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ABSTRACT 

Despite the widespread use of cottonseed and cottonseed meal as supplemental 

feed for beef and dairy cattle, there are many physiological problems associated with a 

toxic chemical located in the pigment glands throughout the cotton plant called gossypol. 

Few studies have looked at how feeding cottonseed or cottonseed meal can affect embryo 

implantation rates and other physiological factors in heifers and cows. This study 

examined the reproductive potential of the female by examining implantation rates, 

steroid hormone cascade, and the effects of gossypol on overall wellness of the animal as 

exhibited by blood physiology. Fifty Angus and Brangus crossbred heifers were used in 

this trial to evaluate these potential effects. Heifers were randomly assigned to one of 

two diets. Treatment (n=26) and control (n=24) heifers were in pen number one and two, 

respectively. The control and treatment diets were sorghum-silage based and balanced to 

be iso nitrogenous and iso caloric; the treatment diets contained 17% cracked Pima 

cottonseed. The diets were fed for 223 days. Pima cottonseed is known to have a greater 

percentage of gossj^l and a higher ratio of the (-) isomer when compared to upland 

cottonseed (Sullivan et al., 1993). No differences were found between the treatment and 

control group for body weight. There were obvious differences in gossypol level (P < 

.0001) as the control group had a mean level of 0.00 ug/ml and the treatment group had a 

mean of 9.05 ug/ml from day 1 to 43. There were differences between the two groups for 

erythrocyte fragility (P < .0001). There were no differences found between the two 

groups for either estradiol-175 or for progesterone levels. No differences were found 

between the groups for implantation rates, but zero pregnancies were found via rectal 

M 



ultrasound 47-days after embryo transfer. Data fi-om this current study suggest that 

feeding cracked Pima cottonseed at a level of 17.5% in the diet increased erythrocyte 

fi-agility and plasma levels of gossypol, however, heifer body weight and hormone levels 

were not effected. Further research is needed to determine if gossypol affects embryo 

implantation rates in beef females. 
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CHAPTER I 

E^TRODUCTION 

Gossypol is a yellow polyphenolic pigment found in the pigment glands of all 

parts of the cotton plant, genus Gossypium. In the plant, gossj^ol serves as a natural 

insecticide making the plant less palatable to animals. The use of cotton by-products 

such as cottonseed plays an important role in the economy of cotton-producing areas, as 

the processing of cottonseed into cottonseed meal as well as cottonseed oil are two major 

industries in cotton producing regions of the US (see review by Berardi and Goldblatt, 

1969). The cottonseed and cottonseed meal produced are used as feed by the livestock 

industry. Therefore it is important to understand what gossypol is, and its potential 

toxicological effects because of the enormous economic impact that this chemical can 

have on livestock production. 

The production and utilization of cottonseed is a result of a by-product of cotton 

fiber production. Worldwide fiber production was 87,280,000 tons of fiber in 1999, 

while US Production for 1999 was 16,293,700 tons (South Plains Cotton Growers Inc , 

1999). Texas produced 5,050,000 tons, of which the High Plains of Texas accounted for 

60% or 3,006,000 tons (South Plains Cotton Growers Inc., 1999) Cotton production is 

estimated to produce 5.5 million tons of cottonseed each year in the US. Of this amount, 

nearly 40% of that production is normally fed to animals (Cotton Inc., 2000). 

Cottonseed sales, for use of oil extraction and livestock feed total between 800 to 900 

million dollars each year in the US (Cotton Farming, 2001). In some areas of the 

country, availability and/or higher costs may be limiting factors in the utilization of 



cottonseed as a feed source for livestock. However, in the cotton-producing areas of the 

U.S. where greater availability and competitive costs make feeding cottonseed practical 

and possible, it is the toxic effects of gossypol in the cottonseed that limits cottonseed and 

cottonseed meal to be the second most popular feed source after soybean meal. 

Of all the cotton by-products that result from the processing of cotton, cottonseed 

oil has the greatest economic importance. Crude cottonseed oils must be bleached and 

processed to meet acceptable color standards prior to their use in cooking oil, salad 

dressing, shortening and in margarine (Berardi and Goldblatt, 1969; Zirkle et al., 1988). 

These lightly colored cooking oils as prepared here in the U.S. are essentially completely 

free of gossypol (Berardi and Goldblatt., 1969). However, it is estimated that frilly one-

quarter of the cottonseed oil can not be simply refined for human consumption due to 

these color standards, so most mills are operated such that the unrefinable oils are mixed 

into cottonseed meal (Smith, 1962). 

Cottonseed meal is known in many areas of the country, as an excellent and 

economically viable source of feed for ruminant animals. Cottonseed meal is a 

prominent additive in cattle diets and is the second largest source of supplemental protein 

for cattle in the U.S. (Berardi and Goldblatt, 1969; Risco et al., 1993). Coppock et al. 

(1985) stated that cottonseed has an unusual feature of having both high energy and high 

fiber (summarized by Barraza et al., 1991). This makes cottonseed a very attractive 

source of supplementation to the cattle industry. One area where cottonseed 

supplementafion is extremely attractive is in the dairy industry where increased energy 

demands of high-yielding dairy cows is perfectly matched to the cottonseed's attributes 

of having both high energy and high protein content (Barraza et al., 1991). Lin et al. 



(1992) observed that radiolabeled gossypol in the dams incorporated itself in the milk and 

was passed on to suckling neonates. However gossj^ol was not present in lactating 

Holstein cows fed cottonseed meal (Lindsey et al., 1980). 

The antifertility effect of gossypol has been studied in the nonruminant male and 

female of many species of domestic farm animals. In the male nonruminant, the effects 

of gossypol seem to be both time and dose dependent. Different species have different 

tolerances to gossypol. A trend is seen that at high doses of gossypol coupled with low to 

average concentrations of protein, the male can become infertile because of sperm 

motility loss and depressed sperm counts. Exact numbers of formulas to compute these 

losses for all species have not been determined. Mitochondrial damage of the sperm tails 

renders them immobile, and damage to the germinal epithelium is partially responsible 

for decreased spermatogenesis (Randel et al., 1992). The presence of gossypol in 

cottonseed meal can result in many problems when fed in large amounts, and the dairy 

industry, in particular, has witnessed many of these effects firsthand. Some of these 

phenomena include decreased reproductive efficiency, blood aberrations and cow death 

(Randel et al., 1992). Therefore, the objectives of this research were to: 

1. determine if gossypol has an effect on the reproductive potential of the female 

by: 

a. examining embryo implantation rates and estrus behavior 

b. study levels of estradiol-175 and progesterone and hormone cascade 

2. determine the effects of gossypol on overall wellness of the animal as 

exhibited by red blood cell fragility. 



CHAPTER U 

LITERATURE REVIEW 

2.1 Gossypol 

Gossypol is a 30-carbon, 4-ring structure (CsoHsoOs), with a molecular weight of 

518.54 kd, and has the structural name of l,r,6,6',7,7'-hexahydroxy-5,5'-diisopropyl-

3,3'dimethyl [2,2'-binaphthalenel]-8,8'-dicarboxaldehyde (Berardi et al, 1969; Randel et 

al., 1992). Gossypol is composed of three tautomeric forms that account for the 

numerous chemical and physiological reactions often associated with this compound 

(Berardi et al., 1969; Randel et al., 1992). Berardi et al. (1969) summarized that there are 

some 20 species of the genus Gossypium, but only four are cultivated for fiber production 

woridwide (Stephens, 1958; Berardi et al., 1969). Randel et al. (1992) summarized that 

there was a mean gossypol content of 1.32% in cottonseed from species hirsutum, which 

is the most commonly grown species in the United States (Pondey and Thejappa, 1975). 

Gossypol is thought to provide cotton plants with insect resistance (Price et al., 1993). 

The high levels of gossypol in cottonseed and cottonseed products have restricted their 

use as feed for ruminants and have prevented the use of cottonseed products for feeding 

nonruminants (Randel et al., 1992). 

When gossypol is bound to proteins in the stomach it becomes chemically 

inactive because it is not able to bind to organs. Therefore, when fed in low levels that 

the body can detoxify gossypol in this way it is not harmful to animals and people as a 

feed source (Randel et al., 1992). It is the level of free gossypol in the body after 



consumption that determines how toxic the product will be. Gossypol also exists as a 

mixture of two stereoisomers, (+) and (-), vdth the negative isomer appearing to have the 

greater influence and negative effects (Bernard 1999; Tanphaichitr et al., 1988). The 

ratio of (+) to (-) isomers in upland cottonseed was found to be 56.6% to 43.4%, 

respectively while Pima cottonseed possessed 48.8% to 51.2%, respectively of gossypol 

(Sullivan et al., 1993). The higher amount of the negative isomer found in Pima 

cottonseed is why Pima is more toxic than upland cottonseed (Wang et al., 1986). 

2.2 Toxicology 

Different species react differently to being fed cottonseed and cottonseed 

products. Gossypol is particularly toxic to swine, while poultry and horses seem to be 

relatively unaffected (Berardi and Goldblatt, 1969). It is however, even less toxic to 

adult ruminant animals because thek frilly fimctional rumens have to ability to bind large 

amount of previously free gossypol with soluble proteins, thus inactivating it (Haschek et 

al., 1989). However, young calves are highly susceptible to gossypol toxicity before the 

rumen is fully functional (Berardi and Goldblatt, 1969). General symptoms of chronic 

ingestion of cottonseed are labored breathing, dyspnea, decreased growth and anorexia 

(Smith, 1957). Postmortem evaluations of animals that have died due to gossypol 

poisoning have found fluid accumulation in various body cavities, edema and congestion 

in the liver, lungs and spleen. Also, dilation and hypertrophy of the heart is seen with a 

degeneration of muscle fibers (Randel et al., 1992). 

Pigs do not contain a rumen and are monogastric animals. Their ability to bind 

free gossypol is limited at best. Smith and Clawson (1965) summarized a finding by 



Hale and Lyman (1957) that swine fed a 15.5% diet of cottonseed, which contained .01% 

free gossypol, showed no symptoms of gossypol toxicity. Cottonseed that contained 

.015% free gossypol produced toxic symptoms, but no death was witnessed. However, 

when .019% free gossypol was administered in the diet, deaths occurred. Pathological 

examinations were done on the pigs that had died due to gossypol poisoning. Smith 

(1963) performed a pathological study on the dead swine from the previous study found 

gross edema, hydrothorax, congestion and edema of lungs. This was included with 

hydropericardium, edema of the gallbladder, edema of the lymph nodes, congestion of 

the liver and kidney. The edema was thought to result from venous stasis attributed to a 

failing heart. The hearts were found to be flabby and dilated. The livers were found to 

be grossly congested. A swine herd in Illinois fell sick to gossypol poisoning through the 

feeding of cottonseed meal and cake (Haschek et al., 1989). Half of the 300 animals died 

within a four to six week period. Four animals underwent necropsy examination on site. 

It was found that all four were in poor nutritional health and had severe cardiomyopathy, 

with large amounts of straw-colored fluid in the pericardial sac, thoracic cavity and 

abdomen (Haschek et al., 1989). Studies by Skutches et al. (1973) reported on numerous 

blood parameters in swine. Fourteen pigs were fed a diet that contained .06% free 

gossypol for 43 days. The investigators reported that even before the pigs showed any 

signs of gossypol toxicity, hemoglobin and hematocrit levels were reduced, which was 

purported to be a sign of gossypol chelating iron in the liver, thereby interfering with its 

normal synthesis of hemoglobin. The pigs also had a lower serum iron-binding capacity 

and the total serum protein was reduced by twenty percent, which the investigators 

attributed to gossypol's effect on reducing protein production. The treatment pigs also 



showed reduced liver iron concentrations, which was attributed to the formation of a 

gossypol-iron complex in the liver. That complex was then flushed from the organ via 

the bile, which decreased the overall iron concentration. These data led to the conclusion 

that swine are highly susceptible to the toxic effects of gossypol, and it has been 

reconmiended that swine not be fed over 550 mg/kg gossypol in the diet (Abou-Donia, 

1976). 

During the late 1890's ruminants were considered to be effected by a phenomena 

called "cottonseed meal injury." However this was later found to be the result of vitamin 

A deficiency (Colin-Negrete et al., 1996). According to Randel et al. (1992), a study was 

conducted by Reiser and Fu (1962) that indicated mminants possessed the power to 

detoxify gossypol by the binding of free (active, harmful) gossypol to soluble protein. 

This bound gossypol was found to be biologically inactive and therefore non-harmful 

Lindsey et al. (1980) performed a study in which mature dairy cows were fed excessive 

amounts of cottonseed meal on the order of 6.6 and 42.7 g of free gossypol per kg of BW 

per day. This worked out to be 138. Ig and 156.7g per group per day, respectively. The 

investigators found elevated plasma concentrations of gossypol in the treatment animals, 

higher amounts of free gossypol in the liver, lower hemoglobin, higher plasma protein, 

greater erythroc5^e fragility and higher respiration rates were seen in the cattie fed 

cottonseed meal. One of the cows on the cottonseed-meal diet died, which the 

investigators attributed to gossypol toxicity. 

In another study, Colin-Negrete et al. (1996) took fifteen heifers from weaning 

until pregnancy and fed them diets of 0%, 15%, or 30% whole cottonseed Over this 

431-day trial, many observations were made. First, the 0% and 15% diets caused similar 



levels of erythrocyte fragilities, but the effect of the 30% diet was statistically higher. 

One heifer receiving the 30% cottonseed diet died on day 396. Upon examination the 

heifer was found to have died from terminal cardiovascular failure, a death the 

investigators attributed to gossypol toxicity. 

Risco et al. (1992) also reported cattle deaths due to gossypol poisoning in their 

study. Sixty Holstein bull calves from 1 to 120 days in age were fed either 0, 100,200, 

400, or 800-ppm fi-ee gossypol for 11 weeks. The investigators collected blood and took 

measurements every 30 days. They found no significant differences in feed consumption, 

BW and blood parameters. However it is important to note that one calf in the 400-ppm 

group died and 4 in the 800-ppm group died as a result of circulatory failure, which the 

investigators associated with gossypol poisoning. In a study by Holmberg et al. (1988), 

several dairies in California were experiencing a large number of calf deaths. 

Veterinarians were called in to evaluate calf health and perform necropsies. The animals 

examined were 10 to 16 week old Holstein calves. The calves had been fed a diet with a 

free gossypol level ranging from 250 to 380 ppm. The most common clinical finding was 

elevated serum sorbitol dehydrogenase. Sorbitol dehydrogenase concentration for the 

dead, sick and healthy calves fed the cottonseed meal were 277, 34 and 45 units per liter, 

respectively. The mean sorbitol dehydrogenase level for calves not fed any cotton 

products was 18 units per liter. At necropsy, gross lesions effusing a fluid were found in 

the body cavities of most calves. Investigators also found edema of the mesentery, 

elevated levels of liver gossypol and the most consistent finding of severe centrilobular 

hepatic necrosis. 
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However, some studies have been performed with high levels of cottonseed in the 

diet, and little or no evidence for gossypol toxicity was found. A study by Willard et al. 

(1995) found that pregnant Brahman cows and heifers fed 4 grams of free gossypol per 

animal per day had significantly higher erythrocyte fragilities but few other variables 

tended to show signs of gossypol poisoning. The investigators concluded that feeding the 

amoimt of cottonseed that yielded 4 grams of gossypol per kg per day had no effect on 

long-term performance of the cows or calves in their study. Barraza et al. (1991) 

performed a study feeding 16 lactating cows 15% whole cottonseed (23 grams per day 

free gossypol) that showed no effects on performance. It was concluded that gossypol 

toxicity did not effect any of their parameters. A study by Coppock et al. (1985) fed diets 

of 15%, 35% and 55% whole cottonseed to twenty lactating Holstein cows. These 

investigators found no evidence of gossypol toxicity in the 11 blood metabolites 

examined. 

The effects shown in some of the previous studies suggest that it is possible to 

overwhelm the detoxifying mechanisms in immature ruminants with an excessive amount 

of cottonseed. However these high concentrations of gossypol were shown to not cause 

many problems in mature ruminants when fed in reasonably low amounts 

2.3 Male Reproduction 

It has been nearly 40 years since synthetic progestin (norethistrone) and a 

synthetic estrogen were established for use as a female birth control method (Matlin, 

1994). The cyclic pattern of the female hormone cycle has led investigators searching for 

female contraceptive methods to study the effects of progesterone (a corpus luteum 



steroid) to inhibit ovulation as it does during pregnancy. This in turn led to the obvious 

birth-control mechanism, which was imitated by synthetic progestins (Matlin, 1994). 

However, it has proven much more difficult to provide birth control for males (other than 

condoms or vasectomy) for a variety of physiological and social reasons. One area that 

held promise as a pharmacological agent for a male contraceptive agent was gossypol. 

Gossypol has many devastating effects on the fertility of the human male. It was first 

discovered that gossypol has a negative effect on male reproduction when an area of 

China went 10 years without reporting one childbirth. It was determined that the 

villagers were cooking with cottonseed oil, which were making the males impotent (Liu 

1957; Randel et al., 1992). In a study by Kennedy et al. (1983), human semen exposed 

to gossypol was found to be irreversibly inhibited in the conversion of proacrosin to 

acrosin. The investigators also found a parallel decline in oocyte penetration; however, a 

decrease in sperm motility, or forward progression, was not found. This is in conflict 

with results found by Cowart et al. (1994), in which exposure of human semen to 

gossypol inhibited sperm motility in both a dose- and time-dependent manner by a 

cAMP-dependent mechanism. The investigators found that this effect was in fact 

partially reversible by increasing the amount of cAMP. 

Of course not all of the studies of gossj^JoPs effects on the male have investigated 

effects on humans. A large amount of research has been centered on mice as well as 

direct application on most domestic livestock species. A study by Lee et al. (1982) 

looked at the effects of gossypol on enzyme activation and inhibition in mice. The 

investigators found that three lactate dehydrogenase isozymes and malate dehydrogenase 

(all purified from mouse tissue) were inactivated by gossypol. The authors proposed that 
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the male antifertility effect of gossypol could be related to inactivation of sperm-specific 

lactate dehydrogenase-X (LDH-X). Another study looking at LDH-X activity was 

performed by Lin et al. (1987) in which gossypol was administered orally to adult male 

rats at 20 mg/kg/day for a period of 2,4 or 5 weeks. No difference in spermatozoa LDH-

X activity was found to exist between treatment and control groups at both the 2- and 4-

week interval. However at the 5-week interval LDH-X activity had declined by 80% in 

the treatment group. Baccetti et al. (1987) looked at the action of gossypol on rat 

germinal cells. They found that gossypol acts on the morphology of the acrosome during 

storage and transit in the epididymis. It was also found that gossypol's effects are 

centered on the S-S group formation, thus disturbing morphological molding and thus 

inhibiting capacitation. Yuan et al. (1985) found that acrosomal enzymes were more 

susceptible to the effects of gossypol compared to those enzymes involved in glycolysis 

or energy production. Gossypol is known to effect Lydig cell release of basal and LH-

stimulated testosterone release. It was found that gossj^ol's greatest inhibitory effects on 

Lydig cells function between LH-dependent stimulation of cyclic AMP dependent protein 

kinase activity (Pearce et al., 1986). 

The effects of gossypol on spermatozoa concentration and function have also 

been examined. Moore et al. (1988) looked at the number of spermatozoa reaching the 

amullae and penetrating the oocytes. They found that both of these were reduced in a 

dose-dependent manner to gossypol administration. At the highest levels of gossypol 

administered (5 mg) and coupled with Nonoxynol-9 at 10 ul, this was found to prevent all 

pregnancies from occurring. A study was also performed to determine the mechanism by 

which gossypol acted on the sperm of male rats (Fomes et al., 1993). Rat spermatozoa 
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were incubated in a balanced salt solution including a 10 |iM concentration of gossypol. 

The sperm exhibited a loss of motility. Even the presence of 25 mM of Teophylline, a 

well-known motility stimulant, had no positive influence on the motility of these sperm. 

However, the addition of 10 mM of Mannitol (a superoxide scavenger) significantly 

reduced motility loss. The authors concluded that gossypol produces a peroxidative 

breakdown of the membrane phospholipds in male rat sperm. 

Chang et al. (1980) performed a study on the effects of gossypol on male rats, 

hamsters and rabbits. The investigators gave the rats and hamsters oral doses of gossypol 

at a rate of 5 or 10 mg/kg of body weight daily for a period of 12 weeks. The 

investigators found dead and abnormal sperm in the male tracts and either an outright 

failure to successfiilly mate or a decrease in the number of implantation sites. The male 

rabbits were given doses from 1.25 to 10 mg/kg daily from 5 to 14 weeks. Unlike in rats 

and hamsters, the male rabbits appear to be more resistant to the effects of gossypol. 

Treatment of male rats with gossypol did not affect the average number of sperm during 

ejaculation, the pregnancy rates or the number of implantation sites. However, the 

investigators did find that the motility of sperm in the male rabbits was decreased, but not 

to levels that would hinder reproductive success. These data suggest that a differential 

sensitivity to gossypol exists among different species. 

Many studies have examined the adverse effects of gossypol on male farm 

species, including ruminants. Most, but not all previous research on male ruminants fed 

a diet containing gossypol demonstrated some type of negative effect An almost 

universal finding is that gossypol inhibits the maturation or usefulness of bulls by either 

delaying puberty (Chase et al., 1994), lowering sperm production (Chenoweth et al., 
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1994), or by decreasing sexual activity scores (Velasquez-Pereira et al., 1998). However, 

Holstein bulls fed 14 g of free gossypol per kg per day and supplemented with 4000 lU 

vitamin E per bull per day showed improvement in the number of mounts and recorded 

improved libido scores when compared to control bulls (Velasquez-Pereira et al., 1998). 

Another component of gossypol's effects are changes in scrotal morphology. These 

aherations can occur in many different parameters. Some common changes produced by 

gossypol's effects are larger lumens, decreased wall thickness and a reduced cell layer in 

seminferous tubules. Arshami et al. (1988) fed six crossbred beef bulls whole cottonseed 

and cottonseed meal (3% of BW). These investigators found that the bulls on the 

cottonseed diet had larger lumens, decreased cell wall thickness and a reduced number of 

cell layers in their seminiferous tubules. This indicated detrimental effects to the 

spermatogenic tissues and surrounding cells due to gossypol. The same results were 

found by Chase et al. (1994) who fed ten Brahman bulls 60mg/kg BW/day, however, no 

difference in seminferous tubule diameters was found. 

Gossypol's effects are not limited to the previously cited changes in bulls, but can 

have an effect on sperm parameters as well. Gossypol can decrease the percentage of 

sperm that complete a swim-up procedure in columns (Brocas et al., 1997), A number of 

studies have reported the occurrence of sperm midpiece abnormalities (Risco et al. 1993, 

Chenweth et al., 1994; Velasquez-Pereira et al., 1998). Chenoweth et al (1994) fed four 

20-month-old 500 kg Brahman bulls 8.2g of free gossypol/bull/day and found that the 

sperm midpiece abnormalities included: gaps in the mitochondrial helix, irregular outline 

and fractures. These defects were detected in the late maturation phase of 

spermatogenesis, therefore, during epididymal transport (Risco et al. 1993; Chenweth et 
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1994), or by decreasing sexual activity scores (Velasquez-Pereira et al., 1998). However, 

Holstein bulls fed 14 g of free gossypol per kg per day and supplemented with 4000 lU 

vitamin E per bull per day showed improvement in the number of mounts and recorded 

improved libido scores when compared to control bulls (Velasquez-Pereira et al., 1998). 

Another component of gossypol's effects are changes in scrotal morphology. These 

aherations can occur in many different parameters. Some common changes produced by 

gossypol's effects are larger lumens, decreased wall thickness and a reduced cell layer in 

seminferous tubules. Arshami et al. (1988) fed six crossbred beef bulls whole cottonseed 

and cottonseed meal (3% of BW). These investigators found that the bulls on the 

cottonseed diet had larger lumens, decreased cell wall thickness and a reduced number of 

cell layers in their seminiferous tubules. This indicated detrimental effects to the 

spermatogenic tissues and surrounding cells due to gossypol. The same results were 

found by Chase et al. (1994) who fed ten Brahman bulls 60mg/kg BW/day; however, no 

difference in seminferous tubule diameters was found. 

Gossypol's effects are not limited to the previously cited changes in bulls, but can 

have an effect on sperm parameters as well. Gossypol can decrease the percentage of 

sperm that complete a swim-up procedure in columns (Brocas et al., 1997). A number of 

studies have reported the occurrence of sperm midpiece abnormalities (Risco et al. 1993, 

Chenweth et al., 1994; Velasquez-Pereira et al., 1998). Chenoweth et al. (1994) fed four 

20-month-old 500 kg Brahman bulls 8.2g of free gossypol/bull/day and found that the 

sperm midpiece abnormalities included: gaps in the mitochondrial helix, irregular outline 

and fractures. These defects were detected in the late maturation phase of 

spermatogenesis, therefore, during epididymal transport (Risco et al. 1993, Chenweth et 
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al, 1994), Another abnormality seen in gossypol-fed bulls is the decrease in sperm 

motility and normal sperm (Risco et al., 1993; Chenoweth et al., 1994; Velasquez-Pereira 

et al., 1998). 

2.4 Female Reproduction 

Gossypol has been widely investigated for use as a female birth control method. 

Several investigators have found that female rats treated with gossypol have interrupted 

or delayed normal estrus cycles (Lageriof et al., 1985; Lin et al., 1985; Randel et al, 

1992). These irregular cycles appear to be caused by gossypol's ability to suppress ovary 

secretion of progesterone and estradiol-175 (Lin et al, 1985). Lageriof et al. (1985) gave 

20 mg of gossypol acetic acid per kg of BW to female mice for a period of 60 days, and 

observed an increase in diestrus. 

Effects of gossypol on pregnancy rates have also been investigated. Rats treated 

with gossypol acetic acid almost universally show a decrease in pregnancy rates (Yang 

and Wu, 1987; Lin et al, 1991). An interesting investigation was conducted by Lin et al. 

(1991), on the day of proestrus, gossypol was injected at doses of 50, 100, 150, 200 and 

500 Mg of gossypol in one uterine horn of each subject. The other horn was injected with 

a 100 wl buffer. The animals were immediately put in with proven males on day 0, and 

the number of implantation sites was investigated on day 8. At laparotomy the percent of 

pregnant animals with implantation sites in the gossypol treated horn were 0, 0, 0, 10, and 

44 %, respectively, in the gossypol-treated horns. Implantation sites were present in 

100% of the control horns of the very same rats. To contrast these findings, Yang and Wu 

(1987) reported that the number of embryos, implantation sites, and initiation of 
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implantation sites in gossypol acetic acid treated rats (90 mg/kg BW/day) were not 

different from those of controls. 

Hormone abnormalities have been seen in rat and mouse dams that have been 

administered gossypol. These findings can have a large impact on the number of 

offspring produced since some pregnancies may be terminated due to gossypol's effects 

without the addition of steroid hormones (Lin et al., 1985). Serum levels of progesterone, 

as well as estradiol-175 secreted from the ovary, were significantly lower than that of the 

controls (Lin et al., 1985). The investigators also found that the maintenance of 

pregnancy was impossible without the administration of exogenous progesterone and 

estrogen. These findings somewhat contradict the findings of Reddy et al (1989), in 

which gossypol exhibited a positive influence on the ovary and actually increased 

follicular development with the introduction of luteolysis, while exhibiting anti-

implantation responses in the uterus by damaging the endometrium and the embryo in the 

uterus. 

There is voluminous information regarding the effect of gossypol on embryo 

development and toxicity. These negative gossypol effects can also be manifested in 

decreasing offspring birth weights following administration of gossypol to the dam 

(Lageriof and Tone, 1985; Sein and Phil, 1986; Li, 1989). Daily administration of 

gossypol (50 or 74 mg/kg/day) during the first 15 days of gestation in mice produced 

dose-dependent embryocidal effects in the order of 37.8% and 94.5%, respectively (Sein 

and Phil, 1986). Gossypol can also have an inhibitory effect on the development of 

embryos (Lin et al, 1989). When Lin et al (1989) administered gossypol at 5, 10 and 30 

wg/ml in mice, the formation of two pronuclei was inhibited by 45%, 65 % and 95%, 
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respectively. By day three of this trial, control embryos progressed to the morula and 

early morula stages in 65% and 17% of embryos, respectively, while less than 2% of 

embryos from the gossypol- treated hamsters were in the morula stage. The investigators 

also found the number of implantation sites and pups in the control animals to be 

significantly higher than the gossypol-treated animals. 

It has been clearly demonstrated that gossypol can affect fertilization, embryo 

development and implantation. These rodent data suggest that gossypol may have direct 

effects on other mammalian embryos. However the in-vivo data on embryo development 

in livestock fed gossypol are lacking (Randel et al, 1992). 

While swine data may be somewhat lacking in this area, several in-vivo and in-

vitro studies are in existence concerning bovine reproduction. There are definite patterns 

to the findings of these trials. When we examine the in-vivo trials, there are two 

universal trends. First, the investigators found an elevated level of gossypol in the serum 

along with a corresponding increase in erythrocyte fragilities when compared to the 

controls. Second, there is a lack of substantial evidence that gossypol has statistically 

negative effects on bovine reproduction, Gambill and Humphrey (1993) performed a 

trial with 13 crossbred beef heifers that were given 6, Ig of gossypol and another group of 

16 animals that were given, 13.7g gossypol/animal/day. Body weights actually decreased 

in the high gossypol group when compared to the low and control groups. Erythrocyte 

fragilities were higher in both gossypol groups in comparison to the controls. Gray et al. 

(1993) performed two sets of experiments in heifers. In the first experiment, animals 

received either 0, .5, 2.5, 5, 10 or 20 g/animal/day of gossypol/ day. Those fed the 20 

grams had higher mean concentrations of basal LH when compared to the heifers in the 
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lower-gossypol fed groups. Higher erythrocyte fragilities were also found in the groups 

receiving 10 and 20 g/animal/day of free gossypol. No other parameters were different, 

including average daily gain, body condition score, or concentrations of progesterone. In 

the second experiment, nine animals were fed 20g of free gossypol/animal/day and eight 

animals a control diet with no gossypol Elevated fragilities were found in the gossypol-

fed animals. No other differences were found in mean BW, body condition scores, 

magnitude of preovulatory LH surge, luteal phase progesterone, follicular fluid estradiol 

or progesterone concentrations, in-vitro granulosa cell estradiol production or even 60-

day pregnancy rates. It was determined that the amounts of free gossypol fed to the 

animals were not high enough to adversely affect reproductive parameters. Velasquez-

Pereira et al. (1998) found increased erythrocyte fragilities in their gossypol-fed animals 

and greater concentrations of gossypol in the muscle over the heart and liver. They found 

no effect on the concentrations of antioxidant vitamins or any other detrimental effects on 

the performance of their beef heifers. However, a study by Randel et al. (1996) 

demonstrated significant physiological effects. Ten heifers were fed the control diet, no 

gossypol, ten heifers received 5g free gossypol/animal/day from cottonseed meal (CSM), 

and ten heifers received 15g of free gossypol/animal/day from whole cottonseed (WCS). 

The investigators found that differences were not solely due to differing amounts of 

gossypol, but also from the source of gossypol. The heifers consuming CSM had higher 

erythrocyte fragilities than the controls after day 42. Both the control and the CSM group 

gained weight during the trial while the WCS group lost weight. Heifers that consumed 

CSM or WCS had higher corpus luteum progesterone levels than the controls The 

heifers on CSM had a greater percentage of degenerated embryos than the WCS or the 
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controls. However most of the ovarian, follicular and embryo variables were not severely 

affected by the different amounts of gossypol However, the differential effects of CSW 

and WCS influenced weight gain, corpus luteum progesterone and embryo viability 

(Randel et al., 1996). 

The findings of the in-vitro experiments show more variability than the in-vivo 

experiments. Since the female reproductive system is influenced by so many entities, an 

examination of the cellular responses is warranted. Lin et al. (1994) performed a study in 

which bovine oocytes were cultured in 10, 50, and 150 wg/ml of gossypol. Bovine 

graunlosa cells were treated with 0.1, 0.5, 2.5, and 12.5 wg/ml gossypol either with, or 

without, the presence of human gonadotropin hormone (hCG). It was found that 

gossypol reduced the expansion and inhibited nuclear maturation of the oocytes. The 

granulosa cells showed inhibition by gossypol in cAMP formation only at the highest 

level of gossypol, 12.5 wg/ml When the effect of hCG was added to the granulosa cells, 

it was found that both progesterone and cAMP levels were elevated. However, treatment 

of those cells with gossypol inhibited hormone release in a dose-dependent manner 

These resuhs indicate that gossypol inhibits cumulus expansion and nuclear maturation of 

the oocytes and both progesterone and cAMP formation in granulosa cells. Gu et al. 

(1990) examined cAMP and progesterone levels in luteul cells. Gossypol concentrations 

of 17-34 wM inhibited cAMP-induced progesterone secretion. At higher doses gossypol 

also inhibited conversion of 25-OH cholesterol to pregnenolone. This evidence supports 

the argument that gossypol is a steroidogenic enzyme activity suppresser. Gu et al. 

(1990) also investigated the site of possible gossypol action on progesterone synthesis 

using bovine luteal cells cultured in hCG and forskolin, both with and without the 
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presence of gossypol Gossypol inhibited hCG, and forskolin stimulated progesterone 

secretion and cAMP formation at a concentration of 10 wg/ml. At a higher concentration, 

20 i/g/ml, gossypol completely inhibited the effect of hCG and forskolin. These results 

suggest that the possible site of gossypol action on steroidogenesis on bovine luteal cells 

could be adenylate cyclase. Finding what area of the cell gossypol is binding to could 

help determine the mode of action gossypol has on reproductive functions. Lin et al. 

(1992) performed a study using tritium-labeled gossypol and determined that the outer 

cell membrane of luteal cells has the highest capacity to bind the gossypol. 

One predominant area of gossypol's negative effect was in the development of 

embryos. Zirkle et al. (1988) found that culturing bovine embryos with gossypol acetic 

acid showed a direct action by gossypol on the embryos themselves. Only 4% and 0% of 

the embryos cultured matured to the hatched blastocyst stage in media containing 10 and 

30 wg/ml gossypol acetic acid, respectively. None of the embryos cultured in 30 i/g 

advanced past the morula stage. 

Data from the female bovine indicate that gossypol has negative effects on 

embryo development and synthesis of progesterone by luteal cells. However these 

findings have yet to be found in vivo (Randel et al., 1992). 

As one can see, goss3^ol can exhibit a negative influence on animals that 

consume it, in a variety of parameters. Gossypol has been linked to fertility problems in 

the human males and females, as well as male and female rodents and swine. It remains 

to be decidedly proven, however, that gossypol has major negative effects on adult 

female bovine. Cottonseed products can be a dangerous and life threatening feed source 

for immature bovine. However adult ruminants have been relatively impervious to the 
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toxic effects of gossypol The most important issue for producers is at what level a 

particular type of animal can be fed cottonseed products. Both the concentration of 

gossypol and amount of feed must be taken into consideration. In addition, it is 

important to consider whether the above findings and results are the result of feed levels 

that are too low to have an effect, or we the findings the result of the bovine's superior 

ability to bind gossypol to a harmless form. These answers are important when applying 

this research to commercial livestock practices. 

The current study aims to further determine the effects of gossypol on female beef 

cattle. This study will subsequently examine the reproductive effects, as well as 

hormonal cascade effects and blood parameters of the ruminant animal Studying the 

effects of gossypol will help yield a better understanding of its negative effects and 

proper dietary amount to produce a health productive animal. 
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CHAPTER m 

MATERL\LS AND METHODS 

3.1 General Introduction 

Fifty-one Angus and Brangus beef heifers were obtained from a private donor for 

this project. The heifers were randomly assigned to one of two large pens to receive the 

control and treatment diets. Inside the two pens were ad libitum access of trace mineral 

blocks, iodized salt and a centrally located self-filling water trough, which was 

surrounded by concrete for sure footing. To randomly separate the animals into the two 

separate pens the animals were led down the alley and the gate for pen number one was 

opened for the first heifer and closed for the second heifer. Each time the gate to pen 

number one was closed the next heifer would be run to the open gate of pen number two. 

This was done until all fifty-one animals were assigned to the two pens. One heifer was 

found to be pregnant after initiation of the trial and was removed from the study. Pen one 

held the treatment heifers (n=26) and pen number two held the control heifers (n=24). 

3.2 Diet 

Pen one heifers received the cracked Pima seed diet and pen two heifers received 

the control diet. The diets were formulated to be isonitrogenous and isocaloric based on 

NRC (1996) beef cattle recommendations. The treatment diet contained 17.5% cracked 

pima seed and the diet provided 15g of gossypol/kg of BW/day. The seed gossypol 

levels were determined to have a mean of 1.5 % average free gossypol The mean isomer 

ratio was 48% (+) and 51% (-). The diets were formulated as found in Table 3.1 The 
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diets were feed for 152 days pre trial and for 56 days once the trial had begun. Animals 

were maintained on the control diet after the trial, prior to shipping. 

Table 3.1 Diet Composition 

Control Treatment 

ingredients 
79.3% Sorghum Silage 
6.0% Soybean Meal 
.7% Fat (tallow) 
14% Cracked Com 

82.5% Sorghum Silage 
17.5% Cracked Pima Cottonseed 

Nutritional Characteristics 
11.8% Crude Protein 
1.51 mcal/kg Nem 
.91% meat/kg Neg 
.34% Ca 
.25% P 

11.8% Crude Protein 
1.51 mcal/kg Nem 
.92% mcal/kg Neg 
.36% Ca 
.29% P 

Both diets also consisted of loose trace 
mineral mix and iodized salt provided free choice 
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3.3 Initial Testing of Gossypol Levels 

After 39 days (day -116) on the trial diets heifers were weighed and the first 12 

treatment animals and the first 6 control animals were bled from the jugular vein. This 

was performed to determine what levels of gossypol were present in the plasma of the 

heifers from our initial diet 15% cracked Pima seed. The samples were taken that day to 

the Texas A&M Agriculture Research and Extension center in San Angelo for plasma 

gossypol determination as described below. The mean gossypol level for the 12 

treatment animals was found to be 6.26 ug/ml. The mean for the control was found to be 

0.0 ug/ml. Through consultation by Dr. Millard Calhoun of the Texas A&M Agriculture 

and Extension center in San Angelo, the amount of Pima seed in the diet was increased 

from 15% to 17.5% for the treatment group. After allowing another 39 days (day -77) for 

the increase in cracked Pima seed to take effects and the plasma gossypol levels to 

increase and plateau, all 50 heifers were weighed and the same 12 treatment heifers were 

bled again. The samples were again taken that day to San Angelo. The mean level of the 

treatment animals was found to be 8.21 ug/ml, while the control animals had 0.0 ug/ml. 

Through conversations with Dr. Millard Calhoun, it was determined that the present level 

of Pima seed in the diet of the treatment animals was adequate, as some of the heifers had 

gossypol levels exceeding our predetermined safety limit of 10 ug/ml. 

3.4 Blood Collection Procedures 

Blood was obtained through jugular venipuncture and anticoagulated with 

buffered sodium heparin. The collection tubes were 10 ml sodium heparin vacuum 

sealed tubes from Becton Dickinson Vacutainer tubes (Franklin Lakes, NJ 07417-1885). 
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The tubes were lightly mixed by turning upside down and right side up for two or three 

series. These tubes were kept on ice, on site and in a cooler with the lid shut until 

storage. After transportation in the ice cooler post collection, the tubes were stored in a 

4°C freezer until the next morning. 

Blood was taken by the previously described method. Day one of the experiment 

started on the day of embryo transfer and first bleeding of the animals. The heifers were 

then bled in approximately 14-day increments during a period of 58 days or 10 weeks. 

(11/06/00, 11/20/00,12/4/00, 12/18/00 and 1/2/01) 

3.5 Embryo Preparation 

Oocytes were retrieved from slaughter houses and shipped to Texas Tech Health 

Sciences Center from OvaGrenix, San Angelo, Texas. Oocytes (n= 250) were shipped in 

incubated electrically warmed 37° C thermoses. Oocytes were contained in small glass 

tubes surrounded by miniature ball bearing, which were used for insulation as well as 

protection. The oocytes were shipped in media M 199. Upon arrival, the oocytes were 

transferred into fresh M 199 media that was prepared that morning and put into an 

incubator to warm to 37° C in 5% C02. On the second day, the oocytes were transferred 

to fresh media that had been allowed one hour to reach the correct temperature and C02, 

and were fertilized with 100 to 200 ul bull semen from a straw of frozen semen. The 

embryos were transferred each day to fresh media, which was adjusted and prepared as 

previously mentioned. The embryos were allowed to grow for 5 days before being 

graded and transferred. At that time the embryos were in the late morula stage to early 

blastocysts stage of development. 
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3.6 Transferring of Embryos and Animal Preparation 

The heifers were administered PGF2a (Lutilyse; Upjohn Corp. Kalamazoo, MI) 

to synchronize their estrus cycles on day -6 of the trial. On day -4,-3 and -2, heifers were 

watched for estrus behavior the first two hours of the morning and the last two hours of 

the evening. Behavior that included standing to be mounted, and mounting others in the 

pen were all noted separately for each animal as well as frequency of the activity. On day 

1 of the trial the embryos were transferred. Only the embryos that were graded as 

excellent by an experienced embryologist were used. Two embryos were transferred into 

each heifer to help ensure implantation and pregnancy. On the day of transfer, one heifer 

in the control group was removed from the trial as it was determined through rectal 

palpation that she was pregnant and would calve in two weeks. On day 43 the heifers 

underwent rectal ultrasound for pregnancy determination. 

3.7 Assessing Red Blood Cell Osmotic Fragility 

Osmotic fragility was run at the Texas Tech Health Sciences Center under the 

guidance and assistance of Dr. Jan Simoni DVM, (Department of Surgery, Texas Tech 

Health Science Center Lubbock, Texas). Values reported in the resuhs section were 

taken from erythrocyte fragilities at 60% NaCl-P04. The morning following the first 

blood collection (day 1), 25 samples were chosen at random and centrifliged at l,500g at 

room temperature for 10 minutes. The plasma was removed from these samples and 

stored in 1.5 ml centrifuge tubes for later analysis of hormones and gossypol. These 

plasma samples were immediately stored in a -90°C freezer. The centrifuged samples 

contained only red blood cells (RBC). These were washed with isotonic phosphate-
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buffered saline (PBS) (NaCl-P04), pH 7,4. Next, the samples were centrifiiged at l,500g 

for 5 minutes at 4°C. The saline solution was vacuumed off the top of the RBCs as well 

as the remaining platelets. This step was repeated. As reported by Simoni et al. (2000), 

osmotic fragilities were determined using the method as summarized here. In summary, 

100 ul of washed and packed RBCs were suspended in 2 ml PBS. 50 ul of this vortexed 

solution were pipeted into 12 different tubes containing 3 ml of PBS solution with the 

following concentrations of NaCl-P04, pH 7.4: 0.80, 0.70,0.60, 0.55, 0.45, 0.40, 0.35, 

0.30, 0.25, 0.10 and 0.00%. These solutions were then incubated in 37X for 30 minutes. 

The samples were then removed from the incubator and centrifliged at l,500g for 5 

minutes. After centrifugation, 200 ul of solution were removed from each sample tube 

and placed into enzyme-linked immunosorbent assay (ELISA) plates for absorbance 

reading. The assay was performed using Falcon 96 well-assay plates (Fisher Scientific, 

Pittsburgh, PA). The plates were read using the Bio Rad model 2550 ELISA plate reader 

at 405 nm absorbance. Three sets of each of the 12 PBS solutions were run with the 25 

samples each day to serve as blanks. This was done to remove the solutions absorbance 

and was subtracted from the sample values, to obtain a true reading of the RBCs 

fragility. The remaining RBC were stored in 1.5 ul centrifuge tubes and stored in a -70°C 

fi^eezer for any later assays. The following day this same procedure was performed on 

the remaining 25 samples. At each subsequent bleed date the 25 samples that were run 

the first day of analysis were nm on the second day and vise versa to counteract any 

increased fragility from prolonged storage. 
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3.8 Plasma Gossypol Determination 

Gossypol was determined at the Texas A&M Agriculture Research and Extension 

Center at San Angelo, Texas with the assistance and guidance of Dr. Millard Calhoun 

This procedure determined both the positive and negative isomers of gossypol that exists 

in plasma by using high performance liquid chromatography (method modified by Dr. 

Millard Calhoun). The method used was a slight modification from the official method 

of gossypol analysis published by American Oil Chemical Society (1985). Once 

gossypol is removed from the pigment glands of the cotton plant, gossypol is very 

reactive and very sensitive to light. Working in low light is most advisable for gossypol 

determination. The procedure in its slightly modified form follows. First, 1 ml of each 

sample of plasma must be pipeted into a 16 x 125 mm screw-top glass tube. These 

samples must then be frozen in a -70° C freezer then taken out and completely freeze-

dried. Then the dried plasma is pulverized with a glass stirring rod. Both the rod and 

sides of the glass tube must be rinsed with 1.0 ml of complexing reagent. These tubes are 

then capped and heated with a dry heating block for 10 minutes at 98° C. Tubes are then 

allowed to cool. After cooling, any remaining clots are broken with a glass rod. The rod 

and sides of the tube are rinsed with another 1 ml of complexing reagent. The tubes are 

sealed once again with the top and placed on the dry block heater for 30 minutes at 98° C. 

Next, the tubes are removed from the heater and allowed to cool for 60 minutes. After 

the tubes have cooled, 3 ml of mobile phase is added, mixed, and fikered through acetone 

washed Whatman No 2 filter paper (11 cm) into separate labeled 16 by 125 mm screw-

top glass tube. Fimnel and filter paper are covered to minimize evaporation. When 

filtration is finished the funnel is removed and screw-top caps are replaced on the tubes 
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At least .5 ml of sample is placed into the HPLC machine with a clean syringe. The 

injection valve was turned to load, then flushed with sample. The switch was moved to 

the inject poshion and the data program was started. The detector had the sensitivity set 

to .01 ug/ml. Gossypol is measured at 254 nm with a ISCO V4 wavelength detector 

{ISCO inc., Lincoln, NE). The software program handled data management. 

3.9 Gossypol Determination from the Pima Seed 

Gossypol levels from the Pima seed was determined by Dr. Millard Calhoun's 

laboratory at the Texas A&M Research and Extension Center in San Angelo. The 

method used to determine the free gossypol levels for the cracked Pima cottonseed is a 

modified version of Pons (1977). 

3.10 Hormone Determination 

Steroid sex hormones were determine by using radioimmunoassay Coat-A-Count 

kits (Diagnostic Products Corp., Los Angeles, CA). The sensitivity for estradiol-175 was 

50 pg/ml and progesterone were Ing/ml with interassay cv of 5.8 M and 8.3 M 

respectively. In brief, once all tubes had reached room temperature, tubes were labeled 

for both control and treatment samples. Next 100 ul of the calibrators was Pipetted into 

each blank tube. 100 ul of each sample was Pipetted into separate, labeled tubes. 1.0 ml 

of 1251 progesterone or estradiol-175 respectfully, was added to each tube. All tubes 

were then vortexed. All tubes were then incubated for 3 hours at room temperature. The 

tubes were decanted thoroughly. The tubes were counted for I minute m a gamma 

counter. 
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3.11 Statistical Analysis 

Weight, gossypol, fragility, estradiol-175 and progesterone were all analyzed by 

analysis of variance (ANOVA) and correlation procedure (SAS, 1988). Frequencies for 

estrus behavior were subjected to chi-square analysis. Weight, gossypol, fragility, 

estradiol-175 and progesterone were also analyzed by using General Linear Model 

procedures (SAS, 1988), with treatment, animal (treatment), time and treatment x time 

effects included in the statistical model as independent effects. The animal (treatment) 

term was used as the error term to test treatment differences, with other effects tested 

against the residual error term. 

Correlations were made between weight, gossypol, fragility, estradiol-175 and 

progesterone all five bleed dates. This was done using a correlation procedure in SAS, 

(1988). The correlations were calculated separately for control and treatment groups. 

Estrus behavior data were analyzed through chi-square analysis. 
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CHAPTER rV̂  

RESULTS AND DISCUSSION 

Figure 4.1 and 4.2 are general statistics for variables in the control and treatment groups. 

Table 4.1 General summary 

Variables a 

Weight (kg) 
1 
2 
3 
4 
5 
Gossypol (ug/ml) 
1 
2 
3 
4 
5 
FragHity 1 (%) 
1 
2 
3 
4 
5 
Progesterone (pg/ml) 
1 
2 
3 
4 
5 
Eslradlol-17B (pg/ml) 
1 
2 
3 
4 
5 

N 

23 
24 
24 
23 
24 

24 
24 
24 
24 
24 

24 
24 
24 
24 
24 

24 
24 
24 
24 
20 

24 
24 
24 
22 
17 

ts/laan 

519.4 
526.0 
542.2 
542.1 
535.8 

0.0 
0.0 
0.0 
0.0 
0.0 

11.1 
11.0 
12.3 
09.5 
14.6 

1.2 
2.8 
2.2 
1.7 
2.7 

4.3 
3.8 
4.1 
2.3 
3.2 

Rtd Hftv 

41.4 
46.2 
46.3 
39.5 
42.7 

0.0 
0.0 
0.0 
0.0 
0.0 

12.2 
10.9 
08.1 
09.0 
10.8 

1.4 
1.9 
1.5 
2.0 
2.0 

2.4 
2.8 
3.1 
2.1 
3.0 

r.v 

12.5 
11.4 
11.7 
13.7 
12.5 

0.0 
0.0 
0.0 
0.0 
0.0 

0.9 
1.0 
1.5 
1.1 
1.4 

0.9 
1.5 
1.5 
0.9 
1.4 

1.8 
1.4 
1.3 
1.1 
1.1 

Minimum 

443.2 
437.7 
450.0 
473.2 
443.6 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
3.0 
0.0 
0.0 

0.0 
0.2 
0.2 
0.1 
0.0 

0.0 
0.1 
0.7 
0.0 
0.0 

Mfly imi im 

590.9 
602.3 
617.7 
605.0 
602.7 

0.0 
0.0 
0.0 
0.0 
0.0 

39.3 
39.3 
34.1 
35.4 
43.8 

6.2 
6.7 
5.7 
6.1 
5.3 

09.7 
09.6 
14.8 
07.9 
10.1 

a (1-5) denotes collection at dates 11/6/00, 12/20/00, 12/4/00, 11/18/00 and 1/2/01, 
respectively 
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Table 4.2 General summary statistics for variables among treatment group 

Variables a 

Weight (kg) 
1 
2 
3 
4 
5 
Gossypol (ug/nrri) 
1 
2 
3 
4 
5 
Fragility (%) 
1 
2 
3 
4 
5 
Progesterone (pg/ml) 
1 
2 
3 
4 
5 
Estradlol-17B (pg/ml) 
1 
2 
3 
4 
5 

N 

26 
26 
26 
26 
26 

25 
26 
26 
26 
24 

24 
26 
26 
26 
26 

23 
26 
26 
26 
24 

23 
26 
26 
22 
19 

Mean 

526.1 
533.4 
538.5 
532.6 
524.7 

08.6 
09.0 
08.4 
10.2 
04.2 

36.4 
35.1 
34.0 
30.8 
37.3 

0.5 
2.7 
2.4 
0.9 
2.8 

4.5 
5.1 
4.5 
2.2 
2.6 

StdDfiv 

64.9 
71.2 
65.1 
64.4 
68.9 

2.1 
2.7 
2.5 
3.0 
1.2 

19.0 
13.3 
13.7 
16.6 
11.3 

0.2 
1.7 
1.8 
1.2 
1.8 

2.3 
2.3 
2.2 
1.6 
2.0 

CV 

8.1 
7.5 
8.3 
8.3 
7.6 

4.1 
3.3 
3.4 
3.4 
3.5 

1.9 
2.6 
2.5 
1.9 
3.3 

2.5 
1.6 
1.3 
0.8 
1.6 

2.0 
2.2 
2.0 
1.4 
1.3 

Minimum 

352.3 
322.7 
355.9 
350.9 
346.4 

5.1 
3.9 
4.3 
4.2 
2.1 

00.2 
00.0 
02.1 
03.7 
21.6 

0.1 
0.1 
0.2 
0.1 
0.0 

1.2 
1.0 
0.1 
0.1 
0.7 

Maximum 

622.7 
642.7 
646.8 
651.4 
651.8 

13.8 
16.4 
14.2 
18.0 
07.0 

82.9 
74.2 
69.5 
89.2 
71.6 

0.9 
6.0 
6.6 
4.9 
6.8 

9.0 
9.8 
9.2 
6.1 
7.2 

a (1-5) denotes collection at dates 11/6/00,12/20/00, 12/4/00, 11/18/00 and 1/2/01, 
respectively 
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No significant differences in body weights were found between the control and 

treatment groups over the length of the trial (Figure 4.1). However, differences in weight 

were seen due to bleed date (P < .0001; Figure 4.2). There were also differences seen in 

an animal (treatment) effect (P < .0001) and a treatment by time interaction (P < .0081; 

Table 4.3). Correlations were only run within control and treatment groups. Weight was 

found to correlate with plasma gossypol level (P = .0037, P = .0012, P = .0011, P = 

.0001, P = .0164; for weeks 1-5 respectively; Table 4.4), for the treatment group over the 

length of the trial. This correlation is due to the statistical model used. These data 

suggest that feeding cracked Pima cottonseed does not effect the weight gain of growing 

beef heifers. However, the time by treatment interaction showed that heifers fed the Pima 

diet had less fluctuation in weight than those on the control diet. 

There is tremendous pressure within the beef and dairy industry for cheap, but 

nutritious feed supplementation. The ability to provide high nutrient availabilhy and low 

cost would greatly benefit the industry. This study found no significant differences in 

weight when feeding cracked Pima cottonseed. This is most likely due to the fact that the 

diets were iso nutritrogenous and iso caloric. However, Lageriof et al. (1985) found mice 

dam body weights to decrease with administration of gossypol Skutches et al. (1973) 

found that pig body weight gain decreased compared to the controls when fed cottonseed 

meats. The findings of this present study are in agreement with several previous reports 

Sullivan et al, (1993) fed upland cottonseed, Pima cottonseed and cracked Pima 

cottonseed to lactating Holstein cows. No differences were seen in their body weight. 

However, differences m body weight were seen in the present trial between the groups 

when both control and treatment groups were analyzed for each bleed date as seen in 
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Figure 4.2. These results show fluctuation in weight over the time of the trial for both the 

control and treatment groups, but it is worth pointing out that the fluctuations for both the 

control and treatment groups follow the same pattern. This indicates an environmental 

effect and not a dietary effect. This is also supported by the control and treatment diets 

being carefully balanced for protein and energy. These fluctuations in body weight are 

most likely due to the weather. Just after the fourth bleed date there was a terrific snow 

and ice storm that hit the area that kept the temperatures and wind chill quite low until 

after the beginning of the year, which corresponds with the fifth and final bleed date. It is 

probable that weights would have risen again within the next two to four weeks after the 

weather warmed up a significant amount. 
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Table 4.3 Least square means and standard errors for weight 
across treatment, time and treatment x time combinations 

Treatment Weight (kg) Std Error N 
Control 532.8 a 11.4 118 

Treatment 532.1 a 10.8 130 

a = Different subscripts denote significant values (p < .05) 

Weight (kg) Time Effect 

Time 
11/6/00 
11/20/00 
12/4/00 
12/18/00 
1/2/01 

LSMEANWt. (kg) 
524.1 d 
529.5 c 
540.4 a 
535.4 b 
533.0 b 

Std Error 
1.6 
1.6 
1.6 
1.6 
1.6 

N 
49 
50 
50 
49 
50 

a,b,c = Different subscripts denote significant values (p < .05) 

Treatment * Time combinations 

L! 
Control-11/06/00 
Control-11/20/00 
Control-12/04/dO 
Control-12/18/00 
Control-01/02/01 
Pima-11/06/00 
Pima-11/20/00 
Pima-12/04/00 
Pima -12/18/00 
Pima-01/02/01 

SMEANWl. ( 
522.1 c 
625.6 c 
542.2 a 
538.3 a 
535.8 a 
526.5 c 
533.4 b 
538.5 a 
532.5 b 
630.1 b 

a.b.c = Different subscripts denote 

kg) Std. Error 
2.4 
2.4 
2.4 
2.4 
2.4 
2.3 
2.3 
2.3 
2.3 
2.3 

significant values (p < 

N 
23 
24 
24 
23 
24 
26 
26 
26 
26 
26 

.05) 
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Mean Weights Over Trial Length 

Weight 
(kg) 

533.5 

533 

532.5 

532 

531.5 
Control Treatment 

Figure 4.1 Mean Weight (kg) for Trial 
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Weight (kg) Over 5 Bleed Dates 

Weight 
(kg) 

Bleed Dates 

D Control 
D Treatment 

P<.05 

Figure 4.2 Weight (kg) for Control and Treatment Over 5 Bleed Dates 
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Table 4.4 Correlations of weight and gossypol level, fragility, progesterone and 
estradiol-17/? acrnss times (1-5) in contrpl fed and and pima fed heifers 

Traits Correlation—P-value Traits Correlation P-vaiiie 

Control Group Treatment Group 
Weight 1 

Goss 1. 
Fragility 10.14 
Progest 1 -0.44 
Est 17B 1 0.31 

Weight 2 
Goss 2. 

Fragility 20.05 
Progest 20.21 
Est 17B 20.08 

Weight 3 
Goss 3. 

Fragility 30.05 
Progest 30.47 
Est 17B 3-0.16 

Weight 4 
Goss 4. 

Fragility 4 0.48 
Progest 4-0.20 
Est 178 40.03 

Weight 5 
Goss 5. 

Fragility 50.18 
Progest 50.04 
Est 178 50.13 

. 

0.5168 
0.0362 
0.1527 

, 

0.8284 
0.3204 
0.6957 

, 

0.8226 
0.0193 
0.4438 

, 

0.0194 
0.3687 
0.8886 

, 

0.4032 
0.8621 
0.6058 

Weight 1 
Goss 10.56 

Fragility 10.12 
Progest 10.05 
Est 178 1-0.08 

Weight 2 
Goss 2 0.60 

Fragility 20.24 
Progest 20.24 
Est 178 2-0.16 

Weight 3 
Goss 30.60 

Fragility 3 0.07 
Progest 30.12 
Est 178 30.07 

Weight 4 
Goss 40.68 

Fragility 4-0.04 
Progest 40.29 
Est 178 40.20 

Weight 5 
Goss 50.48 

Fragility 50.14 
Progest 50.40 
Est 178 5-0.35 

0.0037 
0.5934 
0.8109 
0.7173 

0.0012 
0.2337 
0.2313 
0.4320 

0.0011 
0.7409 
0.5600 
0.7232 

0.0001 
0.8360 
0.1566 
0.3640 

0.0164 
0.4893 
0.0518 
0.1403 
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As expected there were obvious significant differences between the control and 

treatment group for plasma gossypol determination. There was a treatment by time 

interaction between the treatment group and the control group (P < .0$). There was also 

animal (treatment), and time effect differences for gossypol levels in plasma (P < .0001; 

Table 4.5). These resuhs were anticipated as all control animals all had plasma gossypol 

levels of zero. The fourth bleed date had the highest amount of plasma gossypol, 10.2 ± 

3.0. This was different from the first (P < .05) and second (P < .05) bleed dates, which 

were 8.6 ± 2.1 and 9.0 ± 2.7 ug/ml respectively. The first and second bleed dates did not 

differ from each other. The third bleed date had 8.4 ± 2.5 ug/ml and differed from the 

first and second bleed dates (P < .05). The fifth bleed date (two week recovery) was the 

lowest with a plasma gossypol level of 4.2 ± 1.2 ug/ml. This last bleed date was 

significantly different from the third (P < .05) bleed date. These numbers are all 

significant (P < .05) from the controls, which had a value of 0.0 ± 0.0 ug/ml plasma 

gossypol. 

There were differences between the control and treatment groups for gossypol. 

This result is to be expected as the control group received no cottonseed in their diets. 

A predominant number of studies are performed using upland cottonseed or cottonseed 

meal when investigating gossypol. However, this present study was performed using 

cracked Pima cottonseed. This cottonseed is known to have higher concentrations of 

gossypol, and more importantly, greater portions of the negative isomer (Bernard 1999). 

Upland cottonseed has a (-) isomers ratio of 43.4% while Pima cottonseed has a (-) 

isomer ratio of 51.2 (Sullivan et al., 1993). If gossypol has the ability to impact beef 

heifers in a negative way, then feeding cracked Pima cottonseed should exaggerate those 
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effects with its higher negative isomer ratio. The elevated levels of plasma gossypol 

found in this study did not apparentiy affect estrus behavior, progesterone levels, or 

estradiol-175 levels. 

Table 4.5 Least square means and standard errors for plasma 
gossypol in treatment by Time combinations 

Trt. 
Control 1 
Control 2 
Control 3 
Control 4 * 
Control 5 
Treatment 1 
Treatment 2 
Treatment 3 
Treatment 4 
Treatment 5 

Date Gossypol (ug/ml) Std Enror N 
11/6/00 0 e 
11/20/00 0 e 
12/4/00 0 e 
12/18/00 0 e 
1/2/01 0 e 
11/6/00 8.6 b 
11/20/00 9 b 
12/4/00 8.4 c 
12/18/00 10.2a 
1/2/01 4.2 d 

0.0 
0.0 
0.0 
0.0 
0.0 
2.1 
2.7 
2.5 
3.0 
1.2 

24 
24 
24 
24 
24 
25 
26 
26 

26 
24 

* Gossypol treatment ended on 12/18/00 
a.b.c.d,e = Different subscripts denote significant values (p < 05) 
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Table 4.6 Correlation of gossypol with fragility, progesterone, and 
estradiol-175 across times (1-$) in heifers fed cracked Pima cottonseed 

Traits Correlation p-value 
Treatment Group 

Gossi 
Fragility 10.18 0.4063 
Progest 1 -0.04 0.8478 
Est 178 10.04 0.8628 

Goss 2 
Fragility 2-0.03 0.8701 
Progest 20.36 0.0686 
Est 178 2-0.11 0.6001 

Goss 3 
Fragility 3-0.03 0.8896 
Progest 3-0.02 0.9201 
Est 178 30.08 0.7003 

Goss 4 
Fragility 4 0.21 0.2989 
Progest 4-0.1$ 0.4648 
Est 178 40.01 0.9542 

Goss 5 
Fragility 50.16 0.4633 
Progest 50.25 0.2593 
Est 178 5-0.03 0.8924 
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The erythrocyte fragility data were significantly different between the control and 

treatment heifers (P < .0001; Figure 4.3). The differences found in erythrocyte fragilities 

for this trial were determined at a 60% salt solution consisting of NaCl-P04 at pH 7.4 

(Figure 4.6). The control heifers had a mean of 11.7% hemolysis (Figure 4.4) while the 

treatment heifers had a mean of 34.7% hemolysis (Figure 4.5) averaged across the 

duration of the trial. There were differences found in the animal (treatment) effect (P < 

.0001) and in a time effect (P < .0155; Table 4.7). The fourth bleed date differed 

significantly from the other bleed dates in the time effect (P < .05) with a value of 20.2% 

hemolysis. It is interesting to note that although not significantly different, the fifth bleed 

date had the highest value, which was 26.0 ± 1.2 % hemolysis. This is peculiar as the 

treatment animals had now been off the cracked Pima seed diet for 15 days. Erythrocyte 

fragility was found to correlate with estradiol-175 for dates 3 (P < .0456) and 4 (P < 

,0342) in treatment heifers (Table 4.8). Fragility was also correlated with weight on the 

fourth bleed date in the control group (P < .0194) (Table 4.4). 

As to the effects of gossj^l on physiological parameters, erythrocyte fragilities 

were significantly higher in animals fed cottonseed. It is interesting to note that although 

not significantiy different, the fifth bleed date had the highest value, which was 26.0 ± 

1.2% hemolysis. This is peculiar as the treatment animals had then been off the cracked 

Pima seed diet for 15 days. These higher levels of erythrocyte fragilities show that the 

body takes quite some time to repair damage of this sort and saturate the blood stream 

with new erythrocyte cells. The present results for erythrocyte fragilhies are in 

agreement with; (Lindsey et al., 1980; Hawkins et al, 1985, Calhoun et al., 1990; 

Gambill et al., 1993; Gray et al., 1993; Risco et al, 1993, Willard et al, 1995, Randel et 
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al., 1996; Colin-Negrete et al., 1996). Feeding 17.5% cracked Pima cottonseed did not 

produce physical signs of toxemia other than increased erythrocyte fragilities. It is 

difficuh to elaborate on the erythrocyte resuhs as the exact mechanism is not known. 

Some in vitro experiments have shown that gossypol binds with proteins and gossypol in 

the unbound form can effect the properties of lipid membranes (Reyes et al., 1984). 

These investigators concluded that gossypol binds to different lipid compositions and 

then induces an electrical conductance. This is followed by an increase in proton 

permeability. Tanphaichitr et al. (1985) found that the hydrophobic domains of gossypol 

interact with the lipid bilayer in such a way as to incorporate itself into the bilayer, 

orienting itself with hydrophobic areas inserted into the bilayer and the hydrophilic area 

exposed to the aqueous layer. 

Gossypol that is bound in the rumen exits as feces. When feeding gossypol in 

amounts high enough to overwhelm the binding capacity of the system, gossypol recycles 

back through the intestines, blood, and liver and eventually is passed out of the body in 

the feces (Barraza et al, 1991). A good way to test for passage rates of gossypol is to 

take gossypol fecal measurements. This would have shined a light on how much 

gossypol the heifers were passing out of their bodies and how much the body was unable 

to bind and was freely circulating. With gossypol circulating in the unbound form, there 

exists potential for liver damage. A good way to test for liver damage caused by excess 

gossypol is by evaluating levels of asparate amino transferase and alpha-gamma glutamyl 

transferase which are released into the blood as hepatic cells are damaged (Barraza et al., 

1991; Colin-Negrete et al., 1996). This seems to be the best way to determine if the 
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gossypol levels fed in this trial were in fact more damaging than the fragility data 

indicated. 

12aX)r-

100% 

e 80'Xr 
w 
'M 
>> 

I 60% 
X 

m 40% 
DC 

20% 

Erythrocyte Fragility For Entire Trial 

^i^?':J!'-i\'-f.}I-'.'^l^r)':l^r'->,>lr",li!^r:-^l.il<il!'-,V I'. ' i\'fli.i-L.'.i- - ' . ' I .W •• ' VJt.'. ' » 

0%sr^:ay«R 

,V."^fii-"^ ^ E . i 

M'.M.^i iLUMJPi I. . 

Control 

Treatmen 

8% .7% .6% .55% .5% .45% .4% .35% .3% -2% ^% 0% 

(P < .05) NaCI-P04 (%) 

Figure 4.3 Erythrocyte Fragility for Trial Duration 

43 



Erythrocyte Fragilities Control Group 
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Erythrocyte Fragilities Treatment Group 
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Figure 4.6 Erythrocyte Fragilities at 60% NaCl-P04 pH 7.4 
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Table 4,7 Least square means (and standard errors) for 
fragility acros.*; treatmeT)t and tittle 

LSMEAN Std. Enror N 
Control 11.7b 2.1 120 

Treatment 34.6 a 2.1 128 

a.b = Different subscripts denote significant values (p < .0001) 

Time 
11/6/00 

11/20/00 
12/4/00 

12/18/00 
1/2/01 

LSMEAN % 
Hemolysis 

23.5 a 
23.1 a 
23.1 a 
20.2 b 
26.0 a 

Std EnDr 
1.2 
1.2 
1.2 
1.2 
1.2 

N 
48 
50 
50 
50 
50 

a.b = Different subscripts denote significant values (p < .05) 
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Table 4.8 Correlations involving erythrocyte fragility with progesterone 
and estradiol-175 across times (1-5) in control fed and pima fed heifers 

Traits Correlation 
Control Group 

Fragility 1 
Progest 1 
Est 17B 1 

FragHity 2 
Progest 2 
Est17B2 

Fragility 3 
Progest 3 
Est17B3 

Fragility 4 
Progest 4 
Est17B4 

Fragility 5 
Progest 5 
Est17B5 

-0.20 
-0.15 

0.15 
-0.39 

0.06 
-0.13 

-0.33 
-0.08 

0.31 
-0.15 

P-value 

0.3387 
0.4983 

0.4811 
0.0555 

0.7778 
0.5181 

0.1208 
0.7080 

0.1800 
0.5597 

Traits Correlation 
Treatment group 

Fragility 1 
Progest 1 
ES117B1 

FragHity 2 
Progest 2 
Est17B2 

Fragility 3 
Progest 3 
Est17B3 

Fragility 4 
Progest 4 
Est17B4 

Fragility 5 
Progest 5 
Est17B5 

0.02 
0.25 

-0.06 
0.00 

0.22 
-0.40 

-0.21 
-0.45 

-0.05 
-0.12 

P-vatue 

0.9120 
0.2499 

0.7611 
0.9912 

0.2762 
0.0456 

0.3100 
0.0342 

0.8155 
0.6338 
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Progesterone showed an animal (treatment) effect (P < .0187) as well as a time 

effect (P < .0001) with the means presented in Table 4.9. The time effect showed that 

progesterone levels were highest, although not significantly different, for bleed dates two, 

five and three, with values of 2.8 ± 2.2,2.8 ± 2.4 and 2.3 ± 2.2 pg/ml, respectively. 

These values were significantly different (P < .05) from the first and fourth date, whose 

values were 0.8 ± 2.3 and 1.3 ± 2.2 pg/ml, respectively. The first and fourth bleed dates 

are not significantly different from each other. Differences were seen in progesterone 

concentrations between control and treatment groups when analyzed for each bleed date 

(Figure 4.7). Progesterone was correlated with weight at bleed dates 1 (P < .0362) and 3 

(P < .0193) (Table 4.4) in the control heifers and also with estradiol-175 on bleed date 5 

(P < .0087) (Table 4.10) in the treatment heifers. 

Table 4.9 Least square means and standard errors for 
pmgftsteronft flnrnR.«i treatment and time 

Progesterone (pg/ml) Std Error N 
Control 2.1a .18 116 

Treatment 1.8 a .17 125 

Time 
11/6/00 

11/20/00 
12/4/00 

12/18/00 
1/2A)1 

LSMEAN (pg/ml) 
0.8 b 
2.8 a 
2.3 a 
1.3b 
2.8 a 

a.b » Different subscripts denote 

Std Error N 
.23 47 
.22 50 
.22 50 
.22 50 
.24 44 

significant values (p < .05) 
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Table 4.10 Correlation of progesterone with estradiol-175 across times (1-5) 
in control ftsd and pima fed heifers 

Traits Correlation p-value Traits Correlation p-value 
Control Group Treatment Group 

Progest 1 
Est 17B 1-0.34 0.1033 

Progest 1 
Est 17B 10.04 0.8740 

Progest 2 
Est 17B 2-0.35 0.0959 

Progest 2 
Est 17B 2-0.08 0.6839 

Progest 3 
Est 17B 3-0.01 0.9496 

Progest 3 
Est 17B 3-0.03 0.8906 

Progest 4 
Est 17B 4-0.20 0.3747 

Progest 4 
Est 17B 40.30 0.1771 

Progest 5 
Est 17B 5-0.28 0.2659 

Progest 5 
Est 17B 5-0.60 0.0087 
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Estradiol-17.5 showed the same statistical pattern as progesterone and showed an 

animal (treatment) effect (P < .0001) and a time effect (P < .0001), the least square means 

for treatments and times are presented in Table 4.11. Bleed dates one, two and three, 

with values of 4.5 ± .29,4.5 ± .28 and 4.2 ± .28 did not differ significantly. Bleed dates 

four and five, with values of 2.3 ± 3.0 and 3.0 ± .34 did differ from the first three bleed 

dates (P < .05). Differences were seen in estradiol-17.5 concentrations between the 

control and treatment group when analyzed for each bleed date (Figure 4.8). The fourth 

and fifth bleed dates are not significantly different from each other. Estradiol-175 was 

correlated with fi^gility on bleed date four (P = .0342) (Table 4.8) in the treatment 

heifers. 

Feeding cracked Pima cottonseed did not significantly effect estradiol-17B and 

progesterone levels. This is in agreement with in vivo studies (Gray et al., 1993) and in 

in-vitro studies (Gu et al., 1990). However these resuhs are in disagreement with Randel 

et al. (1996), who found higher progesterone levels in gossypol fed heifers compared 

with the controls. Williams (1989) found that a high lipid diet increased cholesterol and 

lead to low level progesterone elevations. The present data trend agrees with the above 

findings. Williams (1989) also suggested that these increased levels of cholesterol could 

lead to an earlier transition into the onset of estrus cyclicity. Our results are inconclusive 

on this as both control and treatment animals had been given a shot of prostaglandin F2a 

only six days before embryo transfer and initial hormone level investigation. As 

expected, the heifers from both groups did in fact show their lowest progesterone levels 

at the time of embryo transfer. 
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Table 4.11 Least squares means and standard errors for 
estradiol-1 IB across treatment and tjme 

Trt. Progesterone (pg/ml) Std Error N 
Control 2.1a .18 116 

Treatment 1.8 a .17 125 
a = Different subscripts denote significant values (P < .05) 

Time 
n/6/00 

11/20/00 
12/4/00 

12/18/00 
1/2/01 

LSMEAN (pg/ml) 
4.5 a 
4.5 a 
4.2 a 
2.3 b 
3.0 b 

Std En-or N 
.29 47 
.28 50 
.28 50 
.30 44 
.34 36 

a.b = Different subscripts denote significant values (P < .05) 
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Figure 4.8 Estradiol-17B Concentration 
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The display of estrus activity was not different between the control or treatment 

group, distribution of which is presented in Table 4.12 and Figure 4.9. Of the control 

heifers, 15 out of 24 (62.5%) heifers either stood and allowed others to mount them or 

mounted other heifers, while 19 out of 26 (73.1%) of the treatment heifers either stood to 

allow others to mount them or mounted other heifers. 

Table 4.12 Distribution of estrus behavior across control fed and pima fed heifer 
groups 

Grniip Exhibited estrus T)iH not exhihit estriK Total 

Control 
Pima 
Total 

15(62.5%) 
19(73.1%) 
34 (68.0%) 

9 (37.5%) 
7 (26.9%) 
16(34.0%) 

24 
26 
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Figure 4.9 Estrus Behavior 
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In this trial, there were zero animals shown to be pregnant via ultrasound in both 

the control and treatment groups. As seen from the hormone levels, transfer of embryos 

may have been three or four days early. 

No heifers from either the control or treatment groups were found to be pregnant 

when checked via ultrasound six weeks after embryo transfer. It is only partially safe to 

assumed that the heifers would all be exhibiting estrus and ovulating around the time of 

transfer since they were all given a shot of PGF2a. It is known from the records kept 

while watching for estrus behavior that all of the animals did not come into heat at the 

same time. However, all of the embryo transfer was done one time. This probably 

hindered some of the effort to ensure pregnancy. It important to note that bleeding for 

hormones only occurred once ever 2 weeks. This is not a good indicator or exact cycle 

parameters, but both the control and treatment heifers showed their lowest levels for 

progesterone at embryo transfer. Also from the hormone data it is apparent that the 

treatment animals did not show their peak estradiol-175 levels until two weeks after 

transfer. However, the control heifers showed their highest level at embryo transfer. 

Since all heifers were synchronized on the same day, waiting another three or four days 

might have aided in implantation. 
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CHAPTER V 

IMPLICATIONS 

Implications 

Large amounts of information exist concerning feeding cottonseed to beef and 

dairy cattle. With this knowledge, the industry will reach in the foreseeable fiiture a 

known level in which is it safe to feed cottonseed and cottonseed products. Our data 

suggest that feeding 17.5% cracked Pima cottonseed to beef heifers did not effect weight 

gain, progesterone or estradiol-175 levels. 

It is apparent that feeding cracked Pima seed at such a high level did have 

negative physiological effects on the heifers as seen by the erythrocyte fragilities in the 

treatment heifers. Although these heifers exhibited no outward symptoms of gossypol 

toxicity, whether or not these findings resulted in liver damage and potential fiiture 

animal loss remains to be seen. However, it is clear in reviewing existing studies that 

many factors affect cattle's response to gossypol. These factors include amount of free 

gossypol, duration of consumption, animal stress, temperature, age and individual animal 

variation. 

As a supplement to aduh beef cattle, cottonseed and cottonseed meal seem more 

than appropriate. Cottonseed and cottonseed meal possess the type of desirable feed 

characteristics that are needed in high producing dairy cows. However, due to the 

corresponding high levels of gossypol, extremely high levels of cottonseed or cottonseed 

meal supplementation administered over a long period of time can have detrimental 

effects on the animal. 
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More studies are needed to determine the exact level of gossypol that can be 

safely fed to aduh ruminants as a short-term seasonal supplement as well as an all year 

feed source. Future studies are needed to determine if gossypol has a detrimental effect 

on implantation and conception rates in vivo. By testing asparate amino transferase and 

alpha-gamma glutamyl transferase, one can determine the level of detrimental effects that 

gossypol is having on the ruminant before animal loss is guaranteed, particularly those 

that are being fed cottonseed and cottonseed meal year round. 
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