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Olax subscorpioidea leaf is used traditionally in the management of yellow fever, painful
swellings, and venereal diseases. Its anti-inflammatory activity has been reported; furthermore,
an anti-inflammatory guided fraction of its leaf extract revealed that the aqueous and butanol
fractions were the most active. Considering the involvement of cytokines in inflammation, we
investigated the effects of the anti-inflammatory activities of the aqueous and butanol leaf
fractions on inflammatory cytokines in Wistar rats.
Rats were divided into four groups (n = 6) and were orally administered distilled water (1 mL),
aqueous/butanol fraction (1,000 mg/kg), and acetylsalicylic acid (ASA, 300 mg/kg). One hour
post-treatment, carrageenan (0.1 mL, 1% w/v) was intraperitoneally injected into the right hind
paws of the rats. Four hours post inflammation induction, the rats were anesthetized and the
hind paws cut-off, homogenized, and centrifuged before collecting the paw exudates. The
concentrations of inflammatory cytokines in the exudates were measured.
Both fractions significantly (p < 0.05 and p < 0.01) reduced the concentrations of proinflammatory cytokines, such as interleukin-1 (IL-1), vascular endothelial growth factor
(VEGF), and epidermal growth factor (EGF); and increased the concentrations of antiinflammatory cytokines such as IL-5, IL-6, and interferon-γ (IFN-γ).
The result of the study suggests that the aqueous and butanol leaf fractions of Olax
subscorpioidea may be exhibiting their anti-inflammatory activities via the inhibition of proinflammatory cytokines such as IL-1, VEGF, and EGF and/or stimulation of the synthesis of
anti-inflammatory cytokines such as IL-5, IL-6, and IFN-γ.
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Introduction
Inflammation is regarded as the primary physiologic
defense mechanism that helps protect the body against allergens,
infection, toxic chemicals, burns, or other noxious stimuli. 1 It has been
demonstrated as the root cause of almost all chronic diseases, such as
cardiovascular diseases, cancer, inflammatory bowel syndrome,
atherosclerosis, arthritis, and autoimmune diseases. 2,3 Likewise,
inflammatory and oxidative processes have been implicated in the
pathological features associated with the central nervous system in
Alzheimer’s disease.4
Inflammation is caused by a variety of soluble factors; which include
lipoxins, platelet activating factor (PAF), leukotrienes, prostaglandins,
and cytokines.5 Cytokines are the major determinants of the systemic
responses to inflammation.5 They are small proteins that are secreted
and released by cells and they have a specific effect on the
communications and interactions between cells.6 They are divided into
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two; the pro-inflammatory cytokines (which worsen disease) and the
anti-inflammatory cytokines (which reduce inflammation and promote
healing). Due to the critical role cytokines play in the origination and
development of inflammation, a variety of drugs designed to treat
inflammatory diseases are focused on the inhibition of proinflammatory cytokines or potentiation of anti-inflammatory
cytokines.2
Non-steroidal anti-inflammatory drugs (NSAIDs) like acetylsalicylic
acid (aspirin), ibuprofen, and so on are among the most commonly
prescribed anti-inflammatory agents;7 but, they are prone to evoking
serious adverse reactions.8 Their use has been limited as a result of
side effects such as blood disorders, gastrointestinal tract (GIT)
irritation, renal damage, liver damage, hypersensitivity reactions,
tinnitus, and so on.9 Thus, there is an urgent need for new antiinflammatory substances from the vast available natural products; as
most of the medicinal plants are moderately toxic compared to the
orthodox medicines.8
Ever since ancient times, medicinal plant products have been used for
the management of different kinds of inflammatory diseases; 10 one of
such
medicinal
plants
is
Olax subscorpioidea Oliv.11
Olax subscorpioidea is a member of the Olacaceae family, it is widely
distributed in Africa tropics, and it is used in the management of
several diseases which include arrhythmia, rheumatism, and microbial
diseases.12,13 The presence of phytochemicals such as tannins,
carbohydrates, flavonoids, saponins, alkaloids, cardiac glycosides,
steroid, and triterpenoid have been reported in the leave extract of
Olax subscorpioidea.11,14
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The anti-inflammatory activities of the crude methanol leaf extract of
Olax subscorpioidea have been previously reported by Odoma et al.11
We have also shown that the butanol and aqueous fractions of its
crude methanol extract have more anti-inflammatory activities than
the other fractions.15 However, whether cytokines were affected or not
in our reported anti-inflammatory effect of Olax subscorpioidea has
not been reported. This study investigated the effects of the butanol
and aqueous leaf fractions of Olax subscorpioidea on inflammatory
cytokines; using the dose with the best anti-inflammatory response
(1,000 mg/kg) from our previous study where each fraction was tested
in graded doses (250, 500 and 1,000 mg/kg).15
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cytokine 27-plex discovery assay by Eve Technologies (Calgary,
Alberta, Canada).
Statistical analysis
All values were expressed as Mean ± Standard Error of the Mean
(SEM). The data were analyzed by one-way analysis of variance
(ANOVA) followed by Tukey’s test using the Graph Pad Prism
(statistical) software, version 8. The differences between means were
considered significant when p < 0.05.

Results and Discussion
Materials and Methods
Plant collection and identification
Olax subscorpioidea leaf was collected in March 2013, from a farm in
Anyigba, Kogi State, North Central Nigeria. The identification was
done by a taxonomist, Dr. Emmanuel I. Aigbokhan, of the Department
of Biological Sciences, Faculty of Natural Sciences, Kogi State
University, Anyigba, Kogi State, Nigeria; and a voucher specimen
number (KSUH-277-2013-01) was deposited for future references.
Plant extraction and fractionation
The extraction and fractionation of the plant material have also been
reported.11,15 The plant material was shade dried for several days until
crimpy, it was reduced into a fine powder with the aid of a mortar and
pestle. About 1kg of the powdered material was extracted exhaustively
with 2.5 L of aqueous-methanol (20-80%v/v), using continuous soxhlet
apparatus. The extract was concentrated under reduced pressure to
yield a dark brown mass (methanol extract). The fractionation was
achieved by suspending 100 g of the methanol extract in 500 mL of
water and successively partitioned with hexane (5 x 500 mL), ethyl
acetate (5 x 500 mL), and butanol (5 x 500 mL) to afford the
corresponding fractions. The butanol and residual aqueous fractions
were concentrated using a water bath set at 50°C. Each of the fractions
was placed in a bottle container and stored in a desiccator before use.
Solutions of the fractions were prepared freshly with distilled water
for each study.
Laboratory animals
Adult Wistar Rats (180-220 g) of either sex were obtained from the
Animal House Facility of the Department of Pharmacology,
Therapeutics, and Toxicology, Faculty of Basic Medical Sciences,
College of Medicine, University of Lagos, Idi-Araba Lagos, Nigeria.
The animals were housed in standard cages at room temperature under
standard environmental conditions of humidity and illumination cycle;
and were fed with a standard rodent pellet diet (Vital feeds, Jos,
Nigeria) and water ad libitum. The approval for the experiments was
given by the Ethical Committee of the Department of Pharmacology
and Therapeutics, ABU, Nigeria (protocol number: DAC/IWOT/137/14) and was carried out following the criteria outlined in the
Guide for the Care and Use of Laboratory Animals by the National
Institutes of Health (Publication No. 80-23, revised 1996).
Inflammatory stimulus
Four randomly-selected groups of rats (n = 6) were orally
administered distilled water (1 mL), aqueous fraction, butanol fraction
(1,000 mg/kg) and acetylsalicylic acid (ASA, 300 mg/kg). Sixty
minutes post-treatment, inflammation was induced by injecting each
rat with 0.1 mL of 1% carrageenan into the plantar surface of the rat’s
right hind paw.16
Determination of inflammatory cytokines’ concentration
Four hours post inflammation induction, rats were anesthetized using
chloroform, and the hind paws were removed at the level of the
calcaneus bone. The paws were homogenized using phosphatebuffered saline (PBS) and centrifuged at 10,000 g for 10 minutes at
4°C before collecting the exudates (edema fluid). The concentrations
of inflammatory cytokines (in the fluid) were measured using rat

The anti-inflammatory and analgesic activities of the crude methanol
leaf extract of Olax subscorpioidea have been previously reported by
Odoma et al.11 We have also shown that the butanol and aqueous
fractions of its crude methanol extract have more anti-inflammatory
and analgesic activities than the other fractions. 15 Furthermore, we
elucidated the mechanism of the analgesic action of its butanol
fraction; which revealed the involvement of serotonergic, opioidergic,
and nitric oxide-l-arginine pathways in the analgesic effect of the
butanol leaf fraction.17 This current study investigated the effects of
the butanol and aqueous leaf fractions of Olax subscorpioidea on
inflammatory cytokines, using the carrageenan-induced inflammation
model; using the dose with the best anti-inflammatory response (1,000
mg/kg) from our previous study.15
Carrageenan-induced inflammation is a well-established method of
inducing hind paw inflammation in rats and mice. 16 After the
carrageenan injection, agents such as bradykinin, histamine, serotonin
and are released, these agents stimulate the release of tumor necrosis
factor-α (TNF-α), which in turn stimulates the release of other proinflammatory cytokines such as interleukin-1 beta (IL-1β). The proinflammatory cytokines promote the release of the cycloxygenase
enzymes, which convert arachidonic acid to prostaglandins. 18,19
Cytokines are divided into pro-inflammatory and anti-inflammatory
cytokines. The pro-inflammatory cytokines are characterized due to
their ability to cause inflammation; whereas, the anti-inflammatory
cytokines are characterized because of their ability to inhibit the
synthesis of major pro-inflammatory cytokines;20 and/or stimulate the
synthesis of pro-inflammatory cytokines’ receptor antagonists.
Effect of aqueous and butanol leaf fractions of Olax subscorpioidea on
pro-inflammatory cytokines
The concentrations of epidermal growth factor (EGF), interleukin-1α
(Il-1α), and vascular endothelial growth factor (VEGF) were
significantly (p < 0.05 and p < 0.01) decreased by the aqueous and
butanol fractions of Olax subscorpioidea; while the concentrations of
IL-1β was significantly (p < 0.05) increased by both fractions when
compared with the control (Figure 1). The concentrations of tumor
necrosis factor-α (TNF-α) and IL-2 were not significantly affected by
either of the fractions.
IL-1 causes fever by enhancing the synthesis of prostaglandin E 2
(PGE2) by the vascular endothelium of the hypothalamus and it can
also stimulate T cell proliferation. IL-1 also stimulates the release of
histamine from mast cells at the inflammation site. The released
histamine initiates early vasodilation and thus increases vascular
permeability.20 Il-1 is subdivided into Il-1α and Il-1β which are
equally potent pro-inflammatory cytokines. They activate
inflammatory processes and cause devastating diseases manifested by
severe acute or chronic inflammation.21 The biogenesis and the
distinctive role of Il-1α in inflammation are poorly understood.21 From
our studies, it was observed that the concentration of Il-1α was
significantly reduced by both fractions especially BFOS. Il-1β is
produced and secreted by immune cells such as macrophages,
microglia, and monocytes; and is secreted under conditions of stress. 22
An increase in the concentration of IL-1β has been implicated in
various diseases which include neuropathic pain due to diabetes,
rheumatoid arthritis, type 2 diabetes, inflammatory bowel disease,
leprosy neuropathy, and other inflammatory diseases. 22,23 It was
observed from our studies that the concentration of IL-1β was
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increased in the fractions treated groups; the observed increase may be
due to direct stimulation of IL-1 receptor antagonist (IL-1ra) by the
fractions or indirectly via the IL-6 (and/or other anti-inflammatory
cytokines). IL-1ra is a specific IL-1 receptor antagonist that
competitively binds to the same receptor as IL-1β, consequently
blocking IL-1β-mediated cellular changes leading to the increase of
IL-1β concentration.6,24 Vascular Endothelial Growth Factor (VEGF)
is a member of the growth factors sub-family and an angiogenic
cytokine.25 It is a key factor implicated in nearly all human tumors.26 It
regulates vascular permeability thus causing tissue edema. 27 It also
stimulates angiogenesis in adults. Angiogenesis is a prerequisite for
the growth of tumors from a benign to a malignant phenotype and
metastasis, consequently making VEGF a key player in
tumorigenesis.26 Epidermal Growth Factor (EGF) is also a member of
the growth factors sub-family. It mediates the activation of NF-kB and
inflammation in vivo and in vitro. The mutations, amplifications, or
misregulations of EGF receptors have been implicated in about 30%
of all epithelial cancers. It has also been reported to play an important
role in the pathogenesis of asthma.28 The plant fractions were able to
significantly reduce the concentrations of the growth factors subfamilies (VEGF and EGF).
Effect of aqueous and butanol leaf fractions of Olax subscorpioidea on
anti-inflammatory cytokines
The concentrations of IL-6, IL-5, and interferon-γ (IFN-γ) were
significantly (p < 0.05 and p < 0.01) increased by the aqueous and
butanol fractions of Olax subscorpioidea when compared with the
control (Figure 2). The concentrations of IL-13, IL-10, and IL-4 were
not significantly affected by either of the fractions.
IL-5 is produced by various cell types such as type 2 T helper cells
(Th2) and mast cells. Its essential activity is eosinophil growth and
function.6 IL-5 is involved in the activation and differentiation of
eosinophil; and also stimulate the switching of immunoglobulin class
to IgA;20,23 it helps in the regulation of chronic inflammation and
disease control. The potential roles of IL-5 are in immune responses,
allergy, and autoimmunity.29 It has also been reported to enhance the
cytotoxicity of T cells and increase activation of B cell proliferation.20
From the studies, the concentration of IL-5 was significantly increased
by the fractions especially AFOS. IL-6 is a multifunctional pleiotropic
cytokine. It regulates, hematopoiesis, immune response, acute-phase
response, and inflammation.30 It possesses the characteristics of both
pro-inflammatory and anti-inflammatory cytokine properties but, it
possesses more of the anti-inflammatory cytokine properties.20,31,32 In
models of chronic inflammatory diseases, such as murine colitis,
collagen-induced
arthritis,
or
experimental
autoimmune
encephalomyelitis, IL-6 is pro-inflammatory, whereas, in models of
acute inflammation such as carrageenan-induced inflammation, IL-6
exhibits an anti-inflammatory profile.33 IL-6 is generated in an
infectious lesion and sends out a warning signal to the entire body.
Thus, it serves as a mediator for notification of the occurrence of some
emergent event as it issues a warning signal in the event of tissue
damage.30,34 IL-6 inhibits the production of pro-inflammatory
cytokines such as TNF and IL-1. Thus, it limits the acute
inflammatory response via a negative feedback mechanism. 20 In this
study, the concentration of IL-6 was significantly increased especially
by AFOS. Interferons (IFN) are produced and secreted in response to
viral infections. It possesses both anti-proliferative and anti-viral
properties and it is classified as type I and type II IFN. Type I IFN
such as IFN-α and IFN-β induces anti-viral and anti-proliferative
activity; but, type II IFN e.g. IFN-γ possesses potent
immunomodulatory activity with a weaker anti-viral activity.24 IFN-γ
stimulates the activation of phagocytes and macrophages; the
macrophages in turn kill intracellular pathogens. 20,24 IFN-γ also
activates and increases the anti-microbial and tumoricidal activity of
neutrophils, macrophages, monocytes, and natural killer (NK) cells. 23
The concentration of IFN-γ was significantly increased by the plant
fractions as observed from the results.
From this study, it was observed that the concentrations of IL-1α,
VEGF, and EGF were reduced in the fractions treated groups; the
observed reductions may be due to direct inhibition by the fractions or
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by IL-6 and/or other anti-inflammatory cytokines. IL-13, IL-10, IL-6,
and IL-4 were all reported to inhibit the synthesis of IL-1,
simultaneously they stimulate the synthesis of IL-1ra.20 It was also
observed from the study that the plant fractions were able to stimulate
the production of IL-6; this is evidenced by the increase in the
concentration of IL-6; consequently, it inhibited the production of proinflammatory cytokines and/or stimulating the production of proinflammatory cytokines receptor antagonists. Reductions in the
concentration of the growth factors sub-families (VEGF and EGF)
were also observed. The ability of the leaf fractions to decrease the
concentrations of VEGF and EGF may also justify the use of the plant
as an anti-tumor agent. Oloyede et al35 reported the utilization of Olax
subscorpioidea leaf as one of the seven therapeutic plants combined to
form a local decoction (Joloo) traditionally used in Southwestern
Nigeria for the management of breast cancer. These leaf fractions may
also serve as a prophylactic agent for malignancies; as inflammation,
supported by pro-inflammatory cytokines; precede tumor
appearance.36
In this study, the concentrations of a potent pro-inflammatory
cytokine, TNF-α, and that of a potent anti-inflammatory cytokine, IL10, were not affected by the leaf fractions. The reasons may be due to
the complexity in regulatory networks that govern inflammatory
cytokine secretion upon specific stimulation, which might contribute
to the different effects of the various cytokines tested. 36 These also
suggest that measuring just one inflammatory cytokine may be
misleading and may also give an unreliable result.
Phytochemicals have been shown to modulate various points in
inflammatory processes by disconnecting the amplification of
inflammatory processes and thereby reducing subsequent diseases
risk.37 Different medicinal plants e.g. Rauwolfia serpentine root,
Curcuma longa rhizome, Zingiber officinale rhizome, Allium sativum
bulb, have been reported to modulate cytokine secretion by their
phytochemical constituents.38 Moreover, wide ranges of
phytoconstituents including flavonoids, saponins, alkaloids, and
tannins have been reported to inhibit pro-inflammatory cytokines.39
The presence of phytochemicals such as tannins, flavonoids, saponins,
alkaloids, cardiac glycosides, carbohydrates, steroids, and
triterpenoids have been previously reported in the aqueous and butanol
fractions of the crude methanol leave extract of Olax subscorpioidea.14
The presence of these phytochemicals in both fractions of
Olax subscorpioidea used in this study might have contributed to the
modulation of the cytokines, which could have been responsible for
the observed anti-inflammation.

Conclusion
In conclusion, the results of the experiment suggest that the aqueous
and butanol leaf fractions of Olax subscorpioidea may be exhibiting
their anti-inflammatory activities via the inhibition of proinflammatory cytokines such as IL-1, VEGF, and EGF and/or
stimulation of the synthesis of anti-inflammatory cytokines such as IL5, IL-6, and IFN-γ.
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Figure 1: Effect of aqueous and butanol fractions of Olax subscorpioidea on Pro-inflammatory Cytokines.
*p < 0.05, **p < 0.01 versus control (D/Water). AFOS = aqueous fraction, BFOS = butanol fraction, ASA-acetylsalicylic acid, IL =
Interleukin, TNF = tumor necrosis factor, VEGF = Vascular Endothelial Growth Factor, EGF = Epidermal Growth Factor, n = 6.
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Figure 2: Effect of Residual Aqueous and Butanol Fractions of Olax subscorpioidea on Anti-inflammatory Cytokines.
*p < 0.05, **p < 0.01 versus control (D/Water). AFOS = aqueous fraction, BFOS = butanol fraction, ASA = acetylsalicylic acid, IL = Interleukin, IFN
= Interferon, n = 6.

610
© 2020 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License

Trop J Nat Prod Res, September 2020; 4(9):606-611

References
1.

2.

3.
4.

5.
6.
7.

8.

9.

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

Kumar V, Abbas AK, Fausto N. Robbins and Cotran pathologic
basis of disease. (7th ed.). Elsevier Saunders, Philadelphia,
Pennsylvania; 2004. 47-86 p.
Luo P, Wong YF, Ge L, Zhang ZF, Liu Y, Liu L, Zhou H. Antiinflammatory and Analgesic Effect of Plumbagin through Inhibition
of Nuclear Factor-ĸB Activation. JPET. 2010; 335:735–742.
Viljoen A, Mncwangi N, Vermaak I. Anti-inflammatory Iridoids of
Botanical Origin. Curr Med Chem. 2012; 19(4):2104-2127.
Howes MJR and Houghton PJ. Plants used in Chinese and Indian
traditional medicine for improvement of memory and cognitive
function. Pharmacol Biochem Behav. 2003; 75:513-527.
Feghali CA and Wright TM. Cytokines in acute and chronic
inflammation. Front Biosci. 1997; 1(2):12-26.
Zhang JM and An J. Cytokines, Inflammation and Pain. Int
Anesthesiol Clin. 2007; 45(2):27–37.
Yazmín RC, Vivian MC, Sonia JD, Yohani PG, Ambar OY, Daisy
CQ, Rosa MF. Effects of D-002 on xylene-induced oedema in ear
of mice. Revista CENIC Ciencias Biológicas. 2011; 42(1):13-16.
Agbaje EO and Fageyinbo MS. Evaluating Anti-Inflammatory
activity of aqueous root extract of Strophanthus hispidus DC
(Apocynaceae). Int J Appl Res Nat Prod. 2012; 4(4):7-14.
Mishra D, Ghosh G, Kumar PS, Panda PK. An Experimental Study
of Analgesic Activity of Selective Cox-2 Inhibitor with
Conventional NSAIDs. Asian J Pharm Clin Res. 2011; 4(1):78-81.
Oguntibeju OO. Medicinal plants with anti-inflammatory activities
from selected countries and regions of Africa. J Inflamm Res. 2018;
11:307–317.
Odoma S, Zezi AU, Danjuma NM, Ahmed A. Analgesic and antiinflammatory Properties of Methanol Leaf Extract of Olax
subscorpioides Oliv (Olacaceae) in Mice and Rats. J Pharmacol
Trop Ther. 2014; 4(1):29 – 37.
Burkill HM. Useful Plants of West Tropical Africa. Royal Botanic
Gardens, Kew; 1997. 4, 969 p.
Ayandele A and Adebiyi A. The phytochemical analysis and antimicrobial screening of extract of Olax subscorpioidea. Afr J
Biotechnol. 2007; 6:868–870.
Oladipupo AR, Alaribe CS, Balogun OT, Akere HT, Ayanda FA,
Toye ET, Coker HAB. Investigation of Chemical, Genotoxic and
Haematological Properties of Secondary Metabolites from nHexane Extract of Olax subscorpioidea Oliv. (Olacaceae) Leaves.
Trop J Nat Prod Res. 2018; 2(12):506-511.
Odoma S, Zezi AU, Danjuma NM, Ahmed A. Analgesic and AntiInflammatory Activities Guided fractionation of Olax
subscorpioidea Leaf Extract in Mice and Rats. Nig J Pharm Sci.
2015; 14(1):23-35.
Winter CA, Risley EA, Nuss GW. Carrageenan induced edema in
hind paw of the rat as an assay for anti-inflammatory drugs.
Proceedings of the Society for Experimental Biology and Medicine.
1962; 111:544-547.
Odoma S, Zezi AU, Danjuma NM, Ahmed A, Magaji MG.
Elucidation of the possible mechanism of analgesic actions of
butanol leaf fraction of Olax subscorpioidea Oliv. J
Ethnopharmacol. 2017; 199:323-327.
Bhalke RD and Pal SC. Anti-Inflammatory and Antinociceptive
Activity of Pterospermum acerifolium Leaves. Asian J Pharm Clin
Res. 2012; 5(2):23-26.
Loram LC, Fuller A, Fick LG, Cartmell T, Poole S, Mitchell D.
Cytokine Profiles During Carrageenan-Induced Inflammatory
Hyperalgesia in Rat Muscle and Hind Paw. J Pain. 2007; 8(2):127136.
Shaikh PZ. Cytokines and their physiologic and pharmacologic
functions in inflammation: A review. Int J Pharm Life Sci. 2011;
2(11):1247-1263.
Di Paolo NC and Shayakhmetov DM. Interleukin 1α and the
inflammatory process. Nat Immunol. 2016; 17(8):906-913.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

22. Angst DBM, Pinheiro RO, Vieira JSDS, Cobas RA, Hacker MA,
Pitta IJR, Giesel LM, Sarno EN, Jardim MR. Cytokine Levels in
Neural Pain in Leprosy. Front Immunol. 2020; 11:23.
23. Khare PD and Khare M. Cytokines: physiology and clinical
relevance. 2020. (Sighted online on Monday, 23 March, 2020).
Available
from:
https://www.neurorelief.com/uploads/content_files/cytokinephysiol
ogyandclinicalrelevance.pdf
24. Tayal V and Kalra BS. Cytokines and anti-cytokines as therapeutics
— An update. Eur J Pharmacol. 2008; 579:1–12.
25. Ikram N, Hassan K, Tufail S. Cytokines. Int J Pathol. 2004;
2(1):47-58.
26. Masood R, Cai J, Zheng T, Smith DL, Hinton DR, Gill PS.
Vascular endothelial growth factor (VEGF) is an autocrine growth
factor for VEGF receptor–positive human tumors. BLOOD. 2001;
98(6):1904-1913.
27. Olsson A, Dimberg A, Kreuger J, Claesson-Welsh L.
VEGF
receptor signalling - in control of vascular function. Nat Rev Mol
Cell Biol. 2006; 7(5):359-371.
28. Xu X, Steere RR, Fedorchuk CA, Pang J, Lee JY, Lim JH, Xu H,
Pan ZK, Maggirwar SB, Li JD. Activation of Epidermal Growth
Factor Receptor Is Required for NTHi-Induced NF-kB Dependent
Inflammation. PLoS ONE. 2011; 6(11):e28216.
29. Takatsu K. Interleukin-5: Modulator of innate and acquired
immunity. Ensho Saisei. 2005; 25(6):482-491.
30. Tanaka T, Narazaki M, Kishimoto T. IL-6 in inflammation,
immunity, and disease. Cold Spring Harb Perspect Biol. 2014;
6(10):a016295.
31. Matthews VB, Allen TL, Risis S, Chan MH, Henstridge DC,
Watson N, Zaffino LA, Babb JR, Boon J, Meikle PJ, Jowett JB,
Watt MJ, Jansson JO, Bruce CR, Febbraio MA. Interleukin-6deficient mice develop hepatic inflammation and systemic insulin
resistance. Diabetologia. 2010; 53:2431–2441.
32. Scheller J, Chalaris A, Schmidt-Arras D, Rose-John S. The pro- and
anti-inflammatory properties of the cytokine interleukin-6. Biochim
Biophy Acta. 2011; 1813:878–888.
33. Gabay C. Interleukin-6 and chronic inflammation. Arthritis Res
Ther. 2006; 8(2):S3.
34. Akdis M, Burgler S, Crameri R, Eiwegger T, Fujita H, Gomez E,
Rhyner C. Interleukins, from 1 to 37, and interferon-γ: receptors,
functions, and roles in diseases. J Allerg Clin Immunol. 2011;
127(3):701-721.
35. Oloyede AM, Okpuzor J, Omidiji OO. 91-day Oral Toxicity
Evaluation of a Herbal Preparation Used in the Management of
Breast Tumour in Southwestern Nigeria using Mice. J Pharmacol
Toxicol. 2012; 7:199-205.
36. Abrham G, Dovrat S, Bessler H, Grossman S, Nir U, Bergman M.
Inhibition of Inflammatory Cytokine Secretion by Plant-Derived
Compounds Inuviscolide and Tomentosin: The Role of NFκB and
STAT1. Open Pharmacol J. 2010; 4:36-44.
37. Yuva B, Laïd B, Hasan AA, Balkees AB, Fatiha A, Hammoudi SM,
Mokrane I. Molecular Mechanism Underlying Anti-Inflammatory
and Anti-Allergic Activities of Phytochemicals: An Update. Mol.
2013; 18:322-353.
38. Spelman K, Burn JJ, Nichols D, Winters N, Ottersberg S, Mark T.
Modulation of Cytokine Expression by Traditional Medicines: A
Review of Herbal Immunomodulators. Altern Med Rev. 2006;
11(2):128-150.
39. Iwalewa EO, McGaw LJ, Naidoo V, Eloff JN. Inflammation: the
foundation of diseases and disorders. A review of phytomedicines
of South African origin used to treat pain and inflammatory
conditions. Afr J Biotechnol. 2007; 6(25):2868-2885.

611
© 2020 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License

