.65 .19 .10 .05 

1081C 2.86 .19 .10 1.14 

a'^means with different superscripts within rows differ 
significantly, P<.05. 

T = Fat Fed 
C = Control 



al., 1958). In this experiment all animals failed to maintain 

estrous behavior at the end of the 40% NEm restriction phase. 

Luteinizing hormone peaks (Table 4), though not 

statisticaly significant, appeared to be altered (16 for phase 

I vs. 39 ng/ml for Phase II). Time to LH peak was 

significantly (P<.01@ lengthened (53 vs. 130 minutes). Basal 

LH concentrations were low (.14 ng/ml). Area under the LH 

curve appeared to be increased (not statistically 

significant). Peak LH concentrations increased with energy 

restriction in agreement with Gombe and Hansel (1973), Dunn et 

al. (1974), Apgar et al. (1975) and Beal et al. (1978). The 

increase in time to LH peak was similar to the results of 

Lishman, Allison, Butcher, and Inskeep (1979) who reported a 

30 minute increase in time to peak following energy 

restriction. 

Phase III 

Feeding 0.45 kg protected fat supplement per day in a 

diet supplying 85% NEm resulted in a negative effect on the 

animals' performance. Control animals gained slightly (Table 

3), though not statistically significant, over their weights 

21 days earlier (294 vs. 297 kg). Treatment heifers lost 

weight (298 vs. 281 kg, non-significant). The animal that was 

determined to be cycling by progesterone analysis following 

phase II ceased by the end of this treatment period (Table 5). 

Total serum lipids (Table 3) in treatment heifers increased 



82.5% (P<.05) above their values before feeding the protected 

fat. Total serum lipids in control animals did not 

significantly differ from phase II but were less (PC.05) than 

the heifers being fed the fat for 21 days. 

DeLuna (1981) fed a ration containing 10% protected 

fat to drylot cows at The University of Arizona and 

demonstrated the ability of this supplement to elevate serum 

lipids by the fourth day of feeding. Moderately thin cows 

total blood lipid content increased 321% from 290 to 930 mg/dl 

of blood. Good condition cows had an increase blood lipid of 

61%. The heifers serum lipids in this study increased 83% 

which is lower than the moderately thin cows demonstrated in 

his study. Feeding the protected fat failed to induce any 

change in progesterone values with the exception of the one 

treatment animal which stopped cycling. Rectal palpation 

yielded no significant structures. LH peak, area under the 

curve and baseline values (Table 4) did, however, remain 

increased for the animals on fat whereas the control animals 

had a significant decrease (p<.05) as compared to day 100. 

During this 21 day treaatment the heifers being fed the 

protected fat supplement continued to decrease in physical 

appearance and activity. Three animals exhibited diarrhea at 

various times during this period. The feces from the fat fed 

heifers had a milky white appearancce. None of THe control 

heifers experienced this condition. All the fat fed animals 



found the feed unpalatable and probably wouldn't have eaten it 

if there had been an alternative feed source available. 

Feeding the calcium stearate soap at the levels used 

in this study had a negative effect upon the heifers receiving 

it. Though no changes in serum hormone parameters were 

statistically significant the general appearance of the 

animals was worse than the controls. A temporary decrease in 

time to LH peak was observed for the control group after 

increasng their intake to 85% NEm (P<.05). 

Phase IV 

The second 21 day period of feeding the fat supplement 

continued to depress behavior and physical appearance of these 

heifers compared to the post phase II period. Condition scores 

for both groups declined significantly (P<.05) (Table 3). Mean 

condition scores among control animals decreased to 4.8 and 

the fat supplemented heifers score decreased to 4.0. In the 

opinion of the livestock specialist doing the scoring, these 

were the most depressed looking animals he had ever seen. A 

score fo three is considered very thin. Also, fat fed heifers 

continued to lose weight (Table 3) although the difference was 

not significant. Control heifers maintained their weight. 

Percent body lipid was not altered in either group (8.0 and 

7.7%) (Table 3). 

Serum progesterone concentration (Table 5) in one 

control animal was 1.14 ng/ml, indicating possible ovarian 
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activity. No signs of estrus or palpable follicles were 

detected. The six fat supplemented animals had progesterone 

concentrations <.3 ng/ml indicating that they were scyclic. 

Palpation revealed no significant structures. 

Analysis of the LH data resulted in no significant 

differences for peak estimates or area under the curve (Table 

4). Time to peak (Table 4) was consistant with phase II and 

III for treatment heifers. Control heifers increased to length 

of time observed after the phase Ii 40% NEm energy restriction 

period. A correlation of condition score and percent body 

lipid was calculated and a high degree of association (r=.83) 

was determined. 

Correlation coefficients among hormone parameters 

(Table 6) did not yield consistent trends. In several 

comparisons a sign reversal occurs with the fourth bleeding 

period. It may be due to the elevation to 85% NEm which was 

fed during the last two phases of this study. The LH baseline 

to peak concentration and LH baseline to area under the curve 

correlations for the fourth bleeding were significant (.74 and 

.78 respectively) possibly indicating a plane of nutrition to 

LH hormone interaction. LH peak concentration to area under 

the curve were highly correlated for the four bleeding periods 

(.95, .99, .99, .99). 

Following this study, the heifers were fed poor 

quality hay ad lib for 10 days. After this time they were fed 



Table 6. Correlation Coefficients9 Among Hormone Parameters*3. 

Variable 
Phase 

Progesterone 
(ng/ml) 

LH Baseline 
(ng/ml) 

LH Peak Cone, 
(ng/ml) 

Time to Peak 
(min) 

5. Area Under LH 
Curve 

1 .03 -.10° 
2 .06 - . 3-4 j 
3 -.14 -. 34^ 
4 -.04 . 60 

1 . 66c 
2 -.OiJ 
3 
4 .7,4 

1 
2 
3 
4 

1 
2 
3 
4 

-. 07 
-.23 
-.34; 
.11( 

-. 18 C  

.20c 

.23 
- .04C 

. 37C 

.05^ 

. 12 j 

.03d 

. 42 
-.13 
-.32 
.58'-

.63 
- . 02 
-.20* 
.78 

.95j 

.90, 

.99^ 

. 99° 

•44c 
-.01^ 
.10d 

.03d 

d 

Correlations are significant (PC.05) when r:>.50 for 
12 animals; r^.52 for 11 animals; r^.55 for 10 animals. 

Correlations include 12 animals except those superscripted 
C = 11 animals 

d = 10 animals 
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4 kg grain plus 8 kg good quality hay until conception. Weight 

gains after 42 days were 106 and 117 kg for the control and 

treatment groups respectively. Time to first estrus was 43 

days for the fat fed heifers. Mean time to conception for the 

controls was 65 days and the treatment group required 78 days 

to conceive. All heifers became pregnant after a relatively 

short refractory period. 



CHAPTER 5 

GENERAL DISCUSSION 

Preston and Kock (1973, 1979) indicated that the urea 

dilution technique is a valid method of measuring live animal 

composition over a wide range of body fatness with beef 

steers. However, Guimaraes (1981) using the urea dilution 

technique concluded that measurements based on this method did 

not yield reliable results when compared to those obtained by 

chemical analysis in slaughtered animals (r=.21). He further 

stated that percent body fat in cows tends to be overestimated 

using this technique. It is conceivable, therefore, that 

these heifers could have had a lower percent body fat than 

determined. 

Butler (1980) and DeLuna (1981) speculated that there 

is a minimum body or blood lipid content necessary before 

mammals can maintain reproductive functions. In contrast to 

DeLuna, based on this study, it appears that elevating serum 

lipids alone is not enough to trigger these functions, but 

also a minimum percent body lipid is required. 

Of the LH parameters, only time to peak resulted in 

statistical significance in this study. Peak LH 

concentrations appeared to be altered but were not significant 

43 
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(Table 4). After the initial energy restriction, peak 

concentrations increased in agreement with Dunn et al. (1974) 

and Beal et al. (1978). From their studies it was speculated 

that periods of energy restriction affect reproductive 

performance at the hypothalamic or pituitary level. LH 

continues to be synthesized but is not released, hence a 

greater response to GnRH challenge. Carruthers et al. (1980) 

and Walters et al. (1981), proposed that energy restriction 

controls the release of LH at the hypothalamic level by 

inhibiting GnRH secretion and/or reducing pituitary 

sensitivity to GnRH. 

Results from this study demonstrate that severe energy 

restriction can adversely affect reproductive performance in 

Holstein heifers. Addition of a protected fat seemed to 

confound the results by causing additional stress to the 

digestive system. The amount of fat added should be supplied 

in a manner to prevent these effects. DeLuna (1981) fed a diet 

containing fat at a rate of 9% by weight whereas in this study 

up to three times that much was used. This high level probably 

accounted for the additional negative effects. 
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Plasma Urea Nitrogen Determination 
(Hycel Inc., Houston, TX) 

1.Label cuvettes blank (B), standard (S), controls 
(C) and unknowns (U). 

2. Pipette 0.25 ml of each sample into the proper 
cuvette (urea nitrogen standards: 0 mg/dl and 40 
or 80 mg/dl must be used for blank and standard 
respectively). 

3. Add .25 ml of urea nitrogen thiosemicarbazide 
reagent (0.05% thiosemicarbazide), 0.25 ml urea 
n i t r o g e n  d i a c e t y l  r e a g e n t  ( 1 . 0 %  d i a c e t y l  
monoxine), 2.5 ml urea nitrogen acid reagent (12.8% 
s u l f u r i c  a c i d  a n d  1 . 7 %  p h o s p h o r i c  a c i d )  t o  
cuvettes. 

4. Place in boiling water bath for exactly 7 minutes. 

5. Remove and place in ice water bath for 5 minutes. 

6. Remove, wipe dry and swirl to remove striations. 

7. Read the absorbance against the blank at 505 nm 
within 30 minutes. 

8 .  C o n c e n t r a t i o n  o f  u r e a  n i t r o g e n  ( m g / 1 0 0 m l )  i s  
calculated by the following formula: 

absorbance of  control  . .  concentrat ion of  std.  
or  unknown in nig/100 ml 

absorbance of  standard 

9 .  U r e a  s p a c e  
calculated: 

vol. urea < 
in fused x ( r  

(ml)  

10. Prediction equation to determine percent empty 
body lipid (%EBL) from urea space percentage: 

a s  a  p e r c e n t a g e  o f  l i v e  w e i g h t  i s  

conc. urea sol .  
mg urea/100 ml)  

d i f ference in plasma 
urea ni t rogen pr ior  
to and af ter  infusion 

(mg urea/100 ml)  

i  ve wt 
(gm) 

(%EBL) « 102.20 - 1.54 (% urea space® 12 min). 
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Total Serum Lipid Determination 

1. Pipet 2 ml concentrated sulphuric acid into a test tube 
containing .1 ml serum. 

2. Heat in a boiling water bath for 10 minutes. 

3. Cool rapidly inn cold water. 

4. Add .1 ml of this solution to a tube containing 2 ml 
phosphoric acid and .5 ml vanillin reagent (.6 grams 
vanillin in 100 ml distilled water). 

5. Mix and let stand for 15 minutes at 37C. 

6. Measure the developed color within 10 minutes at 537 nm 
against the blank (.1 ml sulphuric acid with 2 ml 
phosphoric acid and .5 ml vanillin reagent). 

7. Use Monitrol-1 (American Scientific Products, Tempe, 
AZ) as the reference. 
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