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Abstract. The objective of this experiment was to investigate whether the ergot alka-
loid, ergotamine (ET), an alkaloid used to model fescue toxicosis in cattle, modifies
the response of cattle to endotoxin (LPS) challenge. Steers (n = 16) were divided into
the following treatment groups: control (C), ergotamine (ET), endotoxin (LPS), and ET
+LPS. ET and ET + LPS groups received a single bolus intravenous injection of ET (40
Hg - kg - body wt'), whereas C and LPS steers received a single bolus injection of
sterile vehicle. Thirty minutes after ET/vehicle administration, a single bolus intrave-
nous injection of LPS (0.2 pg - kg - body wt™') was given. Blood was collected at
various time points for 48 hr post. Endotoxin increased rectal temperature (RT) and
the circulating levels of tumor necrosis factor-a (TNF-a), cortisol, haptoglobin (Hp),
thromboxane B, (TXB,). The circulating Hp, TNF-a, and TXB, increases were blunted
by pretreatment with ET compared with ET + LPS. Ergotamine by itself increased
circulating cortisol and RT, whereas it decreased serum prolactin (PRL). Therefore,
whereas administration of LPS at 0.2 pg/kg to steers resulted in an expected response,
the combination of ET + LPS attenuated major effects of LPS alone. Thus, acute
administration of ET appeared to be anti-inflammatory as it decreased the inflamma-
tory response to LPS, an effect likely driven at least in part by the ET-caused cortisol

increase.

[P.S.E.B.M. 2000, Vol 225:136—142]

n immune challenge (bacterial or viral infection,
acute stress, or other nonpathogenic challenge) in
food animals results in metabolic and endocrine
shifts with decreased growth as an end result (1, 2). During
an immune challenge, there are increased circulating in-
flammatory cytokines (interleukin-1 [IL-1], IL-6, and tumor
necrosis factor-a [TNF-a]) and other immune modulators
such as glucocorticoids and eicosanoids (3). Endotoxin (li-
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popolysaccharide, LPS) potently induces the inflammatory
cytokines, cortisol, and the prostaglandin thromboxane-B2
(TXB,) in many species (3), including cattle (4). These in
turn cause the acute phase response. In cattle, haptoglobin
(Hp) is a major acute phase response protein synthesized in
the liver (5, 6). Increasing amounts of this protein have been
observed during an inflammatory process (6).

Tall fescue (Festuca arundinacea Schreb) is the pre-
dominant cool season forage in the piedmont and inter-
mountain district of the South-east portion of the United
States, but it is also grown in the northwest and the northeast
parts of the country. However, most of the tall fescue is
infected with an endophyte (Neotyphodium coenophialum)
(7) that results in the elaboration of ergot alkaloids into the
forage that are considered causative for fescue toxicosis in
cattle, a condition associated with decreased growth and
reproduction (8). The major types of ergot alkaloids (EA)
produced by the endophyte are the clavine and the more
biologically potent ergopeptide alkaloids (9). We recently
reported that steers grazing endophyte-infected tall fescue
for the duration of the grazing period and challenged with



LPS had greater inflammatory response to LPS in terms of
increased circulating TNF-a and cortisol levels, and de-
creased insulin-like growth factor-1 (IGF-1) compared with
steers grazing endophyte-free tall fescue (10). The objective
of this experiment was to determine if acute administration
of ergotamine (ET), an ergopeptide alkaloid as that found in
endophyte-infected tall fescue (9) to steers, would also en-
hance the inflammatory response to LPS.

Materials and Methods

Animals. The experiment was conducted in the
spring of 1998 (April 22-24), and the mean ambient tem-
perature was 14°C. Angus yearling steers (n = 16) were
maintained on cereal rye (Secale cereale L). Steers were
withheld from water for 16 hr and weighed (201.9 kg +
10.5, mean + SD) on the day before the experiment. Ani-
mals were ranked by weight from lowest to highest and
assigned to groups of four on the basis of rank. Then, a steer
from each group was randomly assigned to one of four
groups (n = 4/group). Following group assignment, each
group was randomly assigned to a treatment (n = d4/treat-
ment). The treatments were as follows: control (C), ergota-
mine (ET), endotoxin (lipopolysaccharide, LPS), and er-
gotamine plus endotoxin (ET + LPS). Following weighing
and assignment to treatment, an indwelling cannula (Tygon,
1.02 mm i.d., 1.78 mm o.d.) was placed in the jugular vein
for administration of LPS/ET/saline and blood collection.
On the day of the experiment, animals were tethered in
individual stalls and provided water ad libitum.

Treatment. Ergotamine tartrate (RBI, Natick, MA)
was dissolved in a 20% solution (w/v) of 2-hydroxyprolyl-
B-cyclodextrin (RBI, Natick, MA) in sterile double-distilled
(dd) water immediately prior to administration and pro-
tected from light. Endotoxin (Escherichia coli; 055:BS5,
Sigma, St. Louis, MO) was reconstituted with sterile 0.1%
BSA phosphate-buffered saline (PBS) solution to a stock
concentration of 0.1 mg/ml. Immediately before adminis-
tration, stock LPS solution was further diluted with PBS to
8 pg LPS/ml concentration.

At time —-30 min, ET and ET + LPS treatments received
a single bolus intravenous injection of ET (40 pg-kg-body
wt™!, = 2.7ml vehicle volume), whereas C and LPS steers
received a bolus injection of sterile vehicle (2.7ml). Thirty
minutes after ET/vehicle administration (Time 0), a single
bolus intravenous injection of LPS (0.2 pg-kg-body wt', =
5 ml vehicle volume) was administered to LPS and ET +
LPS treatments whereas C and ET treatments received 5 ml
of sterile PBS. Following administration, articles were
flushed in with 10 ml sterile 3.5% sodium citrate solution.

Data Collection. Before administration of ET/
vehicle, two sham blood samples (10 ml/sample) were col-
lected 30 min apart to accustom animals to blood collection.
Then, a blood sample was collected at time =30 min for
determination of basal levels. At Time 0, another blood
sample was taken, immediately followed by LPS/PBS ad-
ministration. After LPS/PBS administration, samples were

taken at 30 min, 1, 2, 3, 4, 5, 6, 12, 24, and 48 hr. Steers
were not fed for the first 12 hr, then returned to pasture and
brought back to sampling stalls for the additional blood
collections at 24 and 48 hr. Blood (20 ml) was collected into
tubes with EDTA for plasma and without additives for se-
rum harvesting (Vacutainer, Becton Dickinson, Rutherford,
NJ) and kept on ice until harvest. Following harvest,
plasma/serum was aliquotted and stored at =70°C until as-
sayed. In addition to blood collection, rectal temperature
was measured hourly, beginning at time ~30 min, using a
digital thermometer (B-D, Becton Dickinson, Franklin
Lakes, NJ).

Assay Procedures. Prolactin (PRL). Serum con-
centrations of PRL were determined by radioimmunoassay
(RIA) procedure (11) with reagents supplied by the USDA
Hormone Distribution Program (Beltsville, MD). The intra-
and interassay coefficients of variation were 3.7% and
7.3%, respectively.

Cortisol. Serum cortisol was determined with a com-
mercially available solid phase RIA kit (Diagnostic Prod-
ucts Corp., Los Angeles, CA). All samples were assayed
together. The intra-assay CV was 7.9%.

Tumor necrosis factor-« (TNF-a). Plasma immuno-
reactive TNF-a was measured by a specific RIA for cattle
(12). All samples were assayed together. The intra-assay
CV was 9.2%.

Haptoglobin (Hp). Serum concentration of Hp was de-
termined by an ELISA according to Young e al. (13) using
plates coated with hemoglobin for capture and antihapto-
globin monoclonal antibody for detection of serum Hp.

Thromboxane-B, (TXB,). Plasma concentrations of
TXB, were measured by a commercially available enzyme
immunoassay (EIA, Amersham Life Sciences Inc., Arling-
ton Heights, IL). Before assaying, TXB, was extracted from
the plasma using a solid-phase extraction procedure recom-
mended by the manufacturer. Briefly, 1ml of plasma was
acidified to pH 3.0 with 1M citric acid (= 0.25 ml). Amprep
C2 columns (Amersham Life Sciences Inc., Arlington
Heights, IL) were conditioned by rinsing with 2 ml of
methanol followed by 2 ml of water rinse. Then, the acidi-
fied plasma samples were applied to the columns. The col-
umns were washed with 5 ml of water, followed by 5 ml of
10% ethanol, and 5 ml of hexane. Thromboxane B, was
eluted with 5 ml of methyl formate. The methyl formate
was vacuum evaporated, and the extract reconstituted in
the EIA buffer. A known amount (100 pg) of TXB, was
added to selective tubes to monitor recovery. Mean recovery
was 91%.

Statistical Analysis. Analysis was performed using
the Statistix Analytical Software (Tallahassee, FL). Data are
expressed as mean + SEM. Data were analyzed by a 2 x 2
factorial model split-plot-in-time with ET (ET versus ve-
hicle), LPS (LPS versus vehicle), and their interaction as
main factors and time as the subplot using a two-way analy-
sis of variance (ANOVA). The appropriate means of sig-
nificant (P < 0.05) main effects or their interaction were
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Table I. Serum Haptoglobin (Hp) (mean + SEM, mg/dl) in Steers Administered Ergotamine, 40 pg-kg-body
wt-! or Vehicle at Time -30 min Followed by 0.2 pg-kg-body wt™! iv Endotoxin (LPS) at Time O

Time
Treatments
0 0-6 hr 12 hr 24 hr 48 hr
Cc 1.3+£0.16 1.3%0.15 1.4 +£0.23 1.2+ 0.11 1.1 20.06
ET 1.1+0.10 1.1+0.13 1.1 £0.08 1.1£0.07 1.0 + 0.00
ET + LPS 1.3+£0.23 1.4 +£0.26 4.4 + 1.69" 412.2 + 4.84¢ %44 +0.61%
LPS 1.1 £ 0.06 1.3+ 0.07 2.4 +0.27t £9.7 + 4.05% 526.0 + 18.18%

Note. C is control, ET is ergotamine, LPS is lipopolysaccharide {endotoxin). For statistical purposes, samples with Hp values of <1 mg/dl were

assigned value of 1 mg/dl.
* P < 0.05, tP < 0.01, $P < 0.001 vs Time O within treatment.

ab Means with different superscripts are different
(P < 0.05).

separated by Fisher's protected LSD post hoc test. A trap-
ezoidal summation of individual areas (time on the x-axis
and magnitude of the response on the y-axis) was used for
calculation of responses over a time period where appropri-
ate. Basal areas corresponding to the rectangle derived by
multiplying y-value at Time O and total time were subtracted
from total areas, and net value was the absolute area under
the concentration curve (AUC) response. Because of this
calculation approach, downward responses have negative
AUC values, whereas upward responses have positive AUC
values. The AUC data were analyzed by one-way ANOVA,
followed by Fisher’s protected LSD post hoc test.

Results

Serum Hp was unaffected by ET (Table I), but there
was a main effect of LPS (P < 0.01) which was also time-
dependent (LPS x time, P < 0.01). Both ET + LPS and LPS
treatments had increased serum Hp at 12 hr, and Hp con-
tinued to rise until 24 hr (ET + LPS), or until the end of the
sampling period (LPS). Serum Hp in both ET + LPS and
LPS groups was greater (P < 0.05) compared with C and ET
at 12, 24, and 48 hr. At 48 hr, serum Hp was increased the
greatest (P < 0.05).

Highly significant interaction between ET and LPS in-
fluenced plasma TNF-a values (ET x LPS, ET x LPS x
time, P < 0.0001; Fig. 1). Plasma TNF-a was unchanged in
the C and ET groups. Compared with C plasma, TNF-a
values were increased by ET + LPS (30 min-2 hr), and LPS
(30 min-3 hr). Pretreatment with ET in the ET + LPS group
reduced (P < 0.001) TNF-a compared with LPS at 30 min,
1, 2, and 3 hr. The area under the response curve (0-6 hr)
was greatest for LPS (5.93 = 0.38, mean + SEM; AUC
units) and ET + LPS was greater (1.71 £ 0.39 AUC units)
compared with C and ET (0.11 + 0.03 and -0.05 = 0.04
AUC units, respectively; P < 0.01).

Serum cortisol increased following administration of
either ET or LPS, but there was also a significant interaction
between them (ET x LPS, P < 0.01; ET x LPS x time, P <
0.05; Fig. 2). Serum cortisol was abruptly increased (P <
0.001) in the ET (0-2 hr) and ET + LPS (04 hr) groups
compared with pretreatment. Following LPS, serum cortisol
was elevated (P < 0.001) from 1 to 6 hr compared with
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from each other and from means without any letter designation at a specific time point

pretreatment. While both ET and LPS elevated serum cor-
tisol, the effect of ET was temporally shorter. Maximal
serum cortisol was 20% greater in the LPS versus ET +
LPS. Cortisol values in the C slowly decreased over time
and were significantly (P < 0.05) lower (2-12 hr) compared
with pretreatment.

The increase of plasma TXB, in ET + LPS (1-3 hr),
and LPS (14 hr) groups compared with controls (Fig. 3,
top) was LPS-driven (LPS effect, P < 0.0001), but there was
also a significant ET x LPS interaction (ET x LPS x time,
P < 0.001). Pretreatment with ET in animals challenged
with LPS blunted the increase in circulating TXB, during
the first 4 hr following LPS, and at 1 and 4 hr post-LPS, this
effect was significant (ET + LPS versus LPS, P < 0.05). In
both ET + LPS and LPS, plasma TXB, returned to baseline
at 4 and 6 hr, respectively. Similarly, TXB, area under the
curve response (0-12 hr) for LPS (6279 + 965.6, mean +
SEM, AUC units) was greatest (P < 0.05), whereas ET +
LPS (3110 + 286.7, AUC units) was greater (P < 0.05)

4.0q b
£33
3.5
3.0
2.5
2.0
1.5+
1.0

o C

-~- ET+LPS
—o—LPS

Plasma TNF-a (ng/ml)

3 4 5 6

T ? 1 2

ET LPS Time (hours)

Figure 1. Plasma TNF-o (mean = SEM) in steers (n = 16) given 40
pg-kg-body wt~! ergotamine iv (ET, ET + LPS) or vehicle (C, LPS) at
time -30 min followed by an endotoxin (LPS) challenge (0.2
pg-kg-body wt™') intravenously at Time 0 (LPS, ET + LPS). ***P <
0.001 indicates differences within the same treatment compared with
pretreatment values. abpMaans with different letters are ditferent from
each other and from means without any letter designation at a spe-
cific time point (P < 0.05). See Table | for treatment abbreviations.
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Figure 2. Serum cortisol (mean + SEM) in steers given ergotgmine
followed by LPS. All values retumed to baseline at 12 hr and did not
differ thereafter (not shown). *P < 0.05, **P < 0.01, ***P < 0.001
indicate differences within the same treatment compared with pre-
treatment values. Length of lines indicates the duration of an effect
within treatment (treatment designation marked at one end of the
line), whereas the P-value above the lines indicate§ the. minimal level
of significance for the marked periods. ®"Means with different letters
are different from each other and from means without any letter
designation at a specific time point (P < 0:05). See Figure 1 for
dosages and Table | for treatment abbreviations.
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Figure 3. Plasma thromboxane B, (TXB,, mean + SEM) in steers
given ergotamine followed by an LPS challenge. Vall._les. post-12 hr
were not different (not shown *P < 0.05, ***P < 0.001 indicate differ-
ences within the same treatment compared with pretreatment val-
ues. *"Means with different letters are different from each other and
from means without any letter designation at a specific time point (P
< 0.05). See Figure 1 for dosages and Table | for treatment abbre-
viations.

compared with C (536.9 £ 122.1, AUC units). ET alone
failed to modulate TXB,.

Similar to the cortisol response, rectal temperatures in-
creased following administration of either ET or LPS, but
there was also a significant interaction between them (ET x
LPS x time, P < 0.05; Fig. 4). The maximal temperature

**P <001

-]

(& e C

Q

‘=" -——ET

® -=- ET+LPS

g. ——LPS

[

8

3

(14

38.5 T T T T T T ¥ T ‘ﬁ% T T T T

-5 .5 1562535455565 125 24.5 48.5
ET LPS Time (hours)

Figure 4. Rectal temperature (RT, mean + SEM). **P < 0.01 indi-
cates differences within the same treatment compared with pretreat-
ment values. *°Means with different letters are different from each
other and from means without any letter designation at a specific
time point (P < 0.05). See Figure 1 for dosages, Figure 2 for lines
designation, and Table | for treatment abbreviations.

increment of the increase in the ET and ET + LPS groups
was greater (P < 0.05) than the increase following LPS
alone. Rectal temperature for ET and ET + LPS returned to
baseline by 12.5 hr; however, rectal temperature following
LPS returned to baseline more quickly (6.5 hr).

As a positive control, serum PRL decreased (maximum
81%) in the ET and ET + LPS groups from 30 min to 4 hr,
an effect driven by ET (P < 0.001). LPS on the other hand,
failed to alter serum PRL levels (P > 0.3) nor there was an
ET x LPS interaction (P > 0.4). The overall basal PRL
values were 6.2 + 0.93 (mean + SEM, ng/ml), and they
decreased to 0.84 + 0.14 and 1.15 + 0.21 (mean 30 min—4
hr-values) in the ET and ET + LPS group, respectively. By
6 hr both ET and ET + LPS serum PRL values returned to
normal. Since the decrement in serum PRL was similar in
both ET and ET + LPS, this suggests that the decrease in
serum PRL was a result of ET treatment.

Discussion

The findings of this investigation indicate that ET re-
duced the inflammatory response to LPS. The blunted in-
crease in circulating Hp, TNF-a, and TXB, in the ET + LPS
group compared with LPS alone supports this statement. At
least part of the inflammatory response is mediated via cy-
tokine production from monocytes, macrophages, and neu-
ral tissue (14). Following ET administration, there was an
immediate increase in circulating cortisol similar to that
reported by Browning et al. using a similar experimental
paradigm (15). This effect of ET is attributed to both its
adrenergic and serotonergic stimulating properties (16).

Dexamethasone treatment of macrophages from endo-
toxin-sensitive mice either before or simultaneously with
LPS resulted in diminished LPS-induced secretion of
TNF-a (17). Similarly, treatment of rats with dexametha-
sone at the time of LPS administration (18), or prior to LPS
(19), reduced the LPS-induced TNF-a response. Therefore,
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it is probable that the reduced TNF-a response to LPS in the
steers given ET + LPS in the present experiment was the
result of the prior increase in cortisol by ET. Not only can
glucocorticoids directly inhibit TNF-a production and the
subsequent inflammatory response, but also stress-increased
corticosteroids are associated with increased systemic re-
lease of the anti-inflammatory cytokine IL-10 (20). It is
recognized that LPS itself increased cortisol secretion in this
experiment. A similar increase in adrenocortical activity
following LPS was reported in cattle (4) as well as in both
intact (21) and hypophysectomized (22) rats. Nevertheless,
the prior increase in circulating cortisol in the steers as a
result of ET may have resulted in not only the decreased
TNF-a response but also the reduction of both TXB, and
Hp. This is probable because increases in TNF-a ultimately
result in a cascade effect that involves an increase in the
inflammatory cytokines, induction of acute-phase proteins
in the liver, and increased cyclooxygenase activity (23, 24).

Although ET-induced cortisol before LPS administra-
tion is considered a major factor for the observed anti-
inflammatory effects of ET, other possible mechanisms are
possible. Increased intracellular cyclic AMP levels have
negatively affected TNF-a mRNA accumulation (25), and
activation of D,-like dopamine receptors increases intracel-
lular cAMP (26). Ergotamine has the capacity to bind D,
dopamine receptors (27) and bromocryptine, an ergot alka-
loid similar to ET, has almost the same affinity for D, and
D5 dopamine receptors (28). Thereby, following activation
of D,-like receptors by ET, a mechanism is provided to
decrease circulating TNF-a. In support of this mechanism,
recent evidence indicates peripheral dopamine receptors in
rat lymphocytes are predominantly Ds type (29). In this
regard, administration of a dopamine receptor agonist prior
to induction of acute pancreatitis (severe inflammation) in
rats reduced the onset and severity of the condition (30).
Interestingly, increased intracellular cAMP levels are also
associated with stimulation of the anti-inflammatory cyto-
kine IL-10 in monocytes (20). Finally, suboptimal activa-
tion of the LPS receptor may also have occurred (31). Full
activation of the LPS receptor and subsequent cytokines
production and other inflammatory mediators is achieved
only when the LPS receptor complexes with LPS associated
with its binding protein (32). This LPS-binding protein is
synthesized by hepatocytes, and its synthesis may have been
decreased by acute administration of ET.

Activation of the pituitary D, receptors is inhibitory to
prolactin secretion (33). The reduction in circulating PRL
following ET in the steers indicated the effectiveness of
treatment. Reduction of serum PRL in rats with a related
ergot alkaloid, bromocryptine, was immunosuppressive fol-
lowing 1 week of treatment (34). Therefore, although it is
possible that the reduced serum PRL in the steers could
have affected the LPS-induced inflammatory response, it is
not likely because of the brief decrement prior to LPS. The
increase in RT following ET and LPS was expected. A body
temperature increase following ET has been noted (35).
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This has been attributed to both vasoconstriction (36) and
central effects (37). The hyperthermic effect of LPS is a
central effect mediated partially by TNF-a (38).

Findings here of a decreased inflammatory response to
LPS in the steers pretreated with ET differ dramatically
from an earlier experiment in which an augmented inflam-
matory response to LPS occurred in steers that grazed ergot
alkaloid-containing, endophyte-infected tall fescue (10). An
explanation for these differences may be attributed to sev-
eral factors. In the present experiment, ET was given
acutely versus chronic exposure to ergot alkaloids over 8
months of grazing. Additionally, ET is a single compound
compared with a diverse group of ergot and other alkaloids
found in endophyte-infected tall fescue (8). The circulating
concentration of ergot alkaloids at the time of LPS admin-
istration would undoubtedly differ in the two studies. Cer-
tainly, acute intravenous administration of ET as given here
would be suspected to result in a greater circulating con-
centration of the administered agent at the time of LPS
administration compared with that associated with grazing,
Alternatively, the length of exposure rather than the circu-
lating concentration of ergot alkaloids may be more impor-
tant. Finally, and perhaps most importantly, circulating cor-
tisol levels were not elevated prior to LPS with steers graz-
ing endophyte-infected tall fescue (10).

A number of apparently disparate compounds have
been shown to suppress LPS-induced TNF-a secretion. A
variety of flavinoids with narginin being most potent in this
regard suppressed LPS-induced TNF-a secretion (39). A
substance from cinnamon bark when mixed with LPS in-
hibited the TNF-a—generating ability of LPS (40). Pretreat-
ment of rats with pentoxifylline, a drug that inhibits cyto-
kine production, inhibited LPS-induced TNF-a secretion
(41), and adenosine attenuated the ability of monocytes to
express TNF-a in response to LPS (42). Both adenosine and
pentoxifylline (24) treatment resulted in an increased intra-
cellular cAMP. Thus, the possibility that ET exerted its
anti-inflammatory effects via D5 receptor activation on im-
mune cells and subsequent cAMP accumulation is pertinent.
Moreover, combined application of dexamethasone and
pentoxifylline to macrophages in vitro resulted in a greater
suppression of TNF-a synthesis (via distinct mechanisms)
than either agent alone (24). Therefore, acute ET adminis-
tration may have used both cortisol-dependent and indepen-
dent mechanisms for its anti-inflammatory effects.

In cattle, administration of recombinant bovine somato-
tropin diminished the LPS-induced release of TNF-a, cor-
tisol, and TXB, (4). This effect may be caused by decreased
binding of LPS to hepatic microsomal membranes. Several
inducible hepatic enzymes such as alkaline phosphatase and
aspartate aminotransferase are reduced in cattle grazing en-
dophyte-infected tall fescue (43). Perhaps in the present
experiment hepatic function was also reduced acutely fol-
lowing ET administration; therefore, there was a decreased
TNF-« release from hepatic sources such as resident mac-
rophages. This perhaps partially explains the decreased cir-



culating Hp following ET+LPS compared with LPS alone
because this protein has a hepatic origin.

Thromboxane B, is the stable metabolite of throm-
boxane A, (TXA,), a potent platelet aggregator and vaso-
constrictor (44). The release in TXA, following LPS is
considered causative for vascular shifts and pulmonary hy-
pertension (45). The increase in circulating TXB, in re-
sponse to LPS in cattle found here agrees with a previous
report (4); however, the increase was blunted by prior ad-
"ministration of ET. Because TNF-a is a major stimulus for
TXB,, the decrease in TNF-a secretion following ET + LPS
compared with LPS alone apparently explains the decrease
in TXB,.

In summary, the administration of ET followed by LPS
to steers resulted in a decreased inflammatory response
compared with administration of LPS alone as indicated by
decreased circulating amounts of TNF-a, TXB,, and Hp.
The ET administration resulted in a rapid elevation in cir-
culating cortisol that may have attenuated the LPS-induced
TNF-a response. A decrease in the TNF-a response may be
a control point such that TXB, and Hp are also attenuated.
Acute administration of ET alone failed to elicit inflamma-
tory mediators.

The authors express their appreciation to Mr. D. Hildred and Dr. D.
Seman for their assistance in data collection; to USDA/ARS, Growth Bi-
ology Lab, Beltsville, MD, and USDA/ARS Animal Physiology Lab, Ath-
ens, GA for providing their facilities for most of the hormonal and blood
chemistry assays.

1. Elsasser TH, Steele NC, Fayer R. Cytokines, stress, and growth modu-
lation. In: Myers MJ, Murtaugh MP, Eds. Cytokines in Animal Health
and Disease. New York: Marcer Dekker, p261, 1995.

2. Spurlock ME. Regulation of metabolism and growth during immune
challenge: An overview of cytokine function. J Anim Sci
75:1773-1783, 1997.

3. Morrison DC, Ryan JL. Endotoxins and disease mechanisms. Annu
Rev Med 38:417-432, 1987.

4. Elsasser TH, Fayer R, Rumsey TS, Hartnell GF. Recombinant bovine
somatotropin blunts plasma tumor necrosis factor-a, cortisol, and
thromboxane B, responses to endotoxin in vivo. Endocrinology
134:1082-1088, 1994.

5. Godson DL, Baca-Estrada ME. Van Kessel AG, Hughes HP, Morsy
MA. VanDonkersgoed J, Harand RJ, Shuster DE, Daley MJ, Babiuk
LA. Regulation of bovine acute phase responses by recombinant in-
terleukin-1PB. Can J Vet Res §9:249-255, 1995.

6. Young CR. Wittum TE, Stanker LH, Perino LJ. Griffin DD, Littledike
ET. Serum haptoglobin concentrations in a population of feedlot cattie.
Am J Vet Res 57:138-141, 1996.

7. Glenn AE, Bacon CW, Price R, Hanlin RT. Molecular phylogeny of
Acremonium and its taxonomic implications. Mycologia 88:369-383,
1996.

8. Porter JK. Analysis of endophyte toxins: Fescue and other grasses
toxic 1o livestock. J Anim Sci 73:871-878, 1995.

9. Yates SG, Powell RG. Analysis of ergopeptine alkaloids in endophyte-
infected tall fescue. J Agric Food Chem 36:237-240, 1988.

10. Filipov NM, Thompson FN, Stuedemann JA, Elsasser TH, Kahl §.
Sharma RP, Young CR, Stanker LH, Smith CK. Increased responsive-

ness to intravenous endotoxin challenge in steers grazing endophyte-
infected tall fescue compared with steers grazing endophyte-free tail
fescue. J Endocrinol 163:213-220, 1999.

11. Mizinga KM, Thompson FN, Stuedemann JA, Kiser TE. Effects of
feeding diets containing endophyte-infected fescue seed on luteinizing
hormone secretion in postpartum beef cows and in cycling heifers and
cows. J Anim Sci 70:3483-3489, 1992.

12. Kenison DC, Elsasser TH, Fayer R. Radioimmunoassay for bovine
tumor necrosis factor: Concentrations and circulating molecular forms
in bovine plasma. J Immunoassay 11:177-198, 1990.

13. Young CR, Eckersall PD, Saini PK, Stanker LH. Validation of immu-
noassays for bovine haptoglobin. Vet Immunol Immunopathol 49:
1-13, 1995.

14. Besedovsky HO, del Rey A. Immune-neuroendocrine interactions:
Facts and hypotheses. Endocr Rev 17:64-102, 1996.

15. Browning R Jr., Leite-Browning ML, Smith HM, Wakefield T Jr.
Effect of ergotamine and ergonovine on plasma concentrations of thy-
roid hormones and cortisol in cattle. J Anim Sci 76:1644-1650, 1998.

16. Silberstein SD. The pharmacology of ergotamine and dihydroergota-
mine. Headache 37:S15-S25, 1997. i

17. Beutler B, Krochin N, Milsark IW, Luedke C, Cerami A. Control of
cachectin (tumor necrosis factor) synthesis: Mechanisms of endotoxin
resistance. Science 232:977-980, 1986.

18. Remick DG, Strieter RM, Lynch JP III, Nguyen DT, Eskandari M,
Kunkel SL. In vivo dynamics of murine tumor necrosis factor~a gene
expression. Lab Invest 60:766-771, 1989.

19. Waage A. Production and clearance of tumor necrosis factor in rats
exposed to endotoxin and dexamethasone. Clin Immuno! Immunopa-
thol 45:348-355, 1987.

20. Platzer C, Dicke W-D, Volk H-D, Prisch S. Catecholamines trigger
IL-10 release in acute systemic stress by direct stimulation of its pro-
moter/enhancer activity in monocytic cells. J Neuroimmunol 105:21—
38, 2000

21. Feuerstein G, Hallenbeck JM, Vanatta B, Rabinovici R, Perera PY,
Vogel SN. Effect of gram-negative endotoxin on levels of serum cor-
ticosterone, TNF-q, circulating blood cells, and the survival of rats.
Circ Shock 30:265-278, 1990.

22. Mazzocchi G, Rocco S, Malendowicz LK, Rebuffat P, Nussdorfer GG.
Bacterial lipopolysaccharide stimulates glucocorticoid secretion in hy-
pophysectomized rats. Endocr Res 21:525-536, 1995,

23. Dray A, Bevan S. Inflammation and hyperalgesia: Highlighting the
team effort. Trends Pharmacol Sci 14:287-290, 1993.

24. Cerami A. Inflammatory cytokines. Clin Immunol Immunopathol
62:53-510, 1992.

25. Han J, Thompson P, Beutler B. Dexamethasone and pentoxifylline
inhibit endotoxin-induced cachectin/tumor necrosis factor synthesis at
separate points in the signaling pathway. J Exp Med 172:391-394,
1990.

26. Standaert DG, Young AB. Treatment of central nervous system de-
generative disorders. In: Hardman JG, Limbirf LE, Molioff PB, Rud-
don RW, Gilman AG, Eds. Goodman and Gilman’s The Pharmaco-
logical Basis of Therapeutics (9th ed). New York: McGraw-Hill,
pp503-519, 1996.

27. Seeman P, Grigoriadis D. Dopamine receptors in brain and periphery.
Neurochem Int 10:1-25, 1987.

28. Vallone D, Picetti R, Borreli E. Structure and function of dopamine
receptors. Neurosci Behav Rev 24:125-132, 2000.

29. Caronti B, Calderaro C, Passarelli F, Palladini G, Pontieri FE. Dopa-
mine receptor mRNAs in the rat lymphocytes. Life Sci 62:1919-1925,
1998.

30. Sikiric P, Rotkvic I, Mise S, Krizanac §, Gjuri§ V, Jagic V, Suchanek
E, Petek M, Udovicic 1, Geber J, Tucan-Foretic M, Cvitanovic B,
Ivanovic D, Marovic A. The influence of dopamine receptor agonists
and an antagonist on acute pancreatitis in rats. Euro J Pharmacol
147:321-326, 1988.

31. Wright R, Holladay CS. Spangelo BL. Lipopolysaccharide induces

ERGOTAMINE MODULATION OF INFLAMMATION 141



32

33.
34.

35.

36.

37.

38.

39.

142

IL-6 release from rat peritoneal macrophages in vitro: Evidence for a
novel mechanism. Circ Shock 41:131-137, 1993.

Raetz CRH, Ulevitch RJ, Wright SD, Sibley CH, Ding A, Nathan CF.
Gram-negative endotoxin: An extraordinary lipid with profound ef-
fects on eukaryotic signal transduction. FASEB J 5:2652-2660, 1991.
Lamberts SW, Macleod RM. Regulation of prolactin secretion at the
level of the lactotroph. Physiol Rev 70:279-318, 1990.

Nagy E, Berczi I, Wren GE, Asa SL, Kovacs K. Immunomodulation
by bromocriptine. Immunopharmacology 6:231-243, 1983.
Browning R Jr., Leite-Browning ML. Effect of ergotamine and ergo-
novine on thermal regulation and cardiovascular function in cattle. J
Anim Sci 75:176-181, 1997.

Dyer DC. Evidence that ergovaline acts on serotonin receptors. Life
Sci 53:223-228, 1993.

Nickerson M. Drugs inhibiting adrenergic nerves and structures inner-
vated by them. In: Goodman LS, Gilmer A, Eds. The Pharmacological
Basis of Therapeutics (4th ed). London: The Macmillan Company,
p549, 1970.

Kluger MJ. Fever: Role of pyrogens and cryogens. Physiol Rev 71:93-
127, 1991.

Kawaguchi K, Kikuchi S, Hasegawa H, Maruyama H, Morita H,
Kumazawa Y. Suppression of lipopolysaccharide-induced tumor ne-

ERGOTAMINE MODULATION OF INFLAMMATION

40.

41.

42,

43.

45.

crosis factor-release and liver injury in mice by naringin. Eur } Phar-
macol 368:245-250, 1999.

Azumi S, Tanimura A, Tanamoto K. A novel inhibitor of bacterial
endotoxin derived from cinnamon bark. Biochem Biophys Res Com-
mun 234:506-510, 1997.

LeMay LG, Vander AJ, Kluger MJ. The effects of pentoxifylline on
lipopolysaccharide (LPS) fever, plasma interleukin-6 (IL-6), and tu-
mor necrosis factor (TNF) in the rat. Cytokine 2:300-306, 1990.
Wagner DR, Combes A, McTiernan C, Sanders VJ, Lemster B, Feld-
man AM. Adenosine inhibits lipopolysaccharide-induced cardiac ex-
pression of tumor necrosis factor—a. Circ Res 82:47-56, 1998.
Schultze AE, Rohrbach BW, Fribourg HA, Waller JC, Oliver JW.
Alterations in bovine serum biochemistry profiles associated with pro-
longed consumption of endophyte-infected tall fescue. Vet Hum Toxi-
col 41:133-139, 1999.

. Gryglewski RJ. Prostacyclin, prostaglandins, thromboxanes, and plate-

let function. In: Lee JB, Ed. Prostaglandins. New York: Elsevier, p303,
1982.

Demling RH, Smith M, Gunther R, Flynn JT, Gee MH. Pulmonary
injury and prostaglandin production during endotoxemia in conscious
sheep. Am J Physiol 240:H348-H353, 1981.



