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ABSTRACT

Reproductive Toxicity of Ergot-Contaminated Oats in Mink

By

Chanda Shanna

Ergot alkaloids are synthesized by fungi of the Claviceps family that infect rye as

well as other cereals and grains. Since a portion of the ranch mink diet is cereal, mink are

at a risk of being exposed to ergot alkaloids. This study was performed to determine the

reproductive toxicity of ergot alkaloids derived from ergot-contaminated oats in mink.

Four groups of 12 female mink each were fed diets containing 0, 3, 6 or 12 ppm ergot

alkaloids from 2 weeks prior to the breeding season until the offspring (kits) were

approximately 33 days old (133 days). Ergot alkaloids caused an initial transient decrease

in feed consumption, but body weights were unaffected. The gestation period was

significantly longer in females consuming 6 ppm or higher doses of ergot alkaloids

compared to the controls. The number of females whelping varied significantly with 9

mink whelping each in the control and 3 ppm groups compared to 4 mink in the 6 ppm

group and 1 in the 12 ppm group. The total number of kits whelped as well as the birth

weight of kits was significantly lower than controls for females fed 3 ppm or higher doses

of ergot alkaloids. Doses of 6 ppm or higher of ergot alkaloids had a significant effect on

kit survivability with no kits surviving at 3 weeks of age. Plasma prolactin concentrations

were significantly depressed for females in all groups fed diets containing ergot alkaloids.

This study indicated that ingestion of ergot alkaloids at 3 ppm or higher resulted in

reproductive toxicity in mink.
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Introduction

Ergot is a body produced by the fungi Claviceps purpurea that replaces the

kernels in the mature grain head of a number of cereal grains and seed heads of grasses.

The recorded history of ergot can be traced back to early as 600 BC when the structure

was known as a noxious pustule in the ears of grain as referred to by an Assyrian tablet

(Hofmann, 1978). In the Middle Ages, ergot was known as a poisonous contaminant of

edible grain that caused human epidemics of ergotism in human beings in Europe

(Hofmann, 1978). Ergotism was characterized by an extreme sensation in the extremities

that was often followed by gangrene and loss of afflicted body parts (Hofmann, 1978;

Flieger et al., 1996). When the great epidemics of ergotism swept Europe in the Middle

Ages, livestock production did not constitute as important a part of agriculture as it does

now (Christensen, 1980). In the 1800s and 19008, more incidents of animal toxicity due

to ergot consumption were reported. Because animal production was becoming a major

part of agriculture at this time, the relationship between exposure to ergot and animal

toxicity was being studied more extensively (Christensen, 1980).

The first ergot alkaloid isolated was ergotoxine in 1906 and in 1918, ergotarnine

was isolated. Since then, some 40 ergot alkaloids, including isomeric forms, have been

isolated from natural sources (Hofinann, 1978). Ergotamine was the first chemically pure

ergot alkaloid that found widespread therapeutic use in obstetrics and internal medicine.

Although the different ergot alkaloids were identified before 1920, it was not until 1934

that the common nucleus of all pharmacologically important ergot alkaloids was

' identified as lysergic acid (Hofinann, 1978).



Some of the animal species affected by the consumption of ergot alkaloids include

cattle, sheep, swine, horses, poultry, and rats (Christensen, 1980). Grasses, such as

fescue, and grains, such as wheat, barley, rye, and oats, that animals feed on are the major

sources of ergot. Clinical signs in cattle, sheep, and poultry affected with ergot alkaloids

include gangrene, reduced feed intake and weight gain, abortion, and acute convulsions.

Studies in horses, sheep, and cattle indicated that consumption of ergot alkaloids resulted

in reproductive effects such as anestrus, early embryo death, stillbirths, increased

gestation length, and decreased prolactin concentration (Griffith et al., 1978; McQueen,

1993; Schultze et al., 1999).

Mice and other rodents have been the subjects of laboratory studies that

examined the effects of ergot alkaloids on reproduction, lactation, and prolactin

concentrations. Studies in rats showed reduced body weight gain, decreased reproductive

rate and litter size, increased gestation length, decreased prolactin concentration, and

variable effects on plasma/serum parameters (Tindal, 1956; Bennett et al., 1977; Griffith

et al., 1978; Cross et al., 1995; Paterson et al., 1995; Cross, 1997; Browning et al 1997;

Schultze et al., 1999).

Ranch mink consume diets containing a certain portion of cereal grains (26% in

the present study). Since ergot alkaloids can be contaminants of these grains, it is possible

for mink to be exposed to these toxins. In the present study, adult female mink were

administered diets containing different proportions of oats contaminated with ergot

alkaloids for 133 days. The objectives of the study were to assess the effects of the ergot

alkaloids on reproduction as well as on survivability and growth of the offspring.



Literature Review

Background

Mycotoxins are toxic chemicals produced by fungi, principally molds, growing on

grains in the field or on grains, feed, or food in storage. Consumption of sufficient

amounts of mycotoxins can result in poisoning, often called mycotoxicosis (Cheeke and

Shull, 1985). The economic impact of reduced animal productivity, increased incidence

of diseases due to immunosuppression, damage to vital organs, and interference with

reproductive capacity is often greater compared to the impact caused by death due to

mycotoxin poisoning (Genter et al., 1999). Numerous studies have shown that

mycotoxins such as deoxynivalenol, zearalenone, T-2 toxin, aflatoxins, fumonisins,

monilifonnin, and ergot alkaloids can be harmful to different animal species (McQueen,

1993; Woloshuk, 1997).

Ergot is a body produced by the fungi Claviceps purpurea that replaces the

kernels in the mature grain head or grass seed heads. The resulting hard, dark-colored,

hom—like masses are called sclerotia. The word ergot is derived from the French word for

“cockspur”, a description of the infected curved grain head (Raymond, 1995). During the

spring, the fungus inside the sclerotia forms stromas with spores that are then spread to

other kernels by insects, wind, or rain, resulting in infection of the plant. Ergot infects

cereal grains such as barley, wheat, oats, and rye as well as ryegrass (a cross-pollinated

grain), wheatgrass, bluegrass, and fescue (McQueen, 1993).

History

During the Middle Ages, ergot caused epidemics of ergotism in Europe that killed

thousands of people who consumed bread made from ergot-contaminated rye (Hofrnann,



1978). Affected individuals had convulsions and displayed Ergotismus gangraenosus,

also known as “St. Anthony’s fire”, “holy fire” or “ignis sacer”. This disease was

particularly characterized by an extreme burning sensation in the extremities that was

often followed by gangrene and loss of the afflicted body part (Flieger et al., 1996).

When the ergot epidemics broke out in Europe during the Middle Ages, livestock

production did not constitute an important part of agriculture as it does now (Christensen,

1980), and thus little was known about the effects of ergot on animals. During the 18003

and 19003, more incidents of animal toxicity due to ergot consumption were reported.

Typical clinical signs reported in livestock species included swollen joints, lameness,

elevated body temperature, numbness, depression, reduced feed intake, reduced body

weight gain, reduced milk production, gangrene, decreased prolactin concentration, and

direct or indirect reproductive effects ranging from anestrus to early embryonic death

(McQueen, 1993).

Alkaloid isolation and structure

During the late 18003, because animal production was becoming a major part of

agriculture, scientists started performing controlled studies on ergot and its effects. In the

early 19003, a number of different alkaloids were isolated from ergot. In 1906, the first

ergot alkaloid, ergotoxine, was identified, followed by the isolation of ergotamine in

1918 (Hofmann, 1978). Since then, approximately 40 ergot alkaloids have been

identified. During the process of ergot alkaloid isolation, the common nucleus of all ergot

alkaloids was characterized and subsequently named lysergic acid. The major toxic

groups of ergot alkaloids include the ergotamine group (ergotamine and ergosine), the

ergoxine group (ergostine), and the ergotoxine group (ergocristine, ergocornine, and on-



and B-ergokryptine) (Rutschmann and Stadler, 1978; Cheeke and Shull, 1985). The ergot

structures are presented in Figure 1.

General effects of ergot alkaloids

Ergot alkaloids possess a divergent spectrum of central and peripheral

pharmacodynamic actions. The central actions include inhibition of vasomotor tone, heart

rate, and circulatory reflexes. The peripheral actions include the two most important

properties of ergot alkaloids, vasoconstriction and uterotonic effects (increase in uterine

motor activity). The other properties of ergot alkaloids include adrenolytic effects (or-

adrenergic blocking action) and decreased prolactin secretion (Boissier, 1978).

For centuries, ergot alkaloids have been known to be toxic to both animals and

human beings. Even though ergot alkaloids were used as remedies for complications

during childbirth (control of postpartum hemorrhage) and migraine headaches, their toxic

effects were soon studied by scientists. In humans, ergot alkaloid toxicity is manifested in

cardiovascular effects (vasospasm, gangrene), central nervous system effects (headache,

psychosis, hallucinations), gastrointestinal effects (ulceration, hepatotoxicity), and

reproductive effects (abortion, inhibition of lactation). Ergot alkaloids cause similar

effects in animals including hallucinations, gastric ulceration, abortion, embryotoxicity,

inhibition of implantation and lactation, and uterine tumors (Griffith et al., 1978).

Ergot alkaloids exert their effects in different ways. Ergotamine binds strongly to

tissues (liver, kidneys, lungs), which accounts for the persistence of biological effects

well after the parent drug or metabolites can no longer be detected in plasma (the half-life

of ergotamine is about 2 hours) (Rall and Schleifer, 1980; Silberstein, 1997). Alkaloids in

the ergotoxine group, such as ergocristine, ergocornine, and ergokryptine, are the most
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Figure 1. Structure of natural ergot peptide alkaloids



effective in terms of inhibition of implantation compared to the other ergot alkaloids

(Rutschmann and Stadler, 1978). Alkaloids of the ergotoxine group also act via the

hypothalamus and pituitary to inhibit prolactin secretion (Fluckiger et al., 1976).

The major route of exposure to ergot alkaloids for livestock is through

grazing of ergot-infected or endophyte-infected plants. Tall fescue infected with the

endophytic fungus Acremonium coenophialum has been shown to be a source of ergot

alkaloids, and these are believed to cause the clinical signs of fescue toxicosis that are

characterized by decreased feed intake, reduced blood flow to the periphery, decreased

conception rates, and decreased serum prolactin concentrations (Samford-Grigsby et al.,

1997). The clinical signs of ergot toxicity and fescue toxicity are similar and studies have

reported ergot alkaloids to be a major contributor of fescue toxicosis (Piper et al., 1997;

Browning, 1998). According to Browning et al. (1998), ergot alkaloids such as

ergovaline and ergosine are found in high concentrations in cases of endophyte-infected

fescue toxicosis, whereas ergotamine and ergonovine are found in lower concentrations.

Effect on feed intake

Consumption of ergot alkaloids has been reported to cause variable effects on

feed intake in different animals such as rats and cattle. Jackson et a1. (1989) reported no

decrease in feed consumption when rats were fed diets containing 1.25 mg ergonovine,

ergocryptine or ergotamine/kg feed. In a study by Peters-Volleberg et al. (1996), rats fed

diets containing ergometrine (2, 10, 50 or 250 mg ergometrine/kg feed) had numerically

lower feed intake compared to controls fed ad lib, but the effect was not statistically

significant. However, rats fed diets consisting of 50% endophyte-infected seed containing



5 mg ergovaline and 1 mg ergine/kg feed for 28 days had significantly lower feed intake

compared to controls (Piper et al., 1997).

Weinstein et al. (1999) performed a subacute feeding trial in which mink were

administered ergot alkaloids. In that particular study, ground sclerotia containing 100

ppm ergot alkaloids (8% ergosine, 14% ergotamine, 17% ergocryptine, and 39%

ergocristine) were added to the basal diet. Mink fed 6.25, 12.5, or 25 ppm ergot alkaloids

for 30 days showed an initial feed refusal, but no other clinical signs of toxicity.

Effect on body weight

Consumption of diets containing ergot alkaloids was found to be related to

reduced body weight gains in animals. The body weights of rats fed diets containing 2,

10, 50, or 250 mg ergometrine/kg feed for 4 weeks were lower than those of the controls,

but the dose-response relationship was not significant (Peters-Volleberg et al., 1996). In

another study (Piper et al., 1997), rats fed a diet consisting of 50% endophyte-infected

seed containing 5 mg ergovaline and 1 mg ergine/ kg feed for 28 days had a significant

reduction in body weight gain compared to controls. Numerous studies have indicated

that consumption of endophyte-infected fescue causes a decrease in body weight of cattle

(Cross at al., 1995; Paterson et al., 1995).

Effect on gestation

Consumption of endophyte-infected tall fescue is reported to cause an increase in

gestation length in animals. For example, consumption of endophyte-infected tall fescue

prolonged gestation in mares in excess of the normal range of 335 to 345 days (Porter and

Thompson, 1992), while in another study, mares consuming endophyte-infected fescue



grass had gestation length increased by an average of 27 days compared to mares on a

control diet (Cross, 1997).

Effect on reproduction

Consumption of ergot alkaloids is known to cause reproductive failure in animals,

both in the laboratory and in the field. Ergot alkaloids can induce abortion, stillbirths,

agalactia, malnutrition, and deformations of the progeny (Griffith et al., 1978). These

kinds of reproductive effects have been seen in rats, mice, livestock species, and

monkeys.

Most of the laboratory studies on the reproductive effects of ergot alkaloids have

been performed using rats and mice. A single subcutaneous injection of ergotoxine (0.1 —

1.0 mg/rat) given to rats during early gestation terminated pregnancy within 1-3 days

(Shelesnyak, 1954, 1955). In another study, rats were administered 2 doses of 0.5 mg

ergotamine or ergotoxine/kg body weight by intraperitoneal injection 10 days apart. With

both compounds, there were unsuccessful matings, resorbed fetuses at early and late

stages of pregnancy, and stillbirths (Sommer and Buchanan, 1955).“

Cattle exposed to endophyte-infected tall fescue develop reproductive problems.

According to Porter and Thompson (1992), reduced reproductive efficiency (lower

pregnancy rates, delayed conception) in cattle grazed on endophyte-infected fescue is a

part of a syndrome often referred to as fescue summer toxicosis or summer slump. The

authors reported that the calving rate for cows grazing on low (0 to 5% infected)

endophyte-infected fescue was 86% compared to 67% for cows grazing on high (80 to

90% plants infected) endophyte-infected fescue. Similarly, 96% of beef heifers



consuming low endophyte-infected fescue conceived compared to 55% for heifers

consuming high endophyte-infected fescue (Schmidt et al., 1986).

Besides reducing reproduction rates in animals, consumption of ergot alkaloids

has been reported to cause a decrease in body weight and an increase in mortality of the

offspring. Rats given intraperitoneal injections of 0.5 mg ergotamine/kg body weight or

0.5 mg ergotoxine/kg body weight had pups with significantly lower birth weights

compared to the pups in the control group (Sommer and Buchanan, 1955). In the same

experiment, the authors reported higher mortality of pups in the ergotamine-treated rats

compared to the control group. On the 16th day of the trial, only 23 pups were remaining

of the 37 born.

Effect on prolactin

Decreased serum prolactin concentrations due to consumption of ergot alkaloids

and/or endophyte-infected tall fescue have been reported in cattle. Serum prolactin

concentrations were significantly lower in steers fed 370 ppb ergovaline for 30 days

compared to the controls (Samford-Grigsby et al., 1997). In another study, cattle infused

with an average dose of 23.8 ug/kg body weight of ergotamine and ergonovine had

decreased serum prolactin concentrations (Browning et al., 1997). Bolt et al. (1982)

reported decreased serum prolactin concentrations in ewes consuming endophyte-infected

fescue.

Laboratory studies have shown that consumption of ergot alkaloids reduces serum

prolactin concentrations in rats. Rats fed diets containing 5 mg ergovaline and 1 mg

ergine/kg feed for 28 days had reduced serum prolactin concentrations compared to

controls (Piper et al., 1997). Similar to this study, rats given 20 mg ergometrine/kg body
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weight had a 73% reduction in serum prolactin concentrations when measured 6 hours

after the fifth dose (Shaar and Clemens, 1972).

Effect on clinical chemistries

Consumption of ergot alkaloids has been reported to have a varied effect on

plasma serum parameters in different animal species such as cattle (Schultze et al., 1999)

and rats (Peters-Volleberg et al., 1996). Cattle pastured on endophyte-infected tall fescue

for 7 months had a greater albumin/globulin (A/G) ratio compared to the controls

whereas alkaline phosphatase activity was lower in the serum of cattle grazing on

endophyte-infected fescue (Schultze et al., 1999). The authors explained that the increase

in the A/G ratio was related to a decrease in the globulin concentration whereas the

decrease in alkaline phosphatase activity was due to decreases in the intestinal and bone

isozyme activities. Alanine aminotransferase is an enzyme within the cytoplasm of

hepatic parenchymal cells. Increase of this enzyme activity in the plasma/serum after

consumption of endophyte-infected fescue occurs due to leakage from injured

hepatocytes, but little is known regarding the clinical significance of decreased activity of

this enzyme and others. Possible explanations for the decrease in sermn enzyme activities

(alkaline phosphatase and alanine aminotransferase) and globulin concentration are

reduced intake of feed, nutrient deficits of vitamins, protein or minerals, decreased

enzyme production due to decreased cell proliferation, or increased clearance of enzymes

via liver or kidneys (Schultze et al., 1999). Rats fed 50 and 250 mg ergometrine/kg feed

had significantly lower plasma glucose concentrations compared to controls (Peters-

Volleberg et al., 1996). The authors explained that although ergometrine affects
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carbohydrate metabolism, the mechanism of action for the decrease in glucose is not

known.

Effect on tissue weight and morphology

The effect of ergot alkaloids on tissue weight has been reported in rats fed

ergometrine at doses of 2, 10, 50 or 250 mg/kg diet for 4 weeks (Peters-Volleberg et al.,

1996). Theauthors reported an increase in absolute and relative heart weight (250mg/kg),

absolute liver weight (10 and 250 mg/kg), and relative liver weight (2, 10, 50, 250

mg/kg). In the same study, the authors reported histological changes only in the liver.

Relatively large and swollen hepatocytes were observed with cytoplasmic staining in the

central part of the cell and at the cellular wall, which is considered typical of glycogen

storage. Although this was the only effect seen in the liver, there was no evidence of

ergometrine-induced hepatocellular degeneration or necrosis or other liver abnormalities

at the above doses. The kidneys showed moderate to severe mineralization in the

interocorticomedullary area, but this occurred in all groups including the controls, and

was thus not an indication of a treatment effect.

Study objective:

Animal health problems due to the consumption of ergot alkaloids have been

studied extensively during the last several years. With many scientific studies focusing on

this problem, livestock producers have become more knowledgeable about the potential

problems posed by ergot alkaloids. Incidents of ergot toxicity continue to be reported in

the United States. In 1990 and 1991, ergot bodies were found in unusually high levels in

mature grasses throughout the United States with up to 50% or more of individual seeds

being replaced by ergot bodies. In 1992, heavy ergot infestation of grass seed beads was
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reported in Illinois (McQueen, 1993). Bennet-Wimbush and Loch (1997) reported that

approximately 58% of the 15 million hectares of tall fescue grown in the United States

was infected with the endophyte fungus Acremonium coenophilum.

A portion of the ranch mink diet is cereal, thus there is the potential for mink to

consume toxins found in plant material. Previous studies from this laboratory have

indicated that mink are susceptible to a number of different mycotoxins. T-2 toxin (0.25

to 4.0 mg/kg diet) caused a decrease in feed consumption and body weight of mink

(Aulerich et al., 1987). Reproductive effects such as reduced whelping, litter size, and kit

body weight and increased gestation length were reported in mink fed zearalenone (20

mg/kg feed) (Bursian et al., 1992), and fumonisins (115 to 254 mg/kg feed) (Powell et

al., 1996). In a sub-acute study, 9-month old mink fed 25 mg ergot alkaloids/kg feed (8%

ergosine, 14% ergotamine, 17% ergocornine, 23% ergocryptine, and 39% ergocristine)

experienced an initial decrease in feed consumption, but there were no clinical signs of

toxicity, no gross or histologic lesions, and no alterations in hematologic or blood

chemical values compared to the controls (Weinstein et al., 1999). Since the sub-acute

study in mink by Weinstein et al. (1999) was a 30-day trial and revealed no clinical signs

of toxicity, the present study was performed to examine the reproductive effects in mink

consuming ergot alkaloid-contaminated feed over a longer period of time (133 days).

Materials and Methods

Experimental design:

Forty-eight female, non-sibling, pastel mink were randomly allocated to 4 dietary

treatment groups of 12 mink each. Mink were housed individually in suspended wire

13



cages (76 cm L x 61 cm W x 46 cm H) in an enclosed room at the Michigan State

University (MSU) Experimental Fur Farm. A wooden nest box (38 cm L x 28 cm W x 27

cm H), bedded with aspen shavings and excelsior (wood wool), was attached to the

outside of each cage. The room temperature was maintained above 0°C with

thermostatically controlled electric heaters. Ceiling vents and a wall fan provided

ventilation. A time clock was used to provide light that mimicked the natural

photoperiod. The mink were acclimated to this environment, being fed a standard ranch

mink diet for 7 days prior to the beginning of the trial on February 15, 1999. Feed and

water were provided ad libitum.

Diet preparation:

Oats contaminated with Claviceps purpurea were received from Jerome Schafers

(Miller, South Dakota) on January 27, 1999 and ground at the MSU Experimental Fur

Farm. A sample of the oats was analyzed for ergot alkaloids by Dr. G. E. Rottinghaus of

the Veterinary Medical Diagnostic Laboratory, University of Missouri (Columbia, MO).

The sample contained 109.5 ppm total ergot alkaloids. Specific alkaloids are presented in

Table 1.

The experimental diets were prepared by adding ground oats to the basal mink

diet composed of 11% raw eggs, 5% fishmeal (menhaden), 9% spray-dried chicken liver,

26% duck by-products, 23% water, and 0.12 mg d-biotin/kg diet). The remaining 26% of

the diet consisted of a mixture of uncontaminated and contaminated oats such that the

treatment diets contained targeted concentrations of 0.0 (control), 3.0, 6.0, or 12.0 ppm

ergot alkaloids. Three samples of the control diet were submitted to Litchfield Analytical

Service (Litchfield, M1) for proximate analysis (Table 2).
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Table 1. Specific ergot alkaloids detected in oats contaminated with

 

 

 

 

 

 

  

Claviceps purpurea

Ergot alkaloid Concentration (ppm) % of total ergot

alkaloids

Ergosine 7.5 6.8

Ergotamine 14.1 12.9

Ergocomine 16.1 14.7

Ergocryptine 1 7.5 1 6.0

Ergocristine 54.3 49.6  
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Table 2. Proximate analysis of basal mink diet

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Parameters Wet basis Dry basis

Moisture (%) 51.50 -

Dry matter (%) 48.50 -

Fat (%) 7.81 16.10

Crude protein 12.75 26.28

(%)

Crude fiber (%) 2.52 5.20

Ash (%) 3.83 7.90

TDN (%) 41.96 86.51

Calcium (%) 0.80 1.66

Phosphorus (%) 0.58 1.20

Potassium (%) 0.38 0.79

Magnesium(%) 0.09 0. 18

Sodium (%) 0.21 0.43

Iron (ppm) 413.00 851.00

Manganese 29.00 60.00

(ppm)

Copper (ppm) 5.00 11.00

Zinc (ppm) 47.00 97.00  
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Determination of body weight, feed consumption, and collection of blood

samples

Adult mink were weighed on days 1, 7, and 35 of the trial as well as at whelping

(approximately 81 days on trial), and at necropsy (approximately 133 days on trial).

Determination of feed consumption was conducted from day 1 through day 7 of

the trial. On day 10, blood samples were collected from mink in the control and the 12

ppm ergot alkaloid groups by jugular venipuncture. Mink were anesthetized with 0.3 ml

of ketamine hydrochloride (100 mg/ml; Fort Dodge Animal Health, Fort Dodge, IA)

administered intrarnuscularly prior to blood collection. Blood was collected in 2

microhematocrit capillary tubes (Becton Dickinson, Franklin Lakes, NJ), 1 2-ml

Vacutainer® tube (Becton Dickinson, Franklin Lakes, NJ) containing EDTA and 1 l-ml

Vacutainer® tube with no additive. The microhematocrit capillary tubes were centrifuged

in an IEC MB microhematocrit centrifuge (International Equipment Company, Boston,

MA), and hematocrits were determined with an IEC MB microcapillary reader. The

Vacutainer® tubes with no additive were submitted to the MSU Animal Health

Diagnostic Laboratory for determination of clinical chemistries. The Vacutainer® tubes

containing EDTA were used to determine the hemoglobin concentration using a kit

(Sigma Diagnostics, St. Louis, MO).

On May 20, 1999, (94 days on trial) blood samples were taken from the control

females and from the females fed 12.0 ppm ergot alkaloids by jugular venipuncture as

described previously. In addition to the blood collected for determination of hematocrit,
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hemoglobin concentration and clinical chemistries, blood was also collected from the

females in all of the treatment groups for determination of plasma prolactin

concentrations. The latter plasma samples were shipped on dry ice to the Cornell

University Veterinary Diagnostic Laboratory (Ithaca, NY) for determination of prolactin

concentrations.

Breeding and whelping

On March 1, 1999, mink breeding began. Twelve untreated males were randomly

selected from the MSU Experimental Fur Farm herd to breed with the 48 females on

treatment. The males were housed in the same room as the females. During breeding, a

female was placed in a male’s cage. If the male mounted the female, the animals were lefi

undisturbed until they separated. Upon separation, a vaginal aspiration was taken from

the female and examined under a light microscope. If motile sperm were observed, the

mating was assumed to be successful. If the mating was not successful or if the pair was

not compatible, the female was tried with another male either the same day or within the

next 2-4 days. Mink that had a successful mating were mated again either the next day or

8 days later. Breeding was completed on March 27, 1999.

During the whelping period, the nest boxes were checked daily for kits. Newborn

kits were counted, sexed, and weighed. The kits were observed daily for mortality until

they were 3 weeks old at which time body weights were determined again.

Necropsies

Adult female mink and kits were necropsied after the kits were 3 weeks old.

Necropsies were performed on 4 different dates; May 20, May 28, June 7, and June 28,

1999. Mink that did not whelp were necropsied last to assure that they were in fact not
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pregnant. Mink were euthanized by exposure to carbon dioxide. The liver, brain, heart,

lungs, adrenal glands, kidneys, and spleen were removed, weighed, and samples were

fixed in 10% neutral-buffered formalin. Fixed tissues were prepared for histologic

examination using routine histotechnological methods. The tissues were mounted in

paraffin, sectioned (6 pm), stained with hematoxylin and eosin, and examined using a

light microscope. In addition, the uteri of the mink that did not whelp were examined for

resorbed fetuses.

Statistical analysis

All statistical analyses were performed using SAS (SAS 1999, 2000). Feed

consumption, body weight, hemoglobin concentration, hematocrit, and serum chemistry

were analyzed using analysis of variance (ANOVA) involving the factor treatment with

repeated measurements on individual animals, over a third factor day/date. Since

measurements of feed consumption, adult body weight, hemoglobin concentration,

hematocrit, and serum chemistries were taken at adjacent time periods, the repeated

measure procedure was used to analyze the data. Organ weights, plasma prolactin

concentration, gestation period of adult females, and kit body weight were analyzed using

the general linear model (PROC GLM) procedure. Chi-square analysis was used to test

the total number of kits whelped and the number of kits born alive in each treatment.

Treatment group means were reported as the least square mean plus or minus the standard

error. If there was a significant treatment and day/date interaction, the means were

analyzed separately for each day/date. Differences between the treatment groups were

considered statistically significant based on a Type I error rate of 0.05.
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Results

Feed consumption

Feed consumption of adult female mink fed diets containing different

concentrations of ergot alkaloids was depressed for the first 3 days of the trial compared

to controls. On day 4 of the trial, the mink in the 6 and 12 ppm ergot alkaloid treatment

groups were still consuming significantly less feed compared to controls, but by day 7, all

mink were consuming a similar amount of feed (Figure 2).

Body weights

The consumption of ergot alkaloids had no significant effect on body weight of

adult female mink. All treatment groups lost a similar percentage of weight during the

19-week trial (Table 3).

Mating and whelping

Consumption of ergot alkaloids had no deleterious effect on mating success,

although females in the control group had earlier first matings compared to females in all

ergot alkaloid groups (8.5 days after breeding began for controls vs. 9.6, 12.6 and 11.0

days for mink in the 3, 6 and 12 ppm ergot alkaloid groups respectively). However, the

consumption of ergot alkaloids at all concentrations (3, 6 and 12 ppm) caused a dose-

dependent decrease in the number of mink whelping (Table 3).

Gestation

The gestation period (from the date of the last confirmed mating to whelping) of

mink fed ergot alkaloids was significantly increased by consumption of 6 ppm ergot

alkaloids compared to controls (Table 3). The single female in the 12 ppm group that

20



m
.
m

m

 

3
v
3
8
3
:
8

n
o
o
n
.

 

 

mamamammmmdmmmm

21



 

Table 3. The effect of ergot alkaloids on adult female mink body weight change,

reproductive parameters, and plasma prolactin concentrations, and kit body weights

and survivability.

 

 

 

 

 

 

 

 

 

 

 

 
 

Parameters Treatment

Control 3 ppm 6 ppm 12 ppm

% body weight 15.52 i354 8.24 i 3.55 13.29 i 3.48 8.18 i 3.83

decrease“ (12) (12) (12) (1 1)

#females bred/ 11/12 12/12 12/12 ll/12

total # females

# females 9/11 9/12 4/12 1/11

whelping / #

females bred

Gestation 47 i 2.84a 52 i 2.84 a 60 :t 4.26 b 62

(days)* (91 (9) (4) (1)

Plasma 51.134.15a 18.3:t5.09b 122:4.16" 11.8 i4.55b

prolactin (12) (8) (12) (10)

concentration

(Hg/ml)*

Total # kits 448 36b 16C 33

whelped (9) (9) (4) OT

% live kits 75 a 33" 6 ° 0

whelped

Kit birth weight 11.1: 0.40a 8.8 i 0.70b 9.7 -

(g)* (33) (12) (1)

% live kits at 3 85 83 O 0

weeks

Kit weight at 3 113.0 :1: 3.77a 69.5 i 6.31b _ _

weeks (g)* (28) (10)    
 

*Data presented as mean i standard error. Numbers in parentheses refer to sample

size. Means with different superscripts in the same row are significantly different

from one another at p<0.05.
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whelped had a gestation period 2 days longer than the average gestation period of mink in

the 6 ppm group. During necropsy, 1 female in the 3 ppm ergot alkaloid group, and 2

females in the 6 ppm ergot alkaloid group were discovered to have live fetuses. The

female in the 3 ppm ergot alkaloid group had 4 live fetuses at 78 days of gestation and the

2 females in the 6ppm ergot alkaloid group had 5 and 6 live fetuses at 68 days and 69

days of gestation, respectively. Besides the females that had live fetuses in the uterus,

there were 3 females in the 12 ppm ergot alkaloid group that had 8, 6, and 2 fetuses in the

process of being resorbed at 65, 64, and 56 days of gestation respectively.

Prolactin

Consmnption of ergot alkaloids at 3 ppm or higher had a significant effect on

plasma prolactin concentrations compared to the control group. The mink in the control

group had plasma prolactin concentrations over 4 times higher than plasma prolactin

concentrations in mink in the 12 ppm ergot alkaloid group (Table 3).

Kit survivability

Consumption of ergot alkaloids at all concentrations caused a significant decrease

in the total number of kits whelped. The percent of kits born alive was significantly

decreased in all 3 groups fed ergot alkaloids. By 3 weeks of age, the kits in the 6 ppm

ergot alkaloid group had all died. Percent morality of the control and 3 ppm ergot

alkaloid groups was 15% and 17%, respectively, at 3 weeks of age (Table 3). In addition

to decreases in litter size, stillborn kits were whelped by 2 females in the 3 ppm ergot

alkaloid group and 1 female each in the 6 ppm and 12 ppm ergot alkaloid groups at 58,

53, 84 and 62 days of gestation respectively. These kits had congenital deformities

(enlarged head, and small body).
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Kit body weight

The birth weight of kits in the 3 ppm ergot alkaloid was significantly less than the

birth weight of control kits. At 3 weeks of age, the control kits were 43% heavier than the

kits in the 3 ppm ergot alkaloid group (Table 3).

Hemoglobin concentration and hematocrit

Hemoglobin concentration and hematocrit were determined prior to breeding and

after whelping in the adult females in the control and 12 ppm ergot alkaloid groups only.

Since there was a significant treatment by date interaction, the data were presented for

each blood collection date. There were no significant differences in the hemoglobin

concentration or hematocrit between the control and 12 ppm ergot alkaloid groups at

either time period (Table 4).

Serum chemistries

Serum chemistries were assessed only in control females and females in the 12 ppm ergot

alkaloid group prior to breeding and after whelping. Consumption of ergot alkaloids had

a variable effect on serum chemistry parameters. There were no significant treatment by

date interactions or treatment-related effects on concentrations of sodium, anion gap, total

protein, albumin, and globulin concentrations, albumin/ globulin ratio, concentrations of

total bilirubin and creatinine, activities of alkaline phosphatase and aspartate

aminotransferase, concentrations of calcium, magnesium, and blood urea nitrogen, or

osmolality. However, consumption of 12 ppm ergot alkaloids caused a significant

decrease in alanine aminotransferase activity and cholesterol concentration compared to

controls (Table 5).
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Table 4. Effect of ergot alkaloids on whole blood parameters of adult female mink

before breeding and after whelping“.
 

 

 

 

 

Treatment

Parameter Pre-breeding (2/25/99) Post-whelping (5/20/99)

Control 12 ppm Control 12 ppm

Hemoglobin 15.02 i 0.42 15.56 i 0.44 17.63 i 0.42 17.57 i 0.44

(12) (11) (12) (11)

46.61i 1.04 49.27: 1.08 44.93: 1.08 43.31i 1.08

Hematocrit (12) (11) ( 12) (11)

     

 
*Data presented as mean 1- standard error. Hemoglobin is expressed as g/dL.

Hematocrit is expressed as percentage of packed red blood cell volume. Numbers in

parentheses refer to sample size.
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Table 5. The effect of ergot alkaloids on serum chemistry parameters of adult

female mink"
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

Parameter Units Treatment

0 ppm 12 ppm

Sodium mmol/l 155.42 i 0.470 154.64 :1: 0.475

(12) (11)

Anion gap mon 16.58 3: 0.728 15.79 i 0.746

(12) (11)

Total protein g/dl 5.85 i 0.128 5.72 i 0.129

(12) (11)

Albumin g/dl 3.35 i 0.074 3.26 i: 0.075

(12) (11)

Globulin g/dl 2.49 i: 0.068 2.41 i 0.069

(12) (11)

Albumin/ 1.35 i 0.027 1.37 i 0.028

Globulin ratio (12) (11)

Total bilirubin mg/dl 0.12 i 0.023 0.18 i- 0.024

(12) (11)

Creatinine mg/dl 0.87 i 0.035 0.80 i 0.036

02) (11)

Alkaline IU/l 51.70 i 6.693 42.76 :t 6.829

phosphatase (12) (1 1)

Alanine IU/l 197.67 a 19.686 3 121.75 i 20.046b

aminotransferase (1 2) (13

Aspartate IU/l 95.88 i: 6.614 107.83 1 6.779

aminotransferase (12) (1 1)

Calcium mg/dl 9.62 i 0.140 9.47 i 0.142

(12) (11)

Cholesterol mg/dl 257.00 110.089 “ 196.46 a 11.006 b

(12) (11)

Magnesium mg/dl 2.53 i 0.067 2.59 i 0.068

(12) (11)

Blood urea mg/dl 20.62 i 0.912 18.59 i 0.938

nitrogen (12) (1 1)

Osmolality mOs/kg 324.71 3: 1.059 322.20 1 1.072

(12) (11)
  *Data presented as mean i standard error. Numbers in parentheses refer to

sample size. Means with different superscripts are significantly different within

the row (p <0.05)
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Before breeding, consumption of 12 ppm ergot alkaloids caused an increase in

chloride and glucose concentrations and a decrease in carbon dioxide concentration. After

whelping, there were significant decreases in chloride, glucose and iron concentrations,

sodium/potassium ratio, and amylase activity in the animals fed 12 ppm ergot alkaloids.

Conversely, consumption of 12 ppm ergot alkaloids caused significant increases in

potassium, carbon dioxide, and phosphorus concentrations and creatnine kinase activity

after whelping (Table 6 and 7).

Organ weights and bistopatbology

Consumption of up to 12 ppm ergot alkaloids had no significant effect on weights

of brain, liver, spleen, kidney, heart, and adrenals in adult female mink (Table 8).

Upon histological examination, the livers of females in all treatment groups had

variable amounts of intracytoplasmic glycogen and lipid. The medullary tubules of the

kidneys appeared to have some intracytoplasmic lipid, and the amount of cortical

epithelial vacoulation was variable. There appeared to be a trend towards increased

vacoulation of the renal epithelial cells with increasing dose, but there was considerable

variability. In the spleen, the amount of extramedullary hematopoiesis with the presence

of megakaryocytes was variable. The thickness of the marginal zone of the spleen was

also variable. In some mink, there was an irregular deposit of amorphous, eosinophilic

material in the white pulp. There appeared to be a prominence of white pulp in the spleen

of mink fed the highest concentration of ergot alkaloids.
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Table 6. The effect of ergot alkaloids on serum chemistry parameters of

adult female mink prior to breeding (2/25/99)*
 

 

 

 

 

 

 

 

 

 

    

Treatment

Parameters Units 0 ppm 12 ppm

Potassium mmol/l 4.40 i 0.137 4.09 i 0.137

(12) i121

Chloride mmol/l 117.61 a 0.475 a 119.52 a; 0.475 b

02) (12)

Total mmol/l 25.31 i 1.046 a 21.27 :1046"

carbon (12) (12)

dioxide

Sodium/ 35.42 i 0.925 38.00 i 0.925

potassium (12) (12)

ratio

Amylase U/l 59.50 i 5.108 62.08 i 5.108

(12) 02)

Creatnine lU/l 559.25 1: 238.100 575.00 i 238.100

kinase (12) (12)

Glucose mg/dl 122.17 :1: 6.545 a 142.83 i 6.545 b

(12) , (12)

Phosphorus mg/dl 4.08 i 0.303 3.45 i 0.303

(12) (11)

Iron ug/dl 142.92 i 12.826 150.25 1 12.826

(12) (11)
  *Data presented as mean istandard error. Numbers in parentheses refer to

sample size. Means with different superscripts within the same row and

time period are significantly different CR< 0.05).
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Table 7. The effect of ergot alkaloids on serum chemistry parameters of adult

female mink after whtmiing (5/20/99)*
 

 

 

 

 

 

 

 

 

 

    

Treatment

Parameters Units 0 ppm 12 ppm

Potassium mmol/l 4.75 3 0.137a 5.48 3 0.142 b

(12) (11)

Chloride mmon 120.69 3 0.475a 119.22 3 0.49315

(12) (11)

Total carbon mmol/l 23.34 31.046 3 27.42 31.092 "

dioxide (12) (1 1)

Sodium/ 32.92 3 0.925 a 28.55 30.956 b

potassium (12) (1 1)

ratio

Amylase U/l 88.00 3 5.108 a 73.19 3 5.217 b

(12) (ID

Creatnine IU/l 399.58 3 238.100 3 1859.44 3 248.450 ”T

kinase (12) (11)

Glucose mg/dl 109.08 3 6.545 . 83.96 3 6.826 b

412) (11)

Phosphorus mg/dl 5.14 3 0.303 a 6.49 3 0.317 b

(12) (11)

Iron ug/dl 217.25 312.826 a 162.64 313.396 "

(12) (11)
  *Data presented as mean istandard error. Numbers in parentheses refer to sample

size. Means with different superscripts within the same row and time period are

significantly different (p < 0.05).
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 Table 8. Effect of ergot alkaloids on organ weights (g) of adult female mink"

 

 

 

 

 

 

 

     

Organ Treatment

Control 3 ppm 6 ppm 12 ppm

Brain 8.61 3: 0.17 8.81 i017 8.85:0.17 8.54:0.17

(12) (12) (12) (12)

Liver 38.05 i 1.98 35.88 i 1.98 35.62 i 1.98 32.77 i198

(12) (12) (12) (12)

Spleen 4.15 i: 0.83 3.16 i- 0.83 3.86 i 0.83 3.05 i 0.83

(12) (12) (12) (12)

Kidneys 5.73 i 0.21 5.91 i 0.21 5.69 i 0.21 5.78 i 0.21

(12) (12) (12) (12)

Heart 5.99 i 0.17 6.39 i 0.17 6.08 i 0.17 6.32 i 0.17

(12) (12) (12) (12)

Adrenal 0.046 :1: 0.004 0.048 i 0.004 0.044 3: 0.004 0.046 :1: 0.004

glands (12) (12) (12) (12)

 

size. *Data presented as mean i standard error. Numbers in parentheses refer to sample
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Discussion

In the present study, consumption of ergot alkaloids caused a transitory decrease

in feed consumption of adult female mink. Ergot alkaloids have been reported to have a

variable effect on feed consumption in different animal species. Rats fed a diet containing

5 ppm ergovaline and 1 ppm ergine for 28 days had a significant decrease in feed

consumption (Piper et al., 1997). However, rats given intraperitoneal injections of 0.5 mg

ergotamine/kg body weight consumed as much food as prior to the injections (Sommer

and Buchanan, 1955). McQueen (1993) hypothesized that a decrease in feed intake in

cattle consuming ergot alkaloids could have been related to heat stress during warm

weather. Since our study was performed during the winter in a minimally heated facility,

absence of excessive heat could have been the reason why there was not an ergot

alkaloid-induced effect on feed intake. It is also possible that the concentrations of ergot

alkaloids (either singly or in combination) used in our study were not high enough to

cause a long-term effect. Similar results of an initial transitory decrease in feed

consumption was reported in a subacute study performed in our lab where mink were fed

6.25, 12.5, or 25 ppm ergot alkaloids for 30 days (Weinstein et al., 1999)

Decrease in body weight has been reported to be a characteristic of ergot toxicity

in animals, but there are studies that have indicated no significant effect on body weight.

In a study where rats were fed ergometrine (2, 10, 50, or 250 ppm), the ergot alkaloid

caused a numerical, but non-significant, decrease in body weight compared to controls

(Peters-Volleberg et al., 1996). Studies that reported a decrease in body weight gain in

animals also reported a decrease in daily feed intake. Piper et al. (1997) reported that rats

fed diets with 50% endophyte-infected fescue had decreased feed intake and decreased
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average daily weight gain. In our study, consumption of ergot alkaloids had no significant

effect on body weights of adult female mink. All mink lost a similar amount of weight

during the 19-week trial. Since there was only a transitory decrease in feed consumption

that was no longer apparent after 7 days, it is not surprising that body weights were not

significantly affected.

One of the most important effects of ergot alkaloids is the decrease in plasma

prolactin concentrations, as was observed in the present study. The control of prolactin

secretion from lactotrophs of the anterior pituitary is primarily through inhibition of

dopamine, which occurs in the hypothalamus or posterior pituitary. Dopamine is then

transferred to the anterior pituitary via the hypothalamic/hypophysial portal system where

it exerts its inhibitory action on prolactin secretion through its interaction with the D2

dopamine receptor located on the lactotrophic cell. Compounds that interact with this

receptor as agonists, such as ergot alkaloids, are known to cause suppression of prolactin

release (Cross et al., 1995). Decreases in prolactin have been reported due to

consumption of ergot alkaloids, including ergovaline, ergotamine, ergonovine, and

ergometrine. In our study, ergotamine comprised 12.9% of the total ergot alkaloids

present in the contaminated oats. The presence of ergotamine along with the other ergot

alkaloids may have increased the circumstances of prolactin concentrations being

reduced. This decrease in plasma prolactin concentration has been reported to influence

different reproductive parameters.

Ergot alkaloids have been reported to affect the gestation length in some species

of animals. Although the mechanism by which ergot alkaloids affect gestation has not

been fully elucidated, some studies have shown a relationship between serum prolactin
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concentrations and gestation length (Polejaeva et al., 1997). Mink are seasonal breeders

with late February through March being the breeding season. They are induced ovulators

with the ability to ovulate a second wave of follicles by mating 8-10 days after the first

ovulation (Polejaeva et al., 1997). In induced ovulators such as mink, the embryos

resulting from the first wave survive by entering an obligatory period of diapause and

delayed implantation. The reactivation of the embryo occurs within the first week

following the equinox and the blastocyst enters the uterus on days 5-6 after mating and

then enters diapause. Although the normal length of diapause is 15 to 25 days,

manipulation of the photoperiod can either shorten (by 5 days) or lengthen (up to 55

days) diapause. The authors stated that the mechanism that terminates diapause is still

poorly understood, but prolactin is a major component of the luteotropic complex that

terminates embryonic diapause in mink (Papke et al., 1980). In the study by Ploejaeva et

al. (1997), daily injection of prolactin beginning on day 7 afier mating was followed by a

rapid increase in the plasma concentration of progesterone that occurred 10 days earlier

in prolactin-treated female mink compared to untreated female mink. Prolactin-treated

females whelped on average 10 days earlier than untreated females. In our study,

consumption of ergot alkaloids decreased prolactin concentrations at all doses and

increased the gestation period (significant at 6 ppm) compared to ‘the controls (60 vs 47

days). The normal gestation period of mink mated in early March is 58 days whereas for

mink mated in mid-March is 47 days. Control mink that were on reproductive trials in the

same animal room as used for the present study had gestation lengths that ranged from

48.8 days to 64.5 days (Crum etal., 1993; Heaton et al., 1995; Powell et al., 1996). The

results of the study suggest that the ergot alkaloid-induced increase in gestation was
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caused by the decrease in plasma prolactin concentrations although the range of gestation

lengths in the present study was within the range for control mink. Similar increases in

gestation length have been reported by Cross (1997) in horses consuming endophyte-

infected tall fescue. The gestation length increased in horses by 27 days compared to the

controls due to consumption of endophyte-infected tall fescue.

An ergot alkaloid such as ergotoxine can upset the balance of hormones that are

necessary for normal pregnancy (Shelesnyak, 1957). Progesterone is an extremely

important hormone for the maintenance of pregnancy as it is needed for the provision of

uterine secretions in preparation for the implantation of the embryo and embryo motility.

(Cross, 1997). Alterations in progesterone can affect embryo motility and hinder maternal

recognition of pregnancy. Studies on mares consuming endophyte-infected tall fescue

reported reduced levels of serum progesterone, but the mechanism by which the

concentration of progesterone is altered or reduced has not been elucidated. Although

progesterone was not measured in our study, it could be one of the reasons for the

reduced reproductive rates in mink fed diets containing 6 or 12 ppm ergot alkaloids.

Many animal studies have reported reproductive effects to be the biggest problem

caused by consumption of ergot alkaloids. The more common reproductive effects

include failure to implant, fetal resorption, and prenatal mortality. Animal studies have

shown that ergot alkaloids can affect reproduction in more than one way. The decrease in

serum prolactin concentration can be one reason for reproductive failure in animals

caused by consumption of ergot alkaloids. When ergotoxine-induced pregnancy failures

were seen in rats, administration of prolactin was successful in reversing the effects of

ergotoxine (Shelesnyak, 1958). Administration of prolactin to ergotoxine-fed rats
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increased the percentage of successful pregnancies from 75 to 88%. In our study,

consumption of ergot alkaloids decreased the scum prolactin concentrations in female

mink. The decrease in prolactin concentrations could have been responsible for

reproductive failures in mink fed 6 and 12 ppm of ergot alkaloids.

Some natural alkaloids of ergot increase uterine motor activity. Raymond (1995)

demonstrated that a small dose of ergotamine caused the uterine smooth muscle to

contract. As the dose of ergotamine increased and the interval between contractions

decreased, there was sustained contracture. Besides the uterine contractions, ergot

alkaloids can cause an impairment of blood supply to the uterus and placenta, mainly as a

consequence of ergot-induced vasoconstriction (Grauwiler and Schon, 1973). This

impairment in blood supply can lead to embryonic death (Franklin and Brent, 1964). In

the present study, ergotamine comprised 12.9% of the total ergot alkaloids present. This

could explain why there were lower numbers of mink whelping in the groups fed 6 and

12 ppm of ergot alkaloids in the present study.

Besides implantation failures in animals, ergot alkaloids have been reported to

cause reduced litter size, increase prenatal and neonatal mortality, and congenital

deformities. Grauwiler and Schon (1973) reported increased prenatal mortality in rats,

mice, and rabbits fed ergotamine (5 mg/kg diet for rats, 25 mg/kg diet for mice, and 1

mg/kg diet for rabbits). The authors came to the conclusion that the effects on the

offspring were largely due to an indirect disturbance of fetal development, secondary to

impairment of normal pregnancy by subchronic doses of ergotamine. In our study, the

groups fed 6 and 12 ppm ergot alkaloids (consisting of 12.9 % ergotamine) had reduced

litter sizes, and evidence of congenital deformities. These effects could be attributed to
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the vasoconstrictive effects of ergot alkaloids. Evidence of increased incidence of fetal

resoprtions have been reported by Carpent and Desclin (1969) when rats were given 1

mg/kg body weight of ergocornine on day 7 of gestation. In the same study, ergocornine

given at a later stage of gestation had no effect on pregnancy. The authors explained that

the fetal resorption was not caused directly by ergocornine, but indirectly by ergocornine-

induced progesterone deficiency. This may explain the fetal resorption seen in females

fed 12 ppm ergot alkaloid in our study, although progesterone was not determined.

It has been reported that an average of 12 percent mortality of kits from birth to 1

week and 7 to 24 percent mortality from birth to 3 weeks of age is normal in mink

(Howell, 1979; Hozbor etal., 1996). In our study, the group fed 3 ppm ergot alkaloid had

17 percent mortality at 3 weeks from birth, but in the 6 ppm ergot alkaloid group, there

was 100 percent mortality. The increase in mortality may be due to consumption of ergot

alkaloids because in the control group, there was only 15 percent mortality, which is

within the normal values.

Another effect of ergot alkaloids that has been reported in many reproductive

studies is the reduced body weight of the young from females fed diets containing ergot

alkaloids. The reasons for reduced body weight of the young have been attributed to

failure to lactate because of impaired maternal instinct (Orth and Ritchie, 1947), reduced

maternal feed intake (Tindal, 1956), inhibition of the milk ejection reflex (Grosvener,

1956), and failure of the young to nurse (Sommer and Buchanan, 1955). Sommer and

Buchanan (1955) stated that pups from ergot alkaloid-fed rats could not suckle milk as

vigorously as pups from the control groups, and that females in the treated groups may

not have had enough milk for the pups. Also, animals like sheep, mice, and cattle have
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shown reduced milk yields, whereas horses have shown complete agalactia due to

consumption of endophyte-infected fescue grass (Cross, 1997). Although we did not

examine the mammary glands, our study indicated that kits born to females consuming

high doses of ergot alkaloids were not well nourished. This was particularly apparent

when the kits were 3 weeks old because the kits from the control group were 43 %

heavier compared to kits of females fed 3.0 ppm ergot alkaloids. Normal body weights

for 3-week-old kits range from 100 to 147 g (Travis and Schiable, 1961; Tauson, 1994).

Since the kits were receiving nourishment only from the mother during the first 3 weeks

of their life, a decrease in milk production would have a significant effect on kit body

weight. Lactation could have been decreased due to the inhibitory effects of ergot

alkaloids on prolactin because the promotion of mammary glands and initiation and

maintenance of lactation are the principal functions of prolactin (Cowie and Tindal,

1971)

Besides prolactin, the involvement of progesterone and estrogen in lactation is

significant (Cross at al., 1995). Estrogen and progesterone stimulate the development of

ductal and secretory structures when mammary tissue is primed with insulin, aldosterone

and prolactin. Estrogen is necessary for the cell division in tenninal end buds that leads to

ductal growth whereas progesterone stimulates lobulo-alveolar growth. Prolactin is

necessary to prime mammary tissue and apparently acts synergistically with estrogen and

progesterone to promote mammary tissue growth. Cross and associates (1995) explained

that progesterone and prolactin levels were lower in mares consuming endophyte-infected

fescue, but estradiol-17B concentration were higher compared to mares on the control
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diet. Although progesterone and estrogen was not measured in our study, alterations in

these hormones could have contributed to the decrease in lactation.

The effect of ergot alkaloids on blood chemistry parameters has not been studied

extensively, but there are a few studies that have reported variable effects. Changes in all

blood chemistry analytes do not occur simultaneously, and some animals may require

extended periods of consumption of endophyte-infected fescue to cause alterations in

serum biochemistry profiles (Schultze et al., 1999). This may be why we did not see a

consistent effect of ergot alkaloids on all blood chemistry parameters.

Consumption of ergometrine has been reported to cause a decrease in plasma

glucose concentration in rats (Peters-Volleberg et al., 1996). The authors explained that

ergometrine affects carbohydrate metabolism, but the mechanism of action is not known.

In the present study, the serum concentration of glucose was significantly higher prior to

breeding and significantly lower post-whelping in the females fed 12 ppm ergot

alkaloids. Ergotrnetrine was not one of the alkaloids present in the contaminated oats

used in this study, but it is possible that the other ergot alkaloids may have caused a

decrease in the plasma glucose concentration.

Increased activity of creatnine kinase in serum indicates damaged muscle (Coles,

1986). The creatnine kinase activity of mink fed 12 ppm ergot alkaloid was considerably

higher (1859 IU/l) compared to the control value (559 MA). Normal creatnine kinase

activities for mink are in the range of 705 IU/l (Restum et al., 1995). It is not clear why

the creatnine kinase activity was elevated that high.

Alanine aminotransferase is an enzyme within the cytoplasm of hepatic

parenchymal cells that catalyzes the transamination of l-alanine and 2-oxoglutarate to
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pyruvate and glutamate (Schultze er al., 1999). Increased alanine aminotransferase

activity occurs due to a leakage of the enzyme from injured hepatocytes. In our study,

ergot alkaloids caused a significant decrease in alanine aminotransferase concentration,

and thus the biological significance of this change is unknown.

Hyperkalemia (increase in serum potassium concentration), and

hyperphosphatemia (increase in serum phosphorus concentration) indicate acute renal

failure (Coles, 1986). In the present study, the post-whelping concentrations of potassium

and phosphorus were significantly higher in the 12 ppm ergot alkaloid group compared to

control values (5.48 vs 4.40 mmon and 6.49 vs 4.08 mmol/l, respectively). Reported

normal values for potassium range from 4.1 to 5.0 mmol/l and the reported normal value

for phosphorus is 5.9 mmon (Blumenkrantz and Blomstedt, 1987; Wamberg, 1992).

Histological assessment indicated no renal damage. This may mean that even though the

values are statistically significant, they are not biologically significant because they are

relatively close to normal values reported for mink.

In general, although changes in serum chemistry parameters due to consumption

of ergot alkaloids have been reported in different animal species, the mechanisms of

action are usually unknown. Schultze er al. (1999) stated that explanations and /or

speculation for these phenomena include effects secondary to reduced feed intake,

deficiency of vitamins, proteins, or minerals, development of inhibitors of enzymic

action, decreased production due to decreased cell proliferation, increased clearance of

enzymes via liver or kidneys, and alterations in conditions like pH and tonicity that may

inhibit enzymic action.
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Studies that have focused on the histopathological changes in animals induced by

consumption of ergot alkaloids have reported changes occurring only in the liver. Rats

fed ergometrine had relatively large and occasionally swollen hepatocytes (Peters-

Volleberg et al., 1996). This kind of hepatocellular appearance is considered typical of

excessive glycogen storage, and it was seen only in rats fed 250 mg ergometrine/kg diet.

The authors explain that the glycogen content of most cells appeared to be relatively low,

which was considered to be due to the artificial loss of glycogen in liver samples during

storage in formalin or during histological processing. Thus, no evidence of ergometrine-

induced hepatocellular degeneration or necrosis or other liver abnormalities were

reported. In our study, consumption of ergot alkaloids had no effect on tissue

histopathology. The only explanation for this may be that the concentration of ergot

alkaloids used in our study may not have been high enough to cause any tissue damages.

It is difficult to compare clinical signs seen in our mink study with studies

utilizing other species. In our study, we used a mixture of ergot alkaloids in the diet

whereas previous studies on other animals have used either individual ergot alkaloids or a

mixture of 1 or 2 alkaloids.

Based on the results of our study, several things can be taken into consideration

for future studies. Unlike our study where feed consumption was measured for the first 7

days of the trial, it could be measured for a longer period of time. One of the reasons for

decrease in feed consumption in other animals was due to heat stress. For future studies,

feed consumption can be measured at a time when the temperatures are warmer to see if

heat stress actually decreases feed consumption. Also, the concentrations of ergot
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alkaloids could be increased to see if higher levels of ergot alkaloids decrease feed

consumption.

The decrease of prolactin concentration has been a major problem due to

consumption of ergot alkaloids and this decrease in turn was related to other reproductive

problems such as increase in gestation length and reproductive failures. In future studies,

supplemental prolactin could be administered to females fed diets containing ergot

alkaloids to determine if the supplemental prolactin could decrease gestation length or

alleviate other reproductive problems.

As discussed earlier, progesterone is responsible for the maintenance of

pregnancy because it is needed for the provision of uterine secretions in preparation for

the implantation of the embryo and its utility. Although progesterone was not measured

in our study, future studies could be designed to measure progesterone concentrations to

see if the decrease in progesterone concentration is related to any reproductive problems

in mink.

In our study, there was 100 percent mortality at 3 weeks from birth in kits

whelped by females fed 6 ppm ergot alkaloids. One of the reasons for this mortality was

attributed to a decrease in lactation, but we did not examine the mammary glands in

females. Mammary glands could be examined in future studies to determine if

consumption of ergot alkaloids causes a decrease in lactation.

Another thing that could be considered for future studies is to perform a long-term

study (the present study was a 133 day trial). In our study, the kits were euthanized when

they were 3 weeks old. Instead, they could be continued on the ergot alkaloid diet

through the next generation to see how that may affect reproduction. Alternatively, the
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kits could be fed the ergot alkaloid diet for at least 6 months instead of 3 weeks to

determine how that may affect their growth and survivability. Our study did not show any

histopathological changes in any tissues in the ergot-treated adult mink.

Histopathological changes could be determined in kits fed diets containing ergot

alkaloids from birth to 6 months of age.

In our study, we used a mixture of ergot alkaloids in different proportions in the

diet fed to mink. We do not know which of these alkaloids caused which effects. In future

studies, we could use individual alkaloids to study their effects.

Finally, higher doses of ergot alkaloids could be used for a long-term study in

mink. Although a previous study in our laboratory (Weinstein et al., 1999) used higher

doses of ergot alkaloids, it was a 30-day trial and hence no effects were seen. Similar

doses as Weinstien’s could be used for a longer period of time.

Conclusion

Dietary concentrations of 6 or 12 ppm ergot alkaloids caused a transitory decrease

in feed consumption of adult female mink over the first 7 days of the trial. The

consumption of 6 ppm or higher ergot alkaloids caused a decrease in the number of

females whelping compared to the controls. Ergot alkaloids also increased the gestation

length in mink at 6 ppm or higher. Although the gestation length of the single mink in the

12 ppm group was only 62 days, there were mink in the 3 and 6 ppm ergot alkaloid

groups that did not whelp but still had viable kits at as long as 78 days of gestation.

Kit mortality and survivability were also affected by the consumption of ergot

alkaloids. At doses of 6 ppm or higher, there was 100% mortality of kits before 3 weeks

42



of age. Consumption of ergot alkaloids caused kit body weight in the 3 ppm ergot

alkaloid group to be lower compared to the control kit body weight.

The post-whelping concentration of plasma prolactin decreased significantly at

doses of 3 ppm or higher of ergot alkaloids. Since prolactin is responsible for mammary

gland promotion, and initiation and maintenance of lactation, the decrease in serum

prolactin concentration may have had an effect on kit mortality as the only nourishment

the kits were receiving for the first 3 weeks after birth was their mother’s milk.

The results of the study indicated that consumption of 3 ppm or higher doses of

ergot alkaloids have an adverse effect on plasma prolactin concentration, litter size, kit

birth weight, and kit body weight at 3 weeks of age. The study also indicated that

consumption of 6 ppm or higher doses of ergot alkaloids had adverse effects on gestation

length, the number of females whelping, and kit survivability at 3 or more weeks of age.

Thus, consumption of ergot alkaloids at doses of 3 ppm or more caused reproductive

toxicity in adult female mink.

Because our study concluded that ergot alkaloids have an adverse effect in mink,

mink farmers should avoid using ergot-contaminated grains and grasses in the mink diet.

Mink fur is one of the most expensive and precious components of the fur industry,

especially used in making fashionable coats and purses. Avoiding the use of ergot-

contaminated feed components in mink diets can result in better production of fur, both in

quantity and quality. Our results indicate that 3 ppm or higher concentration of ergot

alkaloids had an adverse effect on mink reproduction and survivability. Since 3 ppm was

the lowest concentration used in the present study, it would be beneficial to mink farmers

if a no observable adverse effect level (NOAEL) could be identified.
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