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ABSTRACT

Aspirin is the acetate ester of salicylic acid and acts by binding irreversibly to cyclooxygenase-1 and
cyclooxygenases-2. The inhibition of cyclooxygenase-2 mediates antipyretic, analgesic, and anti-inflammatory
actions of nonsteroidal anti-inflammatory-drugs and the adverse-effects are caused by inhibition of
cyclooxygenase 1 and cyclooxygenase 2. The analgesic-antipyretic dose of aspirin is 325 to 1,000 mg orally 4
times-daily or 6 times-daily. Aspirin is consumed most often at low-doses for cardio-protection and at higher
doses as an analgesic, antipyretic, and anti-inflammatory agents. Orally ingested aspirin is absorbed rapidly
and the peak concentration is reached in about 1 hour. The efficacy and safely of aspirin, the prophylaxis and
the treatment with aspirin and the trials conducted with aspirin have been reviewed. Aspirin is conjugated
with glucuronic acid by UDP-glucuronosyltransferase UGT1A6 and is deacetylated into salicylic acid by the
cytochrome P-450 CYP2C9. The pharmacokinetics of aspirin have been studied in healthy volunteers who
received 100 mg of enteric-coated sustained-release before (pre-prandially) and post (post-prandially) a high-
calorie high-fat breakfast and also received 100 mg of aspirin tablets. The elimination half-life of aspirin is
0.43+0.08 hours (pre-prandially), 1.44+0.59 hours (post-prandially), and 4.32+1.04 hours (aspirin tablets). The
toxicity induced by aspirin and the treatment of aspirin poisoning have been reviewed. The aim of this study is to
review aspirin efficacy and safely, prophylaxis and treatment and trials conducted with aspirin. The metabolism
and the pharmacokinetics of aspirin and the toxicity induced by aspirin and the treatment of aspirin poisoning
have also been reviewed.
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Introduction

Mechanism of Action of Aspirin

tory diseases such as arthritis, spondyloarthropathies, and systemic
lupus erythematous; nonsteroidal anti-inflammatory drugs with an
assumed better gastrointestinal safely profiles are preferred. Aspi-

Aspirin is the acetate ester of salicylic acid and acts by binding the
prostaglandin synthase enzymes colloquially known as cyclooxygen-
ases. There are two forms of cyclooxygenase: cyclooxygenase-1 and
cyclooxygenase-2. The inhibition of cyclooxygenase-2 is thought to
mediate, in large part, the antipyretic, analgesic, and anti-inflamma-
tory actions of nonsteroidal anti-inflammatory drugs. Adverse-effects
are largely caused by inhibition of cyclooxygenase-1 and cyclooxygen-
ase-2 in tissues in which they fulfil physiological functions such as the
gastrointestinal-tract, the kidney, and the cardiovascular system. As-
pirin irreversibly binds the cyclooxygenase-1 and cyclooxygenase-2

[1].
Therapeutic Uses of Aspirin

The analgesic-antipyretic dose of aspirin in adults is 325 to 1,000
mg orally 4 times-daily or 6 times-daily. It is rarely used for inflamma-

rin is consumed most often at low-doses for cardio-protection and
at higher doses as an analgesic, antipyretic, and anti-inflammatory
agent. The anti-inflammatory doses of aspirin, as might be given in
rheumatic fever, range from 4 to 8 grams daily in divided doses. The
maximum recommended daily dose of aspirin for adults and children,
aged 12 years or older, is 4 grams. The rectal administration of aspi-
rin suppositories may be preferred in infants or when the oral route
is unavailable. Aspirin suppresses clinical signs and improves tissue
inflammation in acute rheumatic fever [1].

Absorption, Distribution, Metabolism, And Elimination of
Aspirin

Orally ingested aspirin is absorbed rapidly, partially from the
stomach, but mostly from the upper small intestine. The peak plasma
concentration is reached in about 1 hour. The rate of absorption is
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determined by disintegration and dissolution-rates of the tablet ad-
ministered, by the pH at the mucosal surface, and by the gastric emp-
tying time. Even though aspirin is more ionized as the pH is increased,
a rise in pH also increases the solubility of aspirin and thus the dis-
solution of the tablets and the presence of food delays absorption of
aspirin. After absorption, aspirin is distributed throughout most body
tissues and intracellular fluids, primarily by pH-dependent processes.
Aspirin is transported actively out the cerebrospinal fluid across the
choroid plexus. Roughly 90% of aspirin in plasma is bound to pro-
teins, especially albumin. Hypalbuminaemia is associated with a pro-

portionately higher concentration of free aspirin in plasma. Aspirin is
rapidly deacetylated to form salicylic acid by spontaneous hydrolysis
or by esterases located in the intestinal wall, red blood cells, and liver.
The three chief metabolic products are salicyluric acid (the glycine
conjugate), the ether or phenolic glucuronide, and the ester or acyl
glucuronide. Aspirin and its metabolites are excreted in the urine and
the excretion of aspirin is variable and depends on the dose and the
urine pH. The elimination half-life of aspirin in plasma is about 20 min
[1] (Figure 1).

O

Figure 1: Aspirin molecular structure (molecular weight = 180.159 grams/mole).

Literature Search

The literature search was performed electronically using PubMed
database as search engine and the following key words were used:
“aspirin efficacy, safely”, “aspirin prophylaxis”, “aspirin treatment”,
“aspirin trials”, “aspirin metabolism”, “aspirin pharmacokinetics”,

and “aspirin toxicity”. In addition, the book: Goodman@Gilman'’s. The

» o«

Pharmacological basis of Therapeutics [1] has been consulted.

Results
Efficacy and Safely of Aspirin

Aspirin effectively and safely reduced the risk of myocardial in-
farction in patients without cardiovascular disease, but it did not
reduce the risk of all-cause death, cardiovascular death, and stroke,
and increased the risk of major bleeding, gastrointestinal bleeding,
and haemorrhagic stroke [2]. Among 2,851 patients, 2,289 patients
(80.3%) received 100 mg daily of aspirin (low-dose) and 562 patients
(19.7%) received = 200 mg daily of aspirin (high-dose). In patients
with ST-segment elevation myocardial infarction undergoing primary
percutaneous coronary intervention, discharge on high-dose rather
than low-dose of aspirin may increase the rate of major bleeding with-
out providing additional ischemic benefit [3]. Aspirin administered at
the daily dose of 100 mg safely prevents thrombotic complications
in patients with polycythaemia vera who have no contraindications
to such treatment [4]. It was assessed the efficacy and safely of 100
mg daily of aspirin combined with low-molecular-weight heparin in

treatment of preeclampsia. The daily dose of 100 mg of aspirin com-
bined with low-molecular-weight heparin treated preeclampsia and
may be advantageous to improve blood pressure, 24-hour protein-
uria, coagulation function, and it may reduce the adverse-effects in
pregnant women without increasing adverse perinatal outcomes [5].
Patients who received 100 mg daily of aspirin had reduced risks of
colorectal cancer and gastric cancer and an increased risk of gastro-
intestinal bleeding [6].

Prophylaxis with Aspirin

Aspirin administered at the daily dose of 100 mg prevented the
overall risk of venous thromboembolism without increasing the risk
of bleeding [7]. Aspirin administered at the daily dose of 100 mg pre-
vented the venous thromboembolism and major vascular events with
improved clinical benefit [8]. Low-dose of aspirin (100 mg daily) for
primary prevention of venous thromboembolism must be cautiously
prescribed because of the increased risk of major bleeding [9]. There
was no statistically significant difference in the frequency or types of
traumatic intracranial haemorrhage between patients who received
prophylactic aspirin at the daily dose of 100 mg and those who had
not. Low-dose of aspirin did not increase surgically relevant paren-
chymal or meningeal bleeding following moderate and minor head
injury in patients aged older than 60 years [10]. Low-dose of aspirin
(100 mg daily) administered to patients with limited comorbidities
undergoing primary total hip arthroplasty and knee arthroplasty is
associated with significant low-rates of bleeding and suture reactions
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than high-dose aspirin (325 mg daily). Low-dose of aspirin was not
inferior to higher dose aspirin for the prevention of venous throm-
boembolism, wound complications, and infection 90-days postop-
eratively [11]. Low-dose of aspirin (100 mg daily) was not inferior
to high-dose aspirin (325 mg daily) for prophylaxis in patients with
venous thromboembolism who underwent total joint arthroplasty.
Additionally, patients treated with aspirin for less than 4-weeks may
have a higher risk of major bleeding and 90-day mortality compared
to patients treated for a longer duration [12].

Comparing low-dose of aspirin (81 mg twice-daily) to high-dose
aspirin (325 mg twice-daily) as a venous thromboembolism prophy-
lactic agent, low-dose of aspirin had a lower per-prosthetic joint in-
fection-rate. This may be attributable to a balance of anti-infective
properties and antiplatelet effects of aspirin [13]. Aspirin prophylaxis
should be considered in patients with hip fracture to mitigate risk of
bleeding particularly in patients with low-risk of intermediate venous
thromboembolism [14]. Of 36,333 patients undergoing total joint ar-
throplasty 1,087 patients (3.0%) had a history of venous thromboem-
bolism and did not receive aspirin. The risk of subsequent thrombo-
embolism was significantly higher (P-value = 0.03) in patients with
a history of venous thromboembolism (1.4%) compared to patients
without venous thromboembolism (0.9%). Aspirin administered at
the daily dose of 100 mg is a suitable prophylaxis for the prevention
of venous thromboembolism in patients with venous thromboembo-
lism [15].

Treatment with Aspirin

Seven patients with N-ERD received aspirin at the daily dose of
300 mg for 12 years. There was no change in respiratory function pa-
rameters following the 12-year aspirin treatment. There was signifi-
cant improvement in the quality of life and the need for endoscopic
sinus surgery due to the recurrence of nasal polyps decreased signifi-
cantly (P-value < 0.0001). At the 12-year follow-up, all symptoms im-
proved and the improvement in the postnasal drip score was statisti-
cally significant (P-value = 0.046). Long-term regular treatment with
aspirin at the daily dose of 300 mg in patients with N-ERD improved
symptom scores, and alleviated the need for endoscopic sinus surgery
due to nasal polyp recurrence [16]. Among 10,018 patients, aged =
65 years, who had no absolute contraindications to aspirin, 6,140 pa-
tients (61.3%), with the highest risk of death received aspirin within
the first 2 days of hospitalization. The use of aspirin was associated
with 22.1% lower odds of 30-day mortality. The use of aspirin in pa-
tients with acute myocardial infarction is an excellent opportunity to
improve the delivery of care to elderly patients [17]. Children with
arthritis received aspirin at the daily dose of 80 to 100 mg/kg and this
treatment led to the desired serum salicylate concentration of 200 to
250 pg/ml. Gastric irritation, the most frequent adverse-effect, was
significantly reduced by the use of enteric-coated aspirin. At the onset
of aspirin therapy in children, there is frequently moderate elevation
of SGOT and SGPT liver enzyme levels. With continued treatment,
these levels usually fall into normal values [18].

One-hundred-forty-nine sterile women received aspirin at the
daily dose of 100 mg and 149 sterile women received placebo. The
number of follicles was 19.8+7.2 versus 10.2+5.3 (P-value < 0.05), the
number of oocytes retrieved 16.2+6.7 versus 8.6+4.6 (P-value < 0.05),
the serum E2 levels were 2,923.8+1,023.4 versus 1,614.3+791.7
pg/ml (P-value < 0.05), the uterine pulsatility index was 1.22+0.34
versus 1.96+0.58 (P-value < 0.05), the ovarian pulsatility index was
1.18+0.31 versus 1.99+0.56 (P-value < 0.05), the pregnancy rate was
45.1% versus 28.2% (P-value < 0.05), and the implantation rate was
17.8% versus 9.2% (P-value < 0.05). Low-dose of aspirin treatment
significantly improves ovarian responsiveness, uterine and ovarian
blood flow velocity, and pregnancy-rates in women undergoing in-vi-
tro fertilization [19].

Trials Conducted with Aspirin

It was compared aspirin alone to the combination of aspirin plus
rivaroxaban for secondary cardiovascular prevention in patients with
stable coronary artery disease and/or peripheral artery disease. Five
randomized controlled trials involving 33,959 patients were included
in the final analysis. These trials showed that rivaroxaban plus aspirin
was more effective than the standard therapy of aspirin alone in the
prevention of secondary cardiovascular events, major adverse cardio-
vascular events and/or major adverse limb events, but the combina-
tion increased major bleeding. However, the combination treatment
was associated with increased of major bleeding [20]. Randomized
controlled trials compared the efficacy of aspirin in patients with-
out established atherosclerotic disease. At a mean follow-up of 6.6
years, aspirin was not associated with a lower incidence of all-cause
mortality (P-value = 0.300). However, aspirin was associated with an
increased incidence of major bleeding (P-value < 0.0001) and intra-
cranial haemorrhage (P-value = 0.001) and with a lower incidence
of myocardial infarction (P-value = 0.006). Among patients without
established cardiovascular disease, aspirin was not associated with
a reduction in the incidence of all-cause mortality; however, it was
associated with an increased incidence of major bleeding [21]. It was
conducted a randomized, controlled trial to determine if the benefits
and risks of aspirin treatment in the primary prevention of cardio-
vascular disease vary by sex. Aspirin therapy was associated with a
significant 14.1% reduction in cardiovascular events (P-value = 0.01)
and a 32.0% reduction in myocardial infarction (P-value = 0.001).

There was no significant effect on stroke or cardiovascular mor-
tality. Aspirin treatment increased the risk of bleeding in women
(P-value = 0.01) and in men (P-value < 0.001). For women and men,
aspirin therapy reduced the risk of a composite of cardiovascular
events due to its effect on reducing the risk of ischemic stroke in
women and myocardial infarction in men. Aspirin significantly in-
creased the risk of bleeding to a similar degree among women and
men [22]. It was performed a multicentre, double-blind trial to inves-
tigate the efficacy of 3 aspirin regimens. Patients received low-dose
of aspirin (N = 245) and were randomized (1:1:1) to receive 100 mg
of aspirin 1, 2, or 3 times-daily for 2 weeks. Patients who received as-
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pirin thrice-daily reported a higher abdominal discomfort score. The
currently recommended aspirin regimen of 75 to 100 mg once-daily
for cardiovascular prophylaxis appears to be largely inadequate in
reducing platelet activation. The antiplatelet response to low-dose of
aspirin can be markedly improved by shortening the dosing interval
to 12 hours [23]. It was conducted a clinical trial in 11,560 patients
with peripheral artery disease. In these patients, low-dose of rivarox-
aban plus aspirin is superior to aspirin alone in reducing cardiovascu-
lar and limb outcomes in patients undergoing major vascular ampu-
tation. This reduction is due to a relative increase in major bleeding.
These results support the use of combination low-dose of rivaroxaban
plus aspirin in patients with peripheral artery disease [24].

Metabolism of Aspirin

(Palikhe, et al. [25]) observed that aspirin is conjugated with glu-
curonic acid by UPD-glucuronosyltransferase UGT1A6 and is hydrox-
ylated by cytochrome P-450 CYP2C9. (Boji¢, et al. [26]) stated that
aspirin is rapidly deacetylated by CYP2C9 into salicylic acid, which
forms two hippuric acids: salicyluric acid and gentisic acid (Figures

O

2 & 3). (Rashid, et al. [27]) studied the metabolism of aspirin in 12
healthy male volunteers who received a single oral dose of 600 mg
of aspirin. Aspirin is eliminated mainly by kidney as salicyluric acid
(75%), free salicylic acid (10%), salicylic phenol (10%), aspirin glu-
curonide (5%), and gentisic acid (1%) (Figures 4 & 5). (Navarro, et al.
[28]) studied the interindividual variation in aspirin metabolism and
observed the effect of sex and ethnicity on the variation in UDP-glu-
curonosyltransferases. Table 1 shows the urinary excretion of aspirin
and its metabolites and their variation according the sex and ethnicity
(Table 1). All statistical analysis was performed on log-transformed
percent of metabolites recovered (metabolite/total x 100) adjusted
for body-mass-index, age, UGT1A6 genotype, sex, ethnicity, and uri-
nary volume and pH. Other ethnicity includes unknown/refused (N =
25), mixed races (N = 42) American Indian (N = 2) and Pacific Islands
(N = 3). aP-value < 0.05 male versus female. bP-value < 0.05 versus
Caucasian (concentrations do not total 100% due to adjustment). Ta-
ble 1 presents the mean percent of metabolites eliminated by sex and
ethnicity. Statistically significant differences in the ratios of metabo-
lites eliminated were observed between sexes and ethnic groups.

OH

OH

Figure 2: Salicylic acid molecular structure (molecular weight = 138.122 grams/mole).

OH O

OH

Figure 3: Salicyluric acid molecular structure (molecular weight = 195.174 grams/mole).
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OH
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Figure 4: Gentisic acid molecular structure (molecular weight = 154.12 grams/mole).

O
O
OH

Figure 5: Salicylic phenol molecular structure (molecular weight = 214.22 grams/mole).

Table 1: Urinary elimination of aspirin and its metabolites according to the sex and ethnicity. Values are the mean+SD, by Navarro, et al. [28].

Aspirin and aspirin metabolites excreted (%)
Parameter Aspirin Salicylic acid Salicylic a.c1d Salicylic acid l?henohc Salicyluric acid Salicyluric ac1d.phenohc
glucuronide glucuronide glucuronide
Effect of Sex
Male
15.4+0.4 16.8+0.4 33.9+0.1 38.1+0.6 84.7+0.3 20.2+1.5
(N =264)
Female
16.9°+0.4 19.3°+0.4 37.1°40.1 41.4°+0.6 82.4°+0.3 17.241.3
(N =264)
Effect of Ethnicity
Caucasian
15.5+0.3 17.2+40.4 34.2+1.1 38.5+0.5 84.5+0.3 19.4+1.2
(N =180)
Asian
18.6°+0.9 21.3*+0.1 37.7°+1.1 42.3+1.3 81.4°+0.6 14.6°+2.0
(N =120)
African-American
16.0+1.2 19.3+0.2 40.6>+1.9 45.24+2.1 79.4°+0.9 14.543.2
(N =156)
Other
16.6+0.9 18.6+0.1 37.2+1.1 41.2+1.1 82.5+0.6 21.843.2
(N=72)
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Men excreted more salicyluric acid (3%; P-value < 0.001), and
women excreted more aspirin (9%; P-value = 0.03), salicylic acid
(11%; P-value = 0.001), and the glucuronides salicylic acid acyl glu-
curonide and salicylic acid phenolic glucuronide (9 and 10%, respec-
tively; P-value < 0.001 for both). Compared to Caucasians: Asians ex-
creted statistically significantly more aspirin (21%; P-value = 0.002),
salicylic acid (23%; P-value < 0.0001) and salicylic acid acyl glucuro-
nide, (11%; P-value = 0.03) and less salicyluric acid (4%; P-value <
0.0001) and salicylic acid phenolic glucuronide (35%; P-vale < 0.002),
and African-Americans excreted more salicylic acid acyl glucuronide
and salicylic acid phenol glucuronide (16%; P-value < 0.001), and

less salicyluric acid (6%; P-value < 0.04). The interaction term for
sex*ethnicity was statistically significant for salicyluric acid phenolic
glucuronide (P-value = 0.006) and salicyluric acid (P-value = 0.04),
with men excreting more of both metabolites than women for all rac-
es except African-Americans (data not shown). Excretion of urinary
aspirin metabolites did not differ statistically significantly between
UGT1A6 genotypes (data not shown). Of the factors evaluated, eth-
nicity and sex were the greatest, albeit modest, contributors to the
variability in aspirin metabolism, and UGT1A6 was not a major factor
(Figures 6-9).

Figure 6: Aspirin glucuronide (molecular weight = 356.28 grams/mole).

OH

Figure 7: Salicylic acid glucuronide molecular structure (molecular weight = 314.24 grams/mole).
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Figure 8: Salicylic acid phenolic-glucuronide molecular structure (molecular weight = 314.24 grams/mole).
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Figure 9: Salicyluric acid phenolic glucuronide molecular structure (molecular weight = 371.296 grams/mole).

Pharmacokinetics of Aspirin

(Cong, et al. [29]) studied the pharmacokinetics of aspirin in 18
healthy volunteers, aged 18 to 45 years, who had a body-mass-index
ranging from 19.0 to 26.0 kg/m2. Volunteers were randomly divided
into three dosing sequences and received 100 mg of enteric-coated
sustained-release aspirin 30 min before (pre-prandially) and 30 min
after (post-prandially) a high-calorie high-fat breakfast and received
100 mg of aspirin tablets. Table 2 summarizes the pharmacokinetic
parameters of aspirin obtained following the administration of 100
mg of enteric-coated sustained-release aspirin pre-prandially and
post-prandially and following the administration of 100 mg of aspi-
rin tablets (Table 2). This table shows that the peak concentration
of aspirin is higher in volunteers who received enteric-coated sus-

tained-release aspirin pre-prandially than in volunteers who received
enteric-coated sustained-release post-prandially and in volunteers
who received aspirin tablets. The peak concentration of aspirin is
higher in volunteers who received enteric-coated sustained-release
aspirin post-prandially than in volunteers who received aspirin tab-
lets. The time to reach the peak concentration of aspirin is longer in
volunteers who received aspirin tablets than in volunteers who re-
ceived aspirin enteric-coated sustained-release pre-prandially and
in volunteers who received aspirin enteric-coated sustained-release
post-prandially. The time to reach the peak concentration of aspirin
is longer in volunteers who received enteric-coated sustained-release
aspirin pre-prandially than in volunteers who enteric-coated sus-
tained-release aspirin post-prandially.

Table 2: Pharmacokinetic parameters of aspirin which have been obtained in 18 healthy volunteers who received 100 mg of enteric-coated

sustained-release aspirin pre-prandially or post-prandially or received 100 mg of aspirin tablets. Values are the mean+SD, by Cong, et al. [29].

Enteric-coated sustained-release
Parameter Pre-prandially Post-prandially Aspirin tablets
Peak concentration (ng/ml) 758+455 223498 194+61
Tmax (h) 6.75+2.16 4.50+2.11 8.25+5.11
Elimination half-life (h) 0.43+0.08 1.44+0.59 4.32+1.04
AUC,, (h*ng/ml) 1009+452 918+238 845+183

Note: Tmax = time to reach the peak concentration. AUC = area under the concertation-time curve.

The elimination half-life of aspirin is longer in volunteers who
received aspirin tablets than in volunteers who received enteric-coat-
ed sustained-release aspirin pre-prandially and in volunteers who
received enteric-coated sustained-release aspirin post-prandially.
The elimination half-life of aspirin is longer in volunteers who re-
ceived enteric-coated sustained-release aspirin post-prandially than
in volunteers who received enteric-coated sustained-release aspirin
pre-prandially. The area under the concentration-time curve of aspi-
rin is higher in volunteers who received enteric-coated sustained-re-
lease aspirin pre-prandially than in volunteers who received aspirin
tablets. The area under the concentration-time curve of aspirin is sim-
ilar in volunteers who received enteric-coated sustained-release aspi-

rin pre-prandially and in volunteers who received enteric-coated sus-
tained-release aspirin post-prandially. High-calorie high-fat breakfast
affects the pharmacokinetic parameters of aspirin in volunteers who
received enteric-coated sustained-release aspirin.

Toxicity Induced by Aspirin and the Treatment of Aspirin
Poisoning

Aspirin poisoning remains a major clinical hazard, usually result-
ing from accidental ingestions in preschool children, suicidal overdos-
es in adults and teenagers, and therapeutically acquired intoxication
in all ages. Alkalemia or acidemia, alkaluria or aciduria, hypoglycae-
mia or hyperglycaemia, and water and electrolyte imbalances may
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occur. Nausea, vomiting, tinnitus, hyperpnoea, hyperpyrexia, disori-
entation, coma, and/or convulsions are common [30]. The principal
pathophysiologic effect of toxic doses of aspirin are characterized by

1. Stimulation of the respiratory center of the brain, leading to
hyperpnoea and respiratory alkalosis;

2. Uncoupling of oxidative phosphorylation, leading to in-
creased oxygen utilization and glucose demand, increased
oxygen utilization and glucose demand, increased gluconeo-
genesis, and increased heat production;

3. Inhibition of Krebs cycle enzymes, leading to decreased glu-
cose availability and increased organic acids;

4.  Alterations in lipid metabolism and amino acid metabolism,
enhancing metabolic acidosis;

5. Increased fluid and electrolyte losses, leading to dehydra-
tion, sodium depletion, potassium depletion, and loss of buf-
fer capacity.

Therapy of aspirin intoxication should be aimed principally at
replacement of fluid electrolytes, correction of acidemia, administra-
tion of glucose, and enhancement of aspirin elimination [31]. Aspirin
overdose causes acid-base disturbances and organ dysfunction. There
were 108 patients (79 females, 73.1%) and the median age was 28
years (range: 13 to 93 years). The median dose ingested was 7,750 mg
(range, 6,000 to 14,400 mg). Mild toxicity (nausea, vomiting, tinnitus,
or hyperventilation) occurred in 22 patients (20.4%) with a median
dose of 160 mg/kg. Moderate toxicity (acid-base disturbance, confu-
sion) occurred in 16 patients (14.8%) with a median ingested dose of
297 mg/kg. There were no cases of severe toxicity (coma or seizures)
due to aspirin ingestion. The median peak salicylate concentration
was 276 mg/l (range, 14 to 814 mg/1). Acute aspirin overdose caused
only mild to moderate effects in these patients. Treatment of aspirin
poisoning consists in the administration of activated charcoal and so-
dium bicarbonate [32].

Although the overall mortality in aspirin poisoning is low severe
poisoning may cause metabolic acidosis, convulsions, coma, hyperpy-
rexia, pulmonary oedema, and renal failure. Death can occur in 5%
of patients who are severe poisoned and the death is attributable to
cardiac arrest or multiple complications after severe brain damage.
Critically, in severe aspirin poisoning, delay in diagnosis was asso-
ciated with a mortality of 15% compared with a much low-rate in
those patients in whom early diagnosis and initiation of treatment
was made. Elimination of aspirin is increased by alkalinisation of
the urine. There is a 10-fold to 20-fold increase in aspirin clearance
associated with an increase in urine of pH from 5 to 8. Haemodialy-
sis reduces both the mortality and morbidity in patients with severe
aspirin poisoning [33]. Use of low-dose of aspirin is associated with
gastroduodenal mucosal damage and increased risk of upper gastro-
intestinal bleeding.

Many patients on low-dose of aspirin should receive prophylactic
treatment because they often present several risk factors that may
lead to upper gastrointestinal complications in nonsteroidal anti-in-
flammatory drug users. The treatment of aspirin poisoning consists
in the administration of omeprazole, misoprostol, or high-dose fa-
motidine [34]. Low-dose of aspirin (325 mg or less) is widely used
for the management of cardiovascular disease. Although the risk with
low-dose of aspirin alone is less than nonsteroidal anti-inflammato-
ry drugs, given widespread use, aspirin related toxicity has become
a substantial health care problem due to acute and chronic gas-tro-
intestinal bleeding [35]. Aspirin is the main actor in primary and sec-
ondary preventive treatments in cardiovascular diseases. However,
it has several adverse-effects including peptic ulcer formation and
bleeding. Although lower doses are relatively safe, it should keep in
mind that even the lowest dose may cause gastrointestinal bleeding.
Gastrointestinal toxicity profile does not differ between conventional
and enteric-coated aspirin use [36].

In a patient with impaired renal function, injection of intravenous
fluid and urinary alkalization are the mainstays of treatment of aspi-
rin overdose. Repeated doses of charcoal may be a worthwhile inter-
vention when there is no risk of aspiration [37]. Aspirin poisoning is
a challenge clinical entity associated with substantial morbidity and
mortality. Aspirin is dialyzable by haemodialysis and by emoperfu-
sion and extracorporeal treatment is recommended in patients with
severe aspirin poisoning. The intermittent haemodialysis is the pre-
ferred modality of extracorporeal treatment. Emoperfusion and con-
tinuous renal replacement techniques are acceptable alternatives if
haemodialysis is not available [38].

Discussion

Aspirin is the acetate ester of salicylic acid and acts by binding ir-
reversibly to cyclooxygenase-1 and cyclooxygenase-2. The inhibition
of cyclooxygenase-2 mediates the antipyretic, analgesic, and anti-in-
flammatory actions of nonsteroidal anti-inflammatory drugs and the
adverse-effects are caused by the inhibition of cyclooxygenase-1 and
cyclooxygenase-2. The analgesic-antipyretic dose of aspirin is 325 to
1,000 mg 4 times-daily or 6 times-daily and aspirin is rarely used to
treat anti-inflammatory diseases. Orally ingested aspirin is absorbed
rapidly and the peak plasma concentration of aspirin is reached in
1 hour. Aspirin is more ionized as the pH is increased and a rise in
pH increases the solubility of aspirin with consequent increase of as-
pirin absorption. Aspirin is bound to about 90% to plasma protein
mainly to albumin and hypalbuminaemia is associated with a higher
concentration of free aspirin. The three chief metabolites of aspirin
are salicyluric acid (the glycine conjugate), the ether or phenolic glu-
curonide, and the ester or acyl glucuronide [1]. The efficacy and safely
of aspirin have been reviewed. Aspirin effectively and safely reduces
the risk of myocardial infarction in patients without cardiovascular
disease but does not reduce the risk of all-cause death, cardiovascular
death, and stroke and increases the risk of major blending, gastro-
intestinal bleeding, and haemorrhagic stroke [2], 80.3% of patients
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received 100 mg daily of aspirin (low-dose) and 19.7% of patients
received = 200 mg daily of aspirin (high-dose).

In patients with ST-segment elevation myocardial infarction un-
dergoing primary percutaneous coronary intervention, discharge on
high-dose rather than low-dose of aspirin may increase the rate of
major bleeding without providing additional ischemic benefit [3],
aspirin administered at the daily dose of 100 mg safely prevents
thrombotic complications in patients with polycythaemia vera who
have no complications to such treatment [4], the daily dose of 100
mg of aspirin combined with low-molecular-weight heparin treats
preeclampsia, improves blood pressure, 24-hours proteinuria, and
may reduce adverse-effects in pregnant women without increas-
ing adverse perinatal outcomes [5], and patients who received 100
mg daily of aspirin have reduced risk of colorectal cancer and an in-
creased risk of gastrointestinal blending [6]. These results indicate
that aspirin reduces the risk of myocardial infarction but it does not
reduce the risk of all-cause of death, cardiovascular death, and stroke,
and increases the risk of major blending and haemorrhagic stroke,
an aspirin daily dose = 200 mg rather than a daily dose of 100 mg
may increase the rate of major blending without providing addition-
al ischemic benefit in patients with ST-segment elevation myocardial
infarction undergoing primary coronary intervention, the daily dose
of 100 mg of aspirin safely prevents thrombotic complications in pa-
tients with polycythaemia vera, the daily dose of 100 mg of aspirin
combined with low-molecular-weight heparin treats preeclampsia,
improves blood pressure, 24-hour proteinuria, coagulation function,
and reduces adverse-effects in pregnant women without increasing
adverse perinatal outcomes, and the daily dose of 100 mg of aspirin
reduces the risk of colorectal cancer and gastric cancer and increases
the risk of gastrointestinal bleeding.

The prophylaxis with aspirin has been reviewed. Aspirin ad-
ministered at the daily dose of 100 mg prevents the risk of venous
thromboembolism without increasing the risk of bleeding [7], aspirin
administered at the daily dose of 100 mg prevents the venous throm-
boembolism and major vascular events with improved clinical benefit
[8], the daily dose of 100 mg of aspirin prevents the venous thrombo-
embolism and must be cautiously prescribed because may increase
the risk of major blending [9], the daily dose of 100 mg of aspirin does
not increase surgically relevant parenchymal or meningeal bleeding
and minor head injury in old patients with traumatic intracranial hae-
morrhage [10], the daily dose of 100 mg of aspirin administered to
patients with limited comorbidities undergoing total hip arthroplasty
and knee arthroplasty is associated with low-rates of bleeding and
suture reactions than the daily dose of 325 mg of aspirin. Low-dose
of aspirin is not inferior to high-dose of aspirin for the prevention of
venous thromboembolism, wound complication, and infection 90-
days postoperatively [11], the daily dose of 100 mg of aspirin is not
inferior to the daily dose of 325 mg of aspirin for the prophylaxis of
patients with venous thromboembolism who underwent total joint
arthroplasty. Patients treated with aspirin for less than 4-weeks may

have a higher risk of bleeding and 90-day mortality compared to pa-
tients treated for a longer duration [12], comparing the dose of 81 mg
twice-daily of aspirin to the dose of 325 mg twice-daily of aspirin as a
venous thromboembolism prophylactic agent, low-dose of aspirin has
lower pre-prostatic joint infection-rate.

This may be due to a balance of anti-infective properties and
antiplatelet effect of aspirin [13], aspirin prophylaxis should be con-
sidered in patients with hip fracture to mitigate the risk of bleeding
particularly in patients with low-risk of intermediated venous throm-
boembolism [14], of patients undergoing total joint arthroplasty,
3.0% of patients had venous thromboembolism and did not receive
aspirin. The risk of subsequent venous thromboembolism is higher
(P-value = 0.03) in patients with a history of venous thromboembo-
lism (1.4%) compared to patients without venous thromboembolism
(0.9%). Aspirin administered at the daily dose of 100 mg is a suit-
able prophylaxis for the prevention of venous thromboembolism in
patients with venous thromboembolism [15]. These results indicate
that the daily dose of 100 mg of aspirin prevents the risk of venous
thromboembolism without increasing the risk of bleeding, reduces
the rate if recurrence of venous thromboembolism but prevents the
major vascular events, prevents the venous thromboembolism but
may increase the risk of major bleeding, does not increase surgical-
ly parenchymal or meningeal bleeding and minor head injury in old
patients, the daily dose of 100 mg of aspirin administered to patients
undergoing total hip arthroplasty and knee arthroplasty is associated
with lower-rates of bleeding and suture reactions than the daily dose
of 325 mg, and the dose of 100 mg daily of aspirin is not inferior to the
daily dose of 325 mg of aspirin for the prevention of venous throm-
boembolism in patients undergoing total joint arthroplasty, patients
treated with aspirin for less than 4-weeks have higher risk of bleeding
and 90-day mortality than patients treated for longer duration.

Comparing the dose of 81 mg twice-daily of aspirin to the dose
of 325 mg twice-daily of aspirin as a venous thromboembolism pro-
phylactic agent, the low-dose of aspirin has lower pre-prostatic joint
infection-rate and this may be due to a balance of anti-infective prop-
erties and antiplatelet effects of aspirin, aspirin prophylaxis should be
considered in patients with hip fracture to mitigate the risk of bleed-
ing in patients with low-risk of venous thromboembolism, the risk
of subsequent venous thromboembolism is higher (P-value = 0.03)
in patients with a history of venous thromboembolism (1.4%) com-
pared to patients without venous thromboembolism (0.9%). Aspirin
prevents venous thromboembolism in patients with venous throm-
boembolism. The treatment with aspirin has been reviewed. Aspirin
was administered at the daily dose of 300 mg for 12 years to patients
with N-ERD. There was not change in respiratory function parame-
ters and there was significant improvement in the quality of life and
the need for endoscopic sinus surgery due to the recurrence of nasal
polyps decreased significantly (P-value < 0.0001). At the 12-year fol-
low-up, all symptoms improved and the improvement in the postna-
tal drip score was significant (P-value = 0.046). Long-term treatment
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with aspirin at the daily dose of 300 mg in patients with N-ERD im-
proves symptom score and alleviates the need for endoscopic sinus
surgery due to nasal polyp recurrence [16]. Patients, aged = 65 years,
with the highest risk of death received aspirin within the first 2 days
of hospitalisation and the use of aspirin is associated with 22.1% low-
er odds of 30-day mortality.

The use of aspirin in patients with acute myocardial infarction
is an excellent opportunity to improve the delivery of care in elder-
ly patients [17]. Children with arthritis received aspirin at the daily
dose of 80 to 100 mg/kg and this treatment led to the desired salic-
ylate concentration of 200 to 250 pg/ml. Gastric irritation was the
most frequent adverse-effect which was reduced by the use of enter-
ic-coated aspirin. At the onset of aspirin therapy SGOT and SGPT liver
enzymes increased which fall into the range of mild elevation with
the continued treatment [18]. Sterile women received aspirin at the
daily dose of 100 mg and other sterile women received placebo. Low-
dose of aspirin improves ovarian responsiveness, uterine and ovarian
blood flow velocity, and implantation and pregnancy-rates in women
undergoing in-vitro fertilization [19]. These results indicate that pa-
tients with N-ERD received aspirin at the daily dose of 300 mg for 12
years and there is no change in respiratory function whereas there is
improvement in the quality of life and the need for endoscopic sinus
surgery due to the recurrence of nasal polyp decreases significantly.
Long-term treatment with aspirin in patients with N-ERD improves
symptom scores and alleviates the need for endoscopic sinus surgery
due to nasal polyp recurrence, the use of aspirin in old patients is as-
sociated with 22.1% lower odds of 30-day mortality, in children with
arthritis the daily dose of 80 to 100 mg/kg of aspirin produces salic-
ylate concentration of 200 to 250 pg/ml and the gastric irritation is
reduced by using enteric-coated aspirin, there is moderate elevation
of SGOT and SGPT and with treatment these levels fall into normal
values, and a daily dose of 100 mg of aspirin improves ovarian re-
sponsiveness, uterine and ovarian blood flow velocity, and implanta-
tion and pregnancy-rates in women undergoing in-vitro fertilization.

The trials conducted with aspirin have been reviewed. Five ran-
domized, controlled trials showed that rivaroxaban plus aspirin
is more effective than aspirin alone in the prevention of secondary
cardiovascular events, major adverse cardiovascular events and/
or major adverse limb events but this combination increases major
bleeding [20]. Randomized, controlled trials assessed the efficacy of
aspirin in patients without established atherosclerotic disease. At a
mean follow-up of 6.6 years, aspirin is not associated with a lower
incidence of all-cause mortality (P-value = 0.300). However, aspirin
is associated with an increased incidence of major bleeding (P-value
< 0.0001) and intracranial haemorrhage (P-value = 0.001) and with
a lower incidence of myocardial infarction (P-value = 0.006). Among
patients without established cardiovascular disease, aspirin is not as-
sociated with a reduction in the incidence of all-cause mortality; how-
ever, it is associated with an increased incidence of major bleeding
[21]. Arandomized, controlled trial determined the benefits and risks

of aspirin treatment in the prevention of cardiovascular disease by
sex. Aspirin therapy is associated with a significant 14.1% reduction
in cardiovascular events (P-value = 0.01) and a 32.0% reduction in
myocardial infarction (P-value = 0.001). Aspirin treatment increases
the risk of bleeding in women (P-value = 0.01) and in men (P-value <
0.001). Aspirin therapy reduces the risk of cardiovascular events in
women and in men due to its effect on reducing the risk of ischemic
stroke in women and myocardial infarction in men.

Aspirin increases the risk of bleeding to a similar degree in wom-
en and in men [22]. A multicentre, double-blind trial investigated the
efficacy of 3 aspirin regimens. Patients received low-dose of aspirin
(N =245) who were randomized (1:1:1) to receive 100 mg of aspi-
rin 1, 2, or 3 times-daily for 2 weeks. Patients who received aspirin
thrice-daily reported a higher abdominal discomfort score. The cur-
rently recommended aspirin regimen of 75 to 100 mg once-daily for
cardiovascular prophylaxis inadequately reduced platelet activation.
The antiplatelet response to low-dose of aspirin can be improved by
shortening the dosing interval to 12 hours [23]. A clinical trial was
conducted in patients with peripheral artery disease. Low-dose of
rivaroxaban plus aspirin is superior to aspirin alone in reducing car-
diovascular and limb outcomes in patients undergoing major vascu-
lar amputation. This reduction is due to a relative increase in major
bleeding. These results support the use of combination low-dose of
rivaroxaban plus aspirin in patients with peripheral artery disease
[24]. The metabolism of aspirin has been reviewed. Aspirin is conju-
gated with glucuronic acid by UPD-glucuronosyltransferase UGT1A6
and is hydroxylated by cytochrome P-450 CYP2C9 [25] and aspirin is
rapidly deacetylated by CYP2C9 into salicylic acid which forms sali-
cyluric acid and gentisic acid [26]. Following a single oral dose of 600
mg of aspirin, aspirin is eliminated mainly by kidney as salicyluric
acid (75%), free salicylic acid (10%), salicylic phenol (10%), aspirin
glucuronide (5%), and gentisic acid (1%) [27]. (Navarro et al. [28])
studied the interindividual variation in aspirin metabolism.

Aspirin is metabolized into salicylic acid, salicylic acid glucuro-
nide, salicylic phenolic glucuronide, salicyluric acid, and salicyluric
acid phenolic glucuronide and the formation-rate of these metabo-
lites varies with sex and with the ethnicity. (Cong et al. [29]) stud-
ied the pharmacokinetics of aspirin in 18 healthy volunteers who
received 100 mg of enteric-coated sustained-release aspirin 30 min
before (pre-prandially) and 30 min after (post-prandially) a high-cal-
orie high-fat breakfast and received 100 mg of aspirin tablets. The
elimination half-life of aspirin is 0.43+0.08 hours (pre-prandially),
1.44+0.59 hours (post-prandially) and 4.32+1.04 hours (aspirin tab-
lets). These results indicate that the elimination-half-life of aspirin
is affected by the high-calorie high-fat breakfast. With the exception
of the area under the concentration-time curve of aspirin, the peak
concentration and the time to reach the peak concentration of aspi-
rin are affected by the high-calorie high-fast breakfast. The toxicity
induced by aspirin and the treatment of aspirin poisoning have been
reviewed. Aspirin poisoning occurs from accidental ingestion in chil-
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dren, suicidal overdose in adults and teenagers, and therapeutically
acquired intoxication in all ages and nausea, vomiting, tinnitus, hy-
perpnoea, hyperpyrexia, disorientation, coma and/or convulsions are
common [30]. The toxicity induced by aspirin causes the alteration of
several physiological parameters and the therapy of aspirin intoxica-
tion should be aimed principally at replacement of fluid electrolytes,
correction of acidemia, administration of glucose, and enhancement
of aspirin elimination [31].

Aspirin overdose causes acid-base disturbances and organ dys-
function. The median dose of aspirin ingested was 7,750 mg (range,
6,000 to 14,400 mg) and the mild toxicity is nausea, vomiting, tin-
nitus, or hyperventilation which occurred following the ingestion of
160 mg/kg of aspirin. The moderate toxicity is acid-base disturbance
and confusion and the acute aspirin overdose occurred following the
ingestion of 297 mg/kg of aspirin. The treatment of aspirin poisoning
consists in the administration of activated charcoal and sodium bi-
carbonate [32]. Severe poisoning induced by aspirin may cause met-
abolic acidosis, convulsion, coma, hyperpyrexia, pulmonary oedema,
and renal failure and death which occur in 5% of patients who are
severe poisoned and death is attributable to cardiac arrest or multiple
complications after severe brain damage. The elimination of aspirin
is increased with the alkalinisation of the urine. The increase of urine
pH from 5 to 8 increases the clearance of aspirin up to 20-fold and the
haemodialysis reduces both the mortality and morbidity in patients
with severe aspirin poisoning [33]. Low-dose of aspirin is associat-
ed with gastroduodenal mucosal damage and increased risk of upper
gastrointestinal bleeding. The treatment of aspirin poisoning consists
in the administration of omeprazole, misoprostol, or high-dose fa-
motidine [34]. Low-dose of aspirin (325 mg or less) is widely used for
the management of cardiovascular disease and the widespread use
of aspirin has become a health care problem due to acute and chron-
ic gastrointestinal bleeding [35] and aspirin has several adverse-ef-
fects including peptic ulcer formation, bleeding, and gastrointestinal
bleeding [36].

In a patient with impaired renal function, injection of intrave-
nous fluid, urinary alkalization, and repeated doses of charcoal are
the worthwhile intervention of aspirin overdose [37]. Aspirin poi-
soning is associated with morbidity and mortality and aspirin over-
dose is treated by haemodialysis, emoperfusion, and extracorporeal
treatment. The intermittent haemodialysis is the preferred modality
of extracorporeal treatment and emoperfusion and continuous renal
replacement techniques are acceptable alternatives if haemodialysis
is not available [38]. In conclusion, aspirin is the acetate ester of sal-
icylic acid and acts by binding the prostaglandin synthase enzymes
known as cyclooxygenase. There are two forms of cyclooxygenase:
cyclooxygenase -1 and cyclooxygenase-2, cyclooxygenase-2 mediates
the antipyretic, analgesic, and anti-inflammatory actions of nonste-
roidal anti-inflammatory drugs and the adverse-effects are caused
by the inhibition of cyclooxygenase-1 and cyclooxigenase-2, and as-
pirin irreversibly binds the cyclooxygenase -1 and cyclooxygenase-2.
The analgesic-antipyretic dose of aspirin in adults is 325 to 1,000 mg

orally 4 times-daily to 6 times-daily and the maximum daily dose of
aspirin in adults and in children aged 12 years or older is 4 grams.
Orally ingested aspirin is absorbed rapidly, partially from the stom-
ach, but mostly from the upper small intestine and the peak plasma
concentration is reached in about 1 hour. The efficacy and safely of
aspirin, the prophylaxis and the treatment with aspirin and the trials
conducted with aspirin have been reviewed.

Aspirin is conjugated with UDP-glucuronosyltransferase UGT1A6
and is deacetylated by CYP2C9. The pharmacokinetics of aspirin have
been studied in healthy volunteers who received 100 mg of aspirin
before (pre-prandially) of after (post-prandially) a high-calorie high-
fast breakfast and received 100 mg of aspirin tablets. The elimina-
tion half-life of aspirin is 0.43+0.08 hours (pre-prandially), 1.44+0.59
hours (post-prandially) and 4.32+1.04 hours (aspirin tablets) indi-
cating that the high-calorie high-fast breakfast affects the elimination
half-life of aspirin. In addition, the peak concentration of aspirin and
the time to reach the peak concentration of aspirin are affected by the
high-calorie high-fast breakfast. The toxicity induced by aspirin and
the treatment of aspirin poisoning have been reviewed. The aim of
this study is to review the clinical pharmacology of aspirin.
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