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ARTICLE INFO ABSTRACT

Keywords: Pyrogens, the fever inducing substances accidently enter into a human body through contamination from

Pyrogens medical or pharmaceutical products may create mild to severe complications including septicaemia and

Antipyretics shocking syndromes. To avoid such drastic situations all the pharmaceuticals and medical devices are analysed

Immune system for presence of pyrogens prior to their release into market. The entry of exogenous pyrogens like bacterial

Thermoregulation A . . . .

Cytokines endotoxins induces the release of endogenous pyrogens or inflammatory cytokines that activate immune system
Yy

to defend against these pathogens. Generation of heat is considered as one of the important defence mechanism
of body achieved through receptor mediated interaction of endogenous pyrogens at the thermoregulatory centre
of hypothalamus. However, uncontrolled fever and febrile reaction may cause lethal effects to the subject itself.
So a well sophistically functioning antipyretic mechanism is necessary to achieve thermoregulation. The co-
ordinated interaction of antipyretic cytokines and other mediators are active in human immune system which
play a crucial role in maintaining thermal homeostasis. The multiple interacting antipyretic signals and their

mechanism are the major subjects of this review.

1. Introduction

The word ‘antipyretic’ literarily means the agents that reduce fever
but have no effect on normal or physiologically increased body tem-
perature. Normally, the thermal regulatory network of the body
maintains a temperature of 36.2-37.5°C [1] by various endogenous
mechanisms; to prevent brain damage and helps to maintain thermal
homeostasis via regulated functioning of Central Nervous System (CNS)
to avoid a life threatening conditions. Both peripherally and centrally
active mechanisms are involved in endogenous antipyresis. Peripheral
endogenous antipyretic action is mediated by antipyretic cytokines,
glucocorticoids; Spleen derived anti-hyper pyretic lipid factors and
several other hormones. Centrally active antipyretics include eicosa-
noids, neuropeptides, nitric oxide and other gaseous neurotransmitters.
During the course of fever, endogenous antipyretic mechanism remains
elaborated within the body to limit both strength and duration of fever
mainly through inhibition of enzymes necessary to synthesize in-
flammatory mediators. Although fever and febrile reactions are the
initial defence mechanism of our body, persistent fever for longer
duration will be detrimental. Hence, several pharmaceutical drugs are
introduced to restore the well-being from sickness behaviour associated
with pyrogens. Most of these antipyretics are group of drugs called non-
steroidal anti-inflammatory drugs (NSAIDs) [2].
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2. Endogenous antipyretic cytokines

Pyrogens are agents which induce fever in humans and are either
external or internal in nature. The entry of exogenous pyrogens like
bacterial endotoxins and associated release of endogenous pyrogens
including Interleukin-13 (IL-1f), Interleukin-6 (IL-6) and Tumour ne-
crosis factor-a (TNF-a) induce fever and other inflammatory response
within the body and eventually result in loss of homeostasis of the
immune system (Fig. 1). To counter balance the effect of released pro-
inflammatory cytokines, there exist several antipyretic mechanisms. It
involves the production of anti-inflammatory cytokines, internalization
of endotoxins-receptor complexes, down regulation of cytokine - re-
ceptor complexes [3], release of soluble receptors for Interleukin-1 (IL-
1), Tumor necrosis factors (TNF) and release of antagonists ofIL-1 and
its receptor (IL-1ra) [4]. Major anti-inflammatory cytokines in action
are: IL-4, IL-10, IL-11, IL-13, IL-18 and TNF-$ [5].

2.1. Interleukin 10 (IL-10)

Among the group of anti-inflammatory cytokines, IL-10 is con-
sidered as the most active antipyretic cytokine with inhibitory action on
production of TNF, IL-1, IL-6, IL-8 and up regulating action on ex-
pression of IL-1ra [6]. Cartmell et al., in 2003 observed that injection of
Lipopolysaccharides (LPS) isolated from pathogenic bacteria like E.coli
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Fig. 1. Induction of fever by Pyrogens.

and S.aureus toxins into subcutaneous air pouch of rat suffering from
intense fever and inflammatory reactions. Administration of LPS evoked
fever that began approximately 2 h later injection reached maximum at
3h and persisted up to 8 h. Similarly, administrations of S. aureus toxin
also evoked fever approximately 2h later injections; with an initial
peak of 38.9 + 0.2°C at 6 h. Administration of rat recombinant IL-10
along with these bacterial toxins significantly reduced the magnitude of
fever and febrile reactions. However, recombinant IL-10 has no pro-
found inhibitory effect on concentration of pro-inflammatory cytokines
like IL-1p and TNF-a within the animal. Treatment with sheep anti-IL-
10 reduced the level of IL-10 evoked by LPS and S. aureus toxin in air
pouch. Anti IL-10 administration caused increased production of local
(pouch) IL-6, but showed no effect on local and circulating concentra-
tions of TNF-a, IL-1p and IL-1ra, and circulating IL-6 concentration,
evoked by LPS 5 h after injection. However, it potentiated the increases
in TNF-a, IL-1B, and IL-6 at the site of S. Aureus injection; and increased
circulating concentrations of IL-6 and IL-1ra after 5h of S. aureus in-
jection [7]. Leon et al., (1999) agreed with similar results from their
experiment using healthy Swiss Webster (SW) and IL-10 knockout mice.
Fever and febrile reactions after intraperitoneal administration of E.coli
LPS was found to be reduced by the presence of IL-10 in SW mice,
whereas only 30% of IL-10 knockout mice was survived after injection
of high dose of LPS (2.5 mg/kg). Unfortunately, IL-10 failed to reduce
fever induced by local inflammatory agent like turpentine [8]. In the
same way, Harden et al., (1999) selected LPS stimulated Organum
Vasculosum Laminae Terminalis (OVLT) and area postrema (AP) pri-
mary cells isolated from rat pup brain tissue to analyze the modulatory
action of IL-10 on the synthesis of pro-inflammatory cytokines [9]. By
incorporating rat IL-10 antibodies (30 pg/ml) into the primary cell
culture, it was observed that inhibition of IL-10 enhanced the produc-
tion of TNF-a and IL-6 from OVLT and AP cells following LPS stimu-
lation.

Stimulation of IL-1ra production, an alternate function of IL-10 was
analyzed by measuring the concentration of IL-1ra and their mRNA
expression within cultured polymorphoneutrophil cells (PMN) using
Enzyme Linked Immunosorbent assay (ELISA) and northern blotting
techniques. From the experiment, Crepaldi et al., (2002) reported that
IL-10 have an important role in the up regulation of IL-1ra synthesis

from PMN stimulated prior to IL-4 [10]. Conceptually, when macro-
phages are infected by LPS, they require metabolic energy renewal via
active uptake and cleavage of glucose. IL-10 has negative effect on
glucose uptake mediated by GLUT1 transporters and also reduces the
expression of enzymes of glycolytic pathway. IL-10 also shows in-
hibitory effect on caspase-1 dependent inflammasome activation so that
the production of IL-1f3 become defective in LPS treated macrophages.
Thus, from this experiment Ip et al.,(2017) well concluded that IL-10
exhibits anti-inflammatory activity chiefly by inhibiting mammalian
target of rapamycin (mTOR) signalling pathway necessary for the me-
tabolic rearrangement of cells during an infection or inflammatory
circumstances[11].

3. Antipyretic hormones
3.1. Glucocorticoids

The hormone glucocorticoids, released from adrenal cortex have
anti-inflammatory and immunosuppressive properties which can be
attributed to the transcription inhibition of inflammatory cytokines and
chemokines including IL-1a, IL-1f, IL-2, IL-3, IL-4, IL-5, IL-6, IL-11, IL-
12, IL-13, IL-16, IL-17, interferon-y (IFN-y), TNF-a,CC-chemokine li-
gand 2 (CCL2), CCL3, CCL5, CCL11, CCL24, CCL26 and granulocyte—
macrophage colony-stimulating factor (GM-CSF)[12]. Presence of stress
induced fever in adult adrenalectamized rats after neonatal LPS ex-
posure was found to be an indication of the role of antipyretic action of
corticosterone. Corticosterone influenced the release of cyclooxygenase
(COX) enzymes especially COX2 and subsequent production of pros-
taglandin E2 (PGE2) frompre-optic areaof hypothalamus (POA) in
adrenalectamized rats [13]. Hypothalamic-pituitary-adrenal (HPA) axis
plays an important role in immunoregulation via co-ordinating the
signals from CNS and endocrine system. Elevation of both free and
bound form of corticosteroids followed by intraperitoneal injection of
LPS to rats indicates their presence in controlling pyrexia associated
with endotoxin infection [14].

Similarly, there occurred Nuclear factor kappa B(NFkB) induced
gene expression and release of IL-6 in rats after LPS (50 ug/kg) chal-
lenge and the response was attenuated by the presence of
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Fig. 2. Antipyretic effect of Hormones.

corticosterone. However, administration of glucocorticoid receptor
antagonist; RU-486 increased the magnitude of fever and febrile reac-
tions. Notably maternal care at infant stage exhibited a positive influ-
ence on reducing febrile reactions in adult stage when they are later
challenged with LPS [15]. Thus, these studies provide strong evidence
that endogenous glucocorticoids have physiological antipyretic activity.
It was further confirmed that the classic stress and LPS induced re-
sponse of glucocorticoids function as a counter regulatory modulator of
febrile responses.

3.2. Ghrelin

Ghrelin, an orexigenic 28 amino-acid peptide, secreted by gastric
oxyntic mucosa has role in controlling appetite and energy homeostasis.
Also ghrelin acts as an endogenous ligand for the growth hormone (GH)
secretagogue receptors (GHS-R) and promotes GH dependent immune
modulation. A recent study implicated the putative role of ghrelin in
LPS induced fever. Exogenous administration of ghrelin (0.1 mg/kg)
along with intra peritoneal (i.p)injection of LPS (50 pg/kg) significantly
reduced fever and febrile reactions in rats. There observed associated
rise in plasma corticosterone after injection. From this experiment
Soriano et al., (2011) confirmed that the production of PGE2 after LPS
induced febrigenicthermo-effector mechanism was altered in presence
of ghrelin [16]. Likewise, Wang et al., (2006) found that there is a
correlation between i.p injection of LPS (100 ug/kg) and circulating
level of ghrelin in rats. Both LPS and IL-1f3 seemed to suppress the
production of ghrelin wherein IL-1ra over whelmed the effect [17].
Ghrelinalso exhibits direct effects on defence function of macrophages
through interaction with GHS-R in vitro. Pre-treatment of RAW264.7
macrophages and SN4741 neurons with exogenous ghrelin prior to LPS
stimulation resulted in dose dependent inhibition of translocation of
p65 subunit of NFkB necessary for the active transcription of progeny
cytokines including IL1-f and TNF-a. In addition, ghrelin also aug-
mented the production of antipyretic cytokine IL-10 in a dose and time
depended manner through its target growth hormone secretagogue r-
eceptors present in macrophages [18]. It was also reported that, in-
troduction of LPS challenge to SN4741 dopaminergic neurones in
mouse enhanced the secretion of IL-6 and was significantly attenuated
by ghrelin within 24 h. However in neuronal cells, nuclear translocation
of NFkB has no adverse effect through ghrelin interaction like seen in
macrophages [19].

122

3.3. Melatonin

Melatonin; hormone secreted by pineal gland plays important role
in regulation of circadian rhythm and is known to possess several other
physiological functions like free radical scavenging, anti-apoptotic, vi-
sual, reproductive, cerebrovascular, neuroendocrine andneuro-im-
munological actions. The anti-inflammatory action of melatonin was
analysed by analyzing inflammatory stress induction through LPS ex-
posure in neuronal stem cells (NSCs). LPS treatment affected the via-
bility of NSC and induced inflammatory damages. LPS enhanced
apoptotic cell death and decreased number and size of neurosphere
around the cells. There observed slight decrease in mRNA levels of
SOX2, FGFR-2 (markers of NSC survival and proliferation) and ex-
pression of PI3K, Akt and Nrf2 (Proteins of cytoprotection pathway) in
LPS treated cells compared to untreated control. Presence of Melatonin
improved the survival of NSC cells through reducing membrane de-
struction and NO mediated oxidative stress response. Melatonin treat-
ment helped to maintain the neurosphere size during LPS mediated
inflammatory condition and also enhanced the expression of SOX2 and
FGF2 mRNAs. There occurred a little increase in expression of PI3K,
phosphorylated-Akt and Nrf2 proteins after melatonin treatment during
LPS inflammation. Hence, it was noted that melatonin has beneficiary
effect to survival of neuronal cell during inflammatory circumstances
[20].

Apart from reducing the expression of IL-1f, TNF-a, IL-6, GM-CSF,
CCL2, CCL5, serum amyloid A, haptoglobin, C-reactive protein, cer-
uloplasmin, a-1 antitrypsin in LPS treatedbovine mammary epithelial
cells [21], melatonin inhibited acetylcholine esterase activity and MDA
level in different brain regions (striatum, cerebral cortex, hippo-
campus and hypothalamus) of rat challenged with LPS. Melatonin also
enhanced the production of antioxidant like reduced glutathione in vivo
[22]. Role of melatonin in liver injury associated with D-Galactosa-
mine/LPS administration in mice was assessed by Wang et al., (2007)
and reported that melatonin gave protective effect in hepatic system.
Along with activation of anti-oxidant enzyme systems in liver, mela-
tonin significantly reduced TNF-a and activation of apoptotic enzyme
caspase 3 in hepatic cells [23]. Summarized antipyretic effects of hor-
mones are depicted in Fig. 2.
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4. Interaction of antipyretic mediators in hypothalamus
4.1. Neuropeptides: -Melanocortins

Melanocortin is the posttranslational product of pro-opiomelano-
cortin (POMC) prohormone. POMC is the precursor of a, (3, and v-
melanocyte-stimulating hormone (a,(3,y-MSH) and adrenocorticotropic
hormone(ACTH). They interact with immune cells via G protein-cou-
pled melanocortin receptors (MCR). Melanocortins are involved in di-
verse number of physiological functions including pigmentation, ster-
oidogenesis, energy homeostasis, exocrine secretion, sexual function,
analgesia, inflammation, immune-modulation, temperature control,
cardiovascular regulation and neuromuscular regeneration [24]. Tatro
et al., (2000) reviewed in detailabout thestudies related to antipyretic
effect of a-MSH in animal model which deals with the consistent
thermoregulatory effects of a-MSH especially on CNS. Also the review
highlighted the regulation of LPS induced fever by endogenous mela-
nocortin chiefly through receptor mediated signalling mechanism [25].

Clark et al., (1985) analyzed the antipyretic activity of o-MSH
compared to the drug acetaminophen. a-MSH was introduced via intra
cerebro-ventricular (i.c.v) injection into rabbits after inducing fever by
means of administration of sodium arachidonate (i.c.v.), PGE2 (i.c.v.)
or leucocytic pyrogen (i.v.). It was observed that a-MSH (200 ng) ex-
hibited significant antipyretic effect against leucocytic Pyrogens but it
neither antagonized PGE2 nor altered arachidonate mediated hy-
perthermia in rabbits [26]. Likewise, endogenous antipyretic effect of
a-MSH was experimented in rats suffering from LPS induced fever. It
was found that endogenous melanocortins acts on MCR within the brain
to attenuate fever and febrile reactions. Simultaneous in vitro experi-
ment with rat melanoma cells showed that melanocortins have specific
interaction with their receptors (MCR3 and MCR4) on the surface of
melanoma cells which lead to the accumulation of cyclic AMP within
the cell. However, the antagonist SHU-9119 inhibited the action of a-
MSH both in vivo and in vitro. In particular, central administration of
SHU-9119 to febrile rats exacerbated fever, whereas intravenous ad-
ministration of the same dose of SHU-9119 had no effect on LPS in-
duced fever. These findings indicate the centrally active antipyretic
effect of a-MSH is independent of any modulation in the activity of the
pituitary-adrenal axis [27].

4.2. Hypothalamic hormones

Vasopressin is an endogenous neuropeptide or plasma neuro-
hormone synthesized from the par ventricular nuclei within the hy-
pothalamus. Some recent studies have suggested that in addition to
vasoconstriction and antidiuresis [28], Arginine vasopressin (AVP)
have immuno-modulatory effect in sepsis. In order to elucidate anti-
pyretic action of vasopressin, Peng et al., (2013) and Park et al., (2015)
selected RAW264.7 cell line and investigated its role against LPS in-
duced response within these macrophage cells. It was observed that
AVP negatively regulated the production of chemokines; TNF-a, IL-1,
IL-6, NO/iNOS mRNA, PGE2/COX-2 mRNA, IKK activity, IkBa de-
gradation and LPS-induced NF«B transcription within the macrophages
[29,30]. Similar to LPS immune challenge, i.c.v. administration of IL-6
in rats seemed to have significant role in AVP neuron activation in the
supra optic nucleus of hypothalamus [31]. A dose dependent produc-
tion of AVP after LPS stimulation from supra chiasmatic nucleus slice
cultures was reported earlier [32]. Later it was found that LPS acts via
interaction with angiotensin II typel receptors located within the blood
brain barrier. Also it was noted that signalling from central angiotensin
II is essential for regulation of blood pressure during endotoxemia [33].

Similarly, down regulation of AVP-V3 and corticotropin-releasing
factor receptorlmRNA within the anterior pituitary was observed in
Holstein steers, during stress response to LPS challenge. In some of
these bovine species, AVP and corticotrophin releasing factors showed
ACTH releasing activity so that it could indirectly affect the
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pituitary—adrenal response to stress [34].
5. Gaseous neurotransmitters
5.1. Nitric oxide

Endogenously, the catabolism of amino acid L-arginine by the en-
zyme NO synthase results in the formation of L-citrulline and Nitric
oxide (NO). Three [endothelial (e), neural (n), and inducible (i)] iso-
forms of nitric oxide synthase (NOS) are known to be expressed in
various tissues. NO acts as gaseous neurotransmitter and its interaction
increases cyclic GMP levels in tissues, including vascular smooth muscle
and CNS. Over the years, NO was demonstrated in many of the patho-
physiological functions like thermoregulation and fever. In humans, NO
has role in pyretic febrile response by acting at OVLT and POA; both of
which constitute the important sites through which circulating pyro-
gens signals the brain [35]. However in rabbits and guinea pigs, it
possess an antipyretic effect on LPS induced fever [36] mainly through
inhibition of COX2 and PGE2 release from POA [37]. On the other
hand, there are some data opposing the general thermolytic action of
NO suggested by Dantonio et al., (2016) and Perotti et al., (1999)
proving that the NOS inhibitors like N°-nitro-L-arginine methyl ester
and 7-nitroindazole can attenuate LPS induced fever but do not affect
LPS induced rise in PGE2 within the brain [38,39].

5.2. Hydrogen sulphide

Hydrogen sulphide (H,S) is considered as an a typical gaseous
neurotransmitter regulating several physiological functions like neuro-
modulation, vascular and smooth muscle relaxation. Predominantly,
cystathionase, cystathionine beta synthase (CBS) and 3-
Mercaptopyruvate sulphur transferase (MST) catalyzes the synthesis of
H,S from cysteine in mammalian tissues [40]. Even though H,S has role
in number of biological activities, little is known about its function in
thermoregulation. Kwiatkoski et al., (2013) provide data with the no-
tion that LPS can cause a reduction in the levels of H,S in anteroventral
pre-optic region of the hypothalamus (AVPO) and increases the AVPO
COX-2/microsomal PGE synthase-1 (mPGES-1) activity. Moreover, it
was observed that amino-oxyacetate (CBS inhibitor) potentiated LPS-
induced PGE2 production in POA, where Na,S (H>S donor) has the
opposite effect. It was also noted that Na,S administration not only
attenuated fever and PGE2 production but also inhibited LPS mediated
reduction of cyclic AMP in AVPO [41].

5.3. Carbon monoxide

Carbon monoxide (CO) gas has long been considered as a toxic
compound, owing to its ability to bind haemoglobin with higher affinity
than oxygen. Still, there are evidences from researchers that en-
dogenous CO, aby-product of inducible hemeoxygenase (HO-1) enzyme
can modulate inflammation, inhibits LPS induced production of cyto-
kines (both in vivo and in vitro), and consequently exhibits cyto-pro-
tective and anti-inflammatory functions beneficial for the resolution of
acute inflammation. One of the novel CO releasing molecule tri-
carbonyl-dichlororuthenium (II) dimer (CORM-2) is considered as the
most preferred molecule to investigate the role of CO in many of the
biological functions. When CORM-2 was incorporated along with LPS in
human umbilical vein endothelial cells (HUVEC), there observed down
regulation of polymorpho nuclear cell adhesion, iNOS, ICAM-1 and
NFkB expression followed by reduction in oxidative stress andin-
flammatory response to LPS stimulation [42]. In vivo result from Wang
et al., (2016) was supportive to the above findings that CORM-2 sig-
nificantly reduces IL-1p and Malondialdehyde (MDA) production in
septic mice. It also helped to minimize tissue injury as well as neu-
trophil infiltration in vital organs like lungs and liver [43].

Immuno responsive gene 1 (IRG1) protein has role in endotoxin
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tolerance by increasing the expression of A20 proteins in macrophages.
A20 acts as a negative regulator of NFkB activation for the inflamma-
some mediated production of TNF-a. Functional link between HO-1
mediated CO production and IRG1 stimulation was correlated by Uddin
et al., (2016) and was found that murine macrophages treated with
CORM-2 (20 mM) showed upregulated expression of both HO-1 and
IRG1 proteins in cells. In CORM-2 treated RAW264.7 cellstime- and
dose-dependent rise in A20 protein level was notified. Rather than in
vitro experiments, anti-inflammatory action of CO/HO-1 system was
well demonstrated through an in vivo endotoximic mouse model. It was
found that enhanced expression of IRG1 and A20 via CO/HO-1 system
improved the anti-inflammatory response of the animal[44].
Similarly, it was noted that introduction of CORM-2, HO-1 inducers
(hemin and cobalt protoporphyrin IX) and transfection of HO-1 in-
hibited chemotactic movement of immune cells, translocation of High-
mobility group box 1 (HMGBI1; a chromatin-binding protein that
mediate various cellular responses) and release of pro-inflammatory
cytokines in situations like severe sepsis. In vitro experiment with
RAW264.7 macrophage cells treated with LPS (1 ug/ml) showed in-
creased release of HMGB1, TNF-q, IL-1f and INF-f. The entire network
of inflammatory reactions was reversed by the inhibition of HMGB1 in
presence of HO-1 inducers and CORM-2. Delayed hemin and CORM-2
administration also protected mice from LPS (15 mg/kg) induced en-
dotoxemia in vivo [45]. The effect of CO on molecular signalling
pathway associated with LPS stimuli was further studied by Chicora
et al., (2009) using human monocytic cell line THP-1. Cells were sti-
mulated with LPS (1 ug/ml) and the anti-inflammatory effect of CO was
assessed by investigating expression of genes responsible for in-
flammatory reactions, stress kinase pathway and NFkB signalling. It was
observed that CO has inhibitory effect on upregulated genes associated
with LPS interaction in THP1 cells. Genes which are upregulated after
LPS challenge can initiate and propagate inflammation within the cells.
CCL3, CXCL1, CXCL3, PTX3, PDE4B, NFKBIA, ATF3 and EGR family
members other than EGR1, miR-155 and TNFAIP3 are the examples of
CO responsive transcripts [46]. The overall interaction of antipyretic
mediators in hypothalamus for resolution of pyrexia is depicted in
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Fig. 3.

6. Eicosanoids

In addition to PGE2, eicosanoids derived from other pathway of
Arachidonic acid (AA) metabolism also have thermoregulatory role in
inflammation and fever. Prostaglandin D2 (PGD2) has both anti- and
pro-inflammatory roles at different stages of inflammation, and these
opposing effects are mediated by distinct signalling mechanisms
through interaction with D-prostanoid receptor (DP) orchemo attrac-
tant receptor-homologous molecule expressed on Th2 cells (CRTH2)
[47,48]. Presence of 10 uM Prostaglandin J2 (PGJ2) nullified the con-
sequence of LPS (0.1, 50, and 100 pg/ml) interaction with rat alveolar
macrophage cells via reducing the production of NO, TNF-a and MIP-2.
However, the magnitude of inhibition was time dependent and was
greatest at 2 h before and least at 4 h after LPS addition. Since peroxi-
some proliferator-activated receptor-y(PPAR-y) was expressed in mul-
tiple tissues, the ligand specific activation of the PPAR-y transcription
factor has shown to inhibit pro-inflammatory gene expression. Porter
et al., 2007 carried outRT-PCR analysis of PPAR-y and NFkB p50 sub-
unit mRNA expression in macrophages after LPS and PGJ2 treatment.
Exposure of LPS to alveolar macrophages stimulated the production of
NO metabolites, where PGJ2 significantly inhibited LPS-induced NO
production when macrophages incubated with PGJ2 prior to LPS ex-
posure. There observed time dependent inhibition of TNF-a and MIP-2
by PGJ2 where maximum inhibition was detected with addition of
PGJ2 in macrophage culture 2h before LPS. However, PGJ2 did not
possess effect on production of TNF-a and MIP-2 when it was in-
troduced 4 h after LPS. It was noted that PGJ2 had slight inhibitory role
to LPS induced NF-kB p50 subunit mRNA expression where no such
action was found against LPS mediated reduction of PPAR-ymRNA ex-
pression. Hence from the study it was concluded that the mechanism
underlying PGJ2 inhibition was not through a PPAR-y, but rather by
NFkB dependent mechanism [49].

15-Deoxy-A'? and A'*-PGJ2 inhibited LPS induced RelA (v-rel avian
reticuloendotheliosis viral oncogene homolog A) phosphorylation, I;Ba

PS challenge

Blood pressure
Immune modulation
/*/

<
LPS

> Inhibit Cytokine release

Fig. 3. Interaction of Antipyretic mediators in hypothalamus.
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phosphorylation, ERK-signalling cascade and IL-6 gene expression
through triggered protein phosphatise 2A activity in the colonic and
intestinal epithelial cell line. The antagonistic effect of MEK1 Inhibitor
like PD98059 on IL-6 expression articulates the fact that anti-in-
flammatory activity exhibited by PGJ2 was mediated via induction of
MEK/ERK signalling cascade. However, 15-D-PGJ2 and high affinity
PPAR-vy ligandrosiglitazone had no effect on LPS-induced degradation
and gene expression of [;Ba as well as nuclear translocation and DNA
binding activity of RelA [50]. PGJ2 also showed inhibition of IL-1f,
nitrite, COX-2 and iNOS expression in RAW264.7 and CD-1 mouse
peritoneal macrophages after LPS and IFN-y exposure [51].

Leukotriens (LTs) are another metabolite of AA released by the
catalytic action of enzyme lipoxygenase (LOX). There are mainly three
types of mammalian LOX such as 5, 12 and 15 LOX, out of which 5-LOX
is the major enzyme that transforms AA to LTs. LTs are classified as
LTB4 and Cysteinyl LTs (LTC,4, LTD4, and LTE4) which has role in
neutrophil chemotaxis and asthma through interaction with G protein
coupled receptors expressed on inflammatory cells [52]. The formation
of LTC, catalysed by LTC4 synthase enzyme represents the first com-
mitted step in the production of cysteinyl LTs. RT-PCR analysis of LOX
and LTC,4 synthase mRNA expression at rat hepatocytes and kupffer
cells demonstrated that co-operate transcellular synthesis of one or
more enzymes are necessary for LTs production within the liver. Pro-
duction of these enzymes was increased after administration of LPS
(3mg/kg) and contributed toxic liver injury during inflammation re-
action [53].

In contrast, Serio et al., (2003) reported the inhibitory effect of LPS
on LTC4 synthase production within THP1cells through Fib dependent
pathway. There obtained dose and time dependent inhibition of LTC4
synthase after LPS exposure [54]. Similarly, there are several con-
troversies about the anapyretic activity of LTs and was discussed in
detail by Kozak et al., (2004) in their review article. It discussed mostly
about the role of non-prostaglandin eicosanoids and their inhibitors on
temperature regulation primarily in mice and other lab animals [55].
Fig. 4 represents inhibitory effect of eicosanoids to the production of
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inflammatory cytokines.
7. Exogenous antipyretic drugs

NSAIDs are broad group of drugs having effects like reduction of
fever, pain, and inflammation in common.While considering NSAIDs,
their antipyretic activity is proposed to be related to their ability to
inhibit synthesis and release of prostaglandins. Aspirin is the best ex-
ample of antipyretic drug with well-known anti-inflammatory, an-
algesic and anti-platelet activities. Comparative study with aspirin and
NOSH-aspirin (NBS-1120; a novel nitric oxide- and hydrogen sulphide-
releasing hybrid) revealed the safer aspects of NOSH-aspirin with slight
reduction in production of pro inflammatory cytokine TNF-a in Wistar
rats compared to which induced by aspirin. Similar to aspirin NOSH-
aspirin caused reduction in PGE2, where alternate result was found
with production of MDA and superoxide dismutase. NOSH-aspirin re-
duced the MDA level and increased superoxide dismutase activity in
stomach and paw exudates where aspirin has opposite effect [56]. Both
aspirin and NOSH-aspirin showed equally effective antipyretic activity
via reducing body temperature and mechanical pain in rats after LPS
administration. Although NOSH-aspirin was found to be a safer alter-
nate to aspirin with less index of lipid peroxidation, gastric ulcerative
damage and high index of chemo preventive nature has also found to be
in prevalence [56]. Likewise, NOSH-sulindac composition showed
novel analgesic, anti-inflammatory, anti-cancerous and antipyretic ac-
tivities compared to sulindac alone [57].

Hinz et al., (2008) presented a data regarding the action of most
common antipyretic drug acetaminophen which contributes its anti-
pyretic effect through inhibition of COX2 enzymes in humans (in vivo)
and monocytes (in vitro) isolated from human blood [58]. It was ob-
served that acetaminophen (100 pmol/L) inhibited the production of
PGE2 in human whole blood and COX2 enzyme activity in monocyte
culture [58]. Treatment with medicinal plant extract was also used as a
source of alternative tool for traditional antipyretic therapy. Extracts
taken from plants like Eleucineindica [59], Amaranthusspinosus [60] and
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Pothosscandens L [61] showed strong antioxidant activity in vitro and
antipyretic activity in vivo in albino rats after subcutaneous adminis-
tration of Brewer’s yeast suspension as exogenous pyrogen.

Apart from NSAIDs, some narcotic drugs like morphine also exhibit
antipyretic activity. Inhibition of TLR9 mediated NFxB signalling by
morphine within the mice macrophages after Streptococcus pneumonia
infection was informative about the potential antipyretic activity of the
same in in vivo system [62]. Since NFxB signalling is necessary for the
release of pyretic cytokines like IL-6, IL-13 and TNF-q, action of mor-
phine should reduce endogenous pyrogens mediated fever. Recently it
was reported in a clinical study by Mendieta et al, (2014) that ad-
ministration of morphine (i.v, 0.05mg/kg/h) successfully eliminated
fever in patient who was suffering from consistent fever even after
administration of acetaminophen and metamizole for about 31 days
[63].

8. Conclusion

Fever; one of the central expressions of immune response remains as
a fascinating problem for both clinicians and basic scientists because of
the fortuitous defects in regulation of immune system and hence can
lead to severe illness and inflammatory diseases. Fever induced by
exogenous pyrogens and associated production of endogenous pyrogens
from phagocytic cells especially monocytes and macrophages initiate
upward shift in temperature, initially begins at the periphery of the
body. The released inflammatory mediators convey the alarming sig-
nals to the immune cells for further actions and also transmit messages
to thermoregulatory centre of brain to generate defence responses ap-
propriate to eliminating the offensive agents from body to restoring
good health.

When the inflammatory stimulus is cleared, endogenous pyrogens
production ceases and set point reverts back to normal by several
thermoregulatory mechanisms of the body. The important antipyretic
mechanisms exhibited by the immune system include: production of
antipyretic cytokines like IL-10, IL-1 receptor antagonists, antipyretic
neuropeptides (ACTH, a-MSH), eicosanoids (PGD2, PGJ2, LTs), gaseous
neurotransmitters (NO, CO, H,S etc.,) and hormones (arginine vaso-
pressin, glucocorticoids). If the immune system fails to restore home-
ostasis, then different types of NSAIDs should be used as exogenous
antipyretic drugs. The present review is meant to discuss the im-
portance of knowing the mechanism of antipyresis to improve the ef-
ficacy of antipyretic therapeutics and their controlled usage to set a
healthy diagnosis and treatment strategy.
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