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A B S T R A C T

Inflammation is a body response against infection that activates other biological components that include various
cytokines, chemokines and other biological compounds that trigger body response against pathological activities.
The Arachidonic acid pathway is involved in the inflammation that is connected with lipoxygenase (LOX) and
cyclooxygenase (COX) enzymes. The importance of the isoforms of LOX and COX in inflammation is well studied.
At the cellular level, some of the thiazole derivatives showed potent anti-inflammatory activities especially to
block LOX5 and COX2 in the inflammation. These factors include both acute and chronic inflammation in various
tissues like the heart, kidney, pancreas, brain, intestine, lungs and other organs as well that lead to the damage of
the organs or cells. Whether it’s the infectious or non-infectious response it will further activate some of the
downstream signaling pathways like lipoxygenase, cyclooxygenase, cytochrome 450, JAK-STAT, MAPK, JNK,
TNF-α, Nfr2, and many more pathways that lead to activation of another chronic disease in the body. In this
review, we will concentrate on thiazole molecules that serve as anti-inflammatory responses to both acute and
chronic inflammation. Further, we discussed the evidence that correlates the possible connection with LOX and
COX enzymes in the inflammatory pathways and their blocking ability especially through thiazole derivatives
has been discussed in this present review. The current assessment is the best part of the present consequence of
thiazole derivatives on anti-inflammatory studies, covering articles published from 1973 to 2023.

1. Introduction

The local and defensive response of living tissue triggered against
damage caused by harmful chemicals, physical pain, bacterial and mi-
crobial agents are called inflammation [1]. During the occurrence of an
injury or acute inflammation, the response is very much essential in
fighting infections to heal and restore the normal functions as the first
line of defence. In contrast, chronic inflammation can cause numerous
diseases. Prolonged inflammation leads to cancer due to activation of
cell injury or continuous tissue damage. Some disorders, such as Alz-
heimer’s disease, arthritis, diabetes, atherosclerosis, autoimmune dis-
eases, multiple sclerosis, psoriasis, and rheumatoid arthritis, exist in
addition to these inflammatory diseases. Inflammation refers to a
multifactorial network of chemical signals that regulates the release of
many mediators as well as changes in local blood flow. Local impacts are
accounted for by the mediators. The inflammation site includes

increased vascular permeability, migration of leukocytes, redness,
swelling due to vasodilatation, vascular systems such as renal apparatus
and cardiovascular system [2]. The primary anti-inflammatory target
includes phospholipase A2 (PLA2), lipoxygenase (LOX), and cyclo-
oxygenases (COX 1 and 2). Inflammation also includes interleukins
(IL-1β, IL-6), tumor necrosis factor (TNF-α) and transcription factor
nuclear factor (NF-κB) [3]. During the inflammatory process, leukotri-
enes play a major role [2] which along with several cytokines and
growth factors plays a significant role during the initiation and pro-
gression of cancer. Precursors of prostaglandins and other bio lipids
which are inflammatory mediators also play significant roles during
metastasis [4].

Arachidonic acid (AA), a major constituent of biomembranes, is an
essential fatty acid. Phospholipase A2 releases AA which exerts many
physiological actions after getting converted to numerous lipids medi-
ates. AA and its metabolites play an important role in cancer biology and
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adenoma-carcinoma sequence. Cyclooxygenase (COX), cytochrome
P450 (CYP), and lipoxygenase (LOX) are the three major pathways
associated with AA cascade [5]. The Arachidonic Acid cascade is one of
the most abundant polyunsaturated fatty acids with twenty-carbon fatty
acids involved in inflammatory responses. This fatty acid is present in
phospholipid bilayer cells. The release of AA into the cellular milieu is
triggered by the activation of PLA2 which is cytoplasmic PLA2. Also, the
stimuli are due to the various lipases which bring about the discharge of
Arachidonic acid into the cellular environment. This ultimately gets
metabolized by LOX, COX, and CYP – the three enzymatic pathways [5].
The prostanoids are mostly pro-inflammatory mediators, which are
known as the COX pathway of AA metabolites [6]. The LOX pathway
comprises eicosanoid metabolites which also consist of
pro-inflammatory hydroxyl eicosatetraenoic acids, leukotriene, and
lipoxins. The latter are the mediators of inflammation resolution [7].
The enzymes CYP epoxygenases and CYP hydroxylases generate
anti-inflammatory epoxyeicosatrienoic acids and vasoconstrictor
20-HETE respectively. The epoxyeicosatrienoic acids get metabolized to
their corresponding dihydroxyeicosatrienoic acids and diols using sol-
uble epoxide hydrolase which have low biological activity [8].

We are actively engaged in organic synthesis [9–20] and as our
continuing interest in bioorganic and medicinal chemistry [21–28], we
herein present a review on anti-inflammatory activities of thiazole de-
rivatives. To the best of our knowledge, a specific review on
anti-inflammatory activities of thiazole compounds is not reported.

1.1. The cyclooxygenase pathway

The COX pathway has two isoforms in mammals, namely, COX, COX-
1 and COX-2 [5]. Under physiological conditions; COX-1 in most
mammalian cells is constitutively expressed. Proinflammatory stimuli;
for instance, bacterial lipopolysaccharides, cytokines, tumor-promoting
agents, and growth factors induce the COX-2 expression [29]. The latter
is expressed in quite a few issues which include the brain, kidney, and
spinal cord, although the essential roles of COX-2 expression are not
completely understood. For therapeutic purposes, expression patterns
pose challenges in selectively targeting COX-2 [5].

The dual-functional COX enzymes initially transform AA into two
types of prostaglandin. First, unstable prostaglandin G2 and second,
stable prostaglandin G2. The first transformation takes place via COX
and the second via the peroxidase function. Stable prostaglandin G2
(PGH2) is then transformed into many bioactive prostanoid syntheses
and cell and tissue-selective prostanoid syntheses. The former generates
(PGE2 PGD2, PGF2α, and PGI2) and TXA2. Of late, PGE2 synthases,
membrane PGE synthases-2 and cytosolic PGE synthases have attracted
attention as promising targets in dealing with pain and inflammation
treatment [2]. Unlike COX-mediated disruption of PGI2, the down-
stream enzymes of COX will not produce the same side effects. Of the
two constitutively expressed enzymes, namely, mPGES-1 and cPGES,
only the former primarily coupled with COX-2 is induced by inflam-
matory stimuli. These experimental outcomes infer that mPGES-1 is
attractive for pain and inflammation targets [30].

1.2. Biological effect of prostanoid

Prostanoid widely distributed autocrine and paracrine lipid media-
tors’ have a wide range of physiological responses. Characteristically
these metabolites are G protein-coupled receptors which are high-
affinity agonists that modulate second messenger levels. The second
messenger levels are Ca2+, inositol phosphates, and cAMP [31]. In 1936,
Von Euler isolated nine human prostanoid receptors. He cloned two
isoforms activated by PGD2, four by PGE2, PGF2α, PGI2, and TXA2.
PGD2 contained DP1, DP2, PGE2 contained EP1, EP2, EP3, EP4, and
TXA2 contained FP, IP, and TP respectively. The diversity of biological
effects of prostanoids is well explained by the diverse functions of
prostanoids receptors in the body [32]. Prostanoids with PGE2, PGF2α,

and PGI2 have important roles in gastrointestinal function protecting
the gastric mucosa blood flow, bicarbonate secretion, and stimulating
mucus formation [33]. PGD2, PGE2, and PGI2 in the cardiovascular
systems mediate vascular tone by triggering vasodilatation, while, PGE2
acts as a bronchodilator, and TXA2 is a potent vasoconstrictor. It is also a
well-established fact that PGE2 has a role in inflammatory pain [5]
which includes pain, redness and swelling. Thus, prostanoid receptors
alert pain-specific neurons by binding with PGs. For instance, PGE2 acts
on EP1 and EP2 receptors, and PGI2 act on IP receptors. EP1 and EP2
receptors are in the peripheral and central nociceptive systems, while IP
receptors in the peripheral nociceptive systems respectively. PGE2 adds
to the systemic responses to pain, hypersensitivity, fever, and fatigue by
acting on neurons. In brief, prostanoids require an intricate balance to
maintain homeostasis and to evade inflammatory responses by catering
through diverse and differential roles.

1.3. The lipoxygenase pathway

Three lipoxygenases (LOX) isozyme 5, 12, and 15 convert AA into
their corresponding pro-inflammatory hydroperoxy eicosatetraenoic
acids (− 5, − 12& − 15) [5,34]. 15-LOX initiates the synthesis of lipoxins
which are participating in the resolution phase of inflammation. 12-LOX
and 15-LOX are associated with psoriasis and atherosclerosis which are
commonly known as inflammatory diseases. However, 5-LOX is a unique
isozyme that uses two cofactors, namely, adenosine triphosphate (ATP)
and Ca2+ as catalysts for protein-protein interactions with LOX acti-
vating protein (FLAP) [5]. 5-LOX metabolizes AA to generate 5s
hydroperoxy eicosatetraenoic acids (HPETE) as an intermediate which
reduced to the resultant alcohol (5HETE) or epoxy leukotriene (LTA4)
which has a short life [35]. LTA4 on hydrolysis undergoes a systematic
metabolism resulting in epoxide by LTA4 hydrolase to the corresponding
LTB4, diol, or cysteine - adduct LTC4. Further LTC3 gives rise to
sequentially other cys-LTs, LTD4 and LTE4 [36].

1.4. Inflammation is a critical component of tumor progression

Cancer as a disease is also known as neoplasm or malignant tumor
which is categorized by a decreased rate of apoptosis. The mutation
prevents cancer cells from undergoing apoptosis while; damaged cells
will undergo apoptosis under normal conditions. Cancer develops to the
formation of tumors due to cell proliferation. Genetic alterations, for
instance, a mutation in oncogenes or tumor suppressor genes are the
causes of cancer [37]. The disease also causes alterations to the mac-
romolecules, for example, carbohydrates, lipids, nucleic acids, and
proteins. Many types of cancers are named after the location of the
initial development of tumors which most of the time are the result of
chronic inflammation. Inflammation caused due to human papilloma-
virus subtypes may result in cervical cancer. Hepatitis B and hepatitis C
virus may lead to hepatocellular cancer due to hepatocellular cancer
[38] and growth factors contribute to initiation and maintenance of
cancer cells [39].

The progression of tumors also known as tumorigenesis is a diver-
siform consecutive process that generally takes many years. It has been
comprehended that the metabolites of AA and phospholipid release one
of the two enzymes by the action of PLA2 substrate which plays a sig-
nificant role in tumor biology. The oxidation of AA by COX and LOX
mediated products proceeds by a sequence of enzymatic reactions to
produce regulatory molecules corresponding to PGs and LTs. Also,
studies have revealed that tumors and inflammatory cells are respon-
sible for the higher levels of PGE2 production [40,41]. Several mecha-
nisms have revealed PGE2 supports tumor growth and supplies the
required nutrients and oxygen by inducing the process of angiogenesis
[42,43]. PGE2 boosts tumor development, arrests cancer cell apoptosis,
and induces cancer-cell proliferation. The tumor development is realized
by increasing cell motility and movement and by changing cell
morphology [44,45]. Ding et al. have shown that in all activities of
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human pancreatic cancer cell lines take place in the presence of 5-LOX
and 12-LOX mRNA. This will not hold well in normal human pancre-
atic ductal cells. Though 5-HETE and 12-HETE, the metabolites of LOX
initiate tumor growth, propagation of human pancreatic cancer cells is
blocked by LOX inhibitors [46].

Inflammation signaling cascade influence the pathological effects on
various human diseases, and involves regulatory as well common in-
flammatory response mediators. Inflammatory signals activate the
downstream signaling cascade that will trigger the actual inflammatory
mechanism inside the body. Preliminary inflammatory response in-
cludes microbial counteracts and cytokines such as 1Beta (IL-1beta),
interleukins − 6, and tumor necrosis factor-alpha and its specific re-
ceptors. Receptors activate the intercellular response like MAPK, NFkB,
JAK-STAT, and other signaling pathways that will lead to the activation
of chronic inflammation and ultimately leads to diseases in the human
body.

Chemotherapy is a treatment procedure that uses the chemical sub-
stance as anti-cancer drugs which are cytotoxic. Consequently, the
chemicals kill cancer cells by inhibiting growth or multiplication even-
tually during the life cycles. The management of chemotherapy is sub-
jected to cycles of rest period and treatment. Radiation therapy as an
alternative treatment involves killing cancer cells by impinging ionizing
radiation on the targeted area which makes it difficult for the cancer
cells to grow. The undesirable side effects of chemotherapy and radia-
tion therapy have resulted in the development of alternative therapies.
Recent studies have shown and many mechanisms are established to
demonstrate that several natural products which act as potent antioxi-
dants and free radical scavengers are capable of displaying potent
anticancer activity [47,48]. This accelerates the need to discover new
treatments and therapeutics which will become more challenging. In
this context, the field of drug design assumes importance and hetero-
cyclic compounds widely distributed in nature provide hopes for a
future. Innumerable pharmacologically active chalcones are in clinical
use [49]. Diclofenac, Indomethacin, Licofelone, and Piroxicam which
are dual inhibitors of COX and LOX possess significant analgesic,
anti-inflammatory, and anti-asthmatic effects. These drugs have lower
gastrointestinal side effects. The approach of dual inhibition of the
COX/LOX enzymatic pathways offers more advantages compared to
selective inhibitors of COX in the designing of the new safe drugs with
minimum side effects [50]. In brief, the discovery of novel anti-cancer
and anti-inflammatory drugs assumes paramount importance.

1.5. Signaling pathways in inflammation

The activation of JAK-STAT pathways is usually connected with the
activation of cytokines, growth factors, and interferon’s that includes
growth hormones and leptons that lead to the alteration in the down-
stream signaling cascade. The JAK-STAT signaling pathways are acti-
vated by the interaction of specific ligand and receptor interaction and
downstream phosphorylation of STAT will dimers and ultimately leads
to the activation or acts as transcriptional factors and it enters into the
nucleus that will activate the genes that are responsible for the chronic
inflammation. Tyrosine phosphorylation site is the important area
where actual STAT gets dimerize and finally begins with JAK-STAT
pathways to activate. In the IL-6 signaling pathway cell membrane ac-
tivates the receptor and ligand interaction and finally, the downstream
signaling pathway activated when the tyrosine site gets phosphorylated
with the ATP, and inactivated STAT in the nucleus gets dimerizes inside
the cytosol and recruits to the nucleus and it acts as a transcriptional
factor. Dysregulation of one of these pathways leads to the over-
activation of inflammatory response genes and ultimately leads to death.

Inflammation is also activated by the stress-inducing protein like
JNK and p38 and it is activated by the IL-1β through the receptor and
ligand interactions. These inflammatory proteins also can trigger the
MAPK pathways so that inflammation and cancer could be the possible
link between two different pathways and still these possible links are

poorly understood. Once the activation or over expressions of these
stress proteins will act as transcriptional factors where inflammatory
genes are more accessible for the DNA replications and hence the
inflammation-mediated pathways will proceed through stress-induced
proteins via interleukins 1β.

2. Anti-inflammatory potency of thiazoles in in-vivo and in-vitro
methods

2.1. 2-Aminothiazolyl sulfonamides

N-(2-(N-(thiazol-2-yl)sulfamoyl)ethyl)nicotinamide 1a (Fig. 1) was
found to have anti-inflammatory properties as reported by Naito and
Shimizu [51]. Compound 1a (ED50 = 43.5 mg/kg) has about eight times
the efficacy of sodium salicylate (ED50 = 370 mg/kg) against
serotonin-induced edema. Because of its strong absorbability, low
toxicity, and potent anti-inflammatory action, it is an interesting com-
pound for clinical trials. Besides, they have also studied
anti-inflammatory activity against edema induced by carrageenan in
which 1a showed ED50 of 185 mg/kg. While, reference drug sodium
salicylate was not active at doses lower than 500 mg/kg. Authors have
studied anti-inflammatory activity for only one compound and they
have not disclosed structure activity relationships.

Sondhi et al. used a carrageenan-induced paw edema assay to
investigate the anti-inflammatory activity of methane sulfonamide and
amidine derivatives of 3,4-diaryl-2-imino-4-thiazolines. Phenyl buta-
zone was used as a positive control. The anti-inflammatory efficacy of
(Z)-N-(4-(4-methoxy phenyl)-3-(2-nitrophenyl) thiazol-2(3H)-ylidene)
methane sulfonamide 1b (34.7 %) (Fig. 1) was equivalent to that of the
standard medication Phenylbutazone (37.0 %). The excellent activity of
this lead compound 1b is due to the fact that this molecule meets ste-
reochemical, lipophilicity and electronic requirements of the target in a
better way than other molecules [52].

2.2. 2-Aminothiazole derivatives

Nagatami et al. [53] investigated the anti-inflammatory efficacy of a
series of 4-aryl-2-aminothiazole acetic acid derivatives in rat carra-
geenin edema. There were several active compounds discovered that
substantially reduced the formation of paw edema. Two compounds
4-(4-chlorophenyl)-2-phenylaminothiazole acetic acid 2a and
4-(4-chlorophenyl)-2-diethylaminothiazole acetic acid 2b (Fig. 2) were
chosen for further analysis because they slightly hindered albumin
denaturation during heat treatment.

The formalin-induced rat paw edema inhibition [54] system was
used to assess triheterocyclic thiazoles [55] for anti-inflammatory ac-
tion. Slow-acting anti-inflammatory agents were discovered in the
compounds studied. However, the activity of the same compounds
increased significantly from 4 to 8 h. 4-{[4-(6,8-Dibromo-2-ox-
o-2H-chromen-3-yl)-thiazol-2-ylamino]-methyl}

Fig. 1. Sulfonamides of 2-aminothiazole.
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t-7-chloro-1H-quinoline-2-one 3 (41.47 % after 8 h) (Fig. 2) inhibition
was equivalent to that of Phenyl butazone (39.71 % after 8 h). The
chloro group at C-7 in carbostyril and the 6,8-dibromo substitution in
the coumarin ring improved anti-inflammatory function than other
substituents, according to qualitative SAR research.

The anti-inflammatory efficacy of a series of 2-(2,4-disubstituted-
thiazole-5-yl)-3-aryl-3H-quinazoline-4-one derivatives [56] was tested in
an in vivo model of acute inflammation. A carrageenan-induced rat paw
edema model was used to test these compounds for anti-inflammatory
action. Compounds 3-(4-chlorophenyl)-2-(4-methyl-2-(methylamino)
thiazol-5-yl)quinazolin-4(3H)-one 4a (71 % at 50 mg/kg), 3-(4-chlor-
ophenyl)-2-(4-methyl-2-(phenylamino)thiazol-5-yl)quinazolin-4
(3H)-one 4b (72 % at 50 mg/kg) and 3-(2-chlorophenyl)-2-(2-((4--
chlorophenyl)amino)-4-phenylthiazol-5-yl)quinazolin-4(3H)-one 4c (38
% at 50 mg/kg) (Fig. 2) as compared to the well-known medication
Ibuprofen (52% at 50mg/kg), they showed substantial in vivo efficacy. At
the second position of the thiazole ring, molecules with substituents like
aryl amino and methyl amino have showed strong selectivity, while
electron-withdrawing groups like -Cl are more desirable on the para and
ortho positions of the phenyl ring at the third position of the quinazoline
ring.

Athina et al. described the synthesis of nine 2-(thiazole-2-ylamino)-
5-phenylidene-4-thiazolidinone derivatives that showed anti-
inflammatory activity in in vivo and COX/LOX activity in vitro. Using a
carrageenin-induced mouse paw edema protocol, compounds (E)-5-(4-
hydroxy-3-methoxybenzylidene)-2-(thiazol-2-ylamino)thiazol-4(5H)-
one 5a (72.7 ± 6.8 % at 0.01 mmol/kg) and (E)-5-(3-nitrobenzylidene)-
2-(thiazol-2-ylamino)thiazol-4(5H)-one 5b (69.4± 2.3 % at 0.01 mmol/
kg) (Fig. 2) have the best anti-inflammatory efficacy compared to the
reference drug Indomethacin (47 % at 0.01 mmol/kg). The COX-1 and
COX-2 inhibitory function of compound (E)-5-(3-chlorobenzylidene)-2-
(thiazol-2-ylamino)thiazol-4(5H)-one 5c (Fig. 2) was the maximum (90

% and 30.4 % respectively). They also tested compounds for inhibitory
activity in a soybean lipoxygenase-based enzyme assay, with compound
5b being the most active (76 %). The substantial activity of lead com-
pounds is due to the fact that they form hydrogen bonding and elec-
trostatic or π-π interactions at the active site of the enzymes. Steric
factors and hydrophilicity are also important factors when we consider
SAR. The docking studies are in agreement with experimentally found
results [57].

An acute in vivo model was used to evaluate a series of novel 4-
benzyl-1,3-thiazole derivatives [58]. The greater effectiveness of the
para substituted phenyl carbonyl group could be because of the possi-
bility of a lone pair of electrons on OCH3 promoting hydrogen bonding
with the receptor site. Ethyl (4-benzyl-5-(4-methoxybenzoyl)thia-
zol-2-yl)carbamate 6c (60.8 ± 1.45 % after 3h) (Fig. 2) appeared as the
strongest compound in the entire series. In vivo tests revealed that
(4-benzyl-2-(phenylamino)thiazol-5-yl)(4-methoxyphenyl)methanone
6a (55.8 ± 1.21 %) and (4-benzyl-2-(phenylamino)thiazol-5-yl)
(4-chlorophenyl)methanone 6b (44.2 ± 1.89 %) (Fig. 2) had better
percent protection than preferential COX-1 inhibitor Ibuprofen (60.1 ±

1.75 %) and selective COX-2 inhibitor Rofecoxib (43.6 ± 1.23 %). The
superimposition data substantiated the experimental results.

Using the carrageenan-induced rat paw edema procedure, Patel and
co-workers documented the synthesis and anti-inflammatory evaluation
of substituted 4-phenyl-1,3-thiazole derivatives. 2-Morpholino-4-phenyl
thiazole-5-carboxylic acid 7 (88.88 % after 3 h) (Fig. 2) with the mor-
pholine group as a substituent was found to be more active than the
standard drug Diclofenac (80.55 % after 3 h) in the series. Notably,
when morpholine is substituted by dimethylamine resulted in good ac-
tivity. Other substituents like diethylamine, diphenyl amine and pyr-
rolidine reduced activity probably due to steric hindrance [59].

In vitro and in vivo assays were used to assess the biological activity of
1,3-thiazoles for anti-inflammatory effects [60]. The thiazole

Fig. 2. 2-Aminothiazole derivatives.
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compounds inhibited 5-lipoxygenase, a central enzyme in the synthesis
of leukotrienes that is implicated in inflammatory disorders such as
asthma and rheumatoid arthritis. Compound 8 (IC50 = 25 nM, 98 % at 1
μM) (Fig. 2) was the most potent of the 1,3-thiazole analogs. SAR indi-
cated that introduction of halogen has intervened cell wall permeability
and affect cellular metabolism. Pursuing arachidonic acid (AA)
spreading into the ear, topical application of 4-((4-(4-chlorophenyl)
thiazol-2-yl)amino)-2,6-dimethylphenol 8 to mice decreased inflam-
matory responses such as ear swelling and MPO operation. More inter-
estingly, it not only had a stronger anti-inflammatory effect than
Zileuton, but it also had a longer-lasting protective effect in the
AA-inflamed ear model. More importantly, it inhibited 5-LOX prefer-
entially to 12- or 15-LOX, with IC50 levels 10–100 times higher for 12- or
15-LOX than for 5-LOX, resulting in fewer side effects.

Using Mefenamic acid (62 % at 100 mg/kg) and Ibuprofen (75 % at
20 mg/kg) as standard drugs, Mansuri et al. established the synthesis of
certain trisubstituted thiazoles and tested there in vivo anti-
inflammatory role in carrageenin-induced rat hind paw edema. The
anti-inflammatory activity of 3-(4-(3-chlorophenyl)-2-(piperidin-1-yl)
thiazole-5-carbonyl)-2H-chromen-2-one 9 (57 % at 20 mg/kg) (Fig. 3)
was the highest in in-vivo. The anti-inflammatory role of thiazoles is
enhanced by the presence of piperidino moiety and chlorophenyl at the

second and fourth positions, respectively. The other substituents have
moderate activity [61].

El-Achkar and colleagues investigated the synthesis of thiazole de-
rivatives and their effects on prostaglandin E2 (PGE2) production and
COX activity in inflammatory settings in vitro and in vivo. The com-
pounds N-[4-(4-hydroxy-3-methoxyphenyl)-1,3-thiazol-2-yl]acetamide
10a (IC50 = 9.01 ± 0.01 μM) and 4-(2-amino-1,3-thiazol-4-yl)-2-
methoxyphenol 10b (IC50= 11.65± 6.20 μM) (Fig. 3) both inhibit COX-
2 dependent PGE2 development effectively. COX-1 behavior was also
tested with these molecules, in which 10a emerged as selective COX-1
inhibitor with IC50 of 5.56 × 10− 8 ± 2.26 × 10− 8 μM. Inhibition of
PGE2 secretion shows that both compounds have an anti-inflammatory
effect in the dorsal air pouch model of inflammation. The selective COX-
1 inhibitory activity of 10a is because of hydrogen bonding at the active
site of enzyme, while 10b has not formed any hydrogen bonding due to
the presence of sterically hindering benzyl group. On the other hand,
compound 10a has formed only one hydrogen bond and 10b has formed
two hydrogen bonds at the active cite of COX-2 enzyme site. Notably,
standard Celecoxib establishes many hydrogen bonds at the active site as
evident from docking studies against PDBID:1EQG [62].

Priyanka and coworkers developed the synthesis and pharmacolog-
ical examination of substituted 4-arylthiazole-2-amino acetanilides. The

Fig. 3. 2-Aminothiazole derivatives (continued).
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anti-inflammatory ability of the synthesized compounds was assessed
using the carrageenan-induced hind paw edema procedure. The above
derivatives had mild to strong anti-inflammatory efficacy, with com-
pound N-(4-chlorophenyl)-2-((4-phenylthiazol-2-yl)amino)acetamide
11 (64.17 % after 3 h) (Fig. 3) providing a higher percentage inhibition
of paw edema throughout the third hour. Its inhibitory effect was almost
identical to that of the reference drug Diclofenac sodium (73.79 % after
3 h). Presence of thiazole linked with substituted acetanilide is an
important pre-requisite for anti-inflammatory activity than other sub-
stituents [63].

Said and co-workers produced a series of diphenylthiazole-amino
acid conjugates and tested their anti-inflammatory properties in vivo.
The carrageenan-induced rat paw edema system was used to test the
anti-inflammatory response. The reference standard was Indomethacin
(86 % inhibition after 3 h). Methyl 2-(2-((4,5-diphenylthiazol-2-yl)
amino)acetamido)acetate 12 (Fig. 3) has the best in vivo anti-
inflammatory property (0.6 μM–4.0 μM, 80–84 % after 3 h) of all the
compounds studied. In addition, when bulky amino acid groups were
substituted for the compact methyl glycine one, activity dropped
dramatically [64].

The synthesis of diarylthiazoles was developed by Abdelazeem and
co-workers, and the anti-inflammatory action of the above compounds
was tested in vitro and in vivo. Thus, Mofezolac and FR122047 analogs
were designed and synthesized, while retaining the structural features
that are essential for COX-1 selectivity. The structure-activity relation-
ship was investigated using various linkers and cyclic amines in place of
methylpiperazine. The findings revealed that COX-1 ligands with an
acetic acid moiety were the most active and selective. Incorporation of
two methoxy groups increased COX-1 activity, example: 2-(4,5-bis(4-
methoxyphenyl)thiazol-2-yl)amino)acetic acid) 13a (IC50 = 0.32 ±

1.12 μM) (Fig. 3). COX-1 activities were significantly reduced as they
replaced methyl piperazine with morpholine or piperidine moieties. The
in vivo anti-inflammatory efficacy was assessed using the carrageenan-
induced rat paw edema assay, which used Diclofenac sodium as a pos-
itive control. When compared to the reference drug (84.52 % after 7 h),
all the compounds studied had only minor anti-inflammatory activity.
The most potent compound in the series was 2-((4,5-bis(4-methox-
yphenyl)thiazol-2-yl)amino)-1-(4-methylpiperazin-1-yl)ethanone 13b
(61.91 % after 7 h) (Fig. 3), which had the methyl piperazine moiety and
displayed greater average edema inhibition. The most effective COX-1
selective agent, compound 13a (50.30 % after 7 h) (Fig. 3), had the
least anti-inflammatory activity in vivo. These results are substantiated
by docking studies as well against into COX-1 active site (PDB code:
1PGF) [65].

The synthesis and anti-inflammatory activity of thiazolyl-
thiadiazines were stated by Sagar et al. [66] The in vivo acute inflam-
mation trial in rats was done using the carrageenan-induced acute
inflammation model. Compared to the reference drug Diclofenac,
satisfactory results were got for thiazole compounds. Importantly, these
newly formed molecules fit non-selectively into the catalytic pocket of
COX-1 and COX-2 enzymes, eliciting anti-inflammatory action. As a
result, they put the developed multitarget-directed ligands (MTDLs) to
the test in a rat-based chronic inflammation model [67]. When
compared to the standard (68 %) on the fifth day of the chronic model,
the percent edema inhibition for compounds 14a-c (47–58 %) (Fig. 3)
was comparatively moderate. The thiazole and thiadiazine heterocyclic
rings containing fluorine substituents are essential to exhibit
anti-inflammatory activity. The high docking scores (against PDB ID:
3LN1) for lead compounds substantiate the anti-inflammatory activity
[66].

Sinha et al. documented the synthesis and in vitro anti-inflammatory
activity of 2-amino-4-aryl thiazole [68]. They conducted in vitro tests
against the 5-LOX enzyme. Incorporating a benzoyl residue and a
diphenylamine in the central thiazole ring resulted in (2-(diphenyla-
mino)-4-(4-methoxyphenyl)thiazol-5-yl)(phenyl)methanone 15 (Fig. 3),
an extremely potent drug. Incorporation of an electron-donating

methoxy group in the 4′-position of the phenyl group helps to increase
the hydrophobicity of the aromatic centroid connected at the 4th posi-
tion of the thiazole ring, which could explain the strong enzyme inhi-
bition. Docking experiments (against PDB ID 3O8Y) also show that the
methoxy group could be involved in ionic interactions with amino acid
carbonyl groups. Compound 15 (92.8 ± 0.7 %) has a higher inhibitory
effect than the standard medication Zileuton (86.9 ± 2.2 %).

The green synthesis of thiazole derivatives as possible dual COX-2/5-
LOX inhibitors was identified in a report. Anti-inflammatory efficacy of
synthesized derivatives was tested in vitro and in vivo. In vitro tests
revealed that the compound (2-(diphenylamino)-4-(p-tolyl) thiazol-5-yl)
(thiophen-2-yl)methanone 16 (Fig. 3) as the COX-2 (0.09 ± 0.002 μM)
and 5-LOX (0.38 ± 0.01 μM) dual inhibitor with a diphenylamino group
and a p-tolyl group on the thiazole center are the most successful.
Interestingly, compound 16 exhibited high selectivity for COX-2 (SI =
61.66) that was similar to Etoricoxib (0.07 ± 0.007 μM). In vivo anti-
inflammatory assays were performed using the carrageenan-induced
rat paw edema model with Indomethacin as a control drug (53.21 ±

0.76 % after 6 h), with compound 16 (60.82± 1.96 % after 6 h) showing
a substantial reduction in edema among the series. Thiazole and
diphenylamino group are important moieties for the exhibition of
excellent activity. Other secondary amines at position-2 of thiazole
reduced the activity. Molecular docking studies at COX-2 and 5-LOX
active sites were in agreement with biological studies with significant
protein-ligand interaction [69].

Ahmed et al. reported the synthesis of 2,3,5-tri-substituted thiazoles
and then tested the synthesized compounds for in vitro anti-
inflammatory activity using a human red blood cell membrane stabili-
zation process. In addition, in-vivo methods for anti-inflammatory action
were developed using Ibuprofen (76.34 % after 1 h) and Diclofenac
sodium (77.87 % after 1 h) as standard drugs in a carrageenan-induced
rat hind paw edemamodel. Compounds 17a (68.71 % after 1 h) and 17b
(65.68 % after 2 h) (Fig. 4) had the strongest anti-inflammatory effects.
The anti-inflammatory behavior of the phenyl ring with electron-
withdrawing groups such as –Cl at position 4, is important. The other
substituents reduced the activity at this position. The replacement of 2-
methyl-4-nitro-1H-imidazole-1-yl for well-documented thiazole mole-
cules at position 5 provides a basis for use as a monotherapy of anti-
inflammatory activity and gastrointestinal selectivity [70].

Maghraby and co-workers reported the synthesis of 2-methyl thio-
benzimidazole conjugated to 2-aminothiazoles. The synthesized mole-
cules were evaluated for cyclooxygenase (COX) and 15-lipoxygenase
(15-LOX) enzymes inhibition and in vivo anti-inflammatory activity. In
addition to the references, Celecoxib, Diclofenac sodium and Indo-
methacin, molecules studied had strong inhibitory action against the
ovine COX-1 enzyme. Among the synthesized compounds, 4-(2-(meth-
ylthio)-1H-benzo[d]imidazole-1-yl)thiazol-2-amine 18 (4.17 ± 0.08
μM) (Fig. 4) was the most potent COX-1 inhibitor. In contrast to Cele-
coxib, which is superior to the action of Diclofenac sodium and Indo-
methacin, the synthesized molecules showed high inhibitory profiles
against human recombinant COX-2 enzyme. The most potent COX-2
inhibitors were benzimidazole thiazole derivatives linked to acetyl
moiety 1-((4-(2-(methylthio)-1H-benzo [d]imidazole-1-yl)thiazol-2-yl)
amino)propan-2-one 19 (0.069 ± 0.001 μM), phenyl thio-
semicarbazone (E)-2-(1-((4-(2-(methylthio)-1H-benzo [d]imidazole-1-
yl)thiazol-2-yl)amino)propan-2-ylidene)-N-phenyl-
hydrazinecarbothioamide 20 (0.075 ± 0.003 μM), 1,3-thiazolines 21a-c
(0.045 ± 0.002 to 0.058 ± 0.001 μM) (Fig. 4). To evaluate 15-LOX
inhibitory activity of new benzimidazole-thiazole hybrids linked to
1,3-thiazoline substituted with p-chlorophenyl moiety 21b (1.67 ± 0.06
μM) was the most potent 15-LOX inhibitor, as it displayed almost double
15-LOX inhibitory activity compared to the reference Quercetin (3.34 ±

0.06 μM). The newly synthesized hybrids’ anti-inflammatory efficacy
(71–83 %) in vivo was assessed using a carrageenan-induced paw edema
bioassay with Indomethacin (69 %) as a control drug. On comparison
among tested molecules, cyclization of thiosemicarbazone moiety in
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benzimidazole-thiazole 20 (70.97 after 3 h) to 1,3-thiazoline moiety in
case of hybrid 21b (75.67 % after 3 h) or 4-thiazolidinone ring as hybrid
22a (82.83 % after 3 h) (Fig. 4) led to a marked improvement of the anti-
inflammatory activity compared to the activity of un-cyclized one. At
both 4 and 3 h intervals, compound (Z)-2-((E)-(1-((4-(2-(methylthio)-
1H-benzo [d]imidazole-1-yl)thiazol-2-yl)amino)propan-2-ylidene)
hydrazono)-3-phenylthiazolidin-4-one (22a) (Fig. 4) showed the most
potent anti-inflammatory activity when compared to Indomethacin
(78.83 % after 4 h). The enhancement effect of both 1,3-thiazoline and
4-thiazolidinone moieties on in vivo anti-inflammatory action of these
hybrids was pronounced based on the above-mentioned observations.
Docking of compounds at the active site of COX-2 receptor (PDB ID:
3LN1) substantiated the activity [71].

Ankali and co-workers developed new thiazole-triazole hybrids as
anti-inflammatory agents. The anti-inflammatory potency was deter-
mined using carrageenan induced acute inflammation model. Among
the tested compounds, 4-(4-chlorophenyl)-N-((1-(4-methyl-3-nitro-
phenyl)-1H-1,2,3-triazol-4-yl)methyl)-N-phenylthiazol-2-amine 22b
(67.26 %) (Fig. 4) and 4-(4-chlorophenyl)-N-((1-(4-chlorophenyl)-1H-
1,2,3-triazol-4-yl)methyl)-N-phenylthiazol-2-amine 22c (78.91 %) and
4-(4-bromophenyl)-N-((1-(4-bromophenyl)-1H-1,2,3-triazol-4-yl)
methyl)-N-phenylthiazol-2-amine 22d (86.54 %) emerged as lead
compounds. The reference drug used was Diclofenac which exhibited
86.54 % edema inhibition after 0.5 h. Electron with drawing groups like

nitro, chloro and bromo enhanced the activity. On the other hand, with
donating groups like methyl and hydroxyl reduced the activity [72].

2.3. Amides of 2-aminothiazoles

A series of thiazolyl-N-substituted amides was developed by
Hadjipavlou-Litina et al. Among the compounds in the series, 2-(4-
methylpiperazin-1-yl)-N-(thiazol-2-yl)acetamide 23 (72.1 %) (Fig. 5)
was the most potent. The longer the side chain, the more it inhibits
carrageenan-induced mouse paw edema. A regression analysis was used
to see whether there was a connection between anti-inflammatory
behavior and a variety of physicochemical parameters. The anti-
inflammatory effect was found to have weak correlations with the var-
iables studied with low statistical significance [73].

The anti-inflammatory efficacy of trimethylsiloxyalkyl and tri-
alkylsilylalkyl thiazole derivatives has been studied in vivo and in vitro
[74]. Of all the compounds examined, N-(thiazol-2-yl)-3-(4-(-
trimethylsilyl)oxy)piperidin-1-yl)propanamide 24 (57.2 % at 0.2
mmol/kg) and organosilicon salt 25 (55.0 % at 0.2 mmol/kg) (Fig. 5)
were the most potent. Compound 24 exhibited similar Indomethacin
inhibition but in a double dose. But compound 25was potent as same as
Indomethacin in lower dose in carrageenin-induced edema model. The
UV absorbance-based enzyme assay [75] was used to evaluate the above
trimethylsiloxyalkyl and trialkylsilylalkyl thiazole derivatives for

Fig. 4. 2-Aminothiazole derivatives (continued).
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inhibition of soybean lipoxygenase (LOX). The most effective lip-
oxygenase inhibitor was N-(4-(4-methoxyphenyl)thiazol-2-yl)-2-(4-(-
trimethylsilyl)oxy)piperidin-1-yl)acetamide 26 (ID50 = 0.01 mmol)
(Fig. 5). The structure of the C4-substituent also affects the degree of
inhibition: 4-methoxyphenyl derivative 26 was found to be a stronger
inhibitor than its 4-phenyl analogs.

The compounds (Z)-methyl 3-(4-(dimethylamino)-2-(methylamino)
thiazol-5-yl)-2-(methoxyimino)-3-oxopropanoate 27 (83 %) and N,N’-
(5,5′-oxalylbis (4-phenylthiazole-5,2-diyl))dibenzamide 28 (73 %)
(Fig. 5) display promising anti-inflammatory properties in acute carra-
geenin induced rat paw edema model. Later, chronic formalin-induced
rat paw edema models were employed to access anti-inflammatory ac-
tivity. In chronic anti-inflammatory models, the activity of 27 (95 % on
3rd day) and 28 (92 % on 2nd day) was comparable to that of Ibuprofen
(50 % on 5th day), Rofecoxib (39 % on 1st day) and Dexamethasone (96

% on 3rd day) [76]. The SAR revealed that position-4 on thiazole can
tolerate diverse substituents like dialkylamino, alkyl and aryl moieties.

Pattan et al. documented the synthesis of many phenylthiazole de-
rivatives and their anti-inflammatory assessment. The anti-
inflammatory effect of these compounds was tested using the carra-
geenan induced rat hind paw model. Compound 2-(diethylamino)-N-(4-
phenylthiazol-2-yl)acetamide 29a (29.67 %) (Fig. 5) has shown signif-
icant anti-inflammatory activity. Here Nimesulide (31.86 %) was used
as a standard drug. The promising anti-inflammatory activity of these
series of compounds is due to the presence of thiazole ring [77]. Porwal
and co-workers synthesized some novel thiazole molecules of similar
kind and evaluated anti-inflammatory activity. Among the limited
number of synthesized compounds, 2-(dipropylamino)-N-(4-(4-ni-
trophenyl)thiazol-2-yl)acetamide 29b (Fig. 5) was the best (44 %) in
carrageenan induced rat paw edema model. The activity of this lead

Fig. 5. Amides of 2-aminothiazole.
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compound was poor when compared with standard Nimesulide (60 %).
The same compound exhibited the highest inhibition (41 %) in formalin
induced rat paw edema model. While, the standard Indomethacin
showed 60 % inhibition. When nitro group on phenyl ring is replaced by
amine functional group and when propyl group is replaced by phenyl,
activities were diminished [78].

The anti-inflammatory efficacy of adamantane conjugated thiazolyl-
N-substituted amides [79] was investigated in vivo using the carrageenin
mouse paw edema model and Indomethacin as a control. Lipoxygenase
and cycloxygenase inhibitory assays are used to measure in vitro activity.
The activity of N-(4-((3r,5r,7r)-adamantan-1-yl)thiazol-2-yl)-3-(dime-
thylamino)propanamide 30a (81.5 %) (Fig. 5), which has the ada-
mantane group in position-4 of the thiazole ring, was significantly
higher than that of other derivatives in in vivo studies. The lipoxygenase
inhibitory activity of phenyl-piperazinyl derivatives showed that
N-(4-((3r,5r,7r)-adamantan-1-yl)thiazol-2-yl)-3-(4-phenylpiper-
azin-1-yl)propanamide 30b (39 %) and N-(4-((3r,5r,7r)-ada-
mantan-1-yl)thiazol-2-yl)-2-(4-phenylpiperazin-1-yl)acetamide 30c
(33 %) (Fig. 5) exhibited the best inhibitory action. Human recombinant
COX-1 and ovine COX-2 isoenzymes were used to assess cyclooxygenase
inhibitory activity. COX-1 inhibitory activity was found to be the highest
in phenyl-piperazinyl derivatives 30b (28.6 %) and 30c (43.6 %).

Using an acute model of inflammation, Oniga and co-workers
assessed the anti-inflammatory efficacy of several new thiazolyl-1,3,4-
oxadiazolines and 5-carboxyethyl-2-hydrazon-4-methyl-thiazoles. Ac-
cording to their protocol, if number of neutrophils and monocytes are
reduced, number of lymphocytes increased and phagocytic capacity
(PA) and concentration of nitrates/nitrites is decreased, anti-
inflammatory potential is high. Thus, 4-N-acetyl- 2 [2’-(acetyl-amino)-
4′-methyl-5′-thiazolyl]-5-aril-Δ2-1,3,4-oxadiazoline 31a (PA = 40 ± 2)
(Fig. 5) contains a Cl substituent in the para position of the phenyl ring
and has anti-inflammatory properties similar to Diclofenac. The anti-
inflammatory activity is slightly reduced when the Cl substituent is
replaced with an acetoxy moiety 31b (PA = 60 ± 2) (Fig. 5). A Br
substituent in the ortho position of the phenyl ring 31c (PA = 90 ± 3)
(Fig. 5) has a minor anti-inflammatory effect. Furthermore, 5-carbox-
yethyl-2-(N1-acetyl-hydrazone)-4-methyl-thiazole 31d (PA = 70 ± 4)
(Fig. 5) has a Br substituent in the para position of the phenyl ring and

has a good anti-inflammatory effect [80].
N-[(Benzo)thiazol-2-yl]-2/3-[3,4-dihydroisoquinolin-2(1H)-yl]alka-

namides were synthesized and shown to have anti-inflammatory action
by Zablotskaya and co-workers [81]. The in vivo anti-inflammatory ef-
fects were evaluated using the reference drug Indomethacin (57.2 %) in
a functional model of carrageenin-induced mouse paw edema. Among
the tested compounds, 4-(p-methoxyphenyl)thiazolyl ethanamide 32a
(75.8 %) (Fig. 5) showed the highest inhibition, followed by 2-(3,
4-dihydroisoquinolin-2(1H)-yl)-N-(thiazol-2-yl)acetamide 32b (70.4 %)
and 3-(3,4-dihydroisoquinolin-2(1H)-yl)-N-(thiazol-2-yl)prop 32c
(62.4 %) (Fig. 5). When comparing compounds 32a and 32b (n = 1)
with compound 32c (n = 2), it was fascinating to see how the gap
elongation between the tetrahydroisoquinoline and thiazolyl moieties
affected the biological response. To show good activity, the chain length
between these two heterocyclic moieties is more important than bulky
substituent at position-4 of thiazole ring.

Patil et al. developed some 3-substituted thiazolyl derivatives and
studied their anti-inflammatory activity. The carrageenan-induced rat-
paw edemamodel was used to test the compounds for anti-inflammatory
action. The standard drug was Indomethacin. The most potent com-
pound discovered to be (E)-N-(4-(1H-indol-3-yl) thiazol-2-yl)-3-(4-
fluorophenyl)acrylamide 33 (40.39 %) (Fig. 6). It should be noted that
indole and thiazole moieties are important to display anti-inflammatory
activity [82].

The design and synthesis of N-substituted aminothiazole compounds
as anti-inflammatory agents was stated by Fatima and colleagues. The
anti-inflammatory activity of the synthesized compounds was tested
using the carrageenan-induced rat paw edema procedure. Compared to
unsubstituted compounds, compounds containing the 3-Cl group have
mixed results. CF3 substitution increased behavior in all trials. The
compound N-(4-(3-fluorophenyl) thiazol-2-yl)-3-(trifluoromethyl)
benzamide 34 (56 % after 3 h) (Fig. 6) with electron-withdrawing
groups, which is the most potent in the series, can affect activity posi-
tively. While the standard drug Diclofenac sodium showed 50.6 % in-
hibition after 3 h [83].

Carrageenan-induced paw edema assay was used to test diphe-
nylthiazole derivatives for their anti-inflammatory properties. The
structural criteria for potent anti-inflammatory bioactivities of urea-

Fig. 6. Amides of 2-aminothiazole (continued).
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based analogs vary from those found for amide-based analogs, according
to a careful review of the structure-activity relationship. When
compared to Diclofenac (11.3% after 4 h), the urea derivative 1-decyl-3-
(4,5-diphenylthiazol-2-yl)urea 35 (21.8 % after 2 h) (Fig. 6) showed
superior anti-inflammatory properties after 1 h. Docking studies sug-
gests that they primarily inhibit COX [84].

The synthesis and anti-inflammatory action of 2,4-disubstituted
thiazoles were developed by Gobala Krishnan and co-workers [85].
The Albumin denaturation procedure was used to evaluate the
anti-inflammatory response [86]. Many of the synthesized substances
had important anti-inflammatory properties, and some of them like
2-((2,3-dimethylphenyl)amino)-N-(4-(p-tolyl)thiazol-2-yl)benzamide
36a (78.81 % at 1600 μg/mL) and 2-((2,3-dimethylphenyl)amino)--
N-(4-(4-nitrophenyl)thiazol-2-yl)benzamide 36b (79.93 % at 1600
μg/mL) (Fig. 6) had stronger anti-inflammatory properties than the
standard medication Diclofenac sodium (77.27% at 1600 μg/mL). When
compared to other substituents, the expression of methyl, nitro, and
hydroxyl substituents in 4-phenyl thiazole derivatives showed strong
anti-inflammatory efficacy.

Abdel-Aziz and co-workers have reported the anti-inflammatory
activities of a series of pyrimidine-5-carbonitrile derivatives bearing
1,3-thiazole moiety. They investigated the inhibitory activity of syn-
thesized compounds against COX-1 and COX-2 subtypes. Notably, all
compounds displayed potent COX-2 inhibition (IC50 = 1.03–3.98 μM)
than COX-1 inhibition (IC50 = 8.46–13.90 μM) with high COX-2 selec-
tivity indices (SI = 3.49–8.21). It should be noted that measured activ-
ities were relatively lower than standard Celecoxib (COX-2, IC50 = 0.88;
SI = 8.31). The most potent compounds were 37b (Fig. 6) (IC50 = 1.13
μM, SI = 8.21) and 37c (IC50 = 1.13 μM, SI = 7.84) against COX-2. The
unsubstituted compound (X = Y = H) was the least potent compound.
Further, in-vitro lipoxygenase (LOX) inhibition assay indicated that
compounds 37b (5.29 μM) and 37c (5.73 μM) (Fig. 6) were the most
active 15-LOX inhibitors. These activities were comparable to that of
Meclofenamate sodium (5.64 μM). Finally, authors have conducted in
vivo anti-inflammatory activity using carrageenan induced rat paw
edema method. The results indicated that compounds 37a-c displayed
gradual increase in edema inhibition. Meloxicam was used as standard,
which was more potent than 37a-c. Molecular docking studies revealed
that these compounds have binding interactions as selective COX-2 in-
hibitors [87].

The same group of workers analyzed new pyrimidine/thiazole hy-
brids for in vitro COX-1/COX-2 inhibition by taking Celecoxib as a
control. Interestingly, compounds 38a, 38b and 38c (Fig. 6) displayed

very good COX-2 inhibitory activities (IC50 = 1.02–1.43 μM) with high
selectivity index (SI = 10–15) towards COX-2. These compounds are
found to be 1.3–2.0 times more effective than Celecoxib. It should be
noted that, phenyl group on thiazole moiety and pyrimidine moiety
were critical for COX-2 inhibition with high SI. On the other hand,
unsubstituted derivatives were less active than 38b and 38c [88].

2.4. Thiazoles containing imine moieties

Holla et al. developed a series of thiazoles, which were then tested for
anti-inflammatory properties. They did the screening in two different
models: acute inflammatory and chronic inflammatory. The
carrageenan-induced rats paw edemamethod was employed in the acute
inflammatory model. The cotton pellet granuloma method used in the
chronic inflammatory model. Granuloma described the exudative and
proliferative processes of inflammation. Thiazole derivative 39 (45.5 ±

0.5 %) (Fig. 7) has the highest chronic anti-inflammatory activity which
was equivalent to that of Ibuprofen (45.10 %). Notably, compounds
bearing 4-methylphenyl, 4-bromophenyl, 4-chlorobenzylideneamino, 3-
chloro-4-fluorophenyl and 2-nitrophenylfurylideneamino active to-
wards acute anti-inflammation. While, compounds bearing 3,4- meth-
ylenedioxybenzylidene amino and 4-bromophenyl are excellent
inhibitors of chronic anti-inflammation [89].

The synthesis of amino thiazolyl chloro coumarin Schiff bases was
described by Jayashree and colleagues. The carrageenan-induced rat
hind paw edema model is employed to assess these compounds’ anti-
inflammatory function. Among the synthesized compounds, (E)-6-
chloro-3-(2-((2-hydroxybenzylidene)amino)thiazol-4-yl)-2H-chromen-
2-one 40a (78.49 %) and (E)-6-chloro-3-(2-((2-hydroxybenzylidene)
amino)thiazol-4-yl)-2H-chromen-2-one 40b (78.49 %) (Fig. 7) demon-
strated activity similar to Ibuprofen (89.24 %). Notably, compounds
with chloro (at position-4) and hydroxyl (at position-2) are equally
potent with standard Ibuprofen. Presence of electron withdrawing
groups significantly reduced the anti-inflammatory activity [90].

The anti-inflammatory efficacy of thiazoles substituted indole de-
rivatives against carrageenan-induced edema was tested in albino rats
by Singh et al. When the (E)-4-(2-(4-chlorophenyl)-1H-indol-3-yl)-N-((2-
methyl-1H-indol-3-yl)methylene)thiazol-2-amine 41 (68.2 %) (Fig. 7)
was substituted with an indole comprising a methyl group at the second
site of the thiazol moiety had greater anti-anti-inflammatory efficacy
than the reference medication Phenyl butazone (65.4 %) [91]. Sub-
stituents other than methyl group such as ethyl and phenyl on indole
moiety has reduced the activity.

Fig. 7. Imines of aminothiazoles.
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By condensation of methyl-2-(2-aminothiazol-5-ylamino)benzo [d]
oxazole-5-carboxylate with various aromatic aldehydes, Ampati and co-
workers reported the synthesis of a sequence of thiazole linked ben-
zoxazole derivatives. The carrageenan-induced rat paw edema proced-
ure was used to test these compounds for anti-inflammatory action. As a
reference medication, Diclofenac sodium was used. Among the synthe-
sized compounds, (E)-methyl 2-((2-((4-(tert-butyl)benzylidene)amino)
thiazol-4-yl)amino)benzo [d]oxazole-5-carboxylate 42a (86.62 % after
4 h), (E)-methyl 2-((2-((4-methylbenzylidene)amino)thiazol-4-yl)
amino)benzo [d]oxazole-5-carboxylate 42b (85.59 % after 4 h) and (E)-
methyl 2-((2-((4-nitrobenzylidene)amino)thiazol-4-yl)amino)benzo [d]
oxazole-5-carboxylate 42c (88.68 % after 4 h) (Fig. 7) showed anti-
inflammatory activity more than the standard (83.53 % after 4 h). The
increased activity is due to the presence of a thiazole ring on the ben-
zoxazole moiety at the second position [92].

The carrageenan-induced rat hind paw model was used to test for
anti-inflammatory action of thiazole derivatives. Amongst, (Z)-4-(3-
Methoxyphenyl)-N-(4-nitrobenzylidene) thiazol-2-amine 43 (29.67 %
after 3 h) (Fig. 7) showed good anti-inflammatory effects as compared to
the standard drug Nimesulide (31.86 % after 3 h) [93]. Thiazole is an
important moiety for the existence of anti-inflammatory activity.

The synthesis and anti-inflammatory studies of some novel Schiff and
Mannich bases of 5-substituted isatin derivatives were reported by
Prakash and co-workers. A carrageenan-induced paw edema test in rats
was used to assess anti-inflammatory effects. Among all tested com-
pounds (3Z)-1-((dimethylamino)methyl)-5-fluoro-3-((4-(2-((4-methyl-
benzylidene)amino) thiazol-4-yl)phenyl) imino)indolin-2-one 44 (55 ±

1.14 % after 2 h) and (3Z)-3-((4-(2-((4-chlorobenzylidene)amino)

thiazol-4-yl)phenyl)imino)-1-((dimethylamino)methyl)-5-fluo-
roindolin-2-one 45 (68 ± 0.15 % after 2 h) (Fig. 8) exhibited higher
potency than Diclofenac (61± 0.44 % after 2 h) in terms of activity. The
introduction of a methoxy, nitro or hydroxyl group resulted in a sig-
nificant decrease in activity [94].

Haiba and coworkers reported the synthesis and anti-inflammatory
activities of thiazolidinone and 1,2,3,4-tetrahydronaphthalen-6-yl-thia-
zoles. The anti-inflammatory efficacy of synthesized derivatives was
tested in rats using a carrageenan-induced paw edema bioassay and
Indomethacin as a reference standard. The compound (E)-3-((2-(5-
(5,6,7,8-tetrahydronaphthalen-2-yl)thiazol-2-yl)hydrazono)methyl)-
4H-chromen-4-one 46 (29.41 % after 4 h) (Fig. 8) hindered the edema
volume greater than that provided by Indomethacin (25.49 % after 4 h).
Chromone and thiazole are important moieties in exhibiting anti-
inflammatory activity [95].

Chandak and group reported the synthesis of 2-amino-substituted 4-
coumarinylthiazoles bearing the benzenesulfonamide moiety. The anti-
inflammatory efficacy of all the synthesized compounds was tested in
vivo using a carrageenan-induced paw edema assay. Anti-inflammatory
activity was high in four compounds 47a (90.96 % after 4 h), 47b
(91.52 % after 4 h), 47c (93.22 % after 4 h) and 47d (95.95 % after 4 h)
(Fig. 8) than in Indomethacin (90.39 % after 4 h). Compounds with a
methyl, methoxy, fluoro, or chloro substituent on pyrazole’s position-3
were shown to have greater anti-inflammatory effect than unsubstituted
pyrazole. However, compound 47c and 47d, which had a methoxy or
chloro substituent on the pyrazole ring and a chloro substituent on the
coumarin ring, had pronounced anti-inflammatory activity. The anti-
inflammatory results were further confirmed by the docking studies at

Fig. 8. Imines of aminothiazoles.
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COX-1 and COX-2 active sites [96].
For the structural planning of these proposed drugs, the currently

produced Ketoprofen [97] as a reference drug. The expected substances
were first analyzed in silico for cyclooxygenase enzyme inhibition ability
(COX-1 and COX-2) and positive results were considered. These
benzophenone derivatives were synthesized [98], and they assessed
their function using the ear edema test to see if they affected PG
development and neutrophil recruitment. They also used multivariate
regression analysis to assess the key structural features associated with
anti-inflammatory activity. The anti-inflammatory activity of the above
compounds was assessed in vivo using the croton oil-induced ear edema
process, which assess both COX pathway inhibition and neutrophil
recruitment in the same experiment [99] and the molecules inhibited
edema in a way that was statistically comparable to the positive control
Ketoprofen (68 %). Among them, 48a (73 %), 48b (74 %), 48c (72 %)
and 48d (75 %) (Fig. 8) had a greater decrease in edema, which was
similar to the positive controls’ values. The amplified activity is due to
the presence of thiazole and benzophenone moieties.

Kamat and co-workers reported the synthesis and anti-
inflammatory activity of a series of thiazole-based hydrazides. The
anti-inflammatory efficacy of these compounds in in vitro was assessed
using the bovine serum albumin denaturation process. The compound
(E)-N’-(4-hydroxy-3-methoxybenzylidene)-5-methyl-2-(pyridin-3-yl)
thiazole-4-carbohydrazide 49 (87.97 ± 1.37 % at 100 μg/mL) (Fig. 8)
has the highest IC50 value of all the compounds examined. The anti-
inflammatory effect was increased by incorporation of the hydroxyl
substituent in the fourth position and the methoxy substituent in the
third position. The active compounds also had a higher docking score
and behaved well with the target protein [100].

Gajendra Kumar and co-workers have reported the anti-
inflammatory activity of a series of thiazole derivatives against carra-
geenin. The compounds showed anti-inflammation activity in the range
between 29.7 % and 69.6 %. Amongst the tested compounds, 4-(2-(4-
chlorophenyl)benzo [d]thiazol-3(2H)-yl)-N-((3-ethyl-2,3-dihydrobenzo
[d]thiazol-2-yl)methylene)thiazol-2-amine 50 showed the best activity
38.5, 55.4 and 69.6 compared to positive control Phenylbutazone 22.2,
35.8 and 65.5 at doses 25, 50 and 100 mg/kg p. o. respectively. Com-
pound 50 (Fig. 8) with ethyl group on position-3 of benzothiazole
exhibited more activity (55.4 %) than other compounds. When ethyl
group is substituted by phenyl group, the activity reduced to 25.8 %

[101].

2.5. Thiazolylmethyl/aryl ethers

Bird et al. [102] developed methoxy alkyl thiazoles as potent orally
active 5-lipoxygenase first-class inhibitors with high enantioselectivity.
The technique of Aharony and Stein [103] has been used to assess in-
hibition of cell-free 5-LPO activity using the high-speed supernatant
from either guinea pig PMNs or rat basophilic leukemia (RBL) cells as
the enzyme source. Foster et al. identified a method for inhibiting LTC4
and PGE2 synthesis in plasma-free peritoneal macrophage cultures
[104]. Foster et al. used heparinized rat or human blood to test the ef-
ficacy and selectivity of 5-LPO inhibitors. In the above series compound
l-[3-(naphth-2-ylmethoxy) phenyl]-l-(thiazol-2-yl) propyl methyl ether
51 (ICI211965) (IC50 = 0.4± 0.1 μM) (Fig. 9) proved better activity and
it suppresses cell-free guinea pig 5-LPO activity, LTC4 synthesis in
plasma-free mouse macrophages, and LTB4 synthesis in rat and human
blood. In the human whole blood assay, shifting the point of attachment
of the naphthalene ring from β to α resulted in a 10-fold loss of potency,
according to SAR reports. Changing the central aromatic ring’s substi-
tution pattern from meta to ortho or para resulted in a 100-fold reduction
in potency. Similarly, the thiazole’s point of attachment was changed
from 2 to 4 without a noticeable loss of potency. This study shows that
high in vitro potency causes the existence of methoxy, thiazolyl and
naphthyl groups and highly depends on the substitution pattern.

The anti-inflammatory effect of a series of newly developed 2-[4-
(alkylthio)phenoxy] methyl-4-substituted-1,3-thiazoles was tested in
rats using the carrageenan paw edema assay. Compounds like 2-((4-
(methylthio)phenoxy)methyl)-4-phenylthiazole 52a (1.12 %), 4-(4-
chlorophenyl)-2-((4-(methylthio)phenoxy)methyl)thiazole 52b (1.09
%), 2-((4-(methylthio)phenoxy)methyl)-4-(4-nitrophenyl)thiazole 52c
(1.21 %) and 2-((4-(ethylthio)phenoxy)methyl)-4-(pyridin-4-yl)thiazole
52d (1.22 %) (Fig. 9) possess very good activity almost comparable with
standard Diclofenac sodium (1.005 %) after 4 h. In the presence of
groups including 4-methylthio, 4-ethylthio phenoxy groups at position 2
and 4-nitro phenyl, 4-chloro phenyl, and pyridine groups at position-4 of
the thiazole moiety, the anti-inflammatory activity was improved [105].

Rai et al. developed a series of 2-[2-(aroyl-aroxy)-methyl]-4-phenyl-
1,3-thiazoles and compared them to the standard drug Phenyl butazone
for in vivo anti-inflammatory effect using the carrageenin mouse paw

Fig. 9. Thiazolylmethyl/aryl ethers.
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edema as a model. At all doses measured, (5-chloro-2-(4-(4-chlor-
ophenyl)thiazol-2-yl)methoxy)phenyl)(4-chlorophenyl)methanone 53
(77.1 % at 80mg/kg p.o.) (Fig. 9) with chloro substituents outperformed
the standard drug (55.1 at 80 mg/kg p.o.). Then tested cyclooxygenase
activity in vitro, compound 53 demonstrated strong COX activity, sug-
gesting that compounds that inhibit PGs suppress inflammatory re-
sponses. The highest activity of compound 53 is due to the presence of
three chloro groups in its structure [106].

Kokotos et al. developed the inhibition of group IVA cytosolic
phospholipase A2 by thiazolyl ketones in vitro, ex vivo, and in vivo.
However, by combining a para-n-octyl-phenoxy group with an ester

group on the thiazole ring, the potent GIVA cPLA2 inhibitor methyl 2-(2-
(4-octylphenoxy)acetyl)thiazole-4-carboxylate was developed 54
(Fig. 9). The CIA mouse model was used to test the inhibitor’s in vivo
activity. It had an anti-inflammatory activity similar to those of the
reference drug Methotrexate in the prophylactic model, and it had ef-
fects comparable to those of the reference drug Enbrel in the therapeutic
model. The 3-fold elevated PGE2 plasma levels were greatly decreased
by around 40 % using inhibitor compound 54 in both the prophylactic
and therapeutic models [107].

Fig. 10. Thiazole-thiazolidinone hybrids.
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2.6. Thiazole-thiazolidinone hybrids

In the carrageenin-induced paw edema model, quinazolinone con-
jugated thiazole derivatives were assessed for anti-inflammatory activ-
ity. When compared to Phenylbutazone (38.90 at 50 mg/kg p.o.), 3-((6-
bromo-3-(4-(4-chlorophenyl)thiazol-2-yl)-4-oxo-3,4-dihy-
droquinazolin-2-yl)methyl)amino)-2-(2-chlorophenyl) thiazolidine-4-
one 55 (38.35 % at 50 mg/kg p.o.) (Fig. 10) exhibited better anti-
inflammatory potency. The presence of chlorine as substituent at
ortho-position is important to exhibit anti-inflammatory activity. The
other substituents reduced the activity [108].

Shelke et al. documented the synthesis and anti-inflammatory ac-
tivity of thiazole-thiazolidine hybrides. The carrageenan-induced paw
edemamethod was used to test in vivo efficacy of 3-aryl-2-(2-substituted-
4-methyl thiazole-5-yl) thiazolidin-4-ones. The maximum protection
was showed by 3-(4-chlorophenyl)-2-(4-methyl-2-phenylthiazol-5-yl)
thiazolidin-4-one 56a (80.75 % after 4 h), 3-(4-fluorophenyl)-2-(4-
methyl-2-phenylthiazol-5-yl)thiazolidin-4-one 56b (85.33 % after 4 h)
and 2-(4-methyl-2-phenylthiazol-5-yl)-3-(p-tolyl)thiazolidin-4-one 56c
(80.56 % after 4 h) (Fig. 10), having phenyl group at 2-position of
thiazole. It was also seen that benzyl group containing compound 2-(2-
benzyl-4-methylthiazol-5-yl)-3-(p-tolyl)thiazolidin-4-one 56d (81.32 %
after 4 h) (Fig. 10) also showed better anti-inflammatory activity.
Notably, the standard drug Indomethacin (87.26 % after 4 h) is superior
over these compounds. Compared to 2-(4-chlorophenyl)thiazole or 2-(4-
chlorobenzyl) thiazole, 2-phenyl thiazole demonstrates stronger inhi-
bition [109].

Gangwar and his group used the carrageenan induced paw edema
method to screen for anti-inflammatory activity. As compared to the
standard drug Diclofenac sodium, both the compound 3-((4-(naph-
thalen-1-yl)thiazol-2-yl)amino)-2-(2-nitrophenyl)thiazolidin-4-one 57a
(65.61 % after 2 h) and 3-((4-(naphthalen-1-yl)thiazol-2-yl)amino)-2-
(4-nitrophenyl)thiazolidin-4-one 57b (62.61 % after 2 h) (Fig. 10)
showed excellent anti-inflammatory efficacy. But these compounds were
not as much active as standard drug Diclofinac sodium (76.33 % after 2
h). The better activity of these compounds is attributed to the presence
of nitro group at position-2/4 [110].

Using the carrageenan mouse paw edema bioassay, Apostolidis and
colleagues established the synthesis and biological evaluation of 5-ary-
lidene-2-(1,3-thiazolidin-4-ones as dual anti-inflammatory agents.
Compared to the reference drug Indomethacin, the most active com-
pound is (Z)-5-(4-(dimethylamino)benzylidene)-2-(thiazol-2-ylamino)
thiazol-4(5H)-one 58a (67.3 ± 4.5 %). Inhibitory actions against COX-
1/LOX have also been published. Compound (Z)-5-(2,5-dimethox-
ybenzylidene)-2-(thiazol-2-ylamino)thiazol-4(5H)-one 58b (IC50 =

52.0 μM) (Fig. 10) is the most potent LOX inhibitor. Compound (Z)-5-
(2,3-dichlorobenzylidene)-2-(thiazol-2-ylamino)thiazol-4(5H)-one 58c
(IC50 = 10.0 μM) is the best effective COX-1 inhibitor. In addition to
mono chloro substitution, having two chloro atoms in the molecule re-
sults in more potent COX-1 inhibition [111].

The synthesis of 5-arylidene-2,4-thiazolidinediones was recorded by
Nastasa and co-workers, and they tested these molecules in vivo as anti-
inflammatory agents in an acute phase bone marrow response and
phagocyte activity. The reduction in absolute leukocyte count was
linked to the reduction in total leukocyte count, with phagocytic activity
(PA) for substance (Z)-5-(2,4-dichlorobenzylidene)-3-((2-phenylthiazol-
4-yl)methyl)thiazolidine-2,4-dione 59a and phagocytic index (PI) for
substance (Z)-5-(2,6-dichlorobenzylidene)-3-((2-phenylthiazol-4-yl)
methyl)thiazolidine-2,4-dione 59b (Fig. 10). The derivatives 59a and
59b had a major impact on the decrease of the two parameters studied,
PI and PA. As compared to Meloxicam, the presence of two chlorine
atoms in a molecule resulted in a more strong activity [112].

Abdelazeem and colleagues published a sequence of novel
diphenylthiazole-thiazolidin-4-one-based derivatives in 2015. The
carrageenan-induced rat paw edema model and Diclofenac as a refer-
ence drug were used to test their anti-inflammatory properties. The anti-

inflammatory efficacy was shown to be significantly improved when the
5-benzylidenemoiety was substituted with electron-donating groups as
in (2E,5Z)-2-((4,5-bis(4-methoxyphenyl)thiazol-2-yl)imino)-5-((4-
methoxyphenyl)imino)thiazolidin-4-one 60a and (2E,5Z)-2-((4,5-bis(4-
methoxyphenyl)thiazol-2-yl)imino)-5-(p-tolylimino)thiazolidin-4-one
60b (Fig. 10). The anti-inflammatory efficacy of (2E,5Z)-2-((4,5-bis(4-
methoxyphenyl)thiazol-2-yl)imino)-5-(furan-2-ylimino)thiazolidin-4-
one 60c (Fig. 9) was dramatically increased when the 5-benzylidene
moiety was replaced with the less bulky furyl moiety. Notably, these
molecules were less active than standard drug Diclofenac [113].

The synthesis of trisubstituted pyrazoles with thiazolyl and thiazo-
lidinonyl moieties was stated by Khillare and colleagues. The carra-
geenan paw edema system was used to screen the new pyrazoles for in
vivo anti-inflammatory activity. After 6 h, the series of compounds 61a-f
(12–25 % after 6 h) (Fig. 10) outperformed the reference drug Celecoxib
(11 % after 6 h). The anti-inflammatory action is proved to be due to the
presence of thiazolidinone, thiazole and pyrazole rings [114].

2.7. Thiazole-pyrazole/pyrazoline hydrids

Using a carrageenan-induced rat paw edema assay and Indomethacin
(78 % after 3 h) as a standard drug, Abdel-Sattar and co-workers
established the synthesis and biological evaluation of certain thiazoles
for in vivo anti-inflammatory action. 2-(5-(Benzofuran-2-yl)-3-(4-
(piperidin-1-yl)phenyl)-2,3-dihydro-1H-pyrazol-1-yl)-4-(4-chlor-
ophenyl)thiazole 62 (≥70 % after 4 h) (Fig. 11), which has a chloro
substituent at position-4 of the phenyl ring and is bound to the C-4 of the
thiazole moiety, showed improved efficacy. Notably, compounds with
halogen as substituent showed more anti-inflammatory activity than
non-halogen-containing compounds [115].

The synthesis and anti-inflammatory efficacy of 2-(5-hydroxy-5-tri-
fluoromethyl-4,5-dihydropyrazol-1-yl)-4-(coumarin-3-yl)thiazole de-
rivatives were developed by Ranjana et al. The anti-inflammatory
activity of the synthesized derivatives was tested in vivo using the
carrageenan-induced paw edema method. Many of the compounds
studied had strong anti-inflammatory effects. (R)-3-(2-(5-Hydroxy-3,5-
bis(trifluoromethyl)-4,5-dihydro-1H-pyrazol-1-yl)thiazol-4-yl)-2H-
chromen-2-one 63a (83.10 % after 1 h) and (R)-6-chloro-3-(2-(5-hy-
droxy-3,5-bis(trifluoromethyl)-4,5-dihydro-1H-pyrazol-1-yl)thiazol-4-
yl)-2H-chromen-2-one 63b (85.91 % after 1 h) (Fig. 11) demonstrated
the highest anti-inflammatory activity, when related to standard drug
Indomethacin (94.37% after 1 h). The better anti-inflammatory action is
due to the presence of coumarin, pyrazoline and thiazole moieties [116].

Thore et al. synthesized a series of substituted thiazole derivatives
and tested them for anti-inflammatory activity. The carrageenan-
induced paw edema test in rats was used to assess anti-inflammatory
response. The ethyl 5-amino-1-(2-phenylthiazole-4-carbonyl)-1H-pyr-
azole-4-carboxylate 64 (62.96 % after 2 h) (Fig. 11) exhibited good
activity than standard Diclofenac sodium (56.66 % after 2 h). Com-
pounds with the pyrazole moiety had greater anti-inflammatory activity,
according to the structural correlation [117].

A novel series of pyrazolylthiazole carboxylates and related acid
derivatives was synthesized and biologically evaluated by Khloya’s
group. The carrageenan-induced rat paw edema procedure was used to
assess these compounds’ anti-inflammatory function in vivo. As per the
biological study, most of the compounds showed strong anti-
inflammatory activity 3 and 4 h after carrageenan injection. Out of all
the compounds studied, three stood out, ethyl 4-(4-chlorophenyl)-2-(3-
(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)thiazole-5-carboxylate 65a
(90.42 % after 4 h), 2-(1,3-diphenyl-1H-pyrazol-4-yl)-4-(4-fluo-
rophenyl)thiazole-5-carboxylic acid 65b (90.95 % after 4 h) and 2-(3-(4-
chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-4-(4-methoxyphenyl)thia-
zole-5-carboxylic acid 65c (88.82 % after 4 h) (Fig. 11) anti-
inflammatory efficacy was equivalent to that of the reference medica-
tion Indomethacin (91.48 % after 4 h). Ester derivatives are more potent
than corresponding acids derivatives. The anti-inflammatory activity is
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independent of nature of substituents [118].
The anti-inflammatory efficacy of the thiazoles containing pyrazole

was tested in vitro and in vivo by Kamble and co-workers. The standard
drugs in this study were Celecoxib, Indomethacine and Aspirin. Among
the compounds, (E)-1-(4-(4-chlorophenyl)thiazol-2-yl)-4-((3-(4-
methoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)-3-methyl-1H-
pyrazol-5(4H)-one 66b (78.91 ± 0.80 %) showed substantial COX-II
inhibition. The pyrazole nucleus with an electron-donating phenyl
substituent improved COX-II inhibition capacity, according to SAR

research. Carrageenan-induced acute paw edema in albino rats was
studied in vivo using Diclofenac (95.45 %) as a reference medication.
Among tested six molecules, (E)-1-(4-(4-chlorophenyl)thiazol-2-yl)-4-
((1,3-diphenyl-1H-pyrazol-4-yl)methylene)-3-methyl-1H-pyrazol-5
(4H)-one 66a (72.72 %), compound 66b (92.85 %) and (E)-4-((1,3-
diphenyl-1H-pyrazol-4-yl)methylene)-3-methyl-1-(4-phenylthiazol-2-
yl)-1H-pyrazol-5(4H)-one 66c (69.22 %) (Fig. 11) were more potent.
Compound 66b showed positive activity after 90 min, suggesting a
promising response as opposed to the standard drug. The association of

Fig. 11. Thiazole-pyrazole/pyrazoline hydrids.
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strongly conserved residues affects thiazol-mediated COX-II inhibition,
according to structural studies of docked complexes [119].

Thore et al. developed a series of 5-methyl-2-phenyl thiazole-4-
substituted derivatives. The anti-inflammatory properties of these syn-
thesized compounds were tested. The carrageenan-induced paw edema
test in rats was used to determine anti-inflammatory function, with
Diclofenac sodium serving as the reference standard. It was observed
that the thiazole derivative ethyl 5-methyl-1-(5-methyl-2-phenyl-
thiazole-4-carbonyl)-1H-pyrazole-4-carboxylate 67 (64.28 % after 3 h)
(Fig. 11) has displayed improved activity than reference drug (57.14 %
after 3 h). The structural comparison with anti-inflammatory behavior
revealed that the pyrazole at position-4 of the thiazole had the most
dominant and consistent anti-inflammatory activity compared to the
standard sample [120].

Marzouk and co-workers have reported a series of thiazolo-pyrazole
hybrids and evaluated their anti-inflammatory activity on rats by the
acute formalin induced paw edema models. Many compounds showed
good anti-inflammatory activity against Indomethacin (84.62 %) after 4
h. Among the series, compound 68a (Fig. 11) showed the highest ac-
tivity (97.30 %). The presence of thiazole and pyrazole moieties are
important requirements to exhibit anti-inflammatory activity [121].

Yamsani et al. synthesized heterocyclic substituted thiazole de-
rivatives and studied their anti-inflammatory activity using
carrageenan-induced paw edema model. Among the tested compounds
(Z)-1-(4-chlorophenyl)-4-(2-(4-(4-methoxyphenyl)thiazol-2-yl)hydra-
zono)-3-methyl-1H-pyrazol-5(4H)-one 68b (Fig. 11) was found to be the
best protector with 76 ± 0.35 % protection at 2nd hour. Notably,
reference drug Diclofenac showed 74 ± 0.52 % protection. Thus, po-
tency of 68b is comparable to that standard drug. When pyrazole is
replaced by pyrimidine or isoxazole, activity was slightly reduced. In
pyrazole derivatives, aryl group is preferable over other groups (such as
hydrogen, CSNH2 and p-COC5H4N) at position-1. On aryl rings at
position-1, para-substitution is better than meta-substitution. The anti-
inflammatory potency is substantiated by docking studies [122].

2.8. Thiazolimines

The synthesis of acridinyl-thiazolino derivatives and their anti-
inflammatory evaluation were reported by Sondhi et al. Among all the
synthesized molecules, compounds (Z)-4-methoxy-N-(3-(2-methox-
yphenyl)-4-phenylthiazol-2(3H)-ylidene)acridin-9-amine 69a (29.1 %),
(Z)-N-(3-(2-nitrophenyl)-4-phenylthiazol-2(3H)-ylidene)-4-methox-
yacridin-9-amine 69b (31.2 %)and (Z)-1-(3,4-diphenylthiazol-2(3H)-
ylidene)-3-(4-methoxyacridin-9-yl)thiourea 69c (32.5 %) (Fig. 12) have
demonstrated strong anti-inflammatory efficacy in the carrageenin-
induced paw edema model, using Ibuprofen (38.4 %) as a standard
medication. Compounds with methoxy group on acridine ring and
methoxy, nitro and hydrogen substituents respectively on the phenyl
ring are favourable for anti-inflammatory action [123].

2.9. Thiazole-indole hybrids

Sunil et al. synthesized Bacillamide analogs, which were then
screened for anti-inflammatory activity using the carrageenan-induced
rat hind paw edema method. Many of the compounds examined had
anti-inflammatory effects over a broad range. The anti-inflammatory
activity of N-(2-(1H-indol-3-yl)ethyl)-2-(p-tolyl)thiazole-4-carbox-
amide 70a (81 %), N-(2-(1H-indol-3-yl)ethyl)-2-(thiophen-2-yl)thia-
zole-4-carboxamide 70b (82 %), N-(2-(1H-indol-3-yl)ethyl)-2-
aminothiazole-4-carboxamide 70c (86 %) and N-(2-(1H-indol-3-yl)
ethyl)-2-((4-fluorophenyl)amino)thiazole-4-carboxamide 70d (83 %)
(Fig. 13) were discovered to be excellent. Bacillamide, on the other
hand, does not seem to have any promising activity. In 1 h, the per-
centage inhibition of compounds 70a-d, this is similar to the standard
drug Indomethacin (94 %). The above results indicate that these com-
pounds may be used as anti-inflammatory agents that function quickly.
With percentage inhibition, compounds 70c (82 %) is still active after 4
h. The promising activity is due to the presence of thiazole and trypta-
mide moieties [124].

2.10. Thiazole-pyrrole hydrids

Barghash and co-workers reported a synthesis of different thiazole
motif linked with diethyl 2-amino-5-hydroxy-1H-pyrrol-3-ylphospho-
nates. The anti-inflammatory action of the above synthesized molecules
was tested in vivo using a carrageenan-induced mouse paw edema
model, with Indomethacin serving as a control (55.8 %). Most of the
phosphonates were active from moderate to excellent. Amongst the
tested compounds, ethyl 2-(2-(2-amino-3-(diethoxyphosphoryl)-5-hy-
droxy-1H-pyrrol-1-yl)thiazol-4-yl)acetate 71a (77.4 %), diethyl (2-
amino-5-hydroxy-1-(5-methylthiazol-2-yl)-1H-pyrrol-3-yl)phosphonate
71b (73.2 %), and diethyl (2-amino-5-hydroxy-1-(5-methoxy-4-meth-
ylthiazol-2-yl)-1H-pyrrol-3-yl)phosphonate 71c (70.6 %) (Fig. 14) were
the most active phosphonates. The effect of the above compounds on

Fig. 12. Thiazolimines.

Fig. 13. Thiazole-indole hybrids.
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COX-2 behavior was investigated using docking experiments. It has been
noted that the lead compounds 71a-c showed significant docking scores
than the reference drug. Notably, diethyl 2-amino-5-hydroxy-1H-pyrrol-
3-ylphosphonate moiety is responsible for good activity [125].

2.11. Thiazolo-steroidal hybrids

Mohareb and colleagues developed thiazole, pyridine, and pyran
derivatives derived from androstenedione and tested them for anti-
inflammatory and anti-ulcer properties. The carrageenin-induced rat
hind paw edema model was used to assess anti-inflammatory response.
The standard drug is Indomethacin. Because of the inclusion of the
cyano in the 2-phenylcrotenonitrile moiety, compound 72a (73 %)
showed high activity due to the 2-alkylated product. Compound 2,3-
dihydrothiazole-5-carboxamide 72b (82 %) outperformed compound
72a in terms of activity. In the case of pyran derivatives, the activity of
compound 72e (89 %) with Cl and OH moieties is the highest.
Furthermore, compound 72d (86 %) with the OCH3 and OH moieties
outperformed compound 72c (75 %) (Fig. 15) in terms of activity [126].

2.12. Thiazole-benzimidazole hybrids

Gullapelli and co-workers studied the in vitro anti-inflammatory ac-
tivity of new thiazole-benzimidazole hybrids by choosing Diclofenac
sodium as standard drug [127]. Among the tested compounds 72f (85 %
at 100 μg/mL) and 72g (88 % at 100 μg/mL) (Fig. 16) showed
remarkable inhibition in comparison with standard (90 %). Replace-
ment of pyrazoline ring by isoxazoline slightly enhanced the activity.

When nitrophenyl group is replaced by other aromatic rings bearing
substituents like methyl, methoxy and hydroxyl reduced the activity.
The activity data is substantiated by docking studies with high docking
scores for these compounds.

2.13. Thiazole-complex

Pontiki and colleagues produced a series of copper complexes con-
taining dipropylenetriamine and 2-thiophene-carboxaldehyde, which
were tested for anti-inflammatory properties. Using the carrageenin-
induced paw edema experiment, both of the compounds examined
outperformed the reference drug Indomethacin. However, Cu(dienOO)
(2-amino-5-methylthiazole) 73 (Fig. 17) surpassed other copper com-
plexes. Furthermore, the inclusion of halogens such as bromine in
complexes increased the anti-inflammatory response considerably
[128].

Fig. 14. Thiazole-pyrrole hydrids.

Fig. 15. Thiazolo-steroidal hybrids.

Fig. 16. Thiazole-benzimidazole hybrids.

Fig. 17. Thiazole-complex.
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2.14. Miscellaneous thiazole compounds

The anti-inflammatory activity of certain trimethoxy phenyl thia-
zoles was evaluated by Araniciu and co-workers. They tested the activity
in rats in vivo using the acute phase bone marrow reaction during an
experimental acute inflammation. 4-(4-Nitrophenyl)-2-(3,4,5-trime-
thoxyphenyl)thiazole 74a and 4-(4-chlorophenyl)-2-(3,4,5-trimethox-
yphenyl)thiazole 74b on both overall leukocyte count (for 74a 4255/
mm3 and for 74b 4406/mm3) (Fig. 18) and neutrophil percentage
(53.88 % for 74a and 60.6 for 74b). They had a slightly higher inhibi-
tory effect than Meloxicam (Leukocytes number = 4593/mm3 and
Neutrophiles percent = 65.6 %) [129].

Tratrat and co-workers have synthesized a series of thiazole-based
chalcone derivatives and studied their anti-inflammatory activity on
edema induced after carrageenan administration to muscles. Indo-
methacin was used as a positive control. The compounds 75a-h (Fig. 18)
were the most active, which showed better activity than reference drug.
The authors emphasized that the activity of these compounds does not
correlate with their lipophilicity. Thus, only other parameters could
affect their action. When hydroxy group is at position-4, compounds are
more active than when hydroxyl group is situated at position-3.
Apparently, nature of alkyl substituent on amino group is immaterial
and did not play any role [130].

Hawash and co-workers have synthesized a series of thiazole car-
boxamide derivatives and evaluated their anti-inflammatory activity
using COX-1 and COX-2 inhibition assays. All derivatives exhibited good
inhibitory activities on both COX enzymes. At 5 μM concentration, all
thiazoles inhibited COX-2 higher than 53.9 %. While, COX-1 inhibition
was observed in the range 32.2–74.8 %. The most potent molecule was
76a which inhibited 81.5 % against COX-2 enzyme. On the other hand,
reference drug Celecoxib exhibited 96.9 % inhibition. Compound 76b
(Fig. 18) was more selective inhibitor towards COX-2 enzyme. The
reason for this selectivity can be attributed due to the fact that the

phenyl ring contains three methoxy groups [131].
Our group has synthesized a series of 2,4-bis(aryl/heteroaryl)-5-

acylthiazole derivatives and determined their lipoxygenase inhibition
activity. Among the tested compounds, thiazoles 77a-c (Fig. 18) showed
good lipoxygenase inhibition (1.37–3.06 μM). Further, compounds 77a
and 77b inhibited hemolysis of erythrocytes in PLA2 inhibition studies
at 3.31 μM and 2.05 μM respectively. The standard, Aristolochic acid
showed inhibition at 1.56 μM. Thus, activities of 77a and 77b were
comparable to that of Aristolochic acid. Further, these lead compounds
exhibited COX-2 inhibition at 4.36 μM and 2.10 μM respectively. While,
standard Indometacin showed inhibition at 1.44 μM. Thus, COX-2
inhibitory activity of thiazole 77b is comparable to that of standard
drug. We attribute the good activities of the lead compounds is due to
the presence of methoxy groups [23].

Hawash and co-workers studied the anti-inflammatory potency of
thiazole carboxamide derivatives. Among the synthesized compounds,
N-(4-(tert-butyl)phenyl)-2-(3-methoxyphenyl)-4-methylthiazole-5-car-
boxamide 78 (Fig. 18) behaved as a nonselective anti-inflammatory
agent, which acted on both COX-1 (0.239 ± 0.18 μM) and COX-2
(0.191 ± 0.05 μM) with selectivity index 1.251. The highest activity
of this compound is due to the hydrophobic interaction of tert-butyl
group at the active cite of COX enzyme. When this group is replaced by
other hydrophilic groups like methoxy and thiomethyl, the inhibition
was reduced. This inhibitory action was further substantiated by dock-
ing studies in which the lead compound showed high docking score
[132].

3. Conclusion

This review focused on thiazole molecules with potent anti-
inflammatory activity that were published between 1973 and 2023
were the main subject of this review. To design compounds with supe-
rior anti-inflammatory activity through hybridisation of thiazole

Fig. 18. Miscellaneous thiazole compounds.
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heterocycles with some other basic functional groups/heterocycles, this
review is required. Among thiazole derivatives, 2-aminothiazoles and
their amides are very active. Furthermore, thiazoles containing sul-
phonamide groups have moderate activity. Further, thiazoles with an
imine functional group and ether linkage are also active. Along with
thiazole, other heterocyclic compounds such as thiazolidinone, pyr-
azole, pyrazoline, indole, and pyrrole boosted the activity. In summary,
this review has discussed the active compound structures, biological
activities, and SARs of newly reported derivatives with good anti-
inflammatory activity. We hope that this article will provide more in-
sights into the design of anti-inflammatory compounds, which will aid in
the development of numerous anti-inflammatory compounds with good
efficacy and low toxicity.
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