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Abstract

Background: Many reports showed that grass-endophyte symbiosis induced livestock poisoned. Yet, there is no
study evaluating clinical symptoms and physiological parameters in sheep fed Epichloé gansuensis endophyte-infected
grass. The objective of the present study was to investigate these indexes by feeding sheep with endophyte-infected
A. inebrians (E+ Group) or endophyte-free A. inebrians (E- Group) drunken horse grass or alfalfa hay (Control Group).

Results: The £pichloé endophyte caused obvious toxicity symptoms in the sheep fed E+ A. inebrians, with 1 of
the 5 sheep having died by the 35th day. The feed intake and body weight gain of the E+ Group were significantly
less than the E- and control groups (P < 0.05). Serum concentrations of alanine aminotransferase (ALT, 45.5 mmol/L)

and aspartate aminotransferase for the E+ group (AST, 139.3 mmol/L) were significantly (P < 0.05) greater than for
the E- (ALT, 31.2 mmol/L; AST, 78.6 mmol/L) and control (ALT, 32.6 mmol/L; AST, 56.6 mmol/L) groups at the fifth
week; serum concentration of creatinine for the E+ group (63.8 mmol/L) was also significantly (P < 0.05) greater than for
E- (56.6 mmol/L) and control groups (58.5 mmol/L). Meanwhile, urine biochemical indices for the E+ group indicated that
ketone and occult blood were significantly (P < 0.05) elevated compared to the other groups while urine pH values were
significantly (P < 0.05) acidic. The relative weight of heart, brain, liver, lung and kidney for Group E+ were almost two fold
more than the other groups, but uterus weight was about half that found for Group E- or Control.

Conclusions: We conclude that the Epichloé endophyte infection is the cause of A. inebrians toxicity to sheep. Interestingly,

none of the measured parameters differed significantly between E- and the control groups, which implied that drunken
horse grass could be utilized efficiently by sheep when not infected by the Epichloé endophyte.
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Background

Drunken horse grass (Achnatherum inebrians) is dis-
tributed mainly within the native grasslands of northern
and northwestern China. Unfortunately, once infected
by a symbiotic fungal endophytes of Epichloé, the grass is a
toxic perennial plant and poisonous to grazing animals [1].
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On the one hand, grass plants with the endophytic fungus
display insect resistance, drought resistance, rapid growth,
and strong competitive ability. On the other hand, as noted
above, the symbiont produces toxins that cause livestock
poisoning, with huge animal productivity losses as a result.
Animals fed A. inebrians can display symptoms of intoxica-
tion, such as sluggishness, tottering, drooping, and glaring
[2]. The horse (Equus caballus), donkey (E. asinus), mule
(E. caballus x E. asinus), and rabbit (Oryctolagus cuniculus)
are commonly reported to show symptoms of intoxication,
but sheep were not significantly intoxicated when dosed
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with A. inebrians powder [3, 4], which might be the grass
without fungal endophytes or rumen fermentation reducing
toxicity of endophyte toxins in ruminants but what
mechannism is not reported. Previous research has
shown that almost 100% of A. inebrians plants in nat-
ural rangeland are infected by the endophyte Epichloé
gansuensis [5], and that the main alkaloids produced
are ergonovine and ergine [6, 7]. A rabbit-feeding trial
comparing the effect of endophyte-infected (E+) and
endophyte-free (E-) A. inebrians, demonstrated signifi-
cant clinical intoxication symptoms in animals fed the
E+ material [1]. In order to further explore the toxicity
status A. inebrians when infected by this endophyte, an
experiment was carried out on small-tailed Han sheep
(Ovis aries) fed E+ or E- A. inebrians. Resulting clinical
symptoms, and physiological or biological effects were
observed and analyzed.

Methods

A feeding experiment of 35 days duration was conducted
at the Animal Experimental Station of Gansu Agricultural
University, China. All research protocols used in the
current experiments were approved by the Animal Ethics
Committee of Gansu Province, China.

Animals used and feeding regime
Drunken horse grass, E+ and E- A. inebrians hay, was
harvested from the Yuzhong experimental station (N 35°
10', E 103°41", elevation 1731 m) of Lanzhou University,
Gansu, China. To confirm the endophyte infection status,
the endophyte was detected by microscopic examination
for both E+ and E- plants. Referring to the procedure by
Zhang et al. (2011) reported that the alkaloids were deter-
mined with Agilent 1100 series high performance liquid
chromatography (HPLC) system, ZORBAX - XDB C18 re-
versed phase chromatographic column, mobile phase flow
rate of 1 ml/min, 20 ul, testing with VWD uv monitor [8].

Fifteen 10 to 12 month-old female small-tailed Han
sheep were used, and their initial body weights ranged
from 17.46 to 22.29 kg. The sheep were randomly divided
into 3 groups (E+, E- and control), and each sheep was
housed in a metabolic cage (150 cm by 80 cm x 70 cm).
Sheep was fed a diet (Table 1) containing E+ or E- A.
inebrians hay, and the daily dry matter allowance was
calculated as 3% of animal body weight. For the control
group, alfalfa hay (Medicago sativa) replaced A. inebrians
hay. Animals had free access to water. During a one-week
pre-experiment period, and for the five week experiment
that followed, the daily diet was divided into three equal
parts for feeding to individual animal over the course of
the day.

During the five-week experiment any clinical symptoms
were carefully recorded each day. Feed intake and body
weight were measured and samples of blood weekly and
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Table 1 Ingredient and chemical composition of experimental diets

Item Group
E+ E- Control
Ingredient, % DM
Wheat straw 35.00 35.00 35.00
Drunken horse grass hay* 25.00 25.00 0.00
Alfalfa hay 0.00 0.00 25.00
Corn 19.70 19.70 19.70
Soybean meal 12.00 12.00 12.00
Wheat bran 7.00 7.00 7.00
Cottonseed oil 1.00 1.00 1.00
NaCl 030 030 030
Nutrient levels®, % DM
ME, MJ/kg DM
CcP 171 11.93 13.73
Ca 0.24 024 052
p 0.26 0.26 0.28
NDF 36.00 36.27 36.67
Alkaloid levels®, mg/kg DM
Ergonovine 178.73 0 0
Ergine 35334 0 0

“Drunken horse grass hay, E+ and E- A. inebrians hay, was harvested from the
Yuzhong experimental station (N 35°10’, E 103°41’, elevation 1731 m) of
Lanzhou University, China

PME was calculated according to Tables of Feed Composition and Nutritive
Values in China (2013, 24th ed.); others were measured values

“Alkaloid levels were determined with Agilent 1100 series high performance
liquid chromatography (HPLC) system, and the alkaloid of E- A. inebrians and
alfalfa hay was not detected

urine were collected at the end of 5th week. Sheep heart
rates were determined with a medical stethoscope, and rec-
tal temperature also was measured using a mercury therm-
ometer. At the end of the experiment, all animals were
weighed, and then slaughtered. The heart, liver, spleen,
lung, brain, and uterus of each animal were removed and
their respective fresh weights immediately recorded.

Sampling procedures
Blood samples were drawn from a jugular vein. To obtain
samples, an area around the mid and lower third of the
jugular vein was shaved and sterilised, pressure applied, and
when vascular engorgement occurred, a double ended
hypodermic needle inserted, and blood collected into test
tubes, and whole blood samples were centrifuged under
3500 rmp for 15 min to obtain serum for the respective
chemical determinations. All serum samples were saved -
75 °C freezer until analysed. Glutamic pyruvic transaminase
(ALT), aspartate aminotransferase (AST) and creatinine
(Cr) were determined by a 7080 automatic biochemistry
analyzer (Hitachi, Japan).

About 200-ml urine was collected using a sterile plastic
bag while the sheep was urination on the morning of last
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three days of 5th week. After collection of urine, 0.5 ml of
40% formaldehyde solution per 100 ml of urine was added
and sub-samples were stored at —-20 °C. Routine urine
analyses were carried out using a BW-200 urine analyzer
(Yantai, China), including occult blood, urine protein, and
ketone levels and leukocyte counts.

At the end of the experiment after slaughter, viscera
were removed and major organs including the heart,
liver, spleen, lung, kidney, brain, and uterus dissected
out, weighed, and the weight expressed as a percentage
of body weight, hereafter referred to as the relative
weight of organ.

Statistical analysis

Statistical analyses were performed by a professional
statistician using SPSS Version 21.0. Significance was set
at P < 0.05. For intake, body weight, heart rate, rectal
temprature, ralative weight of organ and serum biochemical
parameters, these comparisons were made using one-way
ANOVA with Tukey multiple comparisons. For the acidic
or positive of urine parameters, the ratio was caluclated
and significances were anounced using x* test procedure.

Results
Animal clinical symptoms and performance associated
with ingestion of Achnatherum Inebrians endophyte
Clinical symptom, feed intake and weight gain
The small-tailed Han sheep used in these feeding experi-
ments appeared to have a severe toxic reaction to E+ A.
inebrians, including absent-mindedness, blank stares
and stumbling, but not to E- A. inebrians or the control
(Table 2), which indicated that the toxicity of A. inebrians
was associated with Epichloé endophyte infection.
Additionally, the feed intake of the E+ group was sig-
nificantly less than E- and control Groups (P < 0.05),
while the feed intake of E- and control Groups did not
differ significantly (P > 0.05), with the average feed in-
take of E+ and E- Groups was reduced by 12.50% and
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2.7%, respectively, compared to the Control group dur-
ing the feeding experiments (Table 3).

There was a decline in body weight of the E + group
within the first week, while body weights of E- sheep
were stable and Control sheep slowly increased. The
body weight loss of the E+ group compared to E- and
Control groups had become statistically significant after
the secend week (P < 0.05). Body weight of the E- group
was less than that of the Control group, but not signifi-
cantly so (P > 0.05). The average body weight of E+
sheep (15.0 kg) was 28% lighter than E- sheep (20.9 kg)
and 34% lighter than Control sheep (22.9 kg) by the end
of the feeding experiments (Table 3).

Heart rate and rectal temperature

E+ exhibited a transitory elevation of heart rate com-
pared to E- and control sheep in week 2 and week 3
(P < 0.05), and after the first two weeks, rectal tempera-
tures of E+ sheep were significantly (P < 0.05) greater
than the other two groups. However, heart rates and rec-
tal temperatures of E- and Control sheep did not differ
significantly (P > 0.05) at any time (Table 4).

Urine parameters

Numbers of sheep with acidic urine were significantly
(P < 0.05) higher for E+ A. inebrians-fed sheep than for
the E- and control groups. Urine occult blood and ketone
levels were also significantly (P < 0.05) elevated in E+
sheep, but urine protein and leukocyte levels did not sig-
nificantly (P > 0.05) change (Table 5).

Serum activity of enzymes and renal function

Ingestion of E+ A. inebrians resulted in significantly
(P < 0.05) elevated aspartate aminotransferase activity
(AST) compared to E- and Control groups from week 2
onwards. Alanine aminotransferase (ALT) activity and cre-
atinine levels (Cr) were not significantly elevated in E+ ani-
mals during the first 4 weeks (P > 0.05), but were increased
significantly by the 5th week (P < 0.05) (Table 6).

Table 2 Effects of ingested Achatherum inebrians on clinical symptoms of sheep

Group' Ratio? (%) Duration (d) Clinical symptoms
E+ 100 Day 1-35 Flagging spirit and bowed-down heads; unsteady gait; unresponsive and anorexia.
100 Day 1-21; 22-35; 1-35th Body weight fell sharply during week 1 to 3; and declined gradually thereafter.
Body temperature rose.
100 Day 1-14 Heart beat faster at first, but gradually became steady.
20 At the day 35 By the Day 35, one sheep pupils dilated, neck stiff, limb tics, nasal mucosal bleeding,
difficulty breathing, and was dead in about three hours.
E- 100 Day 1-35 Normal and free of all clinical symptoms
100 Day 1-7 Initially weight declined slightly, and then returned to normal.
Control 100 All 35 days The physical indicators were normal.

'E+ = drunken horse grass, Epichloé endophyte-infected; E- = drunken horse grass, endophyte-free
2The ratio refers to the animal number of clinical symptoms to total observed objects in the group during the trial period
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Table 3 Effects of ingested E+ or E-Achatherum inebrians on feed intake and body weight of han sheep'

Week Feed intake (g/d) Body weight (kg)

E+ E- Control E+ E- Control

0 434 + 376° 488 + 32.1° 510 + 33.3° 201+ 23 196 + 43 209+ 13
1 469 + 28.9° 504 + 46.3° 527 + 463° 17515 192 £ 37 213+£10
2 435 + 508° 493 +32.9° 513 + 38.2° 173+13° 203 +32° 224+1.1°
3 458 + 34.3° 507 + 39.1° 529 + 38.1° 157 +1.1° 203 + 3.5° 231 +15°%
4 481 + 28.1° 527 + 4.3° 537 £ 35.7° 158 + 1.2° 194 + 38° 228 £13°%
5 464 + 31.7° 520 + 49.1° 510 + 39.3° 150 + 1.6° 209 + 26° 229 +08°

"Data were recorded at 3 pm on Saturday of the 0, 1st, 2nd, 3rd, 4th and 5th week

2E+ = drunken horse grass, Epichloé endophyte-infected; E- = drunken horse grass, endophyte-free
abMeans within a row among three treatments not bearing a common superscript letter differ (P < 0.05)

Effects of Achatherum inebrians Endophyte on relative
weight of organ

Significant differences in relative weight of organ (P > 0.05)
were also observed. Ingestion of E+ A. inebrians raised
heart, brain, liver, lung and kidney relative weight of organ,
while its for the uterus was decreased (Table 7).

Discussion

Clinical symptoms

Feeding experiments demonstrated that the small-tailed
Han sheep appeared to have a toxic reaction after inges-
tion of E+ A. inebrians, including absent-mindedness,
blank stares and stumbling, but not following ingestion
of E- A. inebrians or the control feed. At 35-d one
small-tailed Han sheep exhibited poisoning symptoms
including mydriasis, neck stiffness, limb tic, nasal mucosa
bleeding, and weak breathing. It suffered a hypotensive
crisis and its condition worsened, with muscle flaccidity,
loss of defecation, abdominal swelling, retention of urine,
and ultimately death. These symptoms are similar to the
toxicity symptoms of ergonovine and ergine [9-11]. Ergo-
novine poisoning can cause excitement, muscle relaxation
and allergic reaction, apparent intelligence depression,
gastrointestinal dysfunction and stomach ache. Ergine can
cause anesthesia and retroperitoneal fibrosis, urinary tract
obstruction and renal failure. Therefore, it was concluded

that the sheep fed E+ A. inebrians were poisoned by the
alkaloids that are produced by the N. gansuense endophyte
symbiont of A. inebrians.

The feed intake of sheep fed E+ A. inebrians was
significantly less than those fed E- A. inebrians or the
control group, so the endophytic fungi reduce either pal-
atability or feeding drive of the animals, or possibly both.
In the first three days of the experiment, the feed intake
reduction of the E+ group was very large but then rose
slightly, suggesting initial aversion of the sheep to feed
containing endophye infected drunken horse grass, followed
by gradual acclimation. This is consistent with prevously
published findings [12].

Suppression of feed intake of small tailed han sheep
offered endophyte infected A. inebrians is consistent
with observed body weight loss, so the endophyte in-
fected A. inebrians can be considered a factor in poor
body condition of small tailed han sheep. This is consist-
ent with a research report of Blaney [13].

Endophyte infected A. inebrians fed to sheep resulted
in significantly elevated levels of urine ketone bodies and
occult blood and increased numbers of animals with
acidic urine. Ketone bodies are a product of the decom-
position of fatty acids, and include acetoacetate, acetone
and {3- hydroxybutyric acid [14—16]. When their produc-
tion is greater than the liver can metabolize, the ketones

Table 4 Effects of ingested E+ or E- Achnatherum inebrians on heart rate and rectal temperatures of han sheep' ?

Week Heart rate (beats per minute) Rectal temperature(°C)
E+ E- Control E+ E- Control

0 70 £ 45 72+ 31 72+33 391 +02 390+ 02 390+ 02

1 78 + 16.1 74+ 62 70 + 3.2 393+03 39.1 + 04 391 0.1

2 81 +94° 71 +39° 69 + 52° 385+ 02° 390 +0.1° 390+ 0.1°
3 79 +33° 72 +38° 72 +32° 398 £ 03° 391 £02° 393 +£01°
4 73+72 68 + 57 67 + 47 39.1 +02° 386+ 04° 388 +02°
5 72415 70 + 2.1 71 + 49 396 +03° 387 + 06° 389 +03°

'Data were recorded at 3 pm on Saturday of the 0, 1st, 2nd, 3rd, 4th and 5th week

2E+ = drunken horse grass, Epichloé endophyte-infected; E- = drunken horse grass, endophyte-free
#bMeans within a row between three treatments not bearing a common superscript letter differ (P < 0.05)
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Table 5 Effects of ingested E+ or E- Achnatherum inebrians on

urine parameters of han sheep®<
Analysis Percent of observed values(%) XZ P
E+ E- Control value
pH <70 50.0 0.0 0.0 16261 < 0.05
70t0 80 143 14.3 83.3
>80 357 85.7 16.7
Occult blood  ++ 77 0.0 0.0 11505 < 0.05
+ 76.9 286 308
- 154 714 69.2
Leukocytes  + 7.1 0.0 0.0 1977  >005
- 929 100.0 100.0
Urine protein  ++ 30.8 214 7.7 3715 >0.05
+ 308 57. 538
- 385 214 385
Ketone + 333 14.2 154 8.983 < 0.05

- 66.7 85.7 84.6

2Samples were collected at 7:00 am on last three days of 5th week

PE+ = drunken horse grass, Epichloé endophyte-infected; E- = drunken horse
grass, endophyte-free

“+ Means positve, ++ seriously positive, — negative

will accumulate to produce acidosis. Under physiological
conditions, ketone bodies cannot be detected in animal
urine, but they can appear with long-term malnutrition,
hunger, long-term anesthesia and after a wound. Ergot
alkaloids produced by E+ A. inebrians have effects on
the nervous system, with the increased presence of
ketone bodies possibly being responsible for long-term
anesthesia, but the specific mechanism of action needs
further research.

Occult blood is hemoglobin or red blood cells in urine
which cannot be observed by the naked eye directly
[17, 18]. The bleeding of different parts of the urinary
tract, due to hemolytic disease, poisoning [19] or blood
transfusion reactions [20], can cause a positive occult
blood reaction. In this study, the poisoning of sheep by
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feeding E+ A. inebrians was very strongly correlated
with the positive occult blood reaction, and can be con-
sidered a probable cause.

The pH of animal urine is affected by feed properties,
and generally herbivore urine is slightly alkaline, but
some nutritional metabolic diseases such as ketonemia,
or pathogenic heat or malnutrition can make urine
acidic [16, 21]. In this study, the observed acidic urine
may have been caused by ketone bodies, but the mech-
anism is still ill-defined.

Liver and renal function

Serum ALT and AST values are used mainly for the detec-
tion of liver disease in livestock, and generally the ALT
and AST activity of sheep ranges from 25.0 to 70.0 U/L,
40.0 to 123.0 U/L respectively [22]. In the present study,
the activities of serum ALT and AST in E+ sheep were
significantly higher than the E- or Control sheep. These
results for the E+ group were similar to those prevously
published [23-26].

Creatinine is a substance associated with energy metab-
olism of muscles, and elevation occurs when its discharge
is increased. Serum creatinine concentration rises rapidly
early in kidney disease [27]. That is consistent with the
detected significant increase in the first week of the ex-
periment. The normal range of Serum creatinine is usually
less than 150 mmol/L. Reduced creatinine levels are of no
clinical significance, but when levels of 250 mmol/L or
more are observed, this may inidcate kidney dehydration
or heart failure [28].

Relative weight of organ

E+ A. inebrians ingestion brought about higher of brain,
liver, lung and kidney, but lower that of the uterus. This
result would be expected, given the negative effects in
liver and renal function, and more loss of body weight
outlined above.

Table 6 Effects of ingested E+ or E- Achatherum inebrians on selected serum biochemical parameters in han sheep

[tems Group  Weeks
0 1 2 3 4 5

Alanine aminotransferase (ALT, mmol/L) ~ E+ 400+ 158° 408+618° 414+1043% 398+950° 440+ 1564 455+ 995"
E- 398+ 130" 394 +152% 372+356"  314+862°  338+858° 312 + 390
Control 390 #+ 158" 364 +404° 390 +50" 348 +782° 356+ 451° 326 + 3.58"

Aspartate aminotransferase (AST, mmol/L) E+ 916 + 3445 988+ 1589 1106 + 22.17%® 1200 + 3465% 1415 + 51.16™" 1393 + 40.37"
E- 902 +217° 954 +451" 888 +148® 882+ 1252°® 940+ 1940 786 + 598°C
Control 906 + 230" 908+ 756" 840+ 173°® 914+ 1760° 958+ 11.67° 864 + 19.05°®

Creatinine (Cr, umol/L) E+ 557 +168° 780+ 863" 694 +1596™ 607 + 1358°C 646+ 1734 638 + 1479°C
E- 567 +264° 704 +365”" 600 +354°® 504 +428° 567+ 1339°° 566+ 365°°
Control 553 +397% 556+ 623" 557 +503""  496+627°®  570+903"  585+935""

#“Means within a column between three treatments not bearing a common superscript letter differ (P < 0.05)
ADMeans within a line between five periods not bearing a common superscript letter differ (P < 0.05)
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Table 7 Effects of ingested E+ or E- Achatherum inebrians on relative weight of organ of han sheep
Treatment Relative weight of organ

Heart Brain Liver Spleen Lung Kidney Uterus
E+ 0.366 + 0314 0405 + 0.347° 1.124 + 0.963° 0.092 + 0.079 1138 + 0977° 0.228 +0.195° 0.036 + 0.033°
E- 0220 £ 0.310 0251 + 0.352° 0633 + 0.887° 0.068 + 0.096 0672 + 0.942° 0.125 + 0.175° 0.080 + 0.112°
Control 0.197 + 0.276 0209 + 0.293° 0603 + 0.845° 0.068 + 0.095 0618 + 0.865° 0.121 +0.169° 0085 + 0.120°

E+ = drunken horse grass, Epichloé endophyte-infected; E- = drunken horse grass, endophyte-free
@PMeans within a column between three treatments not bearing a common superscript letter differ (P < 0.05)

Conclusions

Ingestion of E+ A. inebrians feed by small tailed Han
sheep (O. aries) resulted in a range of clinical symptoms
and biochemical effects. Ingestion of the endophyte not
only made serum indices and urine biochemistry abnor-
mal, but also caused absent-mindedness, blank stares and
stumbling. The alkaloid secondary metabolites produced
by the Epichloé endophyte infection of A. inebrians are
apparently the cause of this toxicity. Interestingly, no
significant differences in measured parameters were ob-
served between sheep fed E- A. Inebrians and those fed a
diet based on alfalfa, which implies that drunken horse
grass could be utilized as an animal feed source if free of
the Epichloé endophyte.

Abbreviations
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; Cr: Creatinine;
E- Endophyte-free A. inebrians; E+: Endophyte-infected A. inebrians

Acknowledgements

The authors are highly appreciative to Prof. Ruijun Long for his valuable
comments on the work, to Prof. Matthew Cory for polishing the English,
and Mr. Yao Xiang for helping to format the manuscript.

Funding

This work was supported by the National Key Basic Research Program
(973) of China (2014CB138702) and Natural Science Foundation of China
(30070546, 31372366).

Availability of data and materials

All data generated or analysed during this study are included in this
published article, and also available from the corresponding author on
reasonable request.

Authors’ contributions

YL conceived the study and its coordination; YL, HW and CL participated in
the design of the study, contacted the collaborating laboratories, and
interpreted data; YL and HW wrote the initial draft, and CL, ZN, FL revised
the draft critically for intellectual content. All authors read and approved the
final manuscript.

Ethics approval and consent to participate
It is approved by the Animal Ethics Committee of Gansu Province, China.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'State Key Laboratory of Grassland and Agro-ecosystems, College of Pastoral
Agriculture Science and Technology, Lanzhou University, Lanzhou 730020,
China. *Second Hospital of Lanzhou University, Lanzhou 730000, China.

Received: 4 November 2016 Accepted: 19 June 2017
Published online: 19 July 2017

References

1. LiCJ, Nan ZB, Zhang CJ, Zhang CY, Zhang YH. Effects on health of the rabbits
fed drunk horse grass. Chin Sci Technol. 2009;11:84-90.

2. Ren JZ Northwest grasslands several common poisonous weeds. Gansu
Agricultural University Press. 1959;1:9-16.

3. Wang K, Dang XP. Toxicity test of drunken horse grass to the sheep. China
Vet Sci Technol. 1991;21:32-3.

4. Cao GR, Dang XP, Duan DX, Li SJ, Zhou JH. Drunken horse grass poisoning
experiment. China Vet Sci Technol. 1991;21:26-7.

5. LidJ, Nan ZB, Gao JH, Tian P. Detection and distribution of Epichloé -
Achnatherum inebrians association in China. In: Proc. 5th Int. Epichloé/Grass
Interactions Symposium, Arkansas, USA. 2004.

6. Miles CO, Lane GA, Menna ME, Garthwaite |, Piper EL, Ball OP, Harris PS.
High levels of ergonovine and lysergic acid amide in toxic Achnatherum
inebrians accompany infection by an Acremonium-like endophytic fungus.
J Agric Food Chem. 1996;44:1285-90.

7. Li{J, Nan ZB, Christopher S. Levels and temporal variation of ergot alkaloids
in endophyte-infected drunken horse grass, Achnatherum inebrians, in
China. In: APS, CPS and MSA Joint Meeting Abstracts, Quebec, Canada.
2006:203-4.

8. Zhang XX, Li CJ, Nan ZB. Effects of cutting frequency and height on alkaloid
production in endophyte-infected drunken horse grass (Achnatherum
inebrians). Sci China Life Sci. 2011;54(6):567-71.

9. Foote A, Harmon D, Strickland J, Bush L, Klotz J. Effect of ergot alkaloids on
contractility of bovine right ruminal artery and vein. J Anim Sci. 2011;89:
2944-9.

10. Dénicke S, Diers S. Effects of ergot alkaloids on liver function of piglets as
evaluated by the 13C-Methacetin and 13C-a-Ketoisocaproic acid breath test.
Toxins. 2013;5:139-61.

11. Foote AP. Effect of ergot alkaloids on bovine foregut vasculature, nutrient
absorption, and epithelial barrier function. PhD Dissertation: University of
Kentucky, Lexington; 2013.

12. Garner GB, Cornell CN. University of Missouri report on fescue research
activities (preliminary report). Tall Fescue Toxicosis Workshop, Memphis,
Tenn: Proc; 1987.

13.  Blaney BJ, McKenzie RA, Josey BJ, Ryley MJ, Downing JA. Effect of grazing
sorghum (Sorghum bicolor) infected with ergot (Claviceps africana) on beef
cattle. Aust Vet J. 2000;78:124-5.

14. Larsen M, Kristensen NB. Effect of a lucerne feeding strategy in the first
week postpartum on feed intake and ketone body profiles in blood plasma,
urine, and milk in Holstein cows. Acta Agriculturae Scand Section A.
2010;60:239-49.

15. Raoofi A, Jafarian M, Safi S, Vatankhah M. Fluctuations in energy-related
metabolites during the peri-parturition period in Lori-Bakhtiari ewes. Small
Rumin Res. 2013;109:64-8.

16. Newman JC, Verdin E. Ketone bodies as signaling metabolites. Trends in
Endocrinol Metab. 2014;25:42-52.

17. Liu CX, Yu GH, Zhang Y. Contrast analysis on urine occult blood tested by
urine analyzer and microscope analysis of urine red blood cell. J Southwest
Univ Nationalities. 2010;6:20-9.



Liang et al. BMC Veterinary Research (2017) 13:223

20.

21.

22.

23.

24.

25.

26.

27.

28.

Xu X, Luo CL, Pu J, Liu Q, Zhang Y. Reliability of dry-chemistry method in
detecting urine occult blood. Chongging Med. 2012;18:1802-4.

Yamanaka K, Yamano Y, Yoshimura Y, Shimoda Y, Endo Y, Endo G.
Speciation analysis of arsenic compounds in the serum and urine of a
patient with acute arsine poisoning. In: Proc. 16th Int. Conference on Heavy
Metals in the Environment, E3S Web of Conferences, Japan. 2013;1:39003.
Tobian AA, Tobian AA, Savage WJ, Tisch DJ, Thoman S, King KE, Ness PM.
Prevention of allergic transfusion reactions to platelets and red blood cells
through plasma reduction. Transfus. 2011;51:1676-83.

Cartwright MM, Hajja W, Al-Khatib S, Hazeghazam M, Sreedhar D, Li RN,
Wong-McKinstry E, Carlson RW. Toxigenic and metabolic causes of ketosis
and ketoacidotic syndromes. Crit Care Clin. 2012;28:601-31.

Wang MZ. Veterinary clinical differential diagnostics. Beijing: China
Agriculture Press; 1992. p. 299-303.

Bond J, Powell JB, Undersander DJ, Moe PW, Tyrrell HF, Oltjen RR. Forage
composition and growth and physiological characteristics of cattle grazing
several varieties of tall fescue during summer conditions. J Anim Sci. 1984;
59:584-93.

Rice RL, Blodgetta DJ, Schuriga GG, Sweckerb WS, Fontenotc JP, Allend VG,
Akerse RM. Evaluation of humoral immune responses in cattle grazing
endophyte-infected or endophyte-free fescue. Vet Immunol Immunopathol.
1997,59:285-91.

Koontz AF. Effects of Endophyte infected fescue alkaloid ingestion on
energy metabolism, nitrogen balance, in situ feed degradation, and Ruminal
passage rates. PHD Diss: University of Kentucky, Lexington; 2013.

Stowe H, Stowe HM, Miller M, Burns MG, Calcatera SM, Andrae JG, Aiken GE,
Schrick FN, Cushing T, Bridges WC, Pratt SL. Effects of fescue toxicosis on
bull growth, semen characteristics, and breeding soundness evaluation.

J Anim Sci. 2013;91:3686-92.

Perrone RD, Madias NE, Levey AS. Serum creatinine as an index of renal
function: new insights into old concepts. Clin Chem. 1992;38:1933-53.
Yokus B, Cakir D, Kanay Z, Gulten T, Uysal E. Effects of seasonal and
physiological variations on the serum chemistry, vitamins and thyroid
hormone concentrations in sheep. J Vet Med Ser A. 2006,53:271-6.

Page 7 of 7

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolVled Central




	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Animals used and feeding regime
	Sampling procedures
	Statistical analysis

	Results
	Animal clinical symptoms and performance associated with ingestion of Achnatherum Inebrians endophyte
	Clinical symptom, feed intake and weight gain
	Heart rate and rectal temperature
	Urine parameters

	Serum activity of enzymes and renal function
	Effects of Achatherum inebrians Endophyte on relative weight of organ

	Discussion
	Clinical symptoms
	Liver and renal function
	Relative weight of organ

	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

