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A 4-year-old Standardbred gelding (450 kg) was
examined because of depression, poor appetite,

and suspected liver disease. Eight days before examina-
tion, the horse had won a race. The next day, depression,
muscle stiffness, and transient pyrexia (39.0uC) were
observed. The horse was treated with single doses of
flunixin megluminea (1 mg/kg IV), phenylbutazoneb

(0.2 mg/kg PO), methocarbamolc (4.4 mg/kg PO), N-
acetylcysteined (6.6 mg/kg PO), and 5 L lactated Ring-
er’s solution IV. A CBC and serum biochemical profile
performed 4 days before presentation revealed neutro-
philia and moderate increases in serum concentration of
the hepatic enzyme activities (Table 1). Moderate
urticaria (hives) was present over the trunk of the horse.

On examination, the horse was quiet but alert and
was in good body condition. Initial physical examina-
tion revealed mild jaundice and mild clinical dehydra-
tion. The heart rate (36 bpm), respiratory rate (12 bpm),
and rectal temperature (37.6uC) were within normal
reference limits. Multiple raised, edematous, nonpruritic
nodules (3–5 mm diameter), consistent with urticaria
were observed over the trunk and the neck. Auscultation
and percussion of the thorax and the abdomen was
unremarkable. Neurologic examination was unremark-
able. This was the only horse of 19 on the farm affected.

Thirty-three days before referral, the horse had been
empirically administered a single dose of a long-acting
parenteral preparation of fluphenazine decanoatee

(0.28 mg/kg IM) as a tranquilizer to control anxious
behavior. The gelding had daily access to 2 species of
weeds, which were estimated to occupy approximately
20% of the turnout paddock area. No grass was
available in the paddock because of overgrazing.
Nineteen other horses shared the same turnout paddock
and had the same management. All horses had access
over a fence to lush grass, which had been sprayed with
a surfactant-free glyphosphate productf the week the
subject horse was administered fluphenazine. Serum
biochemical profiles conducted on the herdmates, 2 days
before examination, revealed serum activity of hepatic
enzymes and concentration of total bilirubin within
reference limits. No other horses in the barn had been
administered fluphenazine decanoate. Vaccines admin-
istered to the horse included equine influenza, rhino-
pneumonitis, tetanus toxoid, and West Nile virus. The
last dose of which had been administered approximately
8 weeks before referral.

Clinicopathologic abnormalities were limited to
hyperbilirubinemia, increased serum activity of hepatic
enzymes (glutamate dehydrogenase [GLDH], aspartate
aminotransferase [AST], gamma-glutamyl transferase
[GGT], and alkaline phosphatase [AP]), and increased
total bile acids concentration (Table 1). These findings
were interpreted as indicative of impaired bile circula-
tion and active hepatocellular damage. No changes
compatible with an inflammatory process were identi-
fied. Plasma fibrinogen and blood ammonia concentra-
tions were not determined at that time. Transabdominal
ultrasound examination revealed normal hepatic archi-
tecture. A fecal bacterial culture for Salmonella spp. was
negative. The initial therapy consisted of lactated
Ringer’s solution (60 mL/kg/d IV), trimethoprim-sulfa-
dioxineg (24 mg/kg IV q12h), and flunixin meglumine
(1 mg/kg IV q24h). The diet was restricted to first-cut
grass hay to avoid high dietary protein content.

Taxonomic classification of the weed plant species
reported by the owner revealed that the predominant
plant was ‘‘redroot pigweed,’’ Amaranthus retroflexus
(80% of weeds in paddock), and the other was ‘‘Lamb’s
quarter,’’ Chenopodium album (20% of weeds in pad-
dock). A. retroflexus has been associated with severe
renal disease in cattle,1 and C. album has been associated
with nitrate toxicosis in cattle.2 To the authors’
knowledge, neither has been reported to induce hepatic
disease in large animals, and there was no evidence that
the horses had consumed them.

Over the next 3 days of hospitalization, the horse
remained clinically stable. Vital signs were within
normal limits, the jaundice resolved, and the hydration
status improved. The attitude and the appetite also
improved, but both were still abnormal. The urticaria
also improved. No neurologic signs or altered behavior
was observed. Despite apparent clinical improvement,
subsequent biochemical profiles revealed that indicators
of liver damage persisted (Table 1). An ultrasound-
guided percutaneous liver biopsy was obtained on day
3.3,4

Histologic examination of the liver tissue revealed
changes consistent with hepatitis, characterized by
scattered hepatocyte single-cell necrosis; mitoses; early
periportal fibrosis with mild biliary hyperplasia; and
scattered infiltrates of lymphocytes, plasma cells, and
occasional neutrophils, most evident around portal
tracts (Fig 1). No bacterial organisms were identified,
and histologic stains for copper (rhodamine) were
negative. Histologic stains for iron (Pearl’s iron)
revealed only scant coarse iron staining in Kupffer cells.
Histologic examination of a skin biopsy (urticaria)
revealed overall normal architecture, with mild superfi-
cial dermal edema, occasional lymphocytes within the
dermis, and mild epidermal compact hyperkeratosis,
consistent with urticaria. Based on this histologic
pattern of liver disease and the clinical history,
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immune-mediated hepatitis, idiopathic chronic active
hepatitis, individual chronic exposure to hepatic tox-
icants, and idiosyncratic drug reaction were suspected.
Antibiotic and anti-inflammatory therapy was contin-
ued for 3 additional days.

Because the presence of antinuclear antibodies
(ANA) has been reported in most cases of drug-induced
chronic hepatitis in humans,5 serum ANA titers were
determined. This horse had a high ANA titer of 1 : 80,
which was indicative of autoimmune disease. However,
this finding was not considered specific for liver disease,
because ANAs can also be present in other diseases and
can be identified in clinically normal animals.6

Individual exposure to other hepatotoxic plants and
chemicals7 could not be documented, with the exception of
concurrent exposure to fluphenazine and glyphosate.
Because fluphenazine decanoate injections have resulted
in prolonged serum concentrations and neurologic adverse
effects in horses,8–10 fluphenazine concentration was de-
termined in sera from days 1 and 2 by using a high-
performance liquid chromatography method.11 The flu-

phenazine concentrations for days 1 and 2 were 0.34 and
0.45 ng/mL, respectively. The presence of fluphenazine
33 days after injection was indicative of prolonged
exposure and a likely risk factor for drug-induced
cholestatic hepatitis, as reported in humans.12,13

To objectively assess the likelihood of correctly
diagnosing this horse with presumptive drug-induced
hepatitis, 2 clinical diagnostic scales designed for
humans were used as a guideline, the International
Consensus Criteria (ICC) and the Maria and Victorino’s
Clinical Diagnostic Scale (CDS).14 These diagnostic
scales are based on the temporal relation between the
administration of the drug and the development of
clinical signs, the exclusion of other causes of liver
disease, and the resolution of clinical signs after
withdrawal of the drug, provided irreparable damage
has not occurred. Reproduction of clinical signs after
a second controlled exposure is another criterion
described for short half-life medications but not
recommended for medications with long half-lives and
severe adverse effects, eg, fluphenazine. The use of the
ICC system classified this case as drug-related hepatitis
(3 of 4 criteria were met for classification), whereas the
CDS produced a score of 11–13 of 20, which classified
this case as a ‘‘possible’’ drug hepatotoxicity. The
sensitivity and the specificity of the CDS for correctly
classifying cases of drug-related hepatotoxicity in hu-
mans are 88% and 98%, respectively, if a cutoff score of
9 of 20 is used.14 Although, these scoring systems have
not been validated for horses, the results were support-
ive of a presumptive drug-related hepatitis.

Throughout the remaining hospitalization period, the
vital signs were normal, and the horse’s attitude and
appetite returned to normal. By day 8, serial serum
biochemical analyses also revealed normalization of
bilirubin concentration and AST, and a gradual re-
duction of bile acids concentration and GLDH; AP and
GGT concentrations remained high (Table 1). Fluid and
antibiotic therapy was discontinued; whereas flunixin
meglumine (1 mg/kg q24h, PO for 3 days) was main-
tained until day 9. The horse was discharged from the
hospital on day 9 at the owner’s request. Management
recommendations included stall rest and good-quality

Table 1. Serum biochemical data.

Analyte

Days After Admission

24a 1 3 4 8 32 60 Reference interval

GGT, U/L 136 138 170 176 187 81 74 7–54

GLDH, U/L — 58 102 97 23 — — 1–7

Bile acids, mmol/L — 20 46 44 12 — — 0–6

Total bilirubin, mmol/L 57 71 69 63 38 31 33 21–57

Conjugated bilirubin, mmol/L — 3 4 5 2 — — 2–3

Unconjugated bilirubin, mmol/L 60 68 65 58 36 — — 18–55

AP, U/L 262 485 571 594 525 199 170 119–329

AST, U/L 746 759 807 747 587 475 354 259–595

Ammonia, mmol/L — — — — 4 — — 7.6–63

GGT, gamma glutamyl transferase; GLDH, glutamate dehydrogenase; AP, alkaline phosphatase; AST, aspartate aminotransferase.
a Four days before admission; external laboratory reference intervals: total bilirubin, 10–45 mmol/L; free bilirubin, 0–50 mmol/L; AP, 60–

220 U/L; GGT, 8–60 U/L, and AST, 200–500 U/L.

Fig 1. Photomicrograph of liver tissue, demonstrating the pre-

dominantly lymphoplasmacytic portal inflammatory infiltrate,

which extends into the adjacent hepatic parenchyma, and scattered

hepatocyte single-cell necrosis (arrows). Hematoxylin and eosin.
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grass hay and a diet based on beet pulp, pelleted
concentrates, and molasses.7 Because cross-sensitivity
among phenothiazine derivatives can occur,12 avoiding
the use of tranquilizers, eg, acepromazine, was recom-
mended. Follow-up serum biochemistry profiles re-
vealed that serum AP activity returned to reference
intervals within 3 weeks of discharge, but GGT con-
centrations remained high 8 weeks after discharge.

Fluphenazine decanoate is a decanoate ester of
a trifluoromethyl phenothiazine derivative, which is
a potent, lipophilic, antipsychotic drug that has been
widely used for the treatment of schizophrenia and other
psychotic disorders in humans.15 Adverse effects in
humans vary with the therapeutic protocol and include
the induction of serious extrapyramidal signs, including
parkinsonism, bradykinesia, dystonia, and akathisia,15

and a serious uncommon (incidence of up to 3%)
complex termed ‘‘neuroleptic malignant syndrome,’’16

which may be accompanied by acute renal failure,
hyperthermia, and muscle rigidity.17

Therapeutic plasma concentrations of fluphenazine in
people with schizophrenia have been reported to be
between 0.25 and 0.80 ng/mL18; however, plasma con-
centrations can vary greatly and reach higher concen-
trations even 7 days after injection.11 In horses affected
with fluphenazine-induced extrapyramidal signs, the
plasma fluphenazine concentrations appear to vary
greatly after administration of doses recommended for
humans.8 Although in this horse the concentration of
fluphenazine was determined in serum rather than in
plasma, the detection of fluphenazine 33 days after
administration indicates the presence of the agent but
does not reflect tissue concentrations. Previous reports
revealed that plasma and tissue concentrations, and
dosage versus plasma concentration do not correlate
well,19 and accumulation in soft tissues with concentra-
tions greatly exceeding serum values has been demon-
strated.20

Administration of fluphenazine or other related drugs
to humans has been associated with increased serum
activity of liver enzymes21 and with cholestatic hepato-
cellular injury, characterized by cholestasis, scattered
focal areas of necrosis, and apoptosis, and a predomi-
nantly lymphocytic portal inflammatory response.12

Comparable histologic changes have also been reported
for other psychotropic drugs, including phenothia-
zines.12,22 Urticaria is a clinical feature also reported in
phenothiazine cholestatic jaundice in humans.12,22 The
histologic changes in the liver biopsies from this horse
were similar to those reported in humans, with the
exception of significant intracanalicular cholestasis.

The hepatotoxic mechanism of phenothiazine drugs is
not completely understood but may involve a combina-
tion of physiochemical, immune, and direct toxic
effects.5,12 The fact that this horse was also exposed to
glyphosate, a carboxylic ester organophosphorus com-
pound herbicide, might also be considered to be another
risk factor for hepatitis, because direct hepatic injury
and impaired liver metabolism have been recently
documented.23,24 This exposure was, however, limited,
and other exposed horses revealed no clinical or serum

biochemical abnormalities. According to the product
insert, fluphenazine should be used cautiously in human
patients exposed to phosphorus insecticides. However,
the authors could not verify supporting literature for
such association when the pharmaceutical company was
contacted. Although fluphenazine preparations are
known to be used in equine private practice, no scientific
literature supporting their therapeutic value for horses is
available.

Footnotes

a Banamine, Schering Canada, Pointe Claire, QC, Canada
b Phenylbutzone, Vetoquinol, Lavaltrie, QC, Canada
c Robaxin, Schwarz Pharma Inc, Milwaukee, WI
d Parvolex, Bioniche Life Sciences Inc, Belleville, ON, Canada
e Modecate, Bristol-Myers Squibb Canada Co, St-Laurent, QC,

Canada
f Glyphos, Cheminova Canada Inc, Mississauga, ON, Canada
g PotenSulf, Bimeda-MTC, Animal Health Inc, Cambridge, ON,

Canada

Acknowledgments

The authors thank Dr George A. Maylin, Department
of Population Medicine and Diagnostic Sciences,
Equine Drug Testing/Research Program, Cornell Uni-
versity, for determining serum fluphenazine concentra-
tions, and Dr Robert G. Wright, Agricultural and Rural
Division, Ontario Ministry of Agriculture and Food, for
taxonomic classification of the plants.

References

1. Kerr LA, Kelch WJ. Pigweed (Amaranthus retroflexus)

toxicosis in cattle. Vet Hum Toxicol 1998;40:216–218.

2. Ozmen O, Mor F, Ayhan U. Nitrate poisoning in cattle fed

Chenopodium album hay. Vet Hum Toxicol 2003;45:83–84.

3. Durham AE, Smitht KC, Newton JR, et al. Development

and application of a scoring system for prognostic evaluation of

equine liver biopsies. Equine Vet J 2003;35:534–540.

4. Durham AE, Newton JR, Smith KC, et al. Retrospective

analysis of historical, clinical, ultrasonographic, serum biochemical

and haematological data in prognostic evaluation of equine liver

disease. Equine Vet J 2003;35:542–547.

5. Zimmerman HJ. Drug-induced liver disease. In: Zimmerman

HJ, 2nd ed. Hepatotoxicity: The Adverse Effects of Drugs and

Other Chemicals on the Liver, 2nd ed. Philadelphia, PA: Lippincott

Williams & Wilkins; 1999:483–490.

6. Gershwin LJ. Antinuclear antibodies in domestic animals.

Ann N Y Acad Sci 2005;1050:364–370.

7. Smith B. Textbook of Large Animal Internal Medicine, 3rd

ed. St Louis, MO: Mosby; 2002:800–821.

8. Baird JD, Arroyo LG, Venust M, et al. Adverse extrapyra-

midal effects in four horses given fluphenazine decanoate. J Vet

Med Assoc 2006;229:104–110.

9. Kauffman VG, Soma L, Divers TJ, et al. Extrapyramidal

side effects caused by fluphenazine decanoate in a horse. J Am Vet

Med Assoc 1989;195:1128–1130.

10. Brewer BD, Hines MT, Stewart JT, et al. Fluphenazine induced

Parkinson-like syndrome in a horse. Equine Vet J 1990;22:136–137.

338 Rodriguez-Palacios et al.



11. Luo JP, Hubbard JW, Midha KK. Sensitive method for the

simultaneous measurement of fluphenazine decanoate and flu-

phenazine in plasma by high-performance liquid chromatography

with coulometric detection. J Chromatogr B Biomed Sci Appl

1997;688:303–308.

12. Zimmerman HJ. Psychotropic and anticonvulsant agents.

In: Zimmerman HJ, 2nd ed. Hepatotoxicity: The Adverse Effects

of Drugs and Other Chemicals on the Liver. Philadelphia, PA:

Lippincott Williams & Wilkins; 1999:483–490.

13. Holt RJ. Fluphenazine decanoate-induced cholestatic jaun-

dice and thrombocytopenia. Pharmacotherapy 1984;4:227–229.

14. Aithal GP, Rawlins MD, Day CP. Clinical diagnostic scale:

A useful tool in the evaluation of suspected hepatotoxic adverse

drug reactions. J Hepatol 2000;33:949–952.

15. David A, Adams CE, Eisenbruch M, et al. Depot

fluphenazine decanoate and enanthate for schizophrenia. Cochrane

Database Syst Rev 2005;CD000307.

16. Sachdev PS. A rating scale for neuroleptic malignant

syndrome. Psychiatry Res 2005;135:249–256.

17. Shalev A, Munitz H. The neuroleptic malignant syndrome:

Agent and host interaction. Acta Psychiatr Scand 1986;73:

337–347.

18. Marder SR, Aravagiri M, Wirshing WC, et al. Fluphenazine

plasma level monitoring for patients receiving fluphenazine

decanoate. Schizophr Res 2002;53:25–30.

19. Miller RS, Peterson GM, McLean S, et al. Monitoring

plasma levels of fluphenazine during chronic therapy with

fluphenazine decanoate. J Clin Pharm Ther 1995;20:55–62.

20. Aravagiri M, Marder SR, Yuwiler A, et al. Distribution

of fluphenazine and its metabolites in brain regions and

other tissues of the rat. Neuropsychopharmacology 1995;13:

235–247.

21. Gaertner I, Altendorf K, Batra A, et al. Relevance of liver

enzyme elevations with four different neuroleptics: A retrospective

review of 7,263 treatment courses. J Clin Psychopharmacol 2001;

21:215–222.

22. Dostert P, Benedetti MS. Biochemical mechanisms of

the hepatotoxicity of psychotropic drugs. Encephale 1984;10:

199–209.

23. Bradberry SM, Proudfoot AT, Vale JA. Glyphosate

poisoning. Toxicol Rev 2004;23:159–167.

24. Benedetti AL, Vituri Cde L, Trentin AG, et al. The effects

of sub-chronic exposure of Wistar rats to the herbicide Glyphosate-

Biocarb. Toxicol Lett 2004;153:227–232.

Fluphenazine Toxicosis in Horses 339


