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REVIEW

DICLOFENAC: A Review on Its Synthesis,
Mechanism of Action, Pharmacokinetics, Prospect
and Environmental Impact

Hind A. Satar, Emad Yousif *, Ahmed Ahmed

Department of Chemistry, College of Science, Al-Nahrain University, Baghdad 64021, Iraq

ABSTRACT

Diclofenac, potent a nonsteroidal anti-inflammatory drug, used in the treatment of inflammation, pain and fever
associated with a wide range of disease condition. This review article focuses the synthesis, mechanism of action,
pharmacokinetics and derivatives of diclofenac and also highlights advances in the possible use of diclofenac in treating
other condition outside its current clinical therapeutic use as an analgesic, anti-inflammatory and antipyretic agent as
well the prospect of drug repurposing of diclofenac for treatment of disease like cancer. It further highlights the adverse
effect of the drug as an emerging contaminant in the environment. Diclofenac acts by inhibition of COX enzymes and
subsequently reduces the synthesis of prostaglandins, the predominant prostanoid produced in inflammatory processes.
Diclofenac is primarily metabolized in the liver and is eliminated in the urine and bile as conjugates of diclofenac and
its metabolites. Despite its effectiveness in management of pain, inflammation and fever, there are reports of adverse
gastrointestinal, cardiovascular and renal effect resulting from its systemic use, suggesting the need for more research
on its drug modification in order to reduce or eliminate the adverse effects. Research suggests that diclofenac has
antimicrobial, anticancer and neuroprotective property. As an anticancer agent, research suggests diclofenac exhibit
anti-proliferative and apoptosis mediating property. Diclofenac arrest cell cycle, thus preventing proliferation of neural
stem cells, glioblastomas, ovarian cells, osteoblasts, human lymphatic endothelial cells, and vascular smooth muscle cells
and induces apoptosis of neuroblastoma cell, this project this drug as a novel prospective anticancer agent. However,
its adverse environmental effects as an emergent contaminant still remains a source of concern.

Keywords: Diclofenac, Anagelsic, Cyclooxygenase (COX), Property, Mechanism

1. Introduction

Pain and inflammation are common symptoms as-
sociated with a wide range of diseases and one of
the most widely used medications to address this
condition are nonsteroidal anti-inflammatory drugs
(NSAIDs). NSAIDs are among the most often pre-
scribed over-the-counter (OTC) drugs for lowering
fever, pain, and inflammation; making up 5-10% of
all prescription drugs and market size estimated at
$15.58 billion in 2019 and is expected to grow to
about $24.35 billion by 2027 globally [1]. NSAIDs

are a class of drugs that exercise their actions by in-
hibiting cyclooxygenases (COX) non-specifically [2].
COX is the enzyme that synthesizes prostaglandins,
which mediate the process of pain and inflamma-
tion. The most often prescribed NSAID in the world
for the treatment of pain and inflammation in a va-
riety of conditions, such as ankylosing spondylitis,
osteoarthritis, and rheumatoid arthritis is diclofenac
[3]. Additionally, diclofenac is approved for treat-
ing cataract extraction, ocular pain, and photophobia
and applied topically to treat actinic keratosis; a
skin disorder characterized by abnormal keratinocyte
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proliferation [4]. As the most widely used NSAID, it
has a market share that is nearly equal to the sum of
the next three most popular medications (ibuprofen,
mefenamic acid, and naproxen) Adverse effects of
diclofenac include cardiovascular (CV), kidney, and
gastrointestinal injury and these are dose- dependent
while prolong usage at very high dose may result
in gastrointestinal (GI) issues such as bleeding, ul-
cers, perforation, and enteropathy [5]. There are also
report of cases of cardiovascular-conditions such as
myocardial infarction, stroke, and thrombotic events.
Patients may also experience liver damage, platelet
inhibition, and renal failure, among other conditions
[6].

This review article discusses the synthesis, mecha-
nism of action, pharmacokinetics and derivatives of
diclofenac and also highlights advances in the pos-
sible use of diclofenac in treating other condition
outside its traditional therapeutic use as an analgesic,
anti-inflammatory and antipyretic agent as well the
prospect of drug repurposing of diclofenac for dis-
eases treatment of disease like cancer. It also discusses
the adverse effect of the drug on the environment.

2. Synthesis of diclofenac

Rudolf Pfister and Alfred Sallmann synthesized di-
colfenac for the first time in 1973 [7]. Diclofenac is
a member of the phenylacetic group of NSAIDs. The
monocarboxylic acid diclofenac is made up of pheny-
lacetic acid with (2,6-dichlorophenyl) amino group
at the second carbon atom. It is a weak acid with an
acid constant of 4 and partially soluble in both water
and nonpolar solvent with a partition coefficient of
13.4. From the structure (Fig. 1: Compound 1.5), it is
also an amino acid as well as an aromatic amine. The

molecule’s structural characteristics, which include a
phenylacetic acid group, a secondary amino group
and a phenyl ring with two chlorine atoms, allow
the phenyl ring to twist as much as possible and fit
well in the COX enzyme’s substrate-binding site as a
competitive inhibitor [8].

Diclofenac (2-[(2,6-dichlorophenyl)-amino]-
phenylacetic acid) can be produced from
2,6-dichloroaniline and 2-chlorobenzoic acid
(R). In the presence of sodium hydroxide
and copper these compounds reacts to give
N-(2,6-dichlorophenyl)anthranylic acid. Lithium
aluminum hydride, a reducing agent then reduces
the carboxylic group of this acid to give 2-[(2,6-
dichlorophenyl)-amino]-benzyl alcohol which is
then chlorinated further by thionyl chloride to form
2-[(2,6-dichlorophenyl)-amino]-benzylchloride.
2-[(2,6-dichlorophenyl)-amino]-benzylchloride
reacts with sodium cyanide to give 2-[(2,6-
dicholorophenyl)-amino]benzyl cyanide. Diclofenac
is produced when the nitrile group of 2-
[(2,6-dicholorophenyl)-amino]benzyl cyanide is
hydrolyzed in the presence of sodium hydroxide
Fig. 1.

2.1. Diclofenac sodium

Sodium o-dichloroanilinophenylacetate commonly
known as diclofenac sodium, is a white, crystalline
hygroscopic powder that is odorless, soluble in ace-
tone, methanol, ethanol, and with a slight water sol-
ubility. It is the most widely used anti-inflammatory
medication due to its good anti-inflammatory and
analgesic effects as well as safety. It is used in the
clinical treatment of various forms of arthritis and

Fig. 1. Synthesis of diclofenac [136].
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Fig. 2. Synthesis of diclofenac sodium from o-iodophenylacetic acid and 2,6-dichloroaniline [136].

other joint pain, neuralgia, pain throughout the body,
and all types of inflammation caused by fever [9].

The first successful synthetic of diclofenac sodium
was achieved in 1975; following this, numerous pub-
lications exist regarding the preparation techniques.
The methods of synthesis include [10].

2.1.1. O-iodophenylacetic acid method
The method involves a condensation reaction be-

tween 2,6-dichloroaniline and o-iodophenylacetic
acid using copper powder and potassium carbonate
as a catalyst (Fig. 2). One limitation of this method
is that the yield is low and silica gel column chro-
matography is required to separate it. The process is
more complicated and high-efficiency catalysts and
better reaction conditions are still required. The profit
is better if the yield can be increased. However, this
method is used by some pharmaceutical industries in
China [11].

2.1.2. Cyclohexanone method
This method uses triphenylphosphine as a catalyst

to first synthesize compound 2 from cyclohexanone
in a carbon tetrachloride solution. (Fig. 3). Conden-
sation reaction between Compound 2 and aniline
using anhydrous titanium tetrachloride, as dehydrat-

ing agent produced Compound 3. By derivatization
at 100°C, Compound 3 was dehydrochlorinated, and
the reaction carried out in chlorobenzene to yield
Compound 4. Compound 5 is the result of reacting
excess chloroacetyl chloride with compound 4. Reac-
tion between Compound 5 and anhydrous aluminum
trichloride for two hours gave compound 6. In Finally
to synthesize diclofenac sodium, compound 6 was
hydrolyzed by ring-opening in an ethanol solution of
sodium hydroxide [12]. The diclofenac sodium that is
produced is highly pure, and the process is straight-
forward and easy to perform, although the catalyst
triphenylphosphine is rather costly. Another limita-
tion of this method is the synthesis of compound 3
requires the use of titanium tetrachloride, however
the ratio of titanium tetrachloride affects compound
2’s yield, and the yield of this method is poor [13].

Even though cyclohexanone is the starting
material in the cyclohexanone method, 2,6-
dichlorodiphenylamine can be synthesized with
a relatively high purity; however, the three wastes
are difficult to handle, the process is complex,
and there is significant environmental pollution.
Environmental protection agencies in some places
have taken strict action to ban this process, and they
have been gradually eradicated.

Fig. 3. Synthesis of diclofenac sodium from cyclohexanone [9].
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Fig. 4. Synthesis of diclofenac sodium from aniline [136].

Fig. 5. Synthesis of diclofenac sodium from o-aminophenylacetic acid [137].

2.1.3. Aniline method
Through three stages of chloroacylation, condensa-

tion, and rearrangement reaction, the intermediate
2,6-dichlorodiphenylamine was synthesized using
aniline as the starting material (Fig. 4). Follow-
ing this, diclofenac sodium can be synthesized by
cyclization, chloroacetylation and hydrolysis. Di-
clofenac sodium can be synthesized using this easy-to-
understand method with a high yield that can exceed
80%. One limitation of the method is toluene is which
is required as a solvent before compound can be syn-
thesized has purchasing and management issues. If
this solvent can be replaced, this synthesis technique
will be perfect [14].

2.1.4. O-aminophenylacetic acid method
The initial step of this procedure require potassium

ethoxide, hence it operates without the use of water

(Fig. 5). Contact hydrogenation is the process utilized
for nitro reduction; compound 4 is unstable and prone
to condensation and self-dehydration, which yields
2-hydroxyindole. In addition, the process of synthe-
sizing dichloroiodobenzene is a complex one. One
limitation of this method is the process involves a
lot of reaction steps and a stringent reaction process
[15].

2.1.5. Indolone method
This is one of the best method since there is easy

access to raw materials, easy reaction conditions, a
straightforward operation as well as over a 50% yield.
However, it requires Isatin (Compound 1 in Fig. 6),
a dye with some toxicity that has been as a class 3
carcinogen by the World Health Organization’s Inter-
national Agency for Research on Cancer [16].
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Fig. 6. Synthesis of diclofenac sodium using the indolone method [138].

2.1.6. Other method
This method’s attributes include easy access to raw

materials, low cost, straightforward operation, high
yield, conditions are mild and a straightforward post-
processing. However, the addition of a chlorinating
agent to synthesize compound 3 (Fig. 7) during the
procedure makes the result harder to purify [17].

3. Mechanism of action of diclofenac

Diclofenac acts by preventing the production of
prostanoids such as prostaglandin-E2 (PGE2), prosta-
cyclins, and thromboxanes, which are vital ele-
ments of the inflammatory response and sensations
of pain, through the inhibition of the activities

Fig. 7. Synthesis of diclofenac sodium from other method [136].



140 AL-MUSTAQBAL JOURNAL OF PHARM. & MED. SCIENCES 2024;2:135–157

of cyclooxygenase-1 (COX-1) and cyclooxygenase-2
(COX-2) [18]. It prevents arachidonic acid from bind-
ing to COX-1 and COX-2 in a competitive manner.
Because NSAIDs blocks PGE2 synthesis, the predomi-
nant prostanoid produced in inflammatory processes,
it is thought that this is the primary mechanism
underlying the drugs’ strong analgesic and anti-
inflammatory effects. Diclofenac is considered to be
one of the most potent inhibitors of PGE2 synthesis
[19].

Diclofenac inhibits COX-1 and COX-2 relatively
similarly; however, unlike the majority of conven-
tional NSAIDs, data suggests that it has preferential
COX-2 inhibition, almost four fold that of COX-1
inhibition during in vitro studies. The level of COX-
2 selectivity exhibited by diclofenac is similar to
celecoxib [3]. Diclofenac inhibits COX-2 isoenzymes
more strongly than COX-1 isoenzymes. In addition, it
has been demonstrated that selectivity is sometimes
dose dependent and that the estimated IC50 (concen-
tration producing 50% inhibition of activity) values
for COX-1 and COX-2 for various COX inhibitors vary
between models [20].

Being a constitutively active enzyme, COX-1 is
expressed almost everywhere in the human body.
The concentration and activity of COX-1 are be-
lieved to be rather constant and it plays a role in
a number of activities, including blood flow into
renal tissues, the preservation of normal platelet func-
tion, and safeguarding of the gastrointestinal mucosa
against damaging acidity [21]. Unlike CoX-1, COX-
2 is an inducible enzyme and is overexpressed due
to the presence of inflammatory mediators such as
prostaglandins, thromboxanes, and leukotrienes that
also have nociceptive characteristics and cause pain
and also in situations involving tissue injury [22]. The
inhibition of COX-2 that diclofenac produces appears
to be mostly focused at the target tissues, such as joint
capsules and synovial fluid. However, the suppression
of COX enzymes in other tissues like the stomach may
result in the loss of several protective compounds
and, among other things, result to gastrointestinal
discomfort [23].

Diclofenac’s ability to down-regulate sensitized
peripheral pain receptors is responsible for its periph-
eral analgesic effects. This appears to be achieved by
activating ATP-sensitive potassium channels, which
in turn stimulates the L-arginine nitric oxide cGMP
pathway [24]. Furthermore, data indicates that di-
clofenac may also have an effect on lowering
concentration of substance P, a pro-inflammatory
neuropeptide with nociceptive action, which was pre-
viously elevated in the synovial fluid of rheumatoid
arthritis patients [25].

Studies have shown that diclofenac triggers other
action pathways that contribute to its analgesic effect,
in addition to its recognized mode of action, which
is to block prostaglandin synthesis and is shared by
the other nonsteroidal analgesics. The involvement of
endogenous opioids, serotonin, noradrenalin l- is seen
in these pathways [26].

4. Pharmacokinetics of diclofenac

When diclofenac is administered orally, its systemic
absorption is fast and in a dose-dependent manner.
The drug content, time of administration in respect
to food consumption, and salt form are other factors
that can affect how quickly diclofenac is absorbed
[10]. Analysis of systemic absorption of the drug us-
ing plots of diclofenac concentration vs time shows
varying maximum plasma concentration (Cmax) and
time to taken to reach maximum plasma concen-
tration (tmax), along with the existence of late or
secondary plasma peaks, indicating inconsistency in
absorption of the drug [27]. Depending on the dosage
form such as enteric coated pills, solutions, etc and
individual-based parameters such as stomach pH, the
peak plasma concentration occurs between 10 min-
utes and 2 hours [28]. The partial precipitation of
the dose in the stomach’s acidic environment, vari-
able timing of gastric emptying, variations in pH of
gastrointestinal tract of individuals and enterohepatic
circulation have all been suggested as causes of these
inconsistency in observed in diclofenac absorption
[29].

Diclofenac is transported bound mainly by the
plasma transport protein albumin. It concentrates
in systemic circulation as well as tissues with in-
flammations. In inflamed tissues, the weakly acidic
environment decreases plasma protein binding re-
sulting in the release of the free drug (unbounded
diclofenac) [30]. This increases the concentration of
the free drug at these sites and promoting its dif-
fusion into intracellular spaces, where it can have
therapeutic effects. Concentration of diclofenac at the
synovial fluid results in levels that eventually surpass
plasma levels and this continues even after plasma
levels have significantly dropped [31]. Following the
administration of a 50-mg enteric-coated tablet and
a 100-mg slow-release tablet, diclofenac delivered as
the sodium salt was detectable in synovial fluid for
up to 11 hours and up to 25 hours, respectively.
The duration of diclofenac’s therapeutic effect that
lasts longer than its plasma half-life may be explained
by its persistence at the site of inflammation and
its inhibition of COX-2 enzymes in the inflammatory
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cells. It is unknown whether diffusion into the syn-
ovial fluid of joints accounts for the therapeutic
efficacy of diclofenac [26]. Nonetheless, the extended
pharmacological half-life of diclofenac following high
dose administration may potentially contribute to
its protracted therapeutic effect. Diclofenac sodium
treatment has been demonstrated in various studies
to considerably reduce PGE2 levels in synovial fluid
and also decreases levels of inflammatory cytokines
such interleukin-6 and substance P [32].

First-pass metabolism allows for the systemic cir-
culation to get about 60% of the intact diclofenac.
The liver is the primary site of diclofenac metabolism,
where it is conjugated with glucuronic acid. UDP
glucuronosyltransferase-2b7 (UGT2B7) is the en-
zyme that catalyzes the conjugation to uronic acid
[33]. Protein ’s sulfhydryl groups react with the
resulting metabolite, acyl glucuronide. The enzyme
cytochrome P4502C8 (CYP2C8) metabolizes acyl glu-
curonide to 4-hydroxy diclofenac acyl glucuronide,
which generates benzoquinone imine and causes di-
clofenac to be activated by oxidation [34]. Along with
two other minor metabolites, 3’ hydroxyl metabolite
and 5’ hydroxyl metabolite, diclofenac is metabolized
mostly into 4’ hydroxyl metabolite. The 4’ and 3’ hy-
droxylation is catalyzed by the cytochrome P450 en-
zyme while the formation of the 5’ hydroxyl metabo-
lite is catalyzed by cytochrome P450 3A4 [35].

It is known that the primary metabolite, 4-
hydroxydiclofenac, still has some weak analgesic and
anti-inflammatory properties. Excretion of diclofenac
in urine occurs after its biotransformation into
glucoroconjugated and sulphate metabolites [26]. Di-
clofenac is removed by metabolism, which is followed
by excretion in the urine and bile. Diclofenac and its
oxidative metabolites are excreted through the biliary
system after being glucuronidated or sulfated [36].
About 65% of the dosage is eliminated in the urine
and 35% in the bile as conjugates of diclofenac and
its metabolites.

Due to its rapid clearance rate (mean elimina-
tion half-life of 1.2–1.8 hours) and short biological
half-life (2 h), diclofenac typically requires frequent
administration to maintain its therapeutic dosage,
which may raise the risk of side effects [37]. Never-
theless, since the Cmax at therapeutic doses is higher
than the threshold required to inhibit COX-2 by 80%,
it is possible that efficacy can be attained at lower
diclofenac doses, extending the very short pharmaco-
logical half-life of the drug [38].

5. Adverse effect of diclofenac

As earlier stated, diclofenac poses significant GI,
CV, and renal adverse effects due to its COX en-

zyme inhibition and also. they are dose dependent,
just like other NSAIDs. The decreased production of
prostanoids associated with the drug causes reduc-
tion of the secretion of mucus by the epithelial cells
of the gastric gland, bicarbonate and epithelial cell
turnover, which ordinarily protect the stomach mu-
cosa from harm [39]. This feature of the medication
raises the risk of damage to gastric epithelial cells
mediated by acid and reduces their capacity to multi-
ply in the injured areas, which can result in GI injury
ranging from moderate erosion to a conspicuous ul-
ceration that can be seen with an endoscopy [40].
This result in the adverse effect of the gastrointestinal
tract. Diclofenac has a low relative risk of complica-
tions with GIT, especially when taken at low doses (≤
75 mg daily), which is consistent with the hypothesis
that NSAIDs with the highest COX-1 selectivity are
more likely to be associated with an increased risk of
GI toxicity. Diclofenac appears to inhibit COX-2 more
selectively, which increases the risk of cardiovascu-
lar events and decreases the risk of gastrointestinal
events. High concentration of diclofenac in systemic
circulation is necessary for this diclofenac’s GI toxic-
ity [41].

Vascular endothelial cells use prostacyclin (PGI2),
a primary product of COX-2-mediated metabolism of
arachidonic acid, as a strong vasodilator and platelet
inhibitor in physiological processes. Evidence from
preclinical and clinical studies suggests that inhibit-
ing PGI2 production raises the risk of thrombosis and
hypertension [42]. Observational investigations have
reported a dose-related risk of thrombotic events,
particularly with high doses of diclofenac precisely
greater than 150 mg daily. When diclofenac is taken
at doses higher than 150 mg per day, the estimated
cardiovascular risk is similar to that of high-dosage
ibuprofen, celecoxib, and rofecoxib [43]. The degree
of COX-2 inhibition exhibited by NSAIDs that par-
tially inhibit COX-1 is a major factor in the varied risk
of myocardial infarction. Regardless of age or gender,
diclofenac patients had a higher risk of cardiovascular
events when compared to those taking paracetamol,
ibuprofen, and naproxen, according to a study assess-
ing the cardiovascular hazards of these drugs [3].

All NSAIDs increase the risk of myocardial in-
farction (MI), heart failure, stroke, and mortality,
particularly the more selective COX-2 inhibitors. For
patients who are predispose to cardiovascular dis-
ease, the risk of these events increases and with
increasing dosage [44]. Accordingly, to treat patients
with cardiovascular disease, it is imperative to utilize
the lowest effective dose. Prostaglandin-I2 (PGI2),
which has cardioprotective properties through pre-
vention of thrombogenesis, hypertension, and the
formation of atherosclerotic plaques, is synthesized
less frequently when COX-2 is inhibited [41]. The
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prothrombotic species thromboxane A2 (TXA2) is
synthesized by COX-1, and the imbalance between
TXA2 and PGI2 may be a factor in these elevated
cardiovascular events. Patients with risk factors for
the development of CV and GI adverse events may
consider reducing their diclofenac dosage, as the in-
cidence of adverse events is dose dependent [45].

Renal problems are also associated with long-term
usage of NSAIDs. Protective prostaglandin produc-
tion mechanisms are at play here, based on lowered
PGE2 and PGI2 activity, which dilate renal blood
arteries to provide adequate tissue perfusion. Acute
kidney injury (AKI) and reduced renal perfusion are
associated with decreased prostaglandin production.
Patients having a history of renal injury and low
perfusion pressure are more at risk [46].

There are also reports of liver injury of NSAIDs in-
cluding diclofenac. NSAIDs, such as diclofenac, have
the potential to raise liver transaminase levels and
promote hepatic damage. Usually, these occurrences
are short-lived and reversible [47]. Patients who take
NSAIDs for an extended period of time run the risk
of developing hepatitis and other potentially fatal
adverse effects; however, this is not common. Patients
taking diclofenac for rheumatoid arthritis on a long-
term basis are more likely to experience these [48].

The use of NSAIDs has been linked to an increased
risk of bleeding because of its ability to reduce
platelet aggregation and adhesion through COX-1
inhibition. Additionally, patients may infrequently
develop aplastic anemia and neutropenia [49].

The adverse effects highlighted result from systemic
diclofenac exposure. There is less chance of systemic
drug exposure with topical administration, there-
fore topical application has less adverse effects and
are safer but limited to localized effect. Diclofenac
applied topically may irritate the skin mildly to mod-
erately where it is applied [50].

5.1. Drug-drug interaction

Low-dose aspirin (75–150 mg daily) is frequently
used in the pharmacological prevention of cardiovas-
cular disease because it inhibits platelet aggregation.
When co-administered with NSAIDs in patients with
CV disease, low-dose aspirin may have its antiplatelet
actions interfered with, which is a significant thera-
peutic concern [51]. Aspirin inhibits platelet COX-1
activity irreversibly by first low-affinity anchoring to
the COX channel’s arginine-120 residue, a common
docking site shared by other NSAIDs. Therefore, the
antiplatelet effects of low dosage aspirin may be ham-
pered by NSAIDs that inhibit platelet COX-1, such
as ibuprofen or naproxen [52]. Aspirin’s effect on
platelets is not hindered by diclofenac or the selec-

tive COX2 inhibitors celecoxib and rofecoxib. Mass
spectroscopy measurement of COX-1 acetylation in
platelets may provide more insight into the molecular
features of this therapeutically significant drug-drug
interaction [53].

Angiotensin-converting enzyme (ACE) inhibitors
and diclofenac in combination have been observed to
elevate systolic blood pressure, which lessens the ben-
efits of ACE inhibitors. It has been shown that using
cyclosporine A as an immunosuppressant in conjunc-
tion with diclofenac increases the risk of nephrotoxic.
It has been noted that the presence of diclofenac
increases the convulsive effects of quinolones, such
as ciprofloxacin. When diclofenac and methotrexate
were administered together, there was a recorded
incidence of renal failure that resulted in patient mor-
tality [54]. Adverse drug-drug interactions have been
documented when methotrexate is used with NSAIDs
including diclofenac, ketoprofen, and naproxen be-
cause they lower methotrexate excretion. Also. It is
not recommended to use fixed-dose combinations of
tramadol and diclofenac in individuals with severe
renal impairment [55].

6. Administration of diclofenac

Preparations of diclofenac is in the form salt of
potassium, sodium, or epolamine diclofenac. Di-
clofenac sodium is available in tablet or suspension
form for oral use, intramuscular and intravenous in
solutions, transdermal as gel, and rectal routes as
suppository. Diclofenac potassium comes in tablet
and suspension forms that can be used orally while
diclofenac epolamine as transdermal patch.

In order to attain a total daily dose of 100–150
mg, diclofenac sodium can be taken orally as 25–150
mg delayed-release or immediate-release tablets; the
doses intended for rheumatoid arthritis, osteoarthri-
tis, and ankylosing spondylitis. The formulation of
diclofenac sodium salt, which is released gradually,
dissolves more readily in the duodenum’s high pH
environment than it does in the stomach’s low pH
environment [56]. Diclofenac sodium gel formula-
tions with doses ranging from 1 to 3% are available
for topical use. Topical use of gel containing 1 to
2% diclofenac sodium is recommended for treating
osteoarthritis in joints with monoarthritis up to 16
g per day and polyarthritic joints up to 32 g per
day [32]. Actinic keratosis patients should use the
3% diclofenac sodium preparation, which should be
applied twice a day as hybrid therapy. For acute mod-
erate to severe pain, an intravenous bolus injection
of 37.5 mg of diclofenac sodium can be given every
6 hours [57]. Intramuscular diclofenac solution (75
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mg/3 mL solution) is administered by injection into
large muscle such as the buttocks or thighs for the
relief of moderate to severe pain. For the treatment
of photophobia and eye pain, as well as after cataract
surgery, ophthalmic preparations should be used in 1
to 2 drops per affected eye, four times/day.

Diclofenac potassium salt was created to speed up
the drug’s absorption, making it useful in situations
requiring quick pain relief. Approximately 60% of
intact diclofenac enters the bloodstream [58]. Di-
clofenac potassium is usually given in doses of 25 or
50 mg, one to four times a day, for a total of 50 to 200
mg per day; the recommended dosage for treatment
of rheumatoid arthritis, osteoarthritis, migraines, pri-
mary dysmenorrhea and general pain. Transdermal
patch inflammation.

7. Structural modication of diclofenac

One technique employed in discovering a better
medication option of a drug is through structural
modification. This is the simplest method for locating
a better substance with the required targeted activ-
ity and minimal negative effects on the environment
and human health [59]. The compound’s physico-
chemical, spectral, biological, and pharmacokinetic

properties are all significantly altered by this kind of
structural modification, which will help choose some
alternatives for additional research [60].

Diclofenac medications exhibit good analgesic and
strong anti-inflammatory properties as well as fast ac-
tion when administered on patients but has a number
of adverse effect. Due to increase in the demand for
the drug and need to reduce its adverse effects, a set of
enhanced studies is required to screen for diclofenac
derivatives with minimize unwanted reactions and to
meet market demand [10]. Three method of synthesis
of derivatives of diclofenac are discussed below.

7.1. Synthesis of diclofenac potassium

Potassium 2-[(2, 6-dichlorophenyl)amino] pheny-
lacetate simply referred to as diclofenac potassium
(Compound 7: Fig. 8) is an odorless, absorbent,
yellowish white powder which is highly soluble in
methanol but least soluble in chloroform. It is rela-
tively soluble in ethanol and water. The dissociation
constant (pKa) in water at 25°C is 4.0 and the parti-
tion coefficient in n-octanol is 15.45 at pH 5.2 and
13.4 at pH 7.4. The Biopharmaceutics Classification
System (BCS) classifies diclofenac potassium (DP)
in the class II drug group (high permeability, low

Fig. 8. Synthesis of diclofenac potassium [139].
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solubility). It relieves pain quickly because of its high
solubility in the stomach’s acidic environment [61].

This drug was synthesized using aniline
and chloroacetyl chloride as starting materials
(R). Aniline was mixed with absolute tuolene
at 15C-20C and chloroacetlylchloride was
added at 65–70°C and the mixture heated
to give N-phenylchloroacetanilide (Fig. 8).
N-phenylchloroacetanilide was combined with
toluene PEG-400, 2, 6-dichlorophenol, and sodium
carbonate in a stepwise manner while being stirred to
yield 2(2,6-dichhlorophenoxy)-N-phenylacetamide.
This compound was reacted with sodium hydrox-
ide to produce N-(2,6-dichlorophenyl)aniline.
N-(2,6-dichlorophenyl)aniline was reacted with
chloroacetylchloride at 125C to yield N-chloroacetyl-
N-phenyl-2,6-dichloroaniline which was further
reacted with aluminum chloride to produce
1-(2,6-dichlorophenyl)-1,3-dihydro-2H-indol-2-one.
This product was reacted with potassium hydroxide
to produce diclofenac potassium.

7.2. Other diclofenac salt synthesis

Diclofenac sodium and either zinc or copper sul-
phate are reacted in a water bath at 80°C for 90
minutes to give the respective metallic diclofenac
salt (Fig. 9). The yield is approximately 60%. The
majority of the metal derivative of diclofenac pro-
duced are essential trace elements like copper and
zinc that are needed by the human body as well
as with less toxicity [62]. The human body needs
copper, a trace element that is vital component of nu-
merous metalloenzymes. Enzymes containing copper
have vital physiological roles and a significant impact

on human health. Another important trace element in
human health is zinc. In addition to aiding in the syn-
thesis of several metalloenzymes within the human
body, it also serves a number of critical physiolog-
ical purposes, including sustaining a healthy body
metabolism, stimulating growth and development,
stimulating appetite, and supporting immunological
function [63]. In comparison to other metals, copper
and zinc are comparatively less poisonous. They can
be readily coordinated with ligands consisting of oxy-
gen and nitrogen to generate stable complexes that
are inexpensive and simple to synthesize. Numerous
copper complexes have the ability to stop the onset
and spread of cancer, eliminate cancer cells and help
scavenge reactive oxygen species and other free rad-
icals [64].

Diclofenac calcium could be synthesized from the
reaction between diclofenac potassium and calcium
sulphate dehydrate with a yield of about 74% while
diclofenac ammonium is synthesized from diclofenac
potassium and ammonium sulphate with a 70% yield
[65] (In Fig. 8).

7.3. Diclofenac choline synthesis

Literature review reveals diclofenac choline can
be synthesized from diclofenac sodium. Didiclofenac
sodium is acidified with hydrochloric acid to yield
diclofenac before being added to choline [66]. Di-
clofenac choline is produced at 50°C; the yield of
diclofenac is approximately 75%. In contrast to pre-
vious research, this process produces a product with
excellent purity, good color, minimal industrial pol-
lution, and ease of large-scale manufacturing while

Fig. 9. Synthesis of diclofenac zinc and diclofenac copper respectively [140].
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Fig. 10. Synthesis of diclofenac choline [141].

Fig. 11. Synthesis of diclofenac methyl ester [142].

saving a significant amount of reaction time and
reagents [67].

7.4. Diclofenac esters synthesis

With aniline and 2,6-dichlorophenol as raw ma-
terials, three reactions are used to create the im-
portant intermediate 2,6-dichlorodiphenylamine was
synthesized through a series of reactions involving
chloroacylation, etherification and rearrangement.
The intermediate 2,6-dichlorodiphenylamine is then
subjected to acylation, cyclization, and hydrolysis re-
actions to synthesize diclofenac sodium. Diclofenac
sodium can be acidified using hydrochloric acid.
Subsequently, diclofenac reacted with methanol to
produce diclofenac methyl ester (Fig. 10), which has
a total yield of approximately 46% [68]. Literature
review shows ethyl and n-butyl ester of diclofenac can
be synthesized by reacting diclofenac with anhydrous
ethanol and n-butanol respectively [69].

A research study of the antinociceptive and anti-
inflammatory properties of diclofenac calcium. di-
clofenac ammonium, diclofenac methyl ester and
diclofenac ethyl ester using oral administration of
doses 16,32 and 64mg/Kg in kunming male mice
while the standard group was administered 32mg/kg
body weight potassium diclofenac showed diclofenac
methyl ester had the best antinociceptive property
at dose 32mg/kg body weight with approximately
62% inhibition rate. It had a higher analgesic ac-
tivity than diclofenac potassium which is currently
approved in clinical use. with an inhibition rate of
56%. Also. diclofenac methyl ester had the strongest
anti-inflammatory activity at dose 32mg/kg body
weight with an inhibition rate of 80% and higher
than diclofenac potassium with an inhibition rate of
70% [26]. The research proposed diclofenac methyl
ester to be an ungraded substitute of diclofenac potas-

sium due to its better analgesic and anti-inflammatory
property. The researchers applied for a patent for the
production and the use of diclofenac methyl ester as
an analgesic and anti-inflammatory drug [70].

8. Potential applications of diclofenac
beyond its anti-inflammatory property

Aside its classical analgesic, anti-inflammatory
and antipyretic property, research indicates that di-
clofenac could possess other properties which could
be exploited for therapeutic use. Diclofenac’s off-
target effects could potentially be leveraged for the
creation of innovative drugs for treatments of con-
ditions outside pain. inflammation and fever [26].
Researchers have shown that diclofenac and meclofe-
namate sodium function as a new voltage-gated
potassium channel KCNQ2/KCNQ3 opener [71]. This
action may be exploited therapeutically to treat con-
ditions like epilepsy that are linked to neuronal
hyperexcitability. Diclofenac has demonstrated pos-
itive findings in vivo in terms of its anticonvulsant
properties. It has been reported that diclofenac can
be used as a template to create new ion chan-
nel modulators [72]. Diclofenac also targets Kv1.3,
a voltage-dependent potassium channel that medi-
ates potassium-based current and is essential for the
activation the immune cells: macrophages and lym-
phocytes [73]. Diclofenac has been shown to suppress
immune response by interfering with Kv1.3 channels,
which makes it a suitable starting compound for the
development of drugs for treatment of autoimmune
disorders [74].

Another target of diclofenac and NSAID is the acid-
sensing ion channel-1. Diclofenac and NSAID which
lowers the current this acid-sensing channel induces.
In addition to the conventional prostaglandin inhibi-
tion by NSAIDs, this inhibition of current in sensory



146 AL-MUSTAQBAL JOURNAL OF PHARM. & MED. SCIENCES 2024;2:135–157

neurons has been proposed as an another mechanism
of pain reduction [75]. Furthermore, diclofenac in-
hibits phospholipase A2, which is thought to be the
fundamental mechanism by which this medication
treats acute pancreatitis. However, it has been dis-
covered that the best effective medication for acute
pancreatitis is indomethacin, another NSAID that in-
hibits phospholipase A2 [26].

Diclofenac may prevent the production of
transthyretin amyloid fibrils, according to a
research and this may find useful application in
management of familial amyloid polyneuropathy
and senile systemic amyloidosis [76]. It has been
discovered that one effective treatment approach for
hormone-dependent breast and prostate cancers is
inhibition of the AKR1C3 enzyme and it is interesting
to note that one of the few known inhibitors of this
enzyme is diclofenac [77].

While these targets may be useful for therapy, it
is important to state that these targets are should
be considered as the sources of different side effects.
Diclofenac’s current drawbacks must therefore be ad-
dressed through meticulous structural and metabolic
research in order to fully employ this medication
in the creation of treatments for additional illnesses
[26].

8.1. Antimicrobial property of diclofenac

In the drug-repositioning technique, a number of
medications from various therapeutic classes are be-
ing evaluated as antimicrobials in an attempt to solve
the challenges of antimicrobial resistance of some
species of infectious microorganisms to antimicro-
bial agent and discover fresh, effective, low cost
alternatives [78]. According to reports, certain non-
antibiotic medications, such as NSAIDs, cytostatics,
and psychotropics, as well as statins, have antibacte-
rial qualities [79]. Recent studies indicate that some
of these anti-inflammatory medications have antibac-
terial activity in addition to their primary function
[80].

Diclofenac has been reported to have anti-bacterial
and anti-mycotic properties [26]. Diclofenac has
been reported as a powerful non-antibiotic an-
tibacterial agent; inhibiting both gram-positive and
gram-negative bacteria and also demonstrated syner-
gism with various antibiotics [81].

Result from a research study showed that diclofenac
inhibited the growth of Enteroococcus fecalis invitro
at a concentration of 50 µg/m with a mean zone
of microbial growth of 9.10 ± 2-.02 mm. However
antibacterial activity of diclofenac was lower than
ibuprofen as well as two clinically used antibiotic
amoxicillin and gentamycin [80]. According to [82]

the minimum inhibitory concentration (MIC) of di-
clofenac sodium against 45 mycobacterium strains is
10–25 µg/ml. This is significantly higher (5–6) than
the MIC of the conventional anti-mycobacterial med-
ications. Diclofenac exhibit antibacterial property by
compromising membrane activity or preventing DNA
production in bacteria [83]. It has been demonstrated
that diclofenac prevents Escherichia coli and Listeria
monocytogenes from replicating their DNA [84]. It will
be interesting to find out if diclofenac functions as
an anti-inflammatory, analgesic, antipyretic agent as
well as antibacterial agent simultaneously in local-
ized and systemic administration of the drug.

Pro-inflammatory drugs (NSAIDs) which block
prostaglandin synthesis particularly diclofenac the
most potent, may be crucial in affecting the
metabolism of fungal prostaglandins, as several stud-
ies have demonstrated that pathogenic fungi can
produce prostaglandins during biofilm adhesion and
development. Also, recent research indicates that PGs
may be crucial to the control of the eicosanoids
pathway in fungal such as Candida spp. Due to a dis-
ruption in their metabolism, Diclofenac’s inhibition of
PG synthesis result in the fungal death. NSAIDs have
been shown in numerous studies to be to exhibit both
in vitro and in vivo antifungal property [85]. Biofilm
diseases caused by Candida spp. and other invasive
fungal strains can be reduced by combination therapy
that combine NSAIDs with conventional antifungal
medications. One potential way that NSAIDs reduce
fungal growth, biofilm formation, and adherence in
Candida species is through inhibiting the synthesis of
fungal PG [86]. Repositioned medications combined
with EOs that have established antimicrobial proper-
ties can be a useful strategy for quickly discovering
novel treatments for acute infections [87].

8.2. Diclofenac’s neuroprotective property

Research study indicates that diclofenac possesses
neuroprotective qualities [26]. Diclofenac may have
neuroprotective effects in chlorpromazine-induced
catalepsy, which may have consequences for Parkin-
son’s disease, according to a recent study [88]. In
the past, diclofenac was demonstrated to similarly
inhibit Aβ 1-42 oligomerization and fibrillation as
celecoxib. Transthyretin amyloid has been discovered
to be inhibited by diclofenac and its analogues [26].
In addition to type 2 diabetes, pancreatic amyloidosis
is characterized by misfolding of the islet amyloid
peptide (IAPP). It was found that diclofenac inhibited
the islet amyloid peptide’s (IAPP) oligomerization,
which lessened the cytotoxic effects of the protein
[89]. Remarkably, research has shown that diclofenac
can prevent diseases caused by misfolded proteins,
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such Alzheimer’s. A frequent inflammatory process
in the brain that includes chemokines, neurotoxins,
and cytokines is known to be the activation of glial
cells by COX enzymes [90]. Diclofenac’s inhibition
of COX enzymes is assumed to contribute to brain
cell protection against inflammatory-induced toxic-
ity. Reduced apoptosis and wound area appeared to
be related to diclofenac’s COX-2 inhibition-mediated
protective action after an experimental localized pen-
etrating traumatic brain injury in rats [91].

8.3. Prospect of diclofenac as an anticancer agent

Various naturally occurring and artificially pro-
duced compounds have been developed as anticancer
drugs. While some anticancer medications like dox-
orubicin and epirubicin, were developed from a natu-
ral molecule, daunorubicin, which is frequently found
in Streptomyces bacteria, some synthetic chemical
compounds have been obtained from their natural
analogs, such as topotecan from camptothecin [92].
The off-target consequences and our poor under-
standing of pharmacokinetic characteristics pose a
significant challenge to the development of novel an-
ticancer medications [93]. Repurposing drugs is one
crucial tactic to address this challenge. Repurposing
drugs entails using a well-known drug for different
conditions. The practice of repurposing of drugs is
becoming a more successful approach to reexamine
well-known, old drugs for novel therapeutic uses, as
well as lowering the cost and duration of de novo
drug development [94]. For example, thalidomide
which was first approved as a pregnancy-related nau-
sea medication, is now used in combination with
dexamethasone to treat multiple myeloma. Originally
intended to treat Parkinson’s disease, bromocriptine
is now used to treat diabetes mellitus [26]. The po-
tential therapeutic use of diclofenac in a number of
other different illnesses has also been studied. Other
advantageous uses of diclofenac, including its anti-
convulsant and antibacterial properties, have been
discovered [5]. Furthermore, research on diclofenac’s
potential as an anticancer agent has been reported.
Diclofenac’s anticancer qualities have been investi-
gated in a variety of cancers, including pancreatic
cancer, colorectal cancer, glioma, neuroblastoma,
osteoblast, and fibrosarcoma [95]. Cell cycle and
apoptosis, which are two important pathways in cells
and therefore in the pathogenesis of cancers have
been thoroughly examined to comprehend the manip-
ulative function that diclofenac has in these pathways
[96].

In several cell lines, namely neural stem cells,
glioblastomas (GBM), ovarian cells, osteoblasts, hu-
man lymphatic endothelial cells (HLEC), and vascular

smooth muscle cells (VSMC), diclofenac has been
shown to block their cell cycle, thus preventing cell
proliferation which is characteristics cancer cells as
shown in Fig. 12 [97]. Increased expression of the
cell cycle inhibitor p21 was observed in glioma cells
treated with diclofenac; this effect was linked to in-
creased levels of 15-PGDH (15 hydroxy prostaglandin
dehydrogenase) [98]. Additionally, vascular smooth
muscle cells (VSMCs) treated with diclofenac showed
higher levels of p21 and p27. These results were as-
sociated with diclofenac’s inhibitory effect on the cell
cycle in the G1 phase of VSMCs [99]. In a model of
colon cancer, diclofenac also shown anti-carcinogenic
properties. Diclofenac’s anticarcinogenic action was
linked to decreased levels of cyclin D1, cyclin E,
CDK-4, and CDK-2 as well as increased telomerase
activity. The transcription factor E2f1 is important for
the development of cancer and chemoresistance be-
cause, when overexpressed, it promotes invasion and
metastasis by triggering growth receptor signaling
pathways [100]. Reduced expression of the transcrip-
tion factor E2f1 may be the cause of diclofenac’s
anticarcinogenic effect in ovarian cancer cells. En-
hanced cellular proliferation and apoptosis resistance
in a variety of malignancies have been linked to el-
evated COX-2 levels. Remarkably, anticancer effects
of diclofenac, an inhibitor of COX-2 of have been
observed in rats with neuroblastoma [26].

Research revealed that the treatment of diclofenac
resulted in the reduced expression of inducers of
cell proliferation, such as cyclin D1 and the tran-
scription factor E2F1, and the upregulation of cell
cycle inhibitory proteins, such as p27, p21, and 15-
hydroxyprostaglandin dehydrogenase (15-PGDH) as
depicted in Fig. 12. All these actions of diclofenac
mitigate cell cycle and if such cells are prone to un-
controllable proliferation as observed in cancer cell,
it implies that that diclofenac could be a possible
anticancer agent [101].

It has also been reported that diclofenac pro-
motes apoptosis and how diclofenac affects different
apoptosis-inducing pathways has also been investi-
gated. Diclofenac’s apoptotic effect in neuroblastoma
cell lines has been related to superoxide dismutase 2
(SOD2). SOD2, an antioxidant, shields cells against
the oxidative activity of cell component by reac-
tive oxygen species, which prevents cell damage or
apoptosis [26]. Diclofenac inhibits SOD2’s enzyme
activity as well as its expression levels. It has been
discovered that COX-2 inhibits the apoptotic path-
way triggered by the Fas receptor, a member of
the TNF family that, when in contact with its ago-
nists, triggers apoptosis. Additionally, diclofenac may
have an apoptotic impact because of its COX in-
hibitory characteristic, which inhibits prostaglandins
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Fig. 12. Cell cycle inhibition and apoptosis induced by diclofenac: A schematic representation of its mechanism [26].
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with anti-apoptotic actions such prostaglandin H2
(PGH2) [102]. In myeloid leukemia cells, diclofenac
was shown to induce apoptosis through a mechanism
that is dependent on activator protein-1. According
to this study, increased amounts of the transcrip-
tion factors activator protein-1, c-Jun, Jun-B, and
Fra-2, led to enhanced levels of GADD45α and, con-
sequently, JNK, which in turn caused apoptosis. An
additional investigation discovered that diclofenac
sensitized hepatocytes to apoptosis by blocking TNF-
α-mediated activation of NF-kB transcription factor
activity [103]. Diclofenac-induced apoptosis has been
attributed to several downstream mechanisms, in-
cluding: inhibition of NF-kB activity, disruption of
proteasome activity, induction of the JNK path-
way via AP1 transcription factors, and ROS-induced
downregulation of the PI 3-kinase/Akt signaling path-
way [104]. The prospect of diclofenac to be employed
as an anticancer treatment agent for different forms
of cancer is supported by two important anticancer
mechanisms in cells: a number of pro-apoptotic and
cell cycle inhibition mechanism that have been report
from various research investigations.

It is important to emphasize that majority of these
investigations are in the preclinical stage. Notable
among these research studies are NCT04091022 and
NCT02636569. Important information regarding the
potential use of diclofenac in cancer therapy may
come from the results of trials like these, which
are aimed at determining the impact of the medi-
cation on preventing or lowering the incidence of
non-melanoma skin cancer [26]. A recent conclusion
of a clinical experiment utilizing topical diclofenac on
actinic keratosis patients indicated reprogramming
of metabolism and immune cell infiltration in AK
lesions [4]. A different ongoing clinical research is
looking at diclofenac as part of TL-118, a four-drug
combination that includes sulfasalazine, metronomic
cyclophosphamide, cimetidine, and diclofenac [26].
This implies diclofenac, in combination with a variety
of other medications, may play a significant role in
cancer treatment and management.

While diclofenac has a promising prospect as an
anticancer agent and in treatment of other ill health
conditions, the negative effects of diclofenac are a
drawback to using it. For example, recent study shows
that using diclofenac as an adjuvant to curcumin can
enhance its anti-Alzheimer benefits in rats. Therefore,
research is needed to create innovative methods for
minimizing the negative effects of diclofenac before
using it or developing it in new therapies. A few of
such research are stated in this review A substan-
tial reduction in the risk of peptic ulcers has been
found when proton pump inhibitors and diclofenac as
combination therapy [105]. Furthermore, a naturally

occurring substance called thymoquinone lessens the
kidney toxicity that diclofenac causes. A combination
of vitamin B12 and diclofenac has shown that less
diclofenac was required to have an analgesic effect
[106]. This discovery is of great interest considering
the fact that vitamin B 12 is a component of some
food and also taken in the form of supplement with
little or no potential of toxicity even at large doses
[107]. The application of omega-3 fatty acids has also
demonstrated anti-diclofenac induced hepatotoxicity
benefits. Diclofenac and the curcuminoid complex
combined together demonstrated improved knee os-
teoarthritis tolerability and functional capacity. A
recent study suggested creating analogs of diclofenac
with less hepatotoxicity [108].

Another technique to address the address the ad-
verse effect of diclofenac use or in developing new
therapy by exploiting new methods of delivering
drugs can also help make the medicine more avail-
able at a specific location, which lowers the dosage.
Increased ocular availability of diclofenac in rabbit
eyes was observed in a study employing polymeric
nanosuspensions as a drug carrier [26]. A study that
delivered diclofenac locally using nanofibers derived
from the polymer of poly (D, L-lactide-co-glycolide)
revealed higher survival rates in a mouse model
of oral cancer. Diclofenac nanocrystal suspensions
were employed in another investigation to treat skin
irritation, and the results showed that these formu-
lations had better anti-inflammatory properties than
the available commercial equivalents. This was sug-
gested to be perhaps due to increase in the drug
quantity or availability at the site of inflammation
[109]. When critically considered collectively, these
investigations could prove beneficial in creating new
treatments that would successfully lessen the nega-
tive consequences of diclofenac

9. Environmental impact of diclofenac

Pharmaceuticals such as drugs, hormones and
antibiotics are widely utilized in biotechnology,
medicine, and agriculture [110]. In medicine, a wide
variety of pharmaceuticals are used to treat different
ill health conditions as well as maintain the health
of human and animals. One of the notable families
of pharmaceuticals are pharmaceutically active com-
pounds (PAC), which enter the environment either
as the parent component or as pharmacologically ac-
tive metabolites through various means [111]. While
many pharmaceutical substances are designed to
have positive biological effect on the organism they
are delivered to, they can also have unintended bio-
logical effects when they enter the environment. PAC
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have been found in several different environments,
and frequently, both the short and long term conse-
quences may not be clearly understood [112].

The widespread presence of PAC and pharma-
ceuticals in aquatic environments has become a
concern with unclear implications and in recent times
has prompted environmentalists around the world
to have interest in PAC [113]. Non-steroidal anti-
inflammatory drugs (NSAIDs) have been reported at
quantities ranging from low mg/L to ng/L in differ-
ent environment. NSAIDs are available as over the
counter drug in the majority of nations, there is a
higher likelihood that they may be consumed and,
consequently, exposed to the environment [48]. Due
to its frequent presence in sources of drinking water
and its possible detrimental effects on a wide range
of organisms at considerable level, DCF has garnered
interest in recent times. Animals with the same or
similar target organs, tissues, cells, or biomolecules
may experience similar effects from these pharmaceu-
ticals when they enter the environment [113].

The source of diclofenac is the pharmaceutical drug
and it finds its way through human and animal route
into wastewater treatment plants or landfills as di-
clofenac or its metabolite. Diclofenac may also get
into wastewater treatment facilities directly through
wastes from pharmaceutical industry [114]. DCF can
end up in surface water due to the ineffectiveness of
the traditional treatment methods used in wastewater
treatment plants, and there is the likelihood that DCF
may seep into sources of drinking water. There is a
relatively larger chance of DCF from landfills perco-
lating into surface water [115].

DCF has been found in ng/L in surface water such
as rivers, lakes and estuary, whereas it has been
found in wastewater at concentrations as high as
µg/L. Both physico-chemical processes in wastewater
treatment facilities and natural processes including
soil retention, biodegradation, and photo transforma-
tion contributed to the concentration’s decline [111].
Instances of detection in drinking water and ground-
water have also been reported. Although EU nations
have accounted for the majority of detections, this
does not mean that diclofenac was exclusively found
in those regions. According to a report, Pakistan had
the highest concentration in rivers (4900 mg/L), and
one possible explanation for this could be that Asian
nations lack sophisticated WWTPs [116]. Research
from Canada revealed that WWTP effluents have a
very high concentration of diclofenac of about 16
µg/L [117]. Water bodies in Germany have also been
severely contaminated by diclofenac; the highest con-
centration found in river water was 1030 ng/ L.
Residues of diclofenac have been found in the river
delta of Spain. Of the over 30,000 surface water

samples that were taken in France between 2007
and 2018, 29% contained diclofenac. Treatment of
wastewater reduces its concentration by only 20% to
50%. Nearly every nation in the European Union has
DCF remnants. DCF has even been found in drinking
water in the US and Germany, which is noteworthy
[118]. Most cases of DCF have been found worldwide
in freshwater environments.

Additionally, diclofenac in waste water treatment
plants can act as ligand and form metal with metal
presence in waste water since the structure of DCF
contains active groups such amino, hydroxyl, car-
bonyl, and carboxyl groups through deprotonation
of these functional group, facilitate by a variety of
physicochemical factors of water treatment plants
[119]. With the majority of metals, these groups
can improve the metal complexation/binding char-
acteristics. Thus, chelation-mediated organometallic
complexation of pharmaceuticals is a potential out-
come in WWTP [120]. The bactericidal properties of
DCF complexes with Hg (II), Pb(II), and Sn(II) are
well established, and the DCF Cu(II) complex has
the ability to break DNA. DCF’s characteristics can
completely change when reacting with metal com-
plexes to become a different kind of possible pollutant
with the ability to destroy cells and have antibacterial
property [121]. The metal complexes of DCF need
to be managed carefully in light of its antibacterial
qualities and should be regarded as an emerging con-
taminant with potential hazardous effects towards
several organisms in the environment [113].

After treatment, WWTPs release water containing
DCF into surface water with a range from a few
hundred ng/L to thousands of ng/L [122]. There are
no rigorous regulations to regulate the amount of
DCF present in aquatic environments in Asian na-
tions. It is evident from the few research on rivers
that DCF is released into surface water without being
properly treated. Appropriate treatment wastewater
could lessen the burden of DCF entering the aquatic
ecosystem in these parts of the world. For an efficient
removal, it is recommended that these wastewater
treatment plants should be provided basic treatment
facilities from primary to secondary as well tertiary
facilities.

A few instances of DCF detection in soil have been
documented; it has been reported in Ontario, Canada
and Israel. Diclofenac may find its way to farm lands
through wastewater or the use of municipal sewage
sludge as a source of nutrients in soil. When compared
to other medications like sulfamethazine, DCF is less
toxic to leguminous plants, and it has no negative
effects on plant growth [123]. Earthworms and other
soil organisms are not toxically affected by DCF in
terms of behavior, weight change, or death. Research
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studies on the application of wastewater sludge con-
taining DCF to soil indicated moderate chances of
dangers to soil microorganisms. It is not clearly un-
derstood how harmful DCF present in soil is to plants,
microorganism and other soil organisms [124]. This
is need for more research to be done in this area in
order to ascertain the effect on various soil organisms.
All that is known is that DCF degrades easily in soil
and is highly absorbed by soil that is rich in organic
matter. DCF appears to have a moderate level of
persistence and lower toxicity. However, diclofenac
becomes adsorbed to the soil and is resistance to-
wards aerobic and anaerobic breakdown in soils rich
in organic matter. It may also leak into groundwater,
resulting in cumulative harmful consequences [125].

The toxicity of diclofenac to aquatic life has been
the focus of several toxicity studies globally. One
of the earliest investigations on the harmful ef-
fects of diclofenac on aquatic organism such as fish,
bacteria, algae, and microcrustacean revealed com-
paratively less harmful effects even at environmental
concentrations [126]. However, subsequent research
exposed the possible environmental effects of di-
clofenac [127]. Studies on risk assessment indicated
that there was a possibility of higher ecological risk
associated with diclofenac in surface waters [128].
Aquatic species may be harmed by diclofenac from
ecotoxicity investigations employing acute Daphnia
and algae tests. Toxicity study indicated an increase
in death rate in two species of crustaceans precisely
Daphnia magna and Ceriodaphhia dubia. Diclofenac
has been shown to cause fatal consequences in a
variety of vertebrates, including fish, by causing
damage to the kidney and gastrointestinal systems.
Diclofenac may have long-term negative effects on
fish populations according to an exposure assessment
research [129]. Diclofenac negatively impacted the
growth of the egg phase in Japanese medaka (Oryzias
latipes) fish, which significantly reduced hatchability
and delayed hatching. The gills, liver and kidneysAt
environmental quantities, diclofenac disrupted the
metabolic processes and caused tissue damage in rain-
bow trout [130]. Rainbow trout may store diclofenac
in their liver, kidney, gills, and muscle tissues, which
can result in cytological changes at a low concen-
trationof 1 µg/L. Diclofenac elicited tissue specific
biomarker responses that resulted in tissue damage
at 250 ng L−1, which was extremely near to the level
in several German rivers [131]. Also, the growth and
metabolism of the common Baltic Sea blue mussels
were being negatively impacted by diclofenac. The
majority of the research revealed that aquatic species
may experience some negative consequences from on-
going exposure to diclofenac, even at very low doses.
Diclofenac and its metabolites have been reported

to be present in fish bile [132]. At concentrations
that may be close to those found in the environ-
ment, a number of photo-transformation products of
diclofenac have the potential to be more hazardous
than diclofenac.

The rapid death of vultures as a result of eating live-
stock remains containing diclofenac residues was the
first publicly reported instance of a pharmaceutical
causing significant effects on the ecosystem. These
vultures depend on livestock such as goats and cows
as their main food source. The animals were treated
with diclofenac and Gyps vultures are particularly
sensitive to very low doses of diclofenac. Although
diclofenac was short-lived in these animals, it may
still be highly present in the carcasses available to vul-
tures. Research studies attributed the cause of death
to renal portal vasoconstriction or accumulation of
uric acid resulting from decreased uric acid excretion
caused by consumption of diclofenac. The majority of
the studies indicated that there is a likelihood that the
ingestion of diclofenac could result in renal failure.
Three Gyps vulture species; Gyps bengalensis, Gyps in-
dicus, andGyps tenuirostriswere severely affected with
a 98% decline in population in the Indian subconti-
nent putting numerous vulture species in danger of
extinction [133]. As a result, they were added to the
IUCN’s (International Union for Conservation of Na-
ture) list of "critically endangered" species. DCF had
an impact on the ecosystem’s community structure
in addition to the vulture population. As keystone
species, vultures’ decrease affects culture, biodiver-
sity, and a number of socioeconomic factors.

The vulture species in Africa are also under danger
due to the veterinary use of diclofenac (R). A signif-
icant decrease in the number of vultures and other
scavenger raptors from Kenya has been documented
in certain instance and the cause has been linked to
DCF. Additionally, DCF has been known to be lethal
for eagles as of late, which increases the variety of
raptors that DCF threatens [134]. According to recent
studies, the prohibition of DCF for veterinary use in
south Asian nations was a successful strategy, as evi-
denced by the current increase in vulture populations
[135]. Thus, by outlawing its usage for veterinary
purposes, legislative actions for DCF were successful
in South Asia.

10. Conclusion

Diclofenac is a widely use and potent drug for
treatment for treatment of inflammation, pain and
fever associated with a variety of health condi-
tions. Its mode of action stems from its competitive
COX enzymes inhibition and subsequent decrease in
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prostaglandins synthesis. Despite its potency as an
anti-inflammatory, analgesic and antipyretic agent,
its adverse gastrointestinal, cardiovascular and renal
effect still remain a concern in the clinical use of
this drug and serves as a limitation, suggesting the
need for more research on its drug modification and
delivery in order to reduce and if possible eliminate
these adverse effects. However, this review reveals
diclofenac methyl ester could become a better sub-
stitute of diclofenac potassium being a more potent
anti-inflammatory and analgesic agent and possible
reduced side effects. An application for patent for use
as an anti-inflammatory and analgesic drug by the
research has been made in China in 2022.

Research also projects diclofenac has a possible
antimicrobial and anticancer agent and as well as
having neuroprotective properties. Uncontrollable
cell proliferation and evasion of apoptosis are char-
acteristic features of cancer cell. Diclofenac arrest
cell cycle, thus preventing proliferation of neural
stem cells, glioblastomas, ovarian cells, osteoblasts,
human lymphatic endothelial cells, and vascular
smooth muscle cells and induces apoptosis of neu-
roblastoma cell, this projcts this drug as a novel
prospective anticancer agent. It will be interesting to
find out if diclofenac can exhibit its classical anti-
inflammatory and pain relieving drug along with
its possible novel use as an anticancer and neu-
roprotective drug. Despite its current use and its
promising prospect in treatment of a wide range
of diseases, its adverse environmental impact from
contamination from household and pharmaceutical
waste water still remain a source of concern being
a drug sold over the counter in most part of world
and also its veterinary use. Diclofenac, its metabo-
lites as well as its derivative that may be present
in water waste, its primarily source of environment
contamination constitute emerging environment con-
taminant. Therefore, waste water treatment initiative
should encompass all.
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68. W. Parys, A. Pyka-Pająk, and M. Dołowy, “Application of
thin-layer chromatography in combination with densitom-
etry for the determination of diclofenac in enteric coated
tablets,” Pharmaceuticals, vol. 12, p. 183, 2019. doi: 10.
3390/ph12040183.

69. F. U. Nigiz, “A comparative study on the synthesis of ethyl
propionate in a pervaporation membrane reactor,” Chem.
Eng. Process. - Process Intensif., vol. 128, pp. 173–179, 2018.
doi: 10.1016/j.cep.2018.04.030.

70. A. Galisteo, et al., “Diclofenac N-derivatives as therapeu-
tic agents with anti-inflammatory and anti-cancer effect,”
Int. J. Mol. Sci., vol. 22, p. 5067, 2021. doi: 10.3390/
ijms22105067.

71. A. Peretz, et al., “Meclofenamic acid and diclofenac, novel
templates of KCNQ2/Q3 potassium channel openers, depress
cortical neuron activity and exhibit anticonvulsant proper-
ties,” Mol. Pharmacol., vol. 67, pp. 1053–1066, 2005. doi:
10.1124/mol.104.007112.

72. A. Gwanyanya, R. Macianskiene, and K. Mubagwa, “Insights
into the effects of diclofenac and other non-steroidal anti-
inflammatory agents on ion channels,” J. Pharm. Pharmacol.,
vol. 64, pp. 1359–1375, 2012. doi: 10.1111/j.2042-7158.
2012.01479.x.

73. N. Villalonga, et al., “Immunomodulatory effects of di-
clofenac in leukocytes through the targeting of Kv1.3
voltage-dependent potassium channels,” Biochem. Pharma-
col., vol. 80, pp. 858–866, 2010. doi: 10.1016/j.bcp.2010.
05.012.

74. A. Serrano-Albarrás, S. Cirera-Rocosa, D. Sastre, I. Estadella,
and A. Felipe, “Fighting rheumatoid arthritis: Kv1.3 as a ther-
apeutic target,” Biochem. Pharmacol., vol. 165, pp. 214–220,
2019. doi: 10.1016/j.bcp.2019.03.016.

75. L. Grohs, et al., “Diclofenac and other non-steroidal anti-
inflammatory drugs (NSAIDs) are competitive antagonists of
the human P2X3 receptor,” Front. Pharmacol., vol. 14, 2023.
doi: 10.3389/fphar.2023.1120360.

76. P. N. Hawkins, Y. Ando, A. Dispenzeri, A. Gonzalez-Duarte,
D. Adams, and O. B. Suhr, “Evolving landscape in the man-
agement of transthyretin amyloidosis,” Ann. Med., vol. 47,
pp. 625–638, 2015. doi: 10.3109/07853890.2015.1068949.

77. L. Škarydová, L. Živná, G. Xiong, E. Maser, and V. Wsól,
“AKR1C3 as a potential target for the inhibitory effect of
dietary flavonoids,” Chem. Biol. Interact., vol. 178, pp. 138–
144, 2009. doi: 10.1016/j.cbi.2008.10.015.

78. A. Barbarossa, et al., “Non-antibiotic drug repositioning as
an alternative antimicrobial approach,” Antibiotics, vol. 11,
p. 816, 2022. doi: 10.3390/antibiotics11060816.

79. A. Barbarossa, et al., “Antifungal biofilm inhibitory effects
of combinations of diclofenac and essential oils,” Antibiotics,
vol. 12, p. 1673, 2023. doi: 10.3390/antibiotics12121673.

80. R. C. Paes Leme and R. B. da Silva, “Antimicrobial activity
of non-steroidal anti-inflammatory drugs on biofilm: Current
evidence and potential for drug repurposing,” Front. Micro-
biol., vol. 12, 2021. doi: 10.3389/fmicb.2021.707629.

81. I. El-Soudany, I. A. Abdelwahab, and M. A. Yakout, “An-
tibacterial and antibiofilm activities of diclofenac against

https://doi.org/10.3390/jcm12041544
https://doi.org/10.1155/2012/245037
https://doi.org/10.3390/ph5121346
https://doi.org/10.3390/molecules19022089
https://doi.org/10.1016/S0006-2952(03)00235-1
https://doi.org/10.1016/S0006-2952(03)00235-1
https://doi.org/10.1124/jpet.115.229104
https://doi.org/10.1124/jpet.115.229104
https://doi.org/10.5114/reum.2018.76816
https://doi.org/10.5114/reum.2018.76816
https://doi.org/10.3390/ijms24054989
https://doi.org/10.1055/s-0031-1300132
https://doi.org/10.1111/j.1476-5381.2010.01127.x
https://doi.org/10.1111/j.1476-5381.2010.01127.x
https://doi.org/10.1016/j.imu.2021.100677
https://doi.org/10.1007/s10822-021-00394-6
https://doi.org/10.1007/s10822-021-00394-6
https://doi.org/10.1016/j.chemosphere.2019.125141
https://doi.org/10.3390/biom12121748
https://doi.org/10.3390/molecules27196485
https://doi.org/10.3390/molecules27196485
https://doi.org/10.3390/ijms21249452
https://doi.org/10.3390/gels9050422
https://doi.org/10.1016/j.cis.2023.103010
https://doi.org/10.3390/ph12040183
https://doi.org/10.3390/ph12040183
https://doi.org/10.1016/j.cep.2018.04.030
https://doi.org/10.3390/ijms22105067
https://doi.org/10.3390/ijms22105067
https://doi.org/10.1124/mol.104.007112
https://doi.org/10.1111/j.2042-7158.2012.01479.x
https://doi.org/10.1111/j.2042-7158.2012.01479.x
https://doi.org/10.1016/j.bcp.2010.05.012
https://doi.org/10.1016/j.bcp.2010.05.012
https://doi.org/10.1016/j.bcp.2019.03.016
https://doi.org/10.3389/fphar.2023.1120360
https://doi.org/10.3109/07853890.2015.1068949
https://doi.org/10.1016/j.cbi.2008.10.015
https://doi.org/10.3390/antibiotics11060816
https://doi.org/10.3390/antibiotics12121673
https://doi.org/10.3389/fmicb.2021.707629


AL-MUSTAQBAL JOURNAL OF PHARM. & MED. SCIENCES 2024;2:135–157 155

levofloxacin-resistant Stenotrophomonas maltophilia iso-
lates; emphasizing repurposing of diclofenac, Iran.” J.
Microbiol., 2024. doi: 10.18502/ijm.v16i2.15349.

82. N. K. Dutta, K. Mazumdar, S. G. Dastidar, and J.-H. Park,
“Activity of diclofenac used alone and in combination with
streptomycin against Mycobacterium tuberculosis in mice,”
Int. J. Antimicrob. Agents., vol. 30, pp. 336–340, 2007. doi:
10.1016/j.ijantimicag.2007.04.016.

83. A. Alves de Lima e Silva, et al., “Diclofenac may induce
PIA-independent biofilm formation in staphylococcus aureus
strains,” Int. J. Microbiol., vol. 2021, pp. 1–11, 2021. doi:
10.1155/2021/8823775.

84. E. Stone, et al., “Inhibition of listeria monocytogenes by
phage lytic enzymes displayed on tailored bionanoparticles,”
Foods, vol. 11, p. 854, 2022. doi: 10.3390/foods11060854.

85. S. R. Mendoza, D. Zamith-Miranda, T. Takács, A. Gacser, J.
D. Nosanchuk, and A. J. Guimarães, “Complex and contro-
versial roles of eicosanoids in fungal pathogenesis,” J. Fungi.,
vol. 7, p. 254, 2021. doi: 10.3390/jof7040254.

86. J. Tits, B. P. A. Cammue, and K. Thevissen, “Combination
therapy to treat fungal biofilm-based infections,” Int. J. Mol.
Sci., vol. 21, p. 8873, 2020. doi: 10.3390/ijms21228873.

87. N. Basavegowda and K.-H. Baek, “Combination strategies of
different antimicrobials: An efficient and alternative tool for
pathogen inactivation,” Biomedicines, vol. 10, p. 2219, 2022.
doi: 10.3390/biomedicines10092219.

88. A. A. Kaplan, K. K. Yurt, Ö. G. Deniz, and G. Altun, “Pe-
ripheral nerve and diclofenac sodium: Molecular and clinical
approaches,” J. Chem. Neuroanat., vol. 87, pp. 2–11, 2018.
doi: 10.1016/j.jchemneu.2017.08.006.

89. S. W. Jayaweera, et al., “Mechanisms of transthyretin in-
hibition of IAPP amyloid formation,” Biomolecules, vol. 11,
p. 411, 2021. doi: 10.3390/biom11030411.

90. B. E. Stopschinski, et al., “Microglia as a cellular target of
diclofenac therapy in Alzheimer’s disease,” Ther. Adv. Neurol.
Disord., vol. 16, 2023, 175628642311566. doi: 10.1177/
17562864231156674.

91. K. D. Jadid, et al., “COX-2 inhibition by diclofenac is as-
sociated with decreased apoptosis and lesion area after
experimental focal penetrating traumatic brain injury in
rats,” Front. Neurol., vol. 10, 2019. doi: 10.3389/fneur.2019.
00811.

92. S. T. Asma, et al., “Natural products/bioactive compounds
as a source of anticancer drugs,” Cancers (Basel), vol. 14,
p. 6203, 2022. doi: 10.3390/cancers14246203.

93. A. Lin, et al., “Off-target toxicity is a common mechanism of
action of cancer drugs undergoing clinical trials,” Sci. Transl.
Med., vol. 11, 2019. doi: 10.1126/scitranslmed.aaw8412.

94. N. Krishnamurthy, A. A. Grimshaw, S. A. Axson, S. H. Choe,
and J. E. Miller, “Drug repurposing: A systematic review on
root causes, barriers and facilitators,” BMC Health Serv. Res.,
vol. 22, p. 970, 2022. doi: 10.1186/s12913-022-08272-z.

95. S. Choi, S. Kim, J. Park, S. E. Lee, C. Kim, and D. Kang,
“Diclofenac: A nonsteroidal anti-inflammatory drug inducing
cancer cell death by inhibiting microtubule polymerization
and autophagy flux,” Antioxidants, vol. 11, p. 1009, 2022.
doi: 10.3390/antiox11051009.

96. S. W. Jaros, et al., “Therapeutic potential of a water-soluble
silver-diclofenac coordination polymer on 3D pancreatic
cancer spheroids,” J. Med. Chem., vol. 65, pp. 11100–11110,
2022. doi: 10.1021/acs.jmedchem.2c00535.

97. A. Y. Benmelouka, et al., “Neural stem cell-based therapies
and glioblastoma management: Current evidence and clini-
cal challenges,” Int. J. Mol. Sci., vol. 22, p. 2258, 2021. doi:
10.3390/ijms22052258.

98. X. Wang, G. Yin, W. Zhang, K. Song, L. Zhang, and Z. Guo,
“Prostaglandin reductase 1 as a potential therapeutic target
for cancer therapy,” Front. Pharmacol., vol. 12, 2021. doi:
10.3389/fphar.2021.717730.

99. V. Sorokin, et al., “Role of vascular smooth muscle cell plas-
ticity and interactions in vessel wall inflammation,” Front.
Immunol., vol. 11, 2020. doi: 10.3389/fimmu.2020.599415.

100. S. Chen and L. Li, “Degradation strategy of cyclin D1 in
cancer cells and the potential clinical application,” Front.
Oncol., vol. 12, 2022. doi: 10.3389/fonc.2022.949688.

101. R. A. Poku, K. J. Jones, M. Van Baren, J. K. Alan, and F. Amis-
sah, “Diclofenac enhances docosahexaenoic acid-induced
apoptosis in vitro in lung cancer cells,” Cancers (Basel),
vol. 12, p. 2683, 2020. doi: 10.3390/cancers12092683.

102. C. Sobolewski, C. Cerella, M. Dicato, L. Ghibelli, and M.
Diederich, “The role of cyclooxygenase-2 in cell proliferation
and cell death in human malignancies,” Int. J. Cell Biol.,
vol. 2010, pp. 1–21, 2010. doi: 10.1155/2010/215158.

103. V. Atsaves, V. Leventaki, G. Z. Rassidakis, and F. X. Claret,
“AP-1 transcription factors as regulators of immune re-
sponses in cancer,” Cancers (Basel), vol. 11, p. 1037, 2019.
doi: 10.3390/cancers11071037.

104. M. Broekgaarden, R. Weijer, T. M. van Gulik, M. R. Hamblin,
and M. Heger, “Tumor cell survival pathways activated by
photodynamic therapy: A molecular basis for pharmacolog-
ical inhibition strategies,” Cancer Metastasis Rev, vol. 34,
pp. 643–690, 2015. doi: 10.1007/s10555-015-9588-7.

105. O. Stuve, R. A. Weideman, D. M. McMahan, D. A. Jacob,
and B. B. Little, “Diclofenac reduces the risk of Alzheimer’s
disease: A pilot analysis of NSAIDs in two US veteran
populations,” Ther. Adv. Neurol. Disord., vol. 13, 2020,
175628642093567. doi: 10.1177/1756286420935676.

106. L.-P. Guo, et al., “Effect of thymoquinone on acute kidney
injury induced by sepsis in BALB/c mice,” Biomed Res. Int.,
vol. 2020, pp. 1–7, 2020. doi: 10.1155/2020/1594726.

107. Ž. Temova Rakuša, R. Roškar, N. Hickey, and S. Geremia,
“Vitamin B12 in foods, food supplements, and medicines—
A review of its role and properties with a focus on its
stability,” Molecules, vol. 28, p. 240, 2022. doi: 10.3390/
molecules28010240.

108. D. Shep, C. Khanwelkar, P. Gade, and S. Karad, “Efficacy
and safety of combination of curcuminoid complex and di-
clofenac versus diclofenac in knee osteoarthritis,” Medicine
(Baltimore), vol. 99, p. e19723, 2020. doi: 10.1097/MD.
0000000000019723.

109. R. Pireddu, et al., “Diclofenac acid nanocrystals as an ef-
fective strategy to reduce in vivo skin inflammation by
improving dermal drug bioavailability,” Colloids Surfaces B
Biointerfaces, vol. 143, pp. 64–70, 2016. doi: 10.1016/j.
colsurfb.2016.03.026.

110. C. Manyi-Loh, S. Mamphweli, E. Meyer, and A. Okoh, “An-
tibiotic use in agriculture and its consequential resistance
in environmental sources: Potential public health impli-
cations,” Molecules, vol. 23, p. 795, 2018. doi: 10.3390/
molecules23040795.

111. M. Patel, R. Kumar, K. Kishor, T. Mlsna, C. U. Pittman,
and D. Mohan, “Pharmaceuticals of emerging concern in
aquatic systems: Chemistry, occurrence, effects, and removal
methods,” Chem. Rev., vol. 119, pp. 3510–3673, 2019. doi:
10.1021/acs.chemrev.8b00299.

112. A. Kock, H. C. Glanville, A. C. Law, T. Stanton, L. J. Carter,
and J. C. Taylor, “Emerging challenges of the impacts of
pharmaceuticals on aquatic ecosystems: A diatom perspec-
tive,” Sci. Total Environ., vol. 878, p. 162939, 2023. doi:
10.1016/j.scitotenv.2023.162939.

https://doi.org/10.18502/ijm.v16i2.15349
https://doi.org/10.1016/j.ijantimicag.2007.04.016
https://doi.org/10.1155/2021/8823775
https://doi.org/10.3390/foods11060854
https://doi.org/10.3390/jof7040254
https://doi.org/10.3390/ijms21228873
https://doi.org/10.3390/biomedicines10092219
https://doi.org/10.1016/j.jchemneu.2017.08.006
https://doi.org/10.3390/biom11030411
https://doi.org/10.1177/17562864231156674
https://doi.org/10.1177/17562864231156674
https://doi.org/10.3389/fneur.2019.00811
https://doi.org/10.3389/fneur.2019.00811
https://doi.org/10.3390/cancers14246203
https://doi.org/10.1126/scitranslmed.aaw8412
https://doi.org/10.1186/s12913-022-08272-z
https://doi.org/10.3390/antiox11051009
https://doi.org/10.1021/acs.jmedchem.2c00535
https://doi.org/10.3390/ijms22052258
https://doi.org/10.3389/fphar.2021.717730
https://doi.org/10.3389/fimmu.2020.599415
https://doi.org/10.3389/fonc.2022.949688
https://doi.org/10.3390/cancers12092683
https://doi.org/10.1155/2010/215158
https://doi.org/10.3390/cancers11071037
https://doi.org/10.1007/s10555-015-9588-7
https://doi.org/10.1177/1756286420935676
https://doi.org/10.1155/2020/1594726
https://doi.org/10.3390/molecules28010240
https://doi.org/10.3390/molecules28010240
https://doi.org/10.1097/MD.0000000000019723
https://doi.org/10.1097/MD.0000000000019723
https://doi.org/10.1016/j.colsurfb.2016.03.026
https://doi.org/10.1016/j.colsurfb.2016.03.026
https://doi.org/10.3390/molecules23040795
https://doi.org/10.3390/molecules23040795
https://doi.org/10.1021/acs.chemrev.8b00299
https://doi.org/10.1016/j.scitotenv.2023.162939


156 AL-MUSTAQBAL JOURNAL OF PHARM. & MED. SCIENCES 2024;2:135–157
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