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ABSTRACT
The paper describes a case of acute intoxication in a cat that had ingested a tree fern — Asparagus virgatus
that was known to be treated with a green synthetic azo dye. Clinical examination and paraclinical analyses
revealed restlessness, tachycardia, tachypnea, cyanosis of mucous membranes, oxidative damage, and methe-
moglobinemia. Based on the history, the clinical signs and laboratory findings, indicative of azo dye intoxica-
tion and response to treatment, the diagnosis of acute synthetic azo dye intoxication was made.
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Introduction

The synthetic dyes used by the commercial establishment to enhance the color of the plant are
sourced from ROBERT KOCH Industries Inc. These green dyes are made up of different types of
Acid Yellow, Acid Blue, and Direct Blue, which are azo dyes. Various industries make extensive
use of synthetic azo dyes. (Benkhaya S. et al., 2020). Azo dyes are identified by the presence of the
(-N=N-) functional group, which connects two identical or dissimilar alkyl or aryl radicals, whether
they are symmetrical or not. (McLaren K., 1983).

The main biotransformation products of azo dyes are aromatic amines. (Chequer FMD et al.,
2011). Azo dyes are often converted into toxic aromatic amines, such as benzidine, 4—aminobi-
phenyl, and 2-naphthylamins known for their potent mutagenic, carcinogenic, and hemotoxic ef-
fects when absorbed from the skin, gut, and respiratory tract. (Siddiqui, S.I. et al., 2023).

The development of cancer due to aromatic amines is initiated by the process of N-hydroxyla-
tion in the liver, followed by subsequent glucuronidation. (Chinthakindi S., Kannan K., 2022). Blad-
der cancer is relatively common in cats, and a deficiency in the glucuronide conjugation pathway is
thought to play a role in its development as a result of chronic exposure to aromatic amines.

Aromatic amines (AAs) are efficiently metabolized in the liver, yielding metabolites that un-
dergo redox cycling. Metabolic attacks on AAs primarily involve oxidation of the N atom (N-oxi-
dation) and oxidation of the carbon in the aromatic ring (C—oxidation). Amine hydroxylation and
esterification are key initial steps in their metabolic activation, contributing to the formation of toxic
agents. (Siddiqui, S.1. et al., 2023).

The amines oxidize the heme iron of hemoglobin from Fe (I1) to Fe (I11), blocking oxygen
binding. as a result, distinct acute symptoms such as cyanosis of the mucous membranes, weakness,
and dizziness become evident. (@llgaard H., et al., 1998). The N-hydroxylated metabolites of nu-
merous aromatic amines engage in a co—oxidation process with oxy—hemoglobin (HbO2), resulting
in the formation of methemoglobin (met—Hb). (Raghu G. et al., 2016).

The manifestation of these deleterious effects was observed in the context of the clinical case.

Case Presentation

The patient was a 4-year—old female, mixed — breed cat, named Fabien, weighing 5.9 kg, with
no previous medical history.
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According to the owners, the cat had ingested a small quantity of tree fern (Asparagus virgatus)
a few hours prior. The history revealed a single episode of vomiting, which included parts of the
plant, as well as restlessness and lethargy. The owners observed the plant's vibrant coloration and
subsequently ascertained from the florists the specific dye employed in its treatment.

Clinical examination was conducted using routine techniques.

Hematological and biochemical analyses were conducted by collecting a blood samples from
the v. saphena lateralis using a 22 G needle. The complete blood counts (CBCs) on day 1 (D1), day
2 (D2), and day 3 (D3) were analyzed using a Mindray BC-288 Vet automatic blood counting ana-
lyzer. The biochemical profile on D1 was analyzed using an automatic analyzer VET-CHEMZ100.
For the blood smear, an EDTA blood sample was used. It was fixed with methanol, stained with
methylene blue, and then washed with distilled water. The smear was examined under an immersion
microscope with a 100x1.25 zoom to detect oxidative changes in the erythrocytes.

The treatment included licensed veterinary and human drugs administered at appropriate doses
and regimen.

Clinical examination revealed restlessness, weakness, cyanotic mucous membranes (Fig. 2),
capillary refill time — 2.5 s., tachypnea (RR= 55bpm), tachycardia (HR= 230 bpm) and body tem-
perature (38.9 °C). The palpation of abdominal cavity did not reveal any abnormalities.

The blood obtained for analysis was dark — brown in color, indicative of methemoglobinemia.

Figure 1: Asparagus virgatus treated with green azo Figure 2: The cyanotic cat.
dye (the dye is extracted onto thewhite sheet of

paper).
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Figure 3: Obtained dark — brown blood sample.

Hematological analyses — the blood test results at D1, D2 and D3 are presented in Table 1,

Table 2 and Table 3.

Table 1: Hematological indices at D1

Test Result Unit Reference range cat
WBC 6.6 x 10°/L 5.5-19.5
LY 3.0 x 10°/L 0.8-7.0
Mon 0.2 x 10°/L 0.0-19
GR 2.6 x10°/L 2.1-15.0
Ly % 45 12.0-45.0
Mon % 3.8 2.0-9.0
Gr % 47.5 35.0-85.0
RBC 9.99 x 101%/L 4.60 - 10.00
Hgb 114 g/L 93-1353
Hect 43.3 % 28.0-49.0
MCV 473 fl 39.0-52.0
MCH L1277 pg 13-21
MCHC 1293 gL 300 - 380
Plt 147 x 10°/L 100 - 514
Eos % 2.1
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Table 2: Hematological indices at D2

Test Result Unit Reference range cat
WBC 5.5 x 10°/L 5.5-19.5
LY 2.7 x 10°/L 08-7.0
Mon 0.2 x 10° /L 0.0-1.9
GR 2.6 x 10°/L 2.1-15.0
Ly % H 48.7 12.0 -45.0
Mon % 2.6 20-90
Gr % 51.0 35.0-85.0
RBC 9.88 x 10'%/L 4.60 - 10.00
Hgb 130 g/L 93-153
Hct 43.0 % 28.0-49.0
MCV 42.7 fl 39.0-52.0
MCH L 129 pg 13-21
MCHC 300 g/L 300-380
Plt 183 x 10°/L 100 -514
Eos % 3.8
Table 3:.Hematological indices at D3
Test Result Unit Reference range cat
WBC 8.5 x 10°/L 5.5-19.5
LY 23 x 10°/L 08-7.0
Mon 0.4 x 10°/L 0.0-1.9
GR 5.9 x 10°/L 2.1-15.0
Ly % 26.2 12.0 - 45.0
Mon % 55 2.0-9.0
Gr % 68.3 35.0-85.0
RBC 9.67 x 101%L 4.60 - 10.00
Hgb 144 g/L 93 - 153
Hct 45.7 % 28.0-49.0
MCV 47.3 fl 39.0-52.0
MCH 14.8 pPg 13-21
MCHC 315 g/L 300 - 380
Plt 127 x 10°/L 100 - 514
Eos % 2.1

On D1 and D2, there was a decreased mean corpuscular hemoglobin (MCH) and on D1, there
was also a decreased mean corpuscular hemoglobin concentration (MCHC).

Additionally, Heinz bodies formation was detected on the blood smear.

The hematological alterations, including decreased Mean Corpuscular Hemoglobin(MCH) and
decreased Mean Corpuscular Hemoglobin Concentration (MCHC), along with the formation of
Heinz bodies and the presence of methemoglobinemia, are indicative of oxidative damage caused
by the toxic intermediates of azo dye.

Biochemical analysis yielded unremarkable results, possibly attributed to the prompt response
of the owners.
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On D2, there was a slight increase in lymphocytes, suggesting an immune response to the toxic
substance. However, on D3, the complete blood count showed normal values.

Based on the history, clinical signs, laboratory findings and response to the treatment acute
synthetic azo dye intoxication was diagnosed.

The owners reported that the cat consumed a small quantity of the plant and did not eat the
fern's berries, which are known to contain the highest levels of toxic saponins.

Hence, we posit that the primary origin of toxicity and the majority of the symptoms, possibly
excepting the initial vomiting, stem from the synthetic azo dye.

The main focus of the treatment was directed toward addressing the effects of the dye.

The cat was hospitalized in the clinic for two days and the treatment protocol included:

e 0.9 % NaCl solution -3 ml/kg/h i.v. constant rate infusion;

e Activated charcoal — 3 g/kg p.o g2 h — three times;

e Vitamin C—30 mg/kgi.v g8 h;

e N — acetylcysteine — 140 mg/kg p.o , followed by 70 mg/kg p.o g4 h;

e Ornipural® (Betaine, Arginine, Ornithine, Citrulline) — 3ml/ kg i.v g24 h;

Within two hours of starting treatment and approximately one hour after the initial intake of
N-acetylcysteine, the cat's condition significantly improved. The heart and respiratory rates returned
to normal, and the mucous membranes began to regain a normal color. N-Acetyl Cysteine was ad-
ministered within 8 hours of toxin ingestion.

On the second day, the patient's overall well-being was enhanced, and the cat started to eat.

The mucous membranes appeared normal and the cat was discharged from the clinic. By the
third day, the patient's condition had completely normalized.

The dietary supplement Zentonil Advanced® (S—Adenosylmethionine, Silybin) was pre-
scribed at a dose of 1/2 tablet p.o q12 h for 10 days.

After ten days, a follow—up examination of the patient was performed, and control blood tests
were conducted, which showed no abnormalities.

Discussion

Numerous toxic substances in the environment pose a threat to pets' health. Azo dyes that
contain toxic aromatic amines are widely used in a variety of industries, including cosmetics, fin-
ished textiles, and plant dyeing.

The full extent of synthetic azo dyes toxicity remains unstudied, which complicated the diag-
nosis in this particular case. However, the diagnosis was determined based on the provided infor-
mation that the animal had ingested a plant treated with synthetic azo dyes, the clinical signs, hema-
tological alterations indicative of azo dye intoxication, and the response to treatment aided in con-
firming the diagnosis.

The primary methods of detoxifying metabolism for azo dyes and aromatic amines involve
oxidative processes, which encompass ring hydroxylation and the conjugation with glucuronide.
(Qllgaard H., et al., 1998).

Cats exhibit a relatively slow or even limited ability to form glucuronides with many com-
pounds.

This is attributed to their possession of fewer isoforms of the enzymes responsible for mediat-
ing this conjugation, known as glucuronyl transferases. (Allen AL., 2003). The relative deficiency
of glucuronide conjugation pathway results in more drugs being conjugated to sulfates; however,
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the sulfation pathway has a finite capacity, which is also lower in cats than in other species (Aronson
LR., Drobatz K., 1996).

In cats, the deficiency in the glucuronide conjugation pathway can lead to the accumulation of
toxic metabolites derived from the metabolism of aromatic amines.

The treatment protocol, including N—acetylcysteine (NAC), is aimed at eliminating toxic me-
tabolites, combating oxidative stress, preventing liver damage and carcinogenic effects of toxic me-
tabolites.

NAC is a synthetic derivative of the endogenous amino acid L—cysteine and a precursor of
glutation, which is synthesized and maintained at high concentrations in all cells, is one of the mech-
anisms by which cells protect themselves from oxidative stress.

More recently, improved knowledge of the mechanisms by which N-acetylcysteine (NAC)
acts has expanded its clinical applications. It plays a key role in the detoxification of many com-
pounds such as aromatic amines. (Raghu G. et al., 2021).

We consider that the prompt action by the owners and timely treatment including N — acetyl-
cysteine (NAC) resulted in the cat's swift recovery.
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