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Abstract: Acetylsalic acid, (Aspirin®) is a non-steroidal anti-inflammatory drug (NSAID)
widely used in human and veterinary medicine, especially for its analgesic and antithrombotic
effects, mainly in the prevention of cardiovascular complications and in the treatment of
various diseases. Aspirin® can not be metabolized in cats because they do not have the enzyme
glucuronyl transferase. For this reason, it has a long half-life and a narrow dose range. High
dose administration in cats may cause serious toxicity in the liver. Acetylsalicylic acid is known
to cause gastric ulcers associated with decreased prostaglandin levels. For these reasons, it is
considered toxic to cats. But it also has antipyretic, analgesic, anti-inflammatory and
antithrombotic properties. It is indicated for use alone or in combination with other
antithrombotic drugs in the treatment and prophylaxis of thrombus formation resulting from
cardiovascular diseases. This review aims to examine the indicated and contraindicated areas
of use of Aspirin®, which is widely considered toxic in cats.
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1. Introduction

Acetylsalicylic also known as Aspirin®, is widely used in human and veterinary
medicine [1]. Aspirin® was initially used only for its analgesic effects, but over time
its antipyretic, anti-inflammatory and antithrombotic effects were also discovered.
Today, its use in human medicine is quite common, but its use in cats is controversial
[2].

Aspirin® has been widely thought to be toxic in cats for years, as reported in many
studies, but studies are being conducted to examine whether it can be used in low doses
due to its anti-inflammatory and antithrombotic effects in patients with pain, fever, and
cardiovascular diseases. Its effectiveness has been reported and suggested to be
indicated, especially in cardiovascular diseases and the prevention of arterial
thromboembolism [3]. It is also claimed that the use of Aspirin® prolongs life in
geriatric patients because it reduces the risk of various diseases [4]. However, cats are
more sensitive to Aspirin® than humans and dogs [5]. The half-life of Aspirin® is
longer in cats than in other animals (especially dogs) [6]. The reason for this is thought
to be the slowness of glucuronidation [7].

As a result of the combination of a toxic substance with glucuronic acid, it
transforms that drug into a form that is less toxic than original substance, more water
soluble and more easily excreted from the body. This physiological situation is called
glucuronidation. However, glucuronidation in the cat body is very slow than other
animals and incomplete. For this reason, the elimination of Aspirin® from the cat body
is very slow. This increases the half-life of Aspirin® in the cat body [8]. On the other
hand, it is thought that one of the reasons for the slow clearance of Aspirin® from the
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body may be due to the weak glycine conjugation. However, it has many side effects
in cats and, at higher doses, in humans or dogs [9].

It has been mentioned in numerous literature over the years that Aspirin® causes
gastric hyperemia and ulceration in dogs and rabbits. In the years following its
discovery, similar situations were observed with intravenously administered Aspirin®.
This has shown that Aspirin® can damage the gastric epithelium even if it does not
come into contact with the stomach mucosa [10]. For this reason, studies were carried
out to produce a drug that has as many indications and effects as Aspirin®, but has
fewer side effects on the gastrointestinal tract. As a result of these studies, the active
ingredient ibuprofen was discovered in 1961 [2]. Despite the toxicity of Aspirin®,
especially in cats, Aspirin® is still considered indicated in some diseases today, even
if different medications are used. Therefore, in this review study, a perspective on
limited indications versus contraindications is examined.

2. History of aspirin

Aspirin® is one of the most widely used drugs today. It has been the most
interesting drug throughout history. Its history dates back to 3500 years ago. It was
used by Sumerians and Egyptians for joint diseases. During these periods, it was
obtained as extracts from the willow tree (especially its bark) and these extracts were
applied topically [11]. Later, it was recorded that it was used during the times of
Hippocrates and Galen, the famous scientists of the period, and it was used for
analgesic purposes in a geography extending from South Africa to North America [12].
It is mentioned that it is used especially for joint pains and headaches during these
periods. Later, in the third century, the use and effect of salicylates spread to the Far
East [11].

In the 18th century, the willow tree was mentioned as “The Bark of an English
Tree” by Lord Edward Stone. Lord mentioned its analgesic properties and suggested
its use in the treatment of malaria [13]. In the following century, it was studied for its
commercial form and its extract was obtained and put on the market [14]. The
commercial form of acetylsalicylic acid spread throughout the world soon after it was
produced and became widespread immediately. It was used by famous people during
these periods. State leaders were also among these people. Even famous writers
mentioned Aspirin® in their books and works. This fame made the drug itself the
subject of textbooks. As the years progressed, it began to be produced in different ways
by different manufacturers. However, information about the mechanism of action was
very limited [11].

In the 1900s, Aspirin® and other NSAIDs began to be investigated in more detail,
and a number of studies were conducted only in the later years of the 20th century [11].
In these studies, prostaglandins were studied for their mechanism of action. One of the
most important of these was made by Sir John Robert Vane. The study was published
in 1971 and focused on the mechanisms of action of aspirin-like drugs. The study
mentioned, but was not limited to, the antipyretic, anti-inflammatory and analgesic
effects of anti-inflammatory drugs. In addition, its bronchoconstrictor effects were also
mentioned. In addition to the mechanism of action, gastrointestinal effects were
mentioned as side effects. In this regard, peptic ulcers have been mentioned [15]. This
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study shed great light on the unknown mechanism of action of Aspirin® [11]. Despite
such side effects, different drugs such as ibuprofen have also been discovered [2].

In the following years, the mechanism of action of Aspirin® became much clear
and its antithrombotic effects began to be mentioned. This situation has set an
important example for the uses of Aspirin® other than its anti-inflammatory properties.
It has been shown that it can be used and even indicated in the treatment of
cardiovascular diseases [11].

Today, it is known that Aspirin® is indicated for the treatment of many
diseases and also has many side effects. Studies are progressing further than
the mechanism of action, towards indication areas and reducing side effects.
For this purpose, the aim is to determine appropriate dose ranges, determine the
lowest effective dose ranges throughout the disease and use them correctly. Studies
are being conducted on the use of Aspirin® in many areas beyond anti-inflammatory
processes, from cardiovascular diseases to cancer treatment. In modern days, it
is known as the most widely used drug in the world [11].

3. Mechanism of action

Although Aspirin® is a weaker analgesic than strong analgesics, it is a very
effective analgesic for mild and moderate pain [4]. It is an ester of acetic acid
hydrolyzed to salicylic acid by esterases found in the gastrointestinal tract and liver
and is a weak acid [2].

Aspirin® is absorbed from the stomach and duodenum because it is lipophilic [12].
The absorption of the drug depends on many factors such as stomach pH and food
intake [16]. It inhibits the biosynthesis of thromboxane A2 (TXA2) and other
prostaglandins. TXA?2 is a prostanoid produced by the oxidation of arachidonic acid
produced from membrane phospholipids. Arachidonic acid, on the other hand, plays a
role in the production of prostaglandin H2 (PGH2) and TXA2 through its
cyclooxygenase (COX) activity [14]. They permanently inhibit COX function. Finally,
they are cleared from the body by conjugation with glucuronic acid and glycine [17].
They are excreted from the body through the kidneys, and the excretion rate may vary
depending on the urine pH [16]. As the urine pH increases, their excretion from the
urine increases, and while they are excreted from the urine, they also reduce the pH of
the urine [18].

® is a phenol compound and it can not be adequately glucuronidated in

®

Aspirin
cats due to glucuronyl transferase deficiency. However, dogs may tolerate Aspirin
better [2]. It is also suitable for use in cattle and goats. They are not preferred
in newborns because biotransformation is insufficient and urinary excretion is
limited. The absorption of enteric-coated Aspirin® is thought to be low [18].

4. Contraindications

Aspirin® may increase bleeding times and lead to anemia due to its antiplatelet
effect [19]. Additionally, it should be used with caution in patients with respiratory
diseases as it may cause oxidative damage and asthma [20]. Aspirin® causes blood pH
to increase due to hyperventilation and associated CO; loss. This may result in
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respiratory alkalosis. The kidneys may cause metabolic acidosis by secreting bases
such as sodium bicarbonate to reduce the increasing pH. Aspirin® causes blood pH to
increase due to hyperventilation and associated CO> loss. This may result in
respiratory alkalosis. The kidneys may cause metabolic acidosis by secreting bases
such as sodium bicarbonate to reduce the increasing pH [19]. In addition, due to its
undesirable effects such as gastrointestinal ulcers, its therapeutic index is very narrow
and therefore it should be used with extreme caution. Compared to Aspirin®, the use
of clopridogrel, which has fewer side effects in terms of its antithrombotic effect, is
preferred. However, its combined use with Aspirin® has been reported to cause
gastrointestinal side effects in humans [6].

Aspirin® can cause serious toxicities in the liver of cats [21]. Almost all NSAIDs
can cause stomach damage. Most NSAIDs are acidic and damage the gastric mucosa.
NSAIDs may reduce mucosal proliferation. However, whether mucosal proliferation
can cause gastropathy is still a matter of debate. In particular, the local toxic properties
of Aspirin® are known. Aspirin® causes fever, respiratory alkalosis, metabolic acidosis,
stomach irritation and liver necrosis. Ataxia and seizures may occur at high doses.
Additionally, electrolyte disorders and depression may occur [17]. At the same time,
Aspirin® is assumed to be a hemolytic agent and may cause hypoprothrombinemia
[21]. In human studies, it has been reported that Aspirin® may cause acute renal failure
[22]. It can cause deterioration of kidney function in people with chronic kidney
disease (CKD). CKD, the most common kidney disease in cats, is especially common
in older cats and is irreversible. As a result of the disease, there is a decrease in kidney
functions. Since it is a progressive disease, the aim is to slow the progression of the
disecase. The disease may also cause thrombosis. For this reason, its use is not
recommended, especially in geriatric patients and patients with CKD [6]. Also
NSAIDs can cause severe organ damage [16].

The reason why it causes stomach ulcers is thought to be related to the decrease
in mucosal prostaglandin levels due to inactivation of the prostaglandin system [23].
It is thought that a barrier disorder occurs in the back diffusion of hydrogen ions of
Aspirin®, which is absorbed through nonionic diffusion. As a result, lesions and
injuries may occur due to the back diffusion of hydrogen ions into the mucosa.
However, these hypotheses can not explain the gastric lesions formed in Aspirin®
applications outside the gastrointestinal tract [24].

Aspirin® reduces prostaglandin formation and increases leukotriene formation,
which has inflammatory effects. This makes the stomach non-resistant to simple
ulcerogenic agents. It is also deacetylated with salicylate immediately after inhibition
of COX activity. Aspirin® and salicylate are toxic to mucosal epithelial cells. Salicylate
disrupts mucosal barrier function, reduces ATP and accelerates proton loss [20].
Aspirin® can also cause mucosal damage in the intestine [25].

Especially its use with corticosteroids or other NSAIDs increases the risk of
stomach ulcers. For this reason, it should not be used with other NSAIDs [16]. Renal
excretion may be delayed with some drugs, such as furosemide. In addition, drug
effectiveness decreases when used together with Furosemide in heart diseases. It has
been reported that it reduces or prevents the effectiveness of spironolactone [18].

In a study conducted in the past years, it was reported that intravenous Aspirin®
administration alone did not cause stomach ulcers, but its combined use with histamine
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caused stomach ulcers [26]. In a similar study, it was reported that intravenous

histamine and intravenous Aspirin®

caused stomach ulcers equally in cats [27].
Additionally, the risk of erosion increases if there is ongoing bleeding in the stomach
[28]. For this reason, it is recommended to take Aspirin® with or after a meal on a full
stomach and use it together with stomach protectors such as proton pump inhibitors or
H2-receptor antagonists [25].

It has been suggested that Aspirin® may cause hypoplasia in the bone marrow. In
a study, severe anemia and Heinz bodies in red blood cells were observed in some cats
treated with Aspirin®, and the cause of the anemia was thought to be due to
gastrointestinal tract bleeding [21]. It is unsafe to use in pregnant animals and has
teratogenic effects. It can also delay birth. In addition, there is a risk of bleeding in
long-term use, it can pass through the placenta and decrease to fetal levels and even
pass into milk [18].

NSAIDs should not be used in cats with sensitivity, anemia, stomach
ulcers, asthma, and organ failure such as the liver, as they are eliminated from
the body as a result of liver metabolism. In addition, it should be used with extreme
caution in creatures that are dehydrated or have other abnormal clinical findings [16].

Gastric lavage, symptomatic and supportive treatment are applied for treatment
of toxicity [17]. In fact, some veterinarians do not recommend prescribing Aspirin® to
cats, even in low doses [21]. It should be used with caution, especially in elderly cats
and cats with kidney or liver disease [12]. In addition, although its use in the treatment
of pain, fever and inflammation is not clear enough, reports of toxicosis due to
Aspirin® are very few [17,18].

5. Indications

NSAIDs are used specifically to treat inflammation. The concept of inflammation
is the reaction of the tissue due to damage. This may be caused by microorganisms
such as bacteria and viruses, but also by physical factors such as heat or trauma. In
such cases, the analgesic properties of aspirin are used. However, aspirin prevents the
body temperature from rising as a result of the inflamed area, due to its antipyretic
properties [16]. It is recommended to use it in combination with opioids for pain
management in cats. At the same time, its anti-inflammatory effect is used in the
treatment of arthritis. The many therapeutic effects of aspirin are very advantageous
for veterinary medicine [16].

It has been reported that the increase in body temperature caused by bacterial
pyrogen was reduced from 40.2 °C to 39.30 °C with Aspirin® and the prostoglandin-
like activity in the cerebrospinal fluid was reduced [29]. Pain management is a big
problem in cats. Because cats are extremely sensitive to most drugs and most drugs
are toxic to cats. However, Aspirin® can be used for short periods of time [30]. Its
analgesic, anti-inflammatory and antithrombotic effective dose is administered
enterally every 48—72 h [18].

Nowadays, its use in cats has become widespread, especially due to its
antithrombotic effect [17]. It can be used in the treatment and even prevention of
thrombosis that occurs as a result of heart and brain diseases [25]. It is also
recommended to prevent thrombosis in diseases such as cardiomyopathy and
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heartworm [17]. By inhibiting the COX enzyme, NSAIDs suppress the production of
TXA2, which is the activator of platelet aggregation [1].

Thromboembolism may occur as a result of cardiac, inflammatory,
metabolic or neoplastic processes [31]. While in the systemic circulation,
thrombi can occlude arterial segments and alter tissue perfusion. Treatment options
are limited and relapses are common [32]. Aspirin® permanently inhibits the COX
activities of PGH synthase-1 and PGH synthase-2 [31]. There are three different
cyclooxygenase enzymes: COX-1, COX-2 and COX-3. While COX-1 plays a role in
cell communication, COX-2 plays a role in the production of prostanoids responsible
for inflammatory reactions in inflamed areas. As a result of acetylsalicylic acid
inhibiting COX-2, analgesic and anti-inflammatory effects are observed. COX-3 plays
arole in pain and increase in body temperature, especially in humans [16]. COX-1 and
COX-2 catalyze the conversion of arachidonic acid to PGH2, the precursor of TXA2.
TXA2 induces platelet aggregation and vasoconstriction. As a result, platelet function
increases. Vascular endothelial cells convert PGH2 into prostacyclin (PGI2). PGI2
inhibits platelet aggregation and induces vasodilation. TXA?2 is produced by platelets
via COX-1. PGI2 is produced by the vascular system with COX-1 and COX-2.
Aspirin® also creates permanent defects in TXA2 synthesis (Figure 1) [31].

Phospholipid Membrane

ASA I Phospholipase A,

Arachidonic Acid

Cyclooxygenase Lypoxygenase (LOX)
(COX 1/COX 2)

Prostaglandin H, Leukotriene A,

Thromboxanes Prostaglandins  Leukotriene B; Leukotriene Cy D, E,

Figure 1. As a result of the binding of acetylsalicylic acid to COX-1 and COX-2, it
causes the inhibition of protsaglandins and, as a result, platelet aggregation. ASA:
Acetylsalicylic asid [33].

Hypertrophic cardiomyopathy is the most common disease that causes heart
failure in cats. While the disease fundamentally changes the functioning of the heart,
it also changes the level of trace elements. While copper levels are high in male cats,
a study on canine dilated cardiomyopathy showed significant changes in selenium
levels depending on age [34,35]. It has been suggested that platelets may be
hyperreactive in cats with hypertrophic cardiomyopathy (HCM). On the other hand, it
is suggested that although Aspirin® can not completely prevent platelet aggregation, it
may limit it to some extent [1]. Aortic thromboembolism may develop in cats with
HCM. The most important factors in this risk factor are left atrial enlargement and
associated weakness of function. For this reason, the use of clopidogrel is
recommended in cats with HCM and at risk of developing aortic thromboembolism.
Clopidogrel is constantly spit out by cats due to its bad taste and also does not
completely eliminate the risk of aortic thromboembolism. For this reason, it is
recommended to use it in combination with another antithrombotic drug, especially
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aspirin [36]. Aspirin® may be considered as a treatment option in cats with left atrial
enlargement. For this purpose, it is aimed to reduce platelet function [37]. However,
Aspirin® can not be used alone as an antithrombotic agent in cats with cardiomyopathy
[38]. It has been reported that the combination of clopidogrel and Aspirin® may be
effective in the treatment of arterial thromboembolism [39]. Additionally, there are
opinions arguing that clopidogrel is much more effective and better tolerated than
Aspirin®[32]. Platelet levels are important in determining the risk of thrombus in cats
with HCM. The decrease in platelet count increases the number of platelets and a
hypercoagulative state occurs. Although the use of acetylsalicylic acid appears to be
indicated in cats at risk of thrombus, further studies are recommended to evaluate the
risk of thrombus in cats with HCM, particularly based on blood parameters such as
platelets [40].

In some studies, it has been reported that Aspirin® increases the survival rate after
endotoxin applications [41]. Other studies have also reported that Aspirin® inhibits
acute vascular responses to endotoxins in cats [42]. In human cancer studies, the anti-
cancer activity of Aspirin® has been suggested. Accordingly, it is thought that
Aspirin®’s antithrombotic and anti-inflammatory effects may prevent cancer [43].
However, the platelet inhibition effectiveness of Aspirin® is still a matter of debate
[37]. Aspirin also has pro-apoptotic effects. It destroys cancer stem cells and also
inhibits the genes that cause cancer development. In this regard, it induces the arrest
of GO/G1 cell cycle phases [44].

Clarence et al. (1990) examined the effect of Aspirin® in cats experimentally
transplanted with heartworms, but no satisfactory response was obtained. However, as
a result of the study, less arteriosclerosis was observed [45]. According to some studies,
Aspirin® increases the absorption of ascorbic acid from the intestines, while other
studies have observed that its excretion in the urine increases [46]. It has also been
reported to suppress the development of lung lesions [41].

Aspirin® is recommended at a dose of 10-20 mg/kg twice a day for dogs and once
every other day for cats. Toxicosis may not be observed in cats at doses of 25 mg/kg
every other day [6]. In a study conducted on this subject, a clinical improvement of
nearly 50% was reported with the use of Aspirin® at a dose of 25 mg/kg every three
days in cats with thromboembolism [47]. The clinical efficacy of lower doses is still a
matter of debate [6].

In one study, 35 cats received Aspirin® at doses ranging from low doses up to
200mg/kg, resulting in mucosal lesions, including ulcers. However, the frequency of
lesions did not change in cats given low doses. Additionally, as a result of applications
at a dose of 200 mg/kg, a decrease in body weight, anorexia and even death was
observed. In the same study, death was observed even at relatively lower doses of
50mg/kg, and bronchopneumonia was found on necropsy [24].

6. Safer use of acetylsalicylic acid

Although acetylsalicylic acid is widely used in human and veterinary medicine,
it has many side effects. The most discussed side effect in the literature is
gastrointestinal mucosal damage. This carries the risk of damaging the gastric mucosa
even at very low doses in cats and humans. For this reason, its administration to those
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at risk of bleeding, those who have previously had a stomach ulcer, and geriatric
patients is limited [44]. Despite all this, there are many indications in both human and
veterinary medicine. Therefore, using aspirin in safer doses or the production of a safer
Aspirin® model is of great importance for human and veterinary medicine. Studies on
this subject are not yet sufficient.

Despite the side effects of Aspirin®, various studies have been conducted,
especially in human medicine. These studies were generally conducted for
gastrointestinal effects. For this reason, instead of bolus administration, low-dose
infusion applications were tried and as a result, a high degree of platelet selectivity
was obtained. However, it has the potential to cause inflammation in the
gastrointestinal tract. It has also been suggested that Aspirin® is absorbed through the
skin as a result of transdermal applications and may reduce gastrointestinal side effects
[48]. In addition, simultaneous use with proton pump inhibitors or H2 receptor
antagonists is recommended [44].

A method developed against gastrointestinal side effects is the use of enteric-
coated Aspirin tablets. It is thought that this type of Aspirin® tablets may cause less
damage to the gastrointestinal mucosa. It has also been suggested that enteric-coated
tablets will cause less erosion in long-term use [14]. It has also been reported that the
cardiovascular prophylactic effect of enteric-coated Aspirin tablets remains sufficient
[49]. However, TXA2 inhibition of enteric-coated Aspirin tablets is much lower than
standard Aspirin tablets. Moreover, although it does not damage the gastric mucosa, it
may cause mucosal erosion in the small intestine. This brings into focus the discussion
that enteric-coated tablets have clinically significant improvements [50].

In one study, the prostaglandin analog misoprostol, which is used to prevent
gastrointestinal lesions resulting from the use of NSAIDs in humans, was tested on
dogs. It has been suggested that misoprostol inhibition of stomach acid production
may be effective against the gastrointestinal side effects of NSAIDs. As a result, it has
been reported that if misoprostol is given to dogs treated with aspirin, it can prevent
the development of gastroduodenal lesions [51].

As a result, methods to reduce the gastrointestinal side effects of Aspirin include
avoiding long-term use and simultaneous use of other anticoagulants or steroidal drugs.
In addition to medications, the use of NSAIDs with alcohol or in the presence of
bacterial infection increases the risk of gastrointestinal, mucosal damage and even
bleeding. It is recommended to use it together with stomach protectors such as proton
pump inhibitors or H2-antagonists [52]. Despite the negative effects of aspirin-induced
COX inhibition, prostaglandin-inducing agents can be used or external prostaglandin
application can be made [44]. Apart from these, the mechanisms associated with a
safer form of aspirin are still under investigation. Discovery of these forms or
mechanisms will be a ray of hope for many future treatments, especially in cats.

7. Conclusions

Acetylsalicylic acid is a non-steroidal anti-inflammatory drug used in a wide
range of areas, from simple pain management to the treatment of complex
cardiovascular complications. While it has a wide range of uses, especially in human
medicine, its use is limited in cat practice because it can not be glucuronidated
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sufficiently. It is especially known to cause stomach ulcers. However, despite its
contraindications, there are many indication areas in cats. It is possible to benefit from
its antithrombotic effects in inflammatory and heart diseases. However, it should be
used with caution due to its side effects. The effectiveness of aspirin needs to be
studied further. We believe that if studies are carried out to reduce the toxic effects of
the drug in cats, it will find use in the treatment of many diseases with correct dosing
and use in the right situations.
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