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Abstract: This case report describes methemoglobinemia in a dog suspected to be the result
of consumption of a large volume of fermented bok choy. The patient presented with clinical
signs and co-oximetry consistent with methemoglobinemia without ingestion of a known
toxin. A large volume of fermented bok choy had been ingested earlier that day and
decontamination procedures were performed as a result. Supportive care led to resolution
of clinical signs and appropriate clearance of methemoglobin. While erythrocyte oxidant
damage is a consequence of ingestion of plants in the genus Brassica (such as bok choy) in
ruminant species due to rumen microbiota producing sulfur-containing compounds, specifi-
cally dimethyl disulfide, there are potential pathways that can lead to similar effects in
monogastric animals. The methemoglobin formation in this patient may have resulted from
the large volume consumed with the natural fermentation releasing dimethyl disulfide and
leading to oxidant damage analogous with that in ruminants. This case report provides
additional mechanisms for methemoglobin formation in dogs and to direct the clinician
toward methemoglobinemia in patients with compatible clinical signs with ingestion of
specific plant species.
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Introduction

Methemoglobinemia in small animals has been documented to result from a variety of
causes including congenital deficiencies such as methemoglobin reductase deficiency
(cytochrome b5R deficiency),'* acetaminophen ingestion,” topical benzocaine products,”
skunk musk,” hydroxycarbamide,® phenazopyridine,” and nitrates/nitrites.® Hemoglobin,
as an oxygen-binding molecule, requires iron in the ferrous state for oxygen binding to
occur. Methemoglobin formation results from iron oxidation from the ferrous (2+) to the
ferric (3+) form in the hemoglobin of the red blood cell. This creates an inactive form of
hemoglobin that decreases the release of oxygen to the tissues. In healthy states, methe-
moglobin comprises <3% of total hemoglobin.’

There have been several studies citing acetaminophen ingestion as causing methe-
moglobinemia, particularly in cats.>'® In emergency cases of methemoglobinemia,
underlying acetaminophen ingestion is often suspected as this is a common household
pharmaceutical drug and the other potential causes are rarely reported. Plants in the genus
Brassica contain compounds known to cause erythrocyte oxidant damage, including
methemoglobin formation, in ruminant species. This occurs as a result of sulfur-
containing compounds in plant tissues and their conversion to toxic products by rumen
microbiota.'! In humans, vegetables in this genus have been found to be goitrogenic.'?
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There is a single case report of a woman that developed
myxedema coma from chronic, large volume bok choy
ingestion."*

This case report details acute clinical signs attributed to
spontaneous methemoglobinemia without any known
toxin exposure in an elderly dog with large volume bok
choy ingestion as the proposed mechanism for methemo-

globin generation.

Case report

History

A 15-year-old male castrated Cardigan Welsh Corgi was
referred for cyanosis and tachypnea. The owner had noted an
acute onset of tachypnea and ptyalism. The patient became
acutely lethargic, slow to ambulate, and eventually collapsed
prompting his presentation to a local emergency clinic. There
was no known toxin exposure, but he had been observed
ingesting a large volume of fermented bok choy that day. The
bok choy had been prepared by the owners with water and
a small amount of salt to form a brine for fermentation. No
other food ingredients, additives, or potential toxic substances
had been added.

On presentation to the local emergency clinic, he was
reported to be non-ambulatory and cyanotic. He was mildly
tachycardic and tachypneic at presentation and was reported to
appear distressed. He had initial bloodwork completed at that
time including a complete blood count (IDEXX Procyte Dx)
and an in-house chemistry panel (IDEXX Catalyst One) (Table
1). His CBC revealed a mild normocytic, normochromic ane-
mia without a reticulocyte count reported (Hematocrit 36.66%,
reference interval 37-55%). An in-house chemistry panel
revealed a mild hypophosphatemia (2.5 mg/dL, reference
interval 2.9-6.6 mg/dL) that was repeated and found to be
normal at 5.9. He had both abdominal and thoracic radiographs
performed showing an ingesta-filled stomach without radio-
graphic evidence of a mechanical obstruction. His thoracic
radiographs revealed an unremarkable thorax without a clear
cause of cyanosis. Given the reported ingestion of a large
quantity of bok choy, emesis was induced with 0.54 mg of
apomorphine (Apomorphine, Compound Central Pharmacy)
IV, which resulted in the patient vomiting a large volume of
green vegetable material. He was then referred for further
diagnostics and treatment.

Clinical findings
At presentation, he was tachypneic and mildly tachycardic
with cyanotic mucous membranes. Systolic blood pressure

measured with a Doppler was 106 mmHg. A venous blood
gas panel including co-oximetry was obtained (NOVA, Nova
Biomedical) that revealed a methemoglobin of 34.5% (refer-
ence interval <3%). The packed cell volume (PCV) and total
solids (TS) was 36%/6.6 (reference interval PCV 37-55%, TS
5.4-7.1 g/dL measured by handheld refractometer-VetLab
Supplies). The gross appearance of his blood was a chocolate
brown color (Figure 1). The patient history was reviewed with
the owner to rule out potential toxin exposure leading to
methemoglobinemia. There was no known acetaminophen in
the household or exposure to any medications or compounds
previously known to lead to methemoglobin formation. Given
the age and lack of historic clinical signs, a congenital cause for
the methemoglobin in this patient was considered less likely.
The owner confirmed that the patient consumed a large volume
of fermented bok choy that was being stored at their house
prior to disposal, consistent with the plant material produced
upon induction of emesis. Acetaminophen serum levels were
submitted to an external laboratory (NMS Laboratories) and
measured by high-performance liquid chromatography to rule
out acetaminophen exposure.

The patient was hospitalized with oxygen supplemen-
tation, N-Acetylcysteine (N-Acetylcysteine, Hospira)
intravenously for 7 doses total (initial dose of 140 mg/kg
IV then subsequent doses were 70 mg/kg IV), Vitamin
C (Vitamin C, Vet One injectable solution) 30 mg/kg
subcutaneously every 6 hrs and Denamarin (SAMe/
Silybin, Nutramaxx) supplementation (225 mg) daily (in
the event that the patient had acetaminophen exposure) as
part of decontamination and treatment for methemoglobi-
nemia with treatments consistent with those administered
with acetaminophen toxicity. He made improvements
throughout this hospitalization, and his venous blood gas
was rechecked 6 hrs after initiating therapy with
a decrease in his methemoglobin to 3.6%. He was transi-
tioned out of oxygen given his clinical improvement as the
tachypnea and cyanosis resolved. The venous blood gas
was rechecked after another 6 hrs (12 hrs after initiation of
treatment) revealing clearance of methemoglobin with the
level at 0.1% (Table 2). A chemistry panel was repeated 12
hrs after initiation of therapy and was within normal limits
(Table 3). A recheck PCV was performed at this time
revealing a decrease to 28%/6.0 (Reference interval PCV
37-55%, TS 5.4-7.1 g/dL) likely as a result of oxidative
erythrocyte damage. The patient was discharged 24 hrs
after admission with resolution of his clinical signs and
low methemoglobin levels. He was discharged from the
hospital with Denamarin 225 mg per os for a 7-day course
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Table |
presentation

Chemistry and

complete blood count results at

Table 2 Table recording methemoglobin levels and venous blood

gas variables performed during hospitalization

Initial 6 hrs* 12 hrs*
pH 7.39 7.38 7.36
pCO, 28.5 27.4 424
pO, 27.5 48.7 30.8
HCO; 17.5 16.4 23
Hct 35 34 28
MetHb 345 3.6 0.1
FiO2 21 21 21

Note: *denotes timing of blood sample following initiation of treatment.

Table 3 Repeat chemistry panel 12 hrs following admission

Parameter | Results | Unit | Low High
reference | reference
interval interval

Glu 103 mg/dL | 70 143

BUN 17 mg/dL | 7 27

Crea 1.2 mg/dL | 0.5 1.8

Phos 2.5 mg/dL | 2.5 6.8

Ca 10.7 mg/dL | 7.9 12

TP 6.4 gidL | 52 82

Alb 3.4 gldl | 22 39

Glob 3 gidL | 25 45

ALT 54 UL 10 125

ALP 38 uiL 23 212

Thili 0.3 UL 0 0.9

Amyl 760 UL 500 1,500

WBC 13.44 10° 6 17

RBC 542 102 |55 8.5

Hgb 12.8 gldL 12 18

Het 36.66 % 37 55

MCV 68 fl 60 77

MCH 23.7 pg 19.5 24.5

MCHC 35 gldL | 31 39

Plt 213 10°/L | 200 500

MPV 8 fl 3.9 1.1

Lymph 2.72 Lo/ 48

Mono 0.84 10°L | 0.2 1.5

Neut 9.58 1oL |3 12

Eos 0.24 10°L | o 0.8

Baso 0.06 10°L | o 0.4

Figure | A drop of blood from a control canine patient (left) with a drop from the
affected patient. The gross appearance of the blood from the affected patient is the
chocolate brown coloration consistent with methemoglobinemia.

Parameter | Results | Unit | Low refer- | High
ence reference
interval interval

Glu 104 mg/dL | 70 143

BUN 12 mg/dL | 7 27

Crea 1.2 mg/dL | 0.5 1.8

Phos 3.6 mg/dL | 2.5 6.8

Ca 1.1 mg/dL | 7.9 12

TP 7.3 g/dL 5.2 8.2

Alb 2.9 g/dL 2.2 3.9

Glob 44 g/dL 25 4.5

ALT 73 U/L 10 125

ALP 63 U/L 23 212

Thili 0.4 mg/dL | 0 0.9

Amyl 772 U/L 500 1,500

for hepatoprotective and antioxidant effects as well as
decreasing osmotic fragility of erythrocytes in the event
he had accidental ingestion of acetaminophen. The acet-
aminophen serum level results were available 10 days
following discharge, and the results showed no acetami-
nophen detected (therapeutic range provided 5-20 mcg/
mL; results 0 mcg/mL). Future hospital visits months after
discharge revealed no recrudescence of clinical signs and
low methemoglobin levels (<3% methemoglobin).

Discussion

This report details a case of transient methemoglobinemia
from an undetermined cause with the only known potential
toxin exposure or ingestion being a large volume of fer-
mented bok choy. Acetaminophen levels were measured,
as exposure is a common cause of methemoglobin forma-
tion in small animal species. Although acetaminophen
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levels have not been validated in the canine species, the
results in this case do not detect any acetaminophen ruling
out accidental exposure as a cause. A congenital cyto-
chrome BS5 reductase deficiency can lead to episodic clin-
ical signs and cannot be excluded as the underlying or
a contributing cause of the methemoglobinemia in this
case.'* While a congenital methemoglobinemia cannot be
completely excluded, given the patient age, lack of similar
events, and documented normal blood gas co-oximetry at
other visits, it is considered less likely. An assay to eval-
uate b5SR activity would have strengthened this report and
allowed for exclusion of congenital causes. This case
report proposes that the ingestion of a large quantity of
fermented bok choy may have been associated with
a transient methemoglobinemia in this patient, which war-
rants future investigations.

Bok choy is a plant in the genus Brassica, which is
a group of plants known to lead to oxidant damage and
hemolytic/Heinz body anemias in ruminant species when
fed as forage.'>'® Plants in the genus Brassica are known
to contain a large amount of sulfur products in their
tissues, including a sulfur-based amino acid compound
S-methyl-L-cysteine sulfoxide (SMCO).'”'® The concen-
tration of SMCO has been studied in plant species and is
known to be variable based on type of species, year of
cultivation, age of the plant, season, and geographic
region.'”** While these influences make SMCO levels
difficult to predict, bok choy has been documented to
contain high amounts of this substance.'”?! Studies with
animals fed these organosulfur compounds show numer-
ous kinds of toxicological effects. In ruminants, SMCO is
converted to dimethyl disulfide by microorganisms in the
rumen, which is absorbed and leads to oxidative damage to
red blood cells causing clinical signs of toxicity in these
species.'®?> While the mechanism of this oxidative
damage is not well characterized, one precipitating factor
appears to be reduced glutathione levels in the erythrocyte
allowing oxidative damage to occur.'® The enzyme
responsible for production of dimethyl disulfide has been
documented outside of ruminant species and in microor-
ganisms in the human gastrointestinal system.”®> Heinz
body anemia has also occurred in adult fowls fed dimethyl
disulfide and rats fed SMCO.***> Pharmacokinetics of
SMCO in rats and dogs was characterized by high
bioavailability.”> While there are documented cases of
dimethyl disulfide produced outside of the rumen micro-
biota, the fermented state of the bok choy in this case may
have had a contributing factor in the bioavailability

of these toxic substances. Natural fermentation leads to
lactic acid bacterial growth thus creating probiotic micro-
organisms more commonly thought to provide health ben-
efits to the host.*® A causative link between the natural
fermentation in this case and the production of toxic sulfur
compounds requires further investigation. A known
mechanism for methemoglobinemia with Brassica con-
sumption in dogs has not been documented and this
would be the first report.

There are several techniques used to diagnose the pre-
sence of methemoglobin in blood. On gross examination,
blood appears chocolate brown in color. A peripheral
blood smear can be completed to evaluate for oxidative
damage (such as the presence of Heinz bodies). Direct
quantification can be made through co-oximetry readings,
which were utilized in this case. An indirect method of
evaluating for methemoglobinemia is determining the
saturation gap, which is calculated from comparing
a pulse oximetry reading to arterial blood gas saturation.
In this instance, methemoglobinemia should be suspected
if the saturation gap exceeds 5%.>’ Clinical suspicion for
methemoglobinemia is often based on clinical signs and
exposure history. The clinical signs of methemoglobine-
mia in small animal patients are related to the decrease in
oxygen offloading by hemoglobin leading to hypoxia.
These signs arise when methemoglobin levels reach
greater than 20%, and they include tachycardia, tachypnea,
lethargy, weakness, ptyalism, cyanosis/chocolate brown
mucous membranes, and mentation  changes.?’
Methemoglobinemia has been reported to be fatal if levels
reach 80%."%"'° These signs are consistent with the signs
observed in this patient at presentation. The resolution of
these clinical signs paralleled the co-oximetry readings of
decreasing methemoglobin percentages to negligible
levels. The patient was discharged less than 24 hrs after
hospitalization without recurrent signs consistent with
toxicity.

Treatment of methemoglobinemia is focused around
decontamination in the case of toxicities and stabilization.
Oxygen therapy can be utilized to increase the amount of
dissolved oxygen, but it holds little benefit to hemoglobin
saturation. Decontamination therapies involving emesis
and activated charcoal can be considered. In this case,
both emesis and supportive care with anti-oxidant therapy
were pursued given concern that there may have been
accidental acetaminophen exposure. This involved the
administration of vitamin C as well as N-Acetylcysteine.
N-Acetylcysteine is used in cases of acetaminophen
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toxicity as it directly binds and inactivates the metabolites
as well as serving as a glutathione precursor.”'*?” Vitamin
C can help reduce methemoglobin back to hemoglobin. '
It is unclear if in this case these compounds resulted in any
clinical benefit for the patient or if the patient's sponta-
neous resolution occurred as a result of decontamination
and clearance of the toxin.

This case provides evidence of methemoglobinemia in
a dog without exposure to any previously published toxins
and with confirmed absence of acetaminophen ingestion.
Co-oximetry is not widely available limiting direct methe-
moglobin measurements in many veterinary practices.
Expanding our understanding of the potential causes of
methemoglobinemia could aid in recognition and diagno-
sis. Ingestion of a large volume of bok choy potentially
provides an additional cause of acquired methemoglobine-
mia in dogs. While a disulfide assay is not available,
a definitive causality cannot be established in this case.
Future laboratory studies exposing dogs to dimethyl dis-
ulfide to serve as a confirmatory toxic cause of erythrocyte
oxidant damage should be completed. Genetic testing to
explore congenital causes of methemoglobinemia was not
pursued in this case and cannot be excluded as
a confounding factor. A congenital cause is considered
less likely given the age of the patient, the lack of clinical
signs outside of this episode, and normal methemoglobin
levels on blood gas panels from other hospital visits. The
methemoglobinemia in this patient is likely associated
with the bok choy ingested, and future investigations to
support these findings could support the findings in this
case.

In conclusion, we provide a case report of a dog with
acquired methemoglobinemia secondary to ingestion of
fermented bok choy that resolved with decontamination
and supportive care. This provides an additional mechan-
ism of transient methemoglobinemia in dogs with compa-
tible clinical signs.
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