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A comprehensive study of Easter lily poisoning in cats
Wilson K. Rumbeiha1, Jayaraj A. Francis, Scott D. Fitzgerald, Muraleedharan G. Nair, Kate Holan,
Kwasi A. Bugyei, Heather Simmons
Abstract. This study was conducted with 3 objectives in mind: first, to identify the toxic fraction (aqueous
or organic) in leaves and flowers; second, to identify diagnostic marker(s) of toxicosis in cats; and, third, to
evaluate the morphologic effects of intoxication. The study was conducted in 2 phases. Phase 1 was to identify
which extract, organic or aqueous, was nephrotoxic and also to determine the appropriate dose for use in the
phase 2 studies. Results indicated that only the aqueous extracts of leaves and flowers were nephrotoxic and
pancreotoxic. To identify the proximate toxic compound, cats in the phase 2 study were orally exposed to
subfractions of the aqueous flower extract, 1 subfraction per cat. Results confirmed vomiting, depression, polyuria, polydipsia, azotemia, glucosuria, proteinuria, and isosthenuria as toxic effects of the Easter lily plant.
Another significant finding in serum was elevated creatinine kinase. Significant histologic kidney changes included acute necrosis of proximal convoluted tubules and degeneration of pancreatic acinar cells. Renal ultrastructural changes included swollen mitochondria, megamitochondria, edema, and lipidosis. Subfraction IIa3 of
the aqueous floral extract contained most of the toxic compound(s). These studies reproduced the clinical
disease, identified the most toxic fraction of the Easter lily, and helped characterize the clinical pathology,
histopathology, and ultrastructural pathology associated with the disease.

Introduction
Cats are very sensitive to poisoning by plants of the
genus Lilium.2,6–9 Three Lilium species have been documented to cause toxicosis in cats: Easter lilies, Tiger
lilies, and Asiatic hybrid lilies.15–16 Lilium plants, especially the Easter lily, are very popular around Easter
holidays, but they are common in homes throughout
the year. Lilium plants are mainly sold for indoor use
as potted plants or as floral arrangements but are also
planted outdoors in flower gardens. Most pet owners
know little about the danger these plants pose to cats.
Although cats are finicky eaters, for some unknown
reason they eat the leaves and flowers of Lilium plants.
Both leaves and flowers are reportedly toxic. Ingestion
of 1 or 2 leaves or 1 whole flower has caused toxicosis
in cats. The kidney is the primary target organ, and
cats die of acute renal failure 3–5 days after exposure.9,16 Clinical signs of Easter lily toxicosis reported
in the literature include vomiting, anorexia, polyuria,
isosthenuria, and dehydration.4,6–9,16 Attempts to repro-
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duce the disease in rats, rabbits, and dogs have been
unsuccessful.8,9
Other related plant species suspected of nephrotoxicity as listed by the National Animal Poison Control
Center (NAPCC, Urbana, IL) include Day lily (Hemorocallis dumortirei, Hemorocallis fulva), Early day
lily (Hemorocallis sieboldii), Orange day lily (Hemorocallis graminea), Red lily (Lilium umbellatum),
Rubrum lily (Lilium speciosum rubrum), Stargazer lily
(Lilium orientalis), Western lily (L. umbellatum), and
Wood lily (L. umbellatum).15
Although Easter lily toxicosis in cats was first recognized about 10 years ago,2,6,8 there have been no
controlled studies to determine the toxic component(s),
the mechanism(s) of toxicity, the pathogenesis, diagnosis, and treatment of this disease in cats. The information available in the literature is based on a limited
number of case studies and on anecdotal reports summarized by the NAPCC. The mortality rate from Easter lily toxicosis is reported to be as high as 50–100%,
depending on the time symptomatic treatment is initiated.7 High mortality rate is reported if treatment is
not initiated before onset of anuric renal failure, which
occurs 18–24 hours after exposure.6,7,16 Treatment consists of inducing emesis, binding the toxins in the gastrointestinal tract with activated charcoal, followed by
saline cathartics, and fluid therapy.7,11,16 An accurate
and reliable diagnosis of Lilium toxicosis is vital for
proper management of this disease in cats. This work
is the first comprehensive experimental study of Easter
lily toxicosis in cats. The hypothesis for this study is
that the proximate nephrotoxicant in Easter lilies is
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water soluble. There were 3 specific aims for this project. First, to identify the toxic fraction (aqueous or
organic) of the Easter lily plant in leaves and flowers;
second, to identify diagnostic marker(s) for Easter lily
toxicosis in cats; and, third, to evaluate the pathologic
effects of Easter lily.
Materials and methods
Extraction of Easter lily plant
Easter lily plants, immediately after sprouting, were supplied by Henry Mast Nursery, Grand Rapids, MI, and grown
in the green houses of Bioactive Natural Products and Phytoceutical Laboratory at Michigan State University (MSU),
East Lansing, MI, under controlled temperature and humidity conditions for 2 mo at 12-hr light and dark cycles. The
plants were watered and fertilized with 20:20:20 mixture of
nitrogen, phosphorus, and potassium. The matured flowers
and leaves were harvested separately 60 days after emergence when the flowers were fully open.
The aqueous extract of the flowers was prepared by blending them (9.6 kg) with 24 liters of distilled water in a blender. The supernatant was lyophilized to yield a powdered extract that was stored at 220 C. To obtain the organic extract,
the residue from the water extraction was extracted with
methanol (33 15 liters) and the solvent was evaporated under reduced pressure. Similarly, the leaves (2.3 kg) were
extracted with water (7.5 liters) followed by methanol (33
7.5 liter). The methanol was removed under reduced pressure to yield a greenish powder. The yields of aqueous and
methanol extracts were 5.7%, 1.6% and 6.1%, 1.4% for the
flowers and leaves, respectively.
Experimental design
Phase 1: identification of the toxic fraction. Four mixed
breed female adult cats were purchased from the University
Laboratory Animal Resources at MSU. The cats were of
uniform body weight ranging from 2.7 to 3.3 kg at the start
of the experiment. Before the study started, they were acclimated for 7 days to a temperature and relative humidity
of 70 6 5 F and 50 6 20%, respectively. They were also
kept under a 12-hr light–dark cycle and fed a regular commercial cat feed.a A complete blood cell count (CBC), chemistry profile, urinalysis, and urine culture (to check for infection) were conducted on each cat during acclimation. In
addition, cats were checked for parasites. Cats were housed
in individual 4.1 ft2 cages (23 inch wide 3 26 inch deep 3
32 inch high), and each cage had a bench and toys. Both
feed and water were available ad libitum throughout the
study.
Blood and urine samples were collected just before dosing
(0 hr) and at 24, 48, and 72 hr after the dose. Blood was
collected either from the jugular or the saphenous veins. Five
milliliters of blood was collected at each draw and routinely
processed for CBCs and chemistry profiles. Urine was collected either by cystocentesis or overnight using a urine collection pan containing a nonabsorbent material.b Urinalysis
included a sediment examination, specific gravity, and qualitative assays for pH, glucose, protein, and ketone bodies.

Urine collected by cystocentesis was used for analysis of
toxic compounds or their metabolites.
For phase 1, there were 4 test materials: an aqueous leaf
extract, an organic leaf extract, an aqueous flower extract,
and an organic flower extract. The 4 cats were randomly
given 1 of the 4 extracts for the purpose of identifying which
of the extracts was nephrotoxic. Food was withheld overnight before test materials were given. Cat No. 1 received
the leaf aqueous extract. Cat No. 2 received the leaf organic
extract initially and then was given the flower organic extract
at the end of the study. Cat No. 3 received the aqueous
flower extract. Cat No. 4 initially received the organic flower
extract and then was given the aqueous flower extract at the
end of the study. The test materials were given using a nasogastric tube. The cats were started on low doses (an equivalent of 1 leaf/flower) of the extracts, and the dose was gradually increased until either nephrotoxicity was elicited or it
was decided that nephrotoxicity could not be elicited with a
reasonable dose of the extract. Cats were observed for 7 days
after exposure and rested for another 7 days before the next
higher dose was given. Metoclopramide, at a dose of 0.5
mg/kg, was administered intramuscularly to mitigate incessant vomiting 2 hr before dosing cats with test materials and
was repeated as necessary. Cats were weighed daily and observed for all clinical signs, including depression, vomiting,
anorexia, and dehydration.
Necropsy. Cats were humanely euthanatized when they
exhibited clinical signs of toxicosis. At necropsy, total body
weight and the weight of each kidney were recorded. All
tissues were grossly examined. Fresh samples of urine, bile,
adipose tissue, kidneys, and liver were collected and frozen.
Sections of the following tissues were collected and fixed in
10% neutral buffered formalin: brain, heart, tongue, both
kidneys, both adrenals, liver, pancreas, lungs, stomach, mesenteric and tracheobronchial lymph nodes, and skeletal muscle. For electron microscopy, renal cortex specimens were
fixed in 4% glutaraldehyde and 10% formalin, postfixed in
1% phosphate-buffered osmium tetroxide, dehydrated in
graded alcohols, and embedded in Poly/Bed 812-Araldite
resin. For the pancreas, electron microscopy was done on
samples that were initially fixed in 10% buffered formalin
solution and paraffin embedded. Samples were subsequently
deparaffinized and rehydrated. Seventy nanometer sections
were cut, contrasted with uranyl acetate and lead nitrate,
after which 3 randomly selected specimens from each cat
were examined on an electron microscope at 60 kV.c
Biochemical analysis. Serum was monitored for blood
urea nitrogen (BUN), creatinine, alanine aminotransferase
(ALT), aspartate transaminase (AST), alkaline phosphatase,
total and direct bilirubin, cholesterol, creatinine kinase (CK),
sodium, potassium, chloride, calcium, phosphorous, magnesium, and iron.d Serum osmolarity was calculated from
sodium, glucose, and urea concentrations. Urine was analyzed for pH, specific gravity, glucose, and protein concentrations. The pH was determined by a pH meter.e Urine protein was determined by the sulfosalicylic acid method.f Urine
glucose was done by Labstix.g Urine specific gravity was
determined using an electrode.h In addition, urine was observed for urine casts microscopically.
Phase 2a: identification of diagnostic markers of Easter
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Figure 1. A schematic representation of the procedure followed
during the chromatographic subfractionation of aqueous flower extract of the Easter lily plant. In bracket is total weight of the subfraction. Control 5 double distilled water (solvent). 11 5 caused
moderate toxicity overall including clinical signs and histopathology
of tissues; 111 5 caused severe toxicity overall, including clinical
signs and histopathology of tissues.

lily toxicosis in cats. For this study, 6 adult mixed breed
female cats were purchased from the same source, housed,
fed and watered as described earlier in phase 1. The cats
were of uniform weight, which ranged from 2.15 to 3.0 kg
at the start of the experiment.
It was determined from the phase 1 study that the aqueous
floral and leaf extracts contained the nephrotoxic compound(s) and that the floral extract was the most potent. Because of the limited number of cats available, only the aqueous floral extract was further studied. The objective was to
identify the proximate toxic compound(s) in this fraction,
which would be used as a biomarker(s) of Easter lily ingestion in cats. Therefore, the aqueous floral extract was subfractionated to yield methanol-soluble and methanol-insoluble portions (Fig. 1). The toxic methanol-soluble fraction
was then purified by C-18 medium-pressure liquid chromatography using CH3OH:H2O as the mobile phase under gradient mode into 4 subfractions. The cats were then administered these fractions. Cat No. 10 (control) received only
the vehicle (double-distilled water). Each of the 5 study cats
received 1 of the 5 subfractions: cat No. 20 received 1,214
mg of subfraction I; cat No. 30 received 5,522 mg of subfraction II; cat No. 40 received 3,840 mg of subfraction III;
cat No. 50 received 50 mg of subfraction IV; and cat No.
60 received 650 mg of subfraction V. Blood and urine samples were collected and processed as described under phase
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1. The cats were also periodically observed for clinical signs
of toxicity, including depression, vomiting, polyuria, polydipsia, and vocalization. Each cat was weighed once daily.
From observations in phase 1, which indicated that vomiting
was a universal clinical sign, all cats were administered 0.5
mg/kg body weight metoclopramide, an antiemetic, intramuscularly 2 hr before dosing to reduce chances of vomiting
the test material because this would confound the study.
Treatment with metoclopramide was repeated as necessary.
In addition, food was withheld overnight before dosing.
Phase 2b: identification of diagnostic markers of Easter
lily toxicosis in cats. From phase 2a it was determined that
subfractions II and III contained the nephrotoxic components, with subfraction II identified as the most potent on
the basis of on assessment of all measured and observed
indices. Thus, 1 cat had died and the second had been euthanized within 24 hr after dosing with test extracts. That
left only 4 cats for use in phase 2b. Consequently, subfraction II was further fractionated by MPLC using methanol
and water under gradient conditions (Fig. 1) to yield IIa, IIb,
IIc, and IId. The starting mobile phase was methanol–water
in the ratio of (2:98, v/v) and ended with methanol (100%).
After a 2-wk rest period, each of the remaining 4 cats was
dosed with 1 of the 4 subfractions: cat No. 10 received subfraction IIa (1,267 mg); cat No. 20 received subfraction IIb
(24.1 mg); cat No. 50 received subfraction IIc (40.4 mg);
and cat No. 60 received subfraction IId (15.4 mg). Cats were
observed for 72 hr. Each cat acted as its own control. Blood
and urine samples were periodically collected according to
the same protocol in phases 1 and 2a.
Phase 2c: identification of diagnostic markers of Easter
lily toxicosis in cats. This was a follow up of phase 2b from
which it was determined that subfraction IIa contained the
nephrotoxic component(s). Thus, cat No. 10, which received
this subfraction in phase 2b had been euthanized, leaving
only 3 cats for the phase 2c study. Therefore, subfraction IIa
was further fractionated by preparative high-pressure liquid
chromatography (HPLC) equipped with a refractive index
detector under isocratic conditions using acetonitrile–water
(2:98, v/v) as the mobile phase (Fig. 1) into 3 fractions that
were arbitrarily named IIa1, IIa2, and IIa3. After a rest period
of 3 wk, each of the 3 remaining cats was dosed with 1 of
the 3 subfractions: Cat no. 20 received 518 mg of IIa1; cat
no. 50 received 3,020 mg of IIa2; and cat No. 60 received
394 mg of IIa3 in 10 ml of solution by gavage using a nasogastric tube. Each cat acted as its own control. As in previous studies, all cats were pretreated with 0.5 mg/kg metoclopramide, intramuscularly 2 hr before dosing with the test
material to reduce vomiting, and this treatment was repeated
as necessary. Blood and urine samples were also collected
according to the protocol previously described with 1 exception. In this study, cats were observed for 72 hr, at which
time all the 3 cats were euthanized.
High-pressure liquid chromatography analysis of the
crude water-soluble extract, subfraction IIa3, and urine of
cat given the same subfraction. From phase 2c it was determined that subfractions IIa1 and IIa3 were nephrotoxic,
with the latter being the most potent. The objective of the
HPLC analysis was to identify possible biomarker(s) for diagnosing Easter lily toxicosis in cats using urine. To make
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this possible, the crude methanol soluble flower extract of
phase 2, subfraction IIa3, and urine samples from the cat
given subfraction IIa3 were chromatographed. The samples
for HPLC analysis were prepared by eluting 2 ml of urine
sample through a catridgei which was equilibrated with water. The loaded sample was eluted in succession with 3 ml
of 5% methanol in water and 3 ml methanol. The methanol
eluent was evaporated to dryness and the residue reconstituted in 2 ml of 80% (0.5% H3PO4) and 20% methanol.
Three milliliters of this solution was further diluted to 10 ml
with the same solvent before injection (injection volume 20
ml). A blank urine sample was also prepared in the same
manner. The samples were analyzed using an RP18 column
on an HPLC systemi equipped with a photo diode array detector and an auto sampler. All the samples were filtered
through a 0.22-m millipore filter before injecting onto the
column. The chromatograms were recorded under gradient
conditions with acetonitrile and water (0.5% phosphoric acid
in water). The percentage of acetonitrile was maintained at
2% for 10 min before changing to 40%. The chromatograms
were analyzed using a computerized software.i

Results
General clinical observations from phases 1 and 2

Cats given aqueous extracts of either leaves or flowers of the Easter lily plant vomited within 3 hours of
exposure. Anorexia, depression, and polydipsia were
also observed. Later developments included polyuria,
oliguria, and occasional seizures, especially in cats
treated with the aqueous flower extract. None of these
clinical signs were evident in cats treated with the organic extracts, because they appeared healthy throughout the experiment, except cat No. 2, which progressively lost weight. A dose of 586 mg/kg of aqueous
leaf extract obtained from 8 leaves was found to elicit
toxicosis, whereas only 1 flower, an equivalent of 291
mg/kg dose of the aqueous extract, was enough to
cause similar clinical signs. The clinical signs were so
severe in some of the cats given extracts from 8 flowers that they either died a few hours after exposure or
were humanely euthanized on the same day when
treatment began. The cause of death was not clear but
was certainly not caused by renal failure. Cat No. 3
was euthanized 8 hours after receiving 291 mg/kg of
the aqueous flower extract. However, it appeared that
this cat accidentally aspirated some of the test material.
This cat exhibited retching and breathing difficulty immediately after dosing. On auscultation, the cat had
harsh lung sounds in all 4 quadrants 1 hour after dosing. Eventually, breathing improved but clinical signs
of depression and inappetence increased in severity,
and the cat was euthanized. Although it was determined, by histologic examination, that the aqueous floral extract was nephrotoxic and also induced pancreatic degeneration, the acute death precluded collection
of serum or urine to assess injury to these organs. This

prompted reduction of the number of flowers to 6 during phase 2 of the study. This modification was enough
to elicit the observed clinical signs and, at the same
time, enabled collection of samples for toxicological
analysis. After the death of cat No. 3, cat No. 2 was
reassigned to receive organic floral extract, and cat No.
4 was reassigned to receive aqueous flower extract.
The reason for the reassignment was the need to demonstrate conclusively the toxicity of the aqueous floral
extract when it was properly administered in the stomach (without aspiration).
The most significant observation with cat No. 2,
which received the organic extracts only, was loss of
body weight that was a result of anorexia. The body
weight of this cat when it received the leaf organic
extract was 3.3 kg. At the time this cat was reassigned
to receive the organic flower extract she weighed 2.7
kg, and at euthanasia it weighed 2.5 kg. Inappetence
and loss in body weight were the reasons for euthanasia.
Cat No. 4 had severe signs of Easter lily toxicosis
only after it was given the aqueous floral extract.
When this cat was given the organic floral extract, it
did not exhibit any clinical signs and remained active.
The serum chemistry profiles for this trial are summarized in Table 1 (cat No. 4A). Thirty minutes after
receiving the aqueous floral extract, it vomited frothy
fluid and was clinically depressed. It vocalized when
approached and frequently had ropy saliva hanging
from the mouth. Despite treatment with metoclopramide to stop the vomiting, it continued to vomit and
was found dead only 4 hours after receiving 3.84 g
(an equivalent of 8 flowers) of the test material.
Phase I: serum analysis

Results of this phase of the study are summarized
in Table 1. Irrespective of the dose administered, parameters measured in serum samples of animals gavaged with organic extracts of the plant (cat Nos. 2A
and 4A) did not change over time compared with baseline values. However, there were remarkable increases
in BUN and creatinine levels measured over time in
cats given the aqueous leaf extract. Unfortunately, the
rapid death in cats given the aqueous floral extract (cat
Nos. 3 and 4B) precluded determination of these parameters in serum and urine over time in these cats.
No changes were seen in other serum parameters monitored.
Phase 1: urinalysis

Results of physical and chemical analysis of urine
samples are presented in Table 1. Much of the data
derived from cats treated with organic extracts of the
Easter lily plant were comparable with baseline samples throughout the period of the experiment. Urine
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Concentrations of biomarkers in physiological fluids of cats orally given different fractions of extracts from the Easter lily

Time after gavage (hr)
Parameter

0

24

48

72

Reference values

Cat No. 1*
Serum BUN (mg/dl)
Serum creatinine (mg/dl)
Serum amylase (U/liter)
Urine specific gravity
Urine pH
Urine protein
Urine glucose

38
1.5
843
1.058
8.3
0
0

77
4.2
739
1.042
8.7
11
41

Cat No. 2A
Serum BUN (mg/dl)
Serum creatinine (mg/dl)
Serum amylase (U/liter)
Urine specific gravity
Urine pH
Urine protein
Urine glucose

22
1.8
939
1.054
6.6
0
0

22
1.7
890
1.055
6.6
0
0

Cat No. 2B
Serum BUN (mg/dl)
Serum creatinine (mg/dl)
Serum amylase (U/liter)
Urine specific gravity
Urine pH
Urine protein
Urine glucose

15
1
805
1.034
6.8
0
0

†
†
†
†
†
†
†

Cat No. 3
Serum BUN (mg/dl)
Serum creatinine (mg/dl)
Serum amylase (U/liter)
Urine specific gravity
Urine pH
Urine protein
Urine glucose

31
1.6
853
1.042
7.7
0
0

†
†
†
†
†
†
†

Cat No. 4A
Serum BUN (mg/dl)
Serum creatinine (mg/dl)
Serum amylase (U/liter)
Urine specific gravity
Urine pH
Urine protein
Urine glucose

23
1.5
1,287
1.062
6.2
0
0

26
1.5
1,197
1.057
7.7
0
0

Cat No. 4B
Serum BUN (mg/dl)
Serum creatinine (mg/dl)
Serum amylase (U/liter)
Urine specific gravity
Urine pH
Urine protein
Urine glucose

23
1.5
1,287
1.062
6.2
0
0

†
†
†
†
†
†
†

83
6.1
1,084
1.023

18–41
0.7–2.2
611–1,685

5.8
31
31

86
5.8
926
1.018
5.6
21
21

21
1.5
908
1.057
6.6
0
0

21
1.5
909
1.034
7
0
0

18–41
0.7–2.2
611–1,685

18–41
0.7–2.2
611–1,685

18–41
0.7–2.2
611–1,685

26
1.5
1,171
1.055
7.6
0
0

27
1.5
1,049
1.054
7.6
0
0

18–41
0.7–2.2
611–1,685

18–41
0.7–2.2
611–1,685

* Cat No. 1 5 aqueous leaf extract, cat No. 2A 5 organic leaf extract; cat No. 2B 5 organic flower extract; cat No. 3 5 aqueous flower
extract; cat No. 4A 5 organic flower extract; cat No. 4B 5 aqueous flower extract.
† Cat was euthanized.
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Figure 2. Blood urea nitrogen concentrations in cats given oral
aqueous floral subfractions of fraction II.

Figure 3. Serum creatinine concentrations in cats given oral
aqueous floral subfractions of fraction II.

from all cats was clear in appearance. Marked proteinuria and glucosuria were observed in cats dosed with
aqueous extracts of the plant. Ketone bodies were also
seen in the 24-hour urine sample of the cat dosed with
aqueous leaf extract (cat No. 1). A few squamous and
transitional epithelial cells were present in the samples;
however, urine casts were rather numerous, especially
at 48 and 72 hours after treatment. A few amorphous
crystals also were found in the specimens. Changes in
urine specific gravity for phase 1 are summarized in
Table 1. The most dramatic change was seen in cat
No. 1 given aqueous leaf extract in which the urine
specific gravity dropped from a predose value of 1.058
to 1.018, 72 hours after the dose. Urine pH also decreased from 8.3 to 5.6 over time in this cat.

ically elevated for cat No. 10, 24 hours after the dose
(Figs. 2, 3). The elevation of these serum indices persisted until the end of the experiment (72 hours). The
serum osmolarity of this cat also increased over time
(Fig. 4). Another serum change noted was an increase
in serum CK in 3 of the 4 cats (Table 2). The highest
increase in serum CK was noted in cat Nos. 10 and
60. No changes were seen in other serum parameters
monitored.
Marked protenuria and glucosuria were present only
in the cat dosed with subfraction IIa (cat No. 10, Table
2). The urine specific gravity fell from 1.031 to 1.024,
72 hours after the dose in this cat. No changes in urine
specific gravity were seen in the remaining cats.
Phase 2c: biochemical analysis

Phase 2a: biochemical analysis

Because the aqueous fraction of Easter lily flowers
was determined to be more toxic than the leaves, the
phase 2 study was limited to extracts obtained from
the flowers. The cats given fractions II (cat No. 30)
and III (cat No. 40) died or were euthanized approximately 8 hours after exposure, making it impossible
to collect serum and urine samples for analysis. The
other fractions produced no changes in the serum or
urine indices. Thus, it was concluded that subfraction
II contained most of the proximate toxicant.

From phase 2b above, fraction IIa was found to be
the most toxic. This was further subfractionated to obtain IIa1, IIa2, IIa3. These 3 subfractions were used in

Phase 2b: biochemical analysis

Subfractions IIa, IIb, IIc, and IId, therefore, were
prepared from subfraction II and used to dose the 4
remaining cats. Serum chemical analysis results from
this experiment are depicted in Figs. 2–4 and Table 2.
Cats given these subfractions did not exhibit any biochemical changes except cat No. 10, which received
subfraction IIa. Compared with the other cats, serum
BUN and creatinine values were found to be dramat-

Figure 4. Serum osmolarity in cats given oral aqueous floral
subfractions of fraction II.
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Table 2. Concentrations of biomarkers in physiological fluids of cats orally given different aqueous fractions of subfraction II of Easter
lily flower extract.
Time after gavage (hr)
Parameter

0

24

48

72

Reference values

Cat No. 10*
Serum CK (U/liter)
Urine pH
Urine protein
Urine glucose
Urine specific gravity

194
6
21
0
1.031

423
5.3
41
31
1.032

605
6.7
31
41
1.03

404
6.7
21
31
1.024

86–323

Cat No. 20
Serum CK (U/liter)
Urine pH
Urine protein
Urine glucose
Urine specific gravity

286
6.7
0
0
1.026

455
5.3
41
0
1.032

319
6.7
0
0
1.055

73
7.4
0
0
1.057

86–323

Cat No. 50
Serum CK (U/liter)
Urine pH
Urine protein
Urine glucose
Urine specific gravity

261
6.4
0
0
1.047

107
7.1
0
0
1.047

251
7.2
0
0
1.058

139
7.1
0
0
1.056

86–323

Cat No. 60
Serum CK (U/liter)
Urine pH
Urine protein
Urine glucose
Urine specific gravity

1,156
7.1
0
0
1.03

591
7.7
0
0
1.055

324
8.2
0
0
1.056

187
NA
0
0
NA

86–323

* Cat No. 10 5 subfraction IIa; cat No. 20 5 subfraction IIb; cat No. 50 5 subfraction IIc; cat No. 60 5 subfraction IId; CK 5 creatinine
kinase; NA 5 data not available.

the final phase of the study from which results are
summarized in Table 3 and Figs. 5–7. The most significant changes were observed in the serum chemistry
profile of cat Nos. 20 and 60. After dosing with subfraction IIa3, the serum BUN concentration of cat No.
60 increased from 41 mg/dl at 0 hours to 105 mg/dl
in 72 hours. At the same time, this biomarker increased
moderately for cat No. 20 (Fig. 6). Serum creatinine
concentrations for cat Nos. 20 and 60 were similar
(Fig. 6). Both cats experienced a marked increase in
serum creatinine, which peaked 48 hours after the
dose. There were no changes in BUN or serum creatinine in cat No. 50. Serum changes were also observed in CK. Cat No. 60 experienced the most
marked increase in serum CK 24 hours after the dose,
whereas cat No. 20 experienced a modest increase
(Fig. 7). However serum CK concentration decreased
to baseline values 48 hours after the dose. No changes
were seen in cat No. 50. There was no specific pattern
for serum amylase (Table 3), and no changes were seen
in other serum parameters monitored.
There were some interesting changes in urine parameters. The most dramatic changes in urine specific
gravity were observed in cat No. 20. The specific gravity for this cat decreased from a baseline value of

1.051 to 1.025, 24 hours after the dose, after which it
started to increase. Cat Nos. 20 and 60 had proteinuria
and glucosuria starting 24 hours after the dose. Taken
together, these results indicate that 2 subfractions, Subfractions IIa1 and IIa3 were nephrotoxic, with the latter
being more potent.
Complete blood cell count

There were no changes in total or differential cell
counts or in morphology in any of the cats in this
study.
High-pressure liquid chromatography analysis of the
crude methanol-soluble floral extract (of the water
extract in phase 2), subfraction IIa3, and urine from a
cat given subfraction IIa3

The HPLC chromatograms of the above are shown
in Fig. 8A–D. The chromatograph of the control urine
from cat No. 60, before it received subfraction IIa3, is
shown in Fig. 8C.
The peaks at retention times (Rt) 6 and 9.4 minutes
were common in Fig. 8A, B, and D at varying intensities. This peak was not observed in the urine collected before the administration of subfraction IIa3
(Fig. 8C). However, additional peaks at Rt 5, 37.4,
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Table 3. Concentrations of biomarkers in physiological fluids of cats orally given aqueous subfractions of subfraction IIa of Easter lily
flower extract.
Time after gavage (hr)
Parameter

0

24

48

72

Reference values

Cat No. 20*
Serum amylase (U/liter)
Urine specific gravity
Urine protein
Urine glucose

808
1.051
0
0

840
1.025
21
31

1,094
1.027
trace
41

1,105
1.035
11
11

611–1,685

Cat No. 50
Serum amylase (U/liter)
Urine specific gravity
Urine protein
Urine glucose

1,083
1.048
0
0

1,300
1.064
0
0

1,159
1.071
0
0

1,248
NA
0
0

611–1,685

Cat No. 60
Serum amylase (U/liter)
Urine specific gravity
Urine protein
Urine glucose

735
NA
NA
NA

718
1.022
31
21

858
1.043
31
41

1054
NA
NA
NA

611–1,685

* Cat No. 20 5 subfraction IIa1; cat No. 50 5 subfraction IIa2; cat No. 60 5 IIa3; NA 5 data not available.

39.43, 40.76, and 42.41 minutes were observed in the
urine collected at 24 hours after the dose (chromatogram D). These peaks were not observed in the urine
collected before treatment (chromatogram C). Also
subfraction IIa3 did not show peaks at Rt 37.4, 39.43,
40.76, and 42.41 minutes (chromatogram B) as in the
crude methanol extract (chromatogram A).
Histologic changes were observed in the kidney,
pancreas, and liver. Sections of brain, heart, spleen,
adrenals, pancreas, stomach, lymph nodes, tongue, and
skeletal muscles did not contain any significant microscopic lesions in any of the animals studied. Sections
of lung in 1 cat (No. 3) had mild intraalveolar accumulations of fibrin, edema fluid, and low numbers of
neutrophils, consistent with mild aspiration pneumonia. Sections of livers varied from normal in 3 cats, to

mild hepatocellular vacuolation consistent with mild
hepatic lipidosis in 6 cats, to severe diffuse hepatic
lipidosis in 1 cat (No. 2).
In the kidney, acute toxic effects of Easter lily were
most prominent in the epithelium lining the proximal
convoluted tubules (PT) within the renal cortices of 8
out of 10 cats in the study. Seven aqueous flower extract–treated cats developed moderate to severe tubular
nephrosis (Fig. 9), characterized by PT epithelial cell
necrosis and exfoliation. There was also interstitial
edema. The organic leaf extract–treated cat (No. 2) had
no tubular degeneration or necrosis, except for increased tubular lipidosis associated with fatty liver
syndrome. One cat (No. 1) given aqueous leaf extract,
developed severe tubular nephrosis. However, 1 cat
(No. 50) treated with extract IIa2 had morphologically
normal kidneys. No changes were observed in the glomerulus in any of the cats.

Figure 5. Blood urea nitrogen concentrations in cats given oral
aqueous floral subfractions of fraction IIa.

Figure 6. Serum creatinine concentrations in cats given oral
aqueous floral subfractions of fraction IIa.

Histologic findings
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ilar in appearance to those in cat No. 3. However, they
appeared to originate in the dark basilar cytoplasm surrounding the nucleus and only in a few cells extended
out into the apical cytoplasm containing zymogen
granules (Fig. 11b). No inflammatory cell infiltrates
were observed in pancreatic tissues associated with
this degenerative change. Also there were no changes
observed in the pancreatic islet cells.
Ultrastructural pathology

Figure 7. Serum creatinine kinase concentrations in cats given
oral aqueous floral subfractions of fraction IIa.

Ultrastructural pathology

Only 1 cat (No. 50) had relatively normal kidneys,
characterized by slight lipid accumulation and increased numbers of apical lysosomes in the PT epithelial cells (Fig. 10a). In the kidneys of other cats,
most lesions were found in PT epithelial cells, which
consisted of pyknotic nuclei, swollen mitochondria
with disrupted cristae, lipid infiltration, and basal edema. The most outstanding lesion observed in the PT
epithelial cells was the presence of megamitochondria,
all of which had disrupted cristae (Fig. 10b). These
megamitochondria were most common in cats euthanized about 8 hours after the dose. Other notable
changes included loss of apical microvilli, occasional
disruption of basement membrane, and interstitial edema. Extravasation of red blood cells was also found in
the interstitium, suggesting disruption of blood capillaries. Some PT lumens were full of cellular debris
consisting of exfoliated cells. The lesions observed in
the kidneys of the cat given the organic extracts (No.
2) were lipidosis and lysosome accumulation.
Pancreatic histology

Although pancreatic lesions have not been routinely
described in naturally occurring cases of Easter lily
toxicosis, significant pancreatic pathology was observed in 2 cats dosed with aqueous flower extracts.
In 1 cat (No. 3), which received crude aqueous flower
extract and died 8 hours after the dose, the pancreatic
exocrine acinar cells had moderate, diffuse, cytoplasmic vacuolation affecting most cells in most acini (Fig.
11a). These vacuoles were round, variably sized (2–5
mm in diameter), and were clear, consistent with cytoplasmic accumulations of lipid or fluid. A second cat
(No. 20), which received subfraction IIa1, had significantly milder lesions that affected only 5–10% of acinar cells in scattered acini. These vacuoles were sim-

Representative lesions observed in the pancreases of
2 cats are summarized here. Cat No. 3 died 8 hours
after the dose with crude water-soluble flower extract.
Cat No. 4 was euthanized 4 hours after the dose with
the same extract. Large discrete lucent vesicles and
dilated rough endoplasmic reticulum (RER) were present throughout the acinar cell cytoplasm. The mild
dilation of the RER is shown in Fig. 12a. There was
widespread fragmentation and vesiculation of endoplasmic reticulum membranes, loss of ribosomes from
RER, ribosomal fragmentation, and rare formation of
concentric lamellar aggregates of degenerate ribosomal
membranes. In addition, affected acinar cells had swollen mitochondria, occasional megamitochondria, and
nuclei with densely clumped chromatin. The pancreas
of the cat that received organic extracts showed presence of vacuoles (Fig. 12b). These were suggestive of
lipid vacuoles. However, because the pancreatic samples had been formalin fixed, paraffin embedded, and
subsequently deparaffinized and rehydrated, most vacuoles no longer contained lipid material. There was
occasional mitochondrial swelling as well.
Discussion
Easter lily toxicosis is a severe disease in cats. In
this study, vomiting, polyuria, polydipsia, azotemia,
glucosuria, proteinuria, and isosthenuria were noted as
the toxic effects of this plant in cats. This study has
demonstrated that the toxic components are present in
the aqueous fractions of leaves and flowers. The study
has also shown that the water-soluble extract from the
flowers was more potent than the leaf extract. In addition to nephrotoxicity, seizures and pancreatic degeneration were established as toxic manifestations of
this disease in cats. Seizures were observed in 2 out
of 10 cats on this study. Seizures have been previously
reported in the literature.11 It has been hypothesized
that seizures in Easter lily–poisoned cats could be a
result of hypertensive encephalopathy, uremic encephalopathy, or dialysis disequilibrium syndrome.11 However, dialysis was not used in this study; therefore, it
was excluded as a cause. It is also unlikely that hypertensive encephalopathy could have caused the seizures because Easter lily–poisoned cats usually develop hypotension. Previously, seizures were reported in
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Figure 8. High-pressure liquid chromatography chromatograms of crude toxic methanol extract of flower A, toxic subfraction IIa3 B,
and urine from the cat before it was administered IIa3 C, and 24 hours after gavage D. The peak at Rt 9.4 minutes was common in A, B,
and D at varying intensities. This peak was not observed in the urine collected before administration of IIa3 C. Additional peaks at retention
times 37.4, 39.43, 40.76, and 42.41 minutes were observed in urine collected after gavage D.

1 cat 10 days after exposure. However observations in
this study indicated that earliest seizures occurred
within 8 hours of receiving crude water-soluble flower
extracts. These seizures usually occurred after handling such as physical examination. As such, uremia
is unlikely to have been the sole cause of seizures in
this study.
Pancreatic degeneration was another interesting observation from this study. Significant pancreatic pa-

thology was observed in 2 cats dosed with aqueous
flower extracts. However, serum amylase, a marker of
pancreatitis, was only subtly elevated in almost all the
cats (Table 3). Easter lily–induced pancreatitis has also
been reported in the literature.11 The lesions observed
in this study were consistent with sublethal cytotoxic
effects of acinar cells that have been reported in a variety of laboratory animals associated with experimental exposure to various chemical agents.12 Chronic fi-
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Figure 9. Photomicrograph of renal cortex from a cat that received aqueous flower extract. Note the widespread degeneration
and necrosis of epithelium cells lining the proximal convoluted tubules but sparing the distal convoluted tubules and collecting ducts.
HE stain. Bar 5 100 mm.

brosing pancreatitis was reported in a cat that died 31
days after exposure.11 However, our study was terminated 72 hours after exposure, and the pancreatic lesions were not as advanced. Pancreatitis is a very difficult disease to diagnose in cats and could easily be
missed.4,10 Clinicians should therefore be on the look
out for pancreatitis even in early stages of the disease
and should not rely solely on elevation in serum amylase as the only indicator. In phase 2c, only 1 cat (No.
20) dosed with subfraction IIa1 had pancreatic degeneration in addition to moderate nephrotoxicity. In contrast, cat No. 60 in the same study exhibited relatively
more severe nephrotoxicity compared with cat No. 20
and yet did not have pancreatic degeneration. These
findings suggest that pancreatic degeneration is caused
by a different toxin found only in subfraction IIa1,
whereas nephrotoxicity is caused by toxin(s) in both
subfractions IIa1 and IIa3, suggesting that they may be
different. The clinical signs of pancreatitis i.e., vomiting, depression, and anorexia, are similar to those
seen in Easter lily poisoning.1 It is possible that some
of these clinical signs, including death, may be attributed to the toxic effects of Easter lily on the pancreas.
Acute tubular epithelial necrosis is the typical reaction of the kidney tubules to toxic insult.2,13,14 The
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lesions observed in this study are comparable with
those caused by hypoxia or acute exposure to mercuric
chloride.14 Initially, the inner cortex is involved, and
in more severe or advanced cases, the PT throughout
the entire cortex are affected (Fig. 9). Initial degenerative changes include nuclear pyknosis, swelling and
granularity of the cytoplasm, and indistinct cell borders. As the cell damage progresses, nuclear karyorrhexis or loss occurs, and cells slough into the lumen,
becoming indistinct hypereosinophilic debris. These
latter changes were observed in the most severely affected cats that received the crude aqueous flower extracts as depicted in cat No. 4 (Fig. 9). However, for
cat Nos. 20 and 60, which received subfractions IIa1
and IIa3, respectively, the lesions were most prominent
at the corticomedullary region. The latter milder lesion
was induced by extracting an equivalent of 6 flowers
instead of 8 flowers, which caused the more severe
lesions depicted in Fig. 9. These lesions were from cat
No. 4, which received an equivalent of 8 flowers and
was euthanized 4 hours after the dose. The moderate
lesions were observed in cat No. 60, which received
subfraction IIa3 from an equivalent of 6 flowers and
was euthanized 72 hours after the dose. This suggests
that either the dose–response curve for this plant is
relatively steep or that there may be an interaction
among toxins targeting the kidney. The reduction in
the severity of the lesions in cat No. 60 may be caused
by the loss of some toxins during fractionation. This
hypothesis is supported by the observation that during
phase 2a, subfractions II and III were identified as being nephrotoxic, with subfraction II being the most
potent. Furthermore, in the last phase, phase 2c, 2 subfractions, IIa1 and IIa3 were clearly nephrotoxic.
Biochemically, it has been reported that there is a
disproportionate increase in serum creatinine compared with BUN.16 In some cases, serum creatinine
was reported to be .20 mg/dl.9 However, in the present study, serum creatinine was not disproportionately
increased relative to BUN, and concentrations were
,5 mg/dl. Unfortunately, BUN and creatinine were
not measured in the most severely affected cats (Nos.
3 and 4) because they died or were euthanized within
4–8 hours after exposure.
Increases in serum phosphorous and potassium concentrations have also been reported in Easter lily poisoning.7 There was no consistent pattern of change in
these serum biochemical parameters in this study. Of
the other biochemical parameters measured, the changes of note were increases in serum amylase (Table 3)
and CK (Fig. 7). Serum amylase has been discussed
earlier. An increase in serum CK is considered to be
specific for muscle injury.3 However, on histological
analysis, the muscle tissue was normal. The highest
increase in CK was noted in the most severely affected
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Figure 10. Electronphotomicrographs of proximal convoluted tubule epithelial cells from 2 cats. a. This kidney was from an unaffected
cat. These epithelial cells exhibit minimal changes, including a few cytoplasmic lipid droplets (l), and lysosomes in the apical cytoplasm.
Bar 5 1 mm. b. This kidney was from a cat with acute renal failure. This epithelial cell has a pyknotic nucleus (n) and adjacent to the
nucleus a megamitochondria (m) with complete loss of cristae, other enlarged mitochodria can be seen in the vicinity. Bar 5 1 mm.
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Figure 11. Photomicrographs of the pancreatic tissue from 2
cats that received aqueous flower extracts. a. Pancreatic acinar cells
exhibit widespread, moderate to severe cytoplasmic vacuolation. HE
stain. Bar 5 20 mm. b. This cat’s pancreas has only scattered mild
vacuolation (arrowheads) of pancreatic acinar cells; islet of Langerhan’s (i) with no morphologic changes. HE stain. Bar 5 20 mm.
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cats (Table 2; Fig. 7). Usually the elevation in CK was
of short duration, with peak values reached within 24
or 48 hours and rapidly declining thereafter. Serum CK
has been reported to have a short half-life of 4–6 hours
for some species.3 It is not clear why CK was elevated
at baseline for cat No. 60 (Table 2). It is possible that
this was an aberrant result. No changes were noted in
serum AST and ALT, which is consistent with normal
liver histology observed in the study. An increase in
these liver enzymes in later stages of the disease have
been reported,9 but such observations were not made
in this study probably because of the short duration.
However, no such changes in liver enzymes were reported in another study where poisoned cats were
monitored for periods .2 weeks.11 The increase in serum osmolarity in cat No. 10 (Fig. 4) was a reflection
of uremia (Fig. 2) because no changes were observed
in sodium and glucose concentrations. As for urinalysis, observations were consistent with published
data.6–9
This is the first ultrastructural study of tissues in cats
poisoned by Easter lily. The most significant changes
were noted in mitochondria of the PT epithelial cells
and the RER in the acinar cells of the exocrine pancreas. Morphological evidence would suggest that the
mitochondria were the target organelles in PT epithelial cells. Although mitochondrial swelling is common
to other toxicants like endotoxin, mercury, or even
hypoxia,14 the presence of megamitochondria is not a
common toxic manifestation in the kidney. The megamitochondria started as mitochondrial swelling close
to the basement membrane, but they appeared to migrate apically as they grew in size. Megamitochondria
have been reported in a variety of tissues under diverse
situations.5 It is hypothesized that they result from fusion of individual mitochodria or through enlargement
of a single mitochondrion.5 The megamitochondria observed in PT epithelial cells are consistent with morphological descriptions in the literature (Fig. 10b).5 It
is possible that loss of mitochondrial function resulted
in kidney failure. This also partly explains the lipidosis
observed in PT epithelial cells because mitochondria
are responsible for oxidation of fatty acids. The final
observation in the kidney was that in some cases, there
was discontinuity of the PT basement membranes,
which may partly explain why chronic renal failure
develops in some of the affected cats.11
In pancreatic acinar cells, mitochondrial dysfunction
may have resulted in cellular edema. This was manifested as vesiculation and dilation of the RER (Fig.
12a). Loss of energy because of mitochondrial injury
would be expected to cause cellular degeneration leading to dysfunction of pancreatic acinar cells, which
was reflected in increased serum amylase observed in
some cats (Table 3).
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Figure 12. Electronphotomicrographs of pancreatic acinar cells from 2 cats that received aqueous flower extracts. a. This acinar cell
has mild changes including dilated RER (*) and aggregates of detached ribosomes (arrowheads). Bar 5 1 mm. b. This acinar cell has more
severe changes, including several cytoplasmic lipid droplets (l). Bar 5 1 mm.

Easter lily toxicosis in cats

In conclusion, this study reproduced the clinical disease, identified the most toxic fraction of the Easter
lily, and helped characterize the clinical pathology, histopathology, and ultrastructural pathology associated
with the disease. Further research will focus on identifying specific methods for antemortem diagnosis,
laboratory rodent models for this toxicant, and treatment recommendations for naturally affected cats.

4.

5.

6.

Acknowledgement
7.

We appreciate the support from the Initiative Grant from
the Center for Feline Health and Well-Being (IGCFHW),
College of Veterinary Medicine, Michigan State University,
East Lansing, Michigan, which funded this study.

Sources and manufacturers
a.
b.
c.
d.
e.
f.
g.
h.
i.

Harlan 2060 Tekland cat diet, Madison, WI.
Nosorbt, Catco Inc., Tiffin, OH.
Phillips 301, Philips Electronic Instruments, Mahwah, NJ.
Olympus America, Inc., Melville, NY.
IQ Scientific Instruments, San Diego, CA.
Ricca Chemical Company, Arlington, TX.
Bayer Corporation, Elkhart, IN.
Leica Inc., Buffalo, NY.
Waters Corporation, Milford, MA.

8.

9.

10.

11.
12.

13.

References
14.
1. Aiello SA: 2003, The exocrine pancreas. In: The Merck veterinary manual, ed. Aiello SA, 8th ed., pp. 311–314. Merck &
Co., Inc., Whitehouse Station, NJ.
2. Carson TL, Sanderson TP, Halbur PG: 1994, Acute nephrotoxicosis in cats following ingestion of lily (Lilium sp). Proc 37th
AAVLD Meet: 43–43.
3. Duncan JR, Presse KW: 1986, Muscle. In: Veterinary laboratory

15.
16.

541

medicine, ed. Duncan JR, Presse KW, 2nd ed., pp. 175–179.
Iowa State University Press, Ames, IA.
Ferreri JA, Hardam E, Kimmel SE, et al.: 2003, Clinical differentiation of acute necrotizing from chronic nonsuppurative pancreatitis in cats: 63 cases (1996–2001). J Am Vet Med Assoc
223:469–474.
Ghadially FN: 1988, Mitochondria. In: Ultrastructural pathology
of the cell and matrix, ed. Ghadially FN, 3rd ed., vol. 1, pp.
191–328. Butterworths, Toronto, ON.
Groff RM, Miller JM, Stair EL, et al.: 1993, Toxicoses and
toxins. In: Feline practice, ed. Norsworthy GD, pp. 551–569.
Lippincott, Philadelphia, PA.
Gulledge L, Boos D, Wachsstock R: 1997, Acute renal failure
in a cat secondary to Tiger lily (Lilium tigrinum) toxicity. Feline
Pract 25:38–39.
Hall J: 1992, Nephrotoxicity of Easter lily (Lilium longiflorum)
when ingested by the cat. Proc Annu Meet Am Vet Int Med 6:
121–121.
Hall JO: 2001, Lily nephrotoxicity. In: Consultants in feline
internal medicine 4. Philadelphia, ed. August JR, pp. 308–310.
WB Saunders Co., Philadelphia, PA.
Hardy RM: 1994, Diseases of the exocrine pancreas. In: The
cat diseases and clinical management, ed. Sherding RG, 2nd ed.,
pp. 1287–1296. Churchill Livingston, New York, NY.
Langston CE: 2002, Acute renal failure caused by lily ingestion
in six cats. J Am Vet Med Assoc 220:49–52.
Longnecker DS, Wilson GL: 1991, Pancreas. In: Handbook of
toxicologic pathology, ed. Haschek WM, Rosseaux CG, pp.
258–262. Academic Press Inc., San Diego, CA.
Rumbeiha WK: 2000, Nephrotoxins. In: Current veterinary
therapy XIII, small animal practice, ed. Bonagura JD, pp. 212–
216. WB Saunders, Philadelphia, PA.
Rumbeiha WK, Fitzgerald SD, Braselton WE, et al.: 2000, Augmentation of mercury-induced nephrotoxicity by endotoxin in
the mouse. Toxicology 151:103–116.
The ASPCA National Animal Poison Control Center: 1998,
Household plant reference. The ASPCA National Animal Poison Control Center, New York, NY.
Volmer P: 1999, Easter lily toxicosis in cats. Vet Med April
1999:331–331.

