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Pyrrole detection and the pathologic progression of
Cynoglossum officinale (houndstongue) poisoning in horses

Bryan L. Stegelmeier, Dale R. Gardner, Lynn F. James,
Russell J. Molyneux

Abstract. Houndstongue (Cynoglossum officinale), a noxious weed that contains pyrrolizidine akaloids
(PAS), infests pastures and fields in the western United States and Europe. The purpose of this study was to
develop techniques to better diagnose PA poisoning and describe the progression of gross and microscopic
lesions caused by houndstongue intoxication. Six horses were gavaged daily with a suspension of houndstongue
containing 5 or 15 mg/kg total PA for 14 days. Two horses were treated similarly with ground afalfa as controls.
Liver biopsy samples and serum biochemical and hematologic values were evaluated biweekly. Within 7 days
after dosing, horses treated with 15 mg/kg PA developed severe liver disease characterized by atered bile acid
metabolism, elevated serum enzymes, and extensive hepatocellular necrosis with minimal periportal fibrosis
and biliary hyperplasia. The condition of these animals continued to deteriorate, and they were euthanized. For
several weeks after dosing, horses treated with 5 mg/kg PA were depressed, had transient elevations of serum
enzymes and bile acids, and developed minimal periportal hepatocellular necrosis with fibrosis. The biochemical
changes resolved by 6-8 weeks; however, the histologic disease persisted with extensive megalocytosis by week
14. Throughout the study, the rate of hepatocellular proliferation remained constant. Biliary cells had an increase
in mitotic rate that correlated with the histologic changes. Hepatic tissue-bound pyrroles (PA metabolites) were
identified in necropsy samples of treated animals using gas chromatography/mass spectrometry and photo-
metrically with Ehrlich’s reagent. These findings suggest that pyrrole extraction and identification are useful in

documenting PA exposure and that houndstongue is extremely toxic to horses.

Houndstongue (Cynoglossum officinale), a weed of
the plant family Boraginaceae, infests many pastures
and fields in Europe and the USA. It is a biennial that
grows 0.3-1.2 m tall in pastures, disturbed areas, and
along roadsides (Fig. 1). It forms a rosette during the
first year of growth and a flowering stalk in the second
year. The leaves are rough, alternate, and 2-30 cm in
length and are said to resemble a dog's tongue. The
flowers are reddish purple, and the fruit divides into
4 spine-covered 8-10-mm nutlets that cling to clothing
or animals.** Houndstongue is generally not palatable
to livestock; however, when included in pdleted or
stored forages, it is readily eaten. Livestock poisoni ngs
have been reported in the USA, Europe, and Russia.**®

Plants such as houndstongue that contain pyrroli-
zidine akaloids (PAs) are found throughout the world,
and human and livestock poisoning is frequently re-
ported.”® Animal intoxication often manifests as a
chronic loss of condition. Affected animals either die
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of hepatic failure or are culled as “poor doers.”*® Hu-
man poisonings occur when PA-containing plants are
used medicinally or when they contaminate cereal
crops.?

Pyrrolizidine akaloids are metabolized into toxic
pyrroles by the mono-oxygenase system of the liver.
The pyrroles quickly react and form adducts with he-
patic proteins and nucleic acids.® Hepatic changes as-
sociated with PA poisoning vary from fulminant ne-
crosis to chronic hepatic fibrosis. Some animals de-
velop abnormally large hepatocytes (megalocytes).
Many of these histologic lesions are nonspecific and
can be initiated by other toxic, infectious, and immune
diseases®

A definitive diagnosis of houndstongue intoxication
is often difficult to obtain. Most livestock poisonings
occur from ingestion of contaminated hay or feed. Be-
cause exposed animals commonly develop signs of he-
patic failure several weeks or months later, exact feed-
ing history and feed samples often are no longer avail-
able. The purposes of this study were to better describe
the sequentia clinicopathologic alterations of hounds-
tongue intoxication in horses, to determine the relative
toxicity of houndstongue in horses, and to develop
analytical techniques to identify PA residues in plant
and animal tissues for documenting exposure.
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Figure 1.

Materials and Methods

Experimental model. Houndstongue was collected near
Logan, Utah, while in the flower stage. The plant was air
dried, ground to pass through a 4-mm screen, and stored in
plastic bags until feeding. The ground plant was analyzed,
and the total PA concentration (free base and N-oxide) was
determined by nuclear magnetic resonance spectroscopy Us-
ing previously described methods. "%

A short summary and abstract of the ani imal exposure and
response has been previously published.”” Six 1-yr-old horses
were gavaged daily via a nasogastric tube with ground
houndstongue in 3 liters of warm water for 14 days. The
high-dose group (3 animals) received a total PA dosage of
15 mg/kg/day, and the low-dose group received 5 mg/kg/
day. Two control animals were gavaged with similar volumes
of ground afdfa during the same period. Serum, plasma,
whole blood, and liver biopsies were collected and bromo-
sulfophthalein (BSP) clearance assays were performed bi-
weekly. The horses were euthanized following the onset of
clinical illness. The remaining clinically normal animals were
euthanized 252 days postexposure.

Pyrrole extraction and detection. Hepatic-bound PA me-

Cynoglossum officinale (houndstongue) in senescent stage. Inset: Sticky, burr-like seeds or nutlets (0.5 cm).

tabolites (pyrroles) were detected using a modification of
previously reported techniques.***? Five grams of liver were
homogenized in 30 ml acetone and centrifuged at 1,500 x
g for 15 min. The pellet was resuspended and centrifuged in
30 ml acetone and then in 30 ml absolute ethanol and was
again resuspended and stirred in 30 ml ethanolic 3% silver
nitrate with 0.2 ml trifluoracetic acid for 1 hr at 60 C. The
digest was centrifuged a 1,500 x g for 15 min, and the
supernatant was concentrated in a rotary vacuum evaporator.
The residue was dissolved in 5 ml diethyl ether and mixed
with 4 ml 10% aqueous potassium carbonate. The flask was
rinsed with an additional 4 ml diethyl ether, and the com-
bined sample was centrifuged. The ether layer was removed
and placed on a silica column prepared in chloroform. The
sample was eluted through the silica with 8 ml ether and
concentrated by drying under nitrogen. The resulting sample
was dissolved in 0.4 ml dry ethanol and analyzed either by
direct detection using capillary gas chromatography/mass
spectrometry (GC/MS) or by a modified Ehrlich’s reaction
and spectrometry.**°

Clinical and histologic pathology. Hemograms, leuko-
grams, and platelet counts were performed using an auto-
mated hematology analyzer.* Serum biochemical vaues for
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Figure 2. Necrotizing dermatitis (photosensitivity) on the nose of a horse that was dosed with houndstongue containing 15 mg/kg total

pyrrolizidine alkaloid for 14 days.

glucose (GLU), blood urea nitrogen (BUN), creatinine, phos-
phorus, calcium, abumin, total protein, abumin/globulin
ratio, cholesterol, total bilirubin, direct bilirubin, indirect
bilirubin, alkaline phosphatase (ALP), gamma glutamyl
transferase (GGT), alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), lactate dehydrogenase (LDH),
creatinine kinase (CK), sodium, potassium, sodium/potas-
sium ratio, chloride, total carbon dioxide, anion gap, 0s
molality, Sorbitol dehydrogenase (SDH), and bile acids were
determined using standard biochemical techniqueﬁ.b Coag-
ulation parameters (activated partiad thromboplastin time
[PTT], prothrombin time, fibrinogen) were analyzed with an
automated coagulation analyzer.®

Hepatic biopsy samples and tissues collected a necropsy
were fixed in 10% neutral buffered formalin, embedded in
paraffin, sectioned, and stained for microscopic examination
using standard techniques. Replicate sections were immu-
nohistochemically stained for proliferating cell nuclear an-
tigen (PCNA)d using previously described techniques.® Ap-
proximately 5,000 cells from each section of liver were count-
ed, and the mitotic index for hepatocytes, biliary epithelium,
and other cells (macrophages, endothelial cells, fibroblasts)
was calculated. The area of hepatocyte nuclei in these sections
was also measured using digital computer image analysis.®

The hematologic results, serum biochemistry levels, cell
proliferation assays, and morphometry were compared with
a 95% confidence interval (% |i 2 SD) generated from the
controls and pretreatment samples. Additionally, the means
for each of the treatment groups were compared using an

analysis of variance with a generdized linear model for a
repeated measures design. Mean separations were done using
Duncan’2|s method at P < 0.05 after a significant R test at «
£ 0.5.

Results

Two to 3 days after the last dose, al 3 high-dose
horses developed severe liver disease characterized by
depression, anorexia, and icterus. One anima devel-
oped photosensitivity and necrotizing dermatitis (Fig.
2). The clinica condition of al 3 of these animals
deteriorated until they were euthanized before week 5
of the study. The 3 low-dose animals were transiently
depressed and lost weight for several weeks. Within 8
weeks, these clinical signs gradually resolved and all 3
horses gained weight with no clinical evidence of tox-
icosis through the end of the study.

Two of the high-dose horses developed a degener-
aive left shift with severe toxicity characterized by
neutrophil granulation, vacuolated monocytes, and
large vacuolated platelets. They also had a lympho-
penia and eosinopenia. The hemogram of the high-
dose horses and both the hemogram and leukogram of
the low-dose horses were similar to those of the control
animals. There were no significant changes (P > 0.05)
in the mean thrombocyte count for any of the groups
a any time; however, several of the high-dose horses



Serum biochemical changes (¥ = SD)* in horses dosed with pyrrolizidine alkaloid derived from Cynoglossum officinale (houndstongue) at 15 mg/kg/day (n = 3) and 5 mg/

Table 1.
kg/day (n = 3).
Normal High dose Low dose
Analytet ranget Day 14 Day 28 Day 14 Day 28 Day 42 Day 56 Day 70 Day 84 Day 111 Day 168
Glucose 65-125 81 +6 51 £+ 39 86 + 11 91 = 11 67 £ 5§ 48 + 31 78 + 27 86 £ 6 76 + 17 63 + 24
(mg/dl) 0y 1 2 0)) ¢)) 2
BUN 11-31 14 £ 1 8+ 18§ 17+£5 18 £5 15+4 14 £ 6 17 £5 16 £ 4 16 + 4 16 £ 2
(mg/dl) (3 0y
Albumin 2.8-4.5 34+ 04 2.7 +£0.1§ 34+ 04 3.5+0.2 32+03 2.7 £ 0.6 30+ 0.3 3.0 £ 0.2 3.1 £0.5 3.0+ 0.1
(&/dD) ) @ (0]
Bilirubin 0.2-2.8 4.5 + 3.7 15.4 + 4.9§ 1.6 £ 0.9 1.0 £ 0.4 0.8 £0.3 0.7 £ 0.2 0.8 £0.3 1.0 £ 0.2 0.8 £0.1 09 +0.2
(mg/dl) 1) 3
PTT 2543 57+ 19 91 + 35§ 41 £ 10 53 +£22 50 + 14 44 + 14 39+4 43 + 8 43 + 8 50 = 11
(sec) 3) (3) 1) 0)) 2 ¢)) 1) 0)) 2)
BSP 1.8-3.8 7.9 £+ 6.6 3.2 22+03 23+04 30 £ 0.5 23+03 28 £0.4 24 £ 0.4 2.7+£0.6 29 +0.5
(min) 1
Bile acids 6.0-12.9 40 + 52 68 + 23§ 59 +0.7§ 10.5 £ 4.6 8.7+17.1 5.7+ 44 5509 5.1 +1.4 6.0 £1.0 6.1 + 3.0
(uM/liter) ) 3) 1) 0))

ALP 117-309 213 + 37 270 + 17§ 181 + 27 203 + 19 292 + 20 239 + 124 286 + 69 295 + 36 303 + 49 299 + 24
(U/liter) ) M @ ) @ M
GGT 10-25 22 £ 10 364 + 501 18 + 4 257 42 + 8§ 29 + 14 28 +7 24 + 8 21 £ 6 21 +6
(Uliter) 1 3) 1) 3) 2 0] ©)] M 1)
AST 72-336 418 + 303 1,009 + 836 293 + 189 249 + 168 231 £ 136 181 + 140 217 + 140 240 + 146 246 + 193 270 + 193
(U/liter) M (3 1 1) 0] 1 0)] 0)] 1 M
SDH 23-69 162 + 55§ 914 + 566§ 54 + 21 69 + 18 89 + 40 65 + 29 67 7 60 = 12 61 =1 54 £ 4

(U/liter) 3 3) 1) (#)] 1) M 0y
LDH 108-340 260 = 149 947 + 881 307 = 57 220 + 20 374 + 135 269 = 25 367 £ 92 331 = 80 349 + 37 394 + 21
(U/liter) 1) @] #)] (V)] (0)] (6)) (3)
CK 72-404 355 £ 214 608 + 666 495 + 587 176 £ 76 225 £ 17 186 + 130 224 + 88 220+ 8 226 + 14 140 + 46
(U/liter) 1) (1) (¢))]

* Numbers in parentheses are the number, out of 3 horses, with results out of the normal range.

1 Out of 31 analytes, those that were out of normal ranges for animals in these experimental conditions.

} Mean + 2 SD, calculated from values for the control group (horses treated with ground alfalfa) and preexposure samples of the test groups.
§ Significantly different than control animals on that sample date (P < 0.05).2!
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Figure 3. Colonic infarction and cecal edema (inset) of a horse that was dosed with houndstongue containing 15 mg/kg tota pyrrolizidine

adkdoid for 14 days.

had low thrombocyte counts (80,000 and 5,000 plate-
lets/Wl) prior to euthanasia.

Biochemically, the high-dose animals had several
significant serum changes (Table 1). As individual an-
imals became ill, mean serum SDH, bile acids, ALP,
and bilirubin (total, direct, indirect) levels increased.
Other changes indicative of decreased hepatic function
included decreased GLU and BUN concentrations and
increased BSP retention times, NH; concentrations,
and coagulation times (Table 1). There were other spo-
radic biochemical changes, but values for these param-
eters were not significantly different (P > 0.05) from
those of controls and low-dose animals on those sam-
ple dates (Table 1).

The low-dose animals had sporadic increases in bile
acids, GGT, and SDH at times that corresponded to
the biopsy findings of hepatocellular degeneration and
necrosis (days 28-63). These alterations were less fre-
quent later in the study (days 70-168). Although these
increases were higher than those found in nontreated
normal animals, none of the group means were statis-
ticaly different from control means at any of the sam-
ple times.

At necropsy, 2 of the high-dose animals had cecal
or ilea infarctions, and al 3 animals had extensive
cecal and colonic mucosa edema (Fig. 3). All 3 high-
dose horses had soft, red, wet livers with prominent

lobular patterns. One anima had severe necrotizing
dermatitis with extensive crust formation on the nose,
face, and thorax where the hair was thin or white (Fig.
2). No dignificant gross lesions were noted in the low-
dose or control animals.

Histologically, by day 28 the high-dose horses de-
veloped hepatic lesions typical of acute pyrrolizidine
toxicosis. Changes included extensive hepatocellular
necrosis with mild periportal fibrosis and biliary hy-
perplasia (Fig. 4). Some necrotic hepatocytes formed
syncytia, but there was no megalocytosis. At 28 days,
hepatic changes in the low-dose animals included mild,
patchy hepatocellular necrosis, biliary hyperplasia, and
focal neutrophilic periportal inflammation (Fig. 5). Be-
tween days 56 and 168, these lesions resolved, how-
ever, after week 30 all 3 low-dose animals had in-
creased hepatocellular apoptosis, anisokaryosis, and
megalocytosis (Fig. 6). No histologic or cytologic al-
terations were found in the control animals.

On day 14, the high-dose horses had sporadic in-
creases in PCNA-positive-hepatocytes, biliary epithe-
liad cdls, and inflammatory cells. These same animals
had even more immunoreactive cells on day 28; how-
ever, mean differences were not dtatistically significant
(Fig. 7). The low-dose horses aso had increased num-
bers of PCNA-positive cells that were primarily biliary
epithelium. The number of immunoreactive cells re-
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Figure 4. Photomicrograph of the liver of a horse that was dosed with houndstongue containing 15 mg/kg total pyrrolizidine alkaloid
for 14 days and was necropsied on day 28. Note the extensive hepatocellular necrosis (n), hepatocyte syncytia (s), and peribilliary (b)
inflammation (*). HE, bar = 50 pm.
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Figure 5. Photomicrograph of the liver of a horse that was dosed with houndstongue containing 5 mg/kg total pyrrolizidine akaloid
for 14 days. This biopsy was taken on day 28. Note the focal hepatocellular necrosis/apoptosis (n) and biliary epithelium and ovalocyte
hyperplasia (b). HE, bar = 25 pm.
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Figure 6. Photomicrograph of the liver of a horse that was dosed with houndstongue containing 5 mg/kg total pyrrolizidine alkaloid
for 14 days. This biopsy was taken on day 168. Note the megalocytosis (m) with less prominent peribilliary inflammation (b). HE, bar =

50 pm.

mained high and was significantly higher than that of
control animals on days 42, 56, and 112 (Fig. 7).

There was no difference in hepatocyte nuclear areas
between the high-dose animas and controls. Small
numbers of the hepatocyte nuclei of the low-dose hors-
es were very large (Fig. 6), and the mean nuclear areas
were significantly different from those of controls on
days 56, 70, and 84 (Fig. 8a). The increase in mean
nuclear area was due to the presence of megalocytes
(Fig. 8b), as the average group deviation also increased
at those times.

Pyrroles were detected in hepatic tissue from al the
high-dose horses by GC/MS and the spectrophoto-
metric detection of the reaction with Ehrlich’s reagent
(Fig. 9). A trace amount of pyrrole was sporadicaly
detected in liver from 1 of the low-dose horses. Pyr-
roles were never detected in liver from control animals.

Discussion
There are severa reports of houndstongue toxicosis
in livestock (Table 2). One aged pony was dosed with
360 mg/kg (total PA) for 20 days (7,200 mg total dose)
with no significant clinical or biochemical changes”® In
the present study, houndstongue was much more toxic.
All 3 horses dosed with 15 mg/kg total PA for 14 days

(total PA dose of 223 + 5 mg/kg) developed severe
toxicoses, with gross and microscopic lesions consis-

tent with acute PA intoxication. This large disparity
in reported toxicities may be due to the age of the
animals. Young animals are much more susceptible to
PA toxicity. " The difference may also be due to the
composition of the PA. The houndstongue fed to these

Table2. Relative toxicity of houndstongue (Cynoglossum  offici-
nale) and its akaloids.

Agent Dose (mg/kg) Reference no.

Houndstongue (total PA)

Gavaged daily to horse for 20 360

days (nontoxic) 9

Houndstongue (total PA)

Gavaged to calves once 60 1

Gavaged daily for 21 days 15 1
Heliosupine (pure)

Intraperitoneally in rats 60 3
Acetylheliosupine (pure)

Intraperitoneally in rats 60 3
Echinatine (pure)

Intraperitoneally in rats 350 3
7-Angelylheliotridine (pure)

Intraperitoneally in rats 60 3
Houndstongue (total PA)

Gavaged to horses for 14 days <15 current report
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Figure 7. Graph of cdl proliferation rate (determined by im-
munohistochemistry with antibodies to proliferating cell nuclear an-
tigen) in horses treated with houndstongue or afalfa containing O,
5, and 15 mg/kg totd pyrrolizidine alkaloid for 14 days.

horses was 0.62% N-oxide. N-oxides are often less
toxic; however, in most animals, especially ruminants,
when N-oxides are given by month they are presum-
ably reduced by the intestinal microflora into the free
base, resulting in toxicity similar to that of the free
ba%.lZ,lS

The concentrations of the different houndstongue
PAs (heliosupine, acetylheliosupine, echinatine,
7-angdlylhdiotridine) is extremely variable, which may
result in varying toxicity.” Houndstongue is likely to
be harvested with forages when it is most toxic; young,
actively growing plants often have higher PA concen-
trations than do senescent plants.® It has aso been
shown that Echinatine is only about 15% as toxic as
acetylheliosupine and 7-angelylheliotridine (Table 2).
Because proportions of individual alkaloids can fluc-
tuate with growth stage, environmental conditions, and
plant populations, considerable variation in toxicity
levels for the total PA may occur.”® Thus both plant
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Figure 8. Graph of nuclear morphometry (8) and average stan-
dard deviation (b) in horses treated with houndstongue or afalfa
containing O, 5, and 15 mg/kg total pyrrolizidine akaloid for 14

days.

and anima factors may account for the relatively low
toxicity found previously.’

Based on the findings of this study, any level of
houndstongue contamination of feed should be con-
sidered potentially lethal for all livestock. For example,
assuming atotal PA concentration of about 0.8% when
houndstongue is likely to be harvested with forages, a
500-kg horse would have to eat about 380 g of dried
plant for 2 weeksto develop clinical disease. Thiswould
be about 1 plant per day, which is about 2% of ahorse's
daily intake, an amount easily attainable in infested
pastures or hay. Recent studies suggest houndstongue
may be equally toxic for cattle

Many clinical signs seen in the horses treated with
15 mg/kg PA such as lethargy, anorexia, icterus, and
photosensitivity are typical of acute liver disease® The
low-dose horses also had transient anorexia with spo-
radic increases in serum enzymes and bile acids. None
of these changes are specific for PA toxicosis. In fact,
similar changes are commonly seen in horses as a result
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of various mfectlous or metabolic diseases or simple
fasting or anorexia.’

In this study, the evaluation of hepatic biopsies was
the most sensitive indicator of PA toxicosis. In the
low-dose horses, histologic lesions compatible with PA
toxicosis were present throughout the study. These
changes initially included mild periporta hepatocyte
necrosis and biliary epithelial proliferation with min-
imal periportal fibrosis. As the disease progressed, these
lesions became less prominent and extensive megal-
ocytosis developed. These changes correlated well with
increased hepatocyte area and proliferation of the bil-
iary epithelium (Figs. 7, 8).

The gross lesions of edema and infarction of the
cecum and colon in the high-dose horses were dramatic
(Fig. 3). Abomasal edema has been reported in PA-
intoxicated cattle, but such extensive viscera edema
has not been previously described in PA- p0|soned
horses.” Because similar infarctions are often associ-
ated with vascular diseases, including verminous ar-
teritis, without thorough postmortem examination
some PA intoxications could be misdiagnosed. The
exact pathogenesis of PA-induced vascular lesions is
not yet known. Decreased intravascular osmotic pres-
sure, mucosal edema, vascular stasis, or foca intra-
vascular coagulation may result in thrombosis and in-
farction. Such coagulopathies could result in con-
sumption of clotting factors, increased clotting times,
and decreased fibrinogen concentrations. All of these
changes occurred in the high-dose animals. Because
anticoagulant factors such as antithrombin 111 are syn-
thesized in the liver, PA-induced liver disease could
cause decreased hepatic synthesis of these proteins,
resulting in reduced anticoagulant activity and a hy-
percoagulable state.” These vascular lesions may aso
be the result of a direct toxic effect. Various PASs, in-
cluding monocrotallne can damage the rena and pul-
monary vasculature.” Additional work is needed to
determine if the pathogenesis of these vascular lesions
is similar.

The hepatic lesions seen in these horses were very
similar to those reported in horses fed Senecio or Cro-
talaria spp. ***® Other studies have not emphasized that
in acute PA hepatic disease, such as occurred in the
high-dose horses, the lesions are not pathognomonic.
Classically, hepatic changes of necrosis, biliary hyper-
plasig, fibrosis, and megy alocytosis are considered in-
dicative of PA toxicosis.” The high-dose horses in this
study had extensive hepatocellular necrosis with col-
lapse of hepatic cords and sparing of portal structures
(Fig. 4). Fibrosis and biliary epithelial hyperplasia were
minimal. There was little or no true megalocytosis.
Similar hepatic necrosis is seen in other diseases, in-
cluding serum hepamls, bacterial hepatitis, and other
toxic hepatopathies.® In comparison, megalocytosis,
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Figure 9. Chromatograms. Selective ion gas chromatography/
mass spectrometry (a) and scanning spectrometry of Ehrlich’s re-
action product (b) of pyrroles (pyrrolizidine akaoid metabolites)
extracted from the liver of horses treated with houndstongue con-
taining 15 mg/kg total pyrrolizidine akaloid for 14 days.

which is considered a classica histologic indicator of
PA poisoning, was found only in the low-dose horses
that had survived months with the disease. In these
animals, megalocytosis was the most prominent change
6 months after exposure (Fig. 6).

Tissue-bound pyrroles were detected and extracted
from the livers of al 3 high-dose horses using both
GC/MS and Ehrlich’'s reagent. Detection of pyrroles
was qualitative in this study, and serial extractions of
liver from the same horse often yielded different
amounts of pyrrole. This technique, especially when
the pyrrolic ether was detected with GC/MS, was spe-
cific (there were no false positives); however, it lacked
sensitivity. Pyrrole was rarely detected in livers of the
low-dose horses. In these animals, the pyrrole was
probably metabolized or cleared to levels that are un-
detectable with these techniques. Although others have
developed comparable techniques to detect PA me-
tabolites, none have documented the sensitivity or re-
lated the resuits to pyrrole clearance.™** Additional
work must be done to improve the sensitivity of these
techniques or to develop an immunologic quantitative
assay. This type of assay probably will be most suc-
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cessful because it could detect pyrroles without the
necessity of extracting them from tissues.

These findings suggest that 1) isolation and identi-
fication of tissue-bound pyrroles can be used to dem-
onstrate exposure to PA-containing plants in most cases
of acute PA toxicosis (acute toxicosis may be the most
difficult to differentiate from other causes of hepatic
necrosis); 2) houndstongue is much more toxic to hors-
es than previoudy reported; and 3) acute houndstongue
toxicosis causes marked biochemical changes and his-
tologic hepatocellular necrosis without megalocytosis.
Chronic or low-dose intoxication causes minimal bio-
chemical changes with dramatic hepatocyte megalo-
cytosis.
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