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Abstract. Activation of cell-mediated immune is usually 
interconnected with the generation of oxidative species. The 
objective of this review was to concisely discuss the interplay 
between redox balance and immune functions. A qualitative 
review of peer reviewed papers published in journals and other 
publications was conducted. The review showed that cellular 
oxidants which act as signalling molecules could drive biological 
responses such as those that modulate the productions of pro- 
and anti-inflammatory cytokines and immune function. 
Moreover, beneficial effects of these cellular oxidants could be 
maintained by an array of defence pathways which include 
antioxidants, proteins and antioxidant enzymes. When there is 
an imbalance between increased oxidative species and 
suppressed antioxidant defences, oxidative stress and associated 
secondary complications may occur. Therefore, maintaining the 
redox homeostasis and immune responses through modulation 
of redox-sensitive inflammatory pathways may offer anticipative 
possibilities for management of diseases associated with 
dysfunctional redox homeostasis and immune disorders. 
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Introduction 

Cellular damage arising from 
reactive oxygen species (ROS) has been 
related with the aetiology and patho-
physiology of immune dysfunctions and 

degenerative diseases (Fischer and 
Maier, 2015). Equally, oxidative stress 
has been linked to the genesis of many 
immuno-pathological disorders such as 
autoimmune and immunodeficiency 
diseases. Oxidative stress results from 
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the cytopathologic corollary of imbalance 
between the generation of free radicals 
(formed during cellular respiration by 
activated phagocytic cells) and the 
capability of the cell to guard against 
them. 

When oxidative stress occurs, 
cells put effort to offset the oxidant 
effects and reinstate the redox balance 
through activation and/or silencing of 
genes encoding transcription factors 
of/and defensive enzymes 
(Bhattacharyya et al., 2012). 

Oxidative stress can be beneficial 
and harmful; the probable outcome 
depends on the concentration of the 
ROSs in the cell. At moderate (low) 
concentrations, the favourable effects of 
ROS include defence against infection, 
control of signal transduction and 
initiation of mitogenic responses; the 
beneficial role is achieved when the 
oxidants’ level does not exceed the redox 
capacities in a cell. However, when the 
production of oxidants exceeds the 
capacity of the cell to neutralise the 
oxidants partly due to overproduction or 
increase in the generation of the free 
radicals on one hand and a deficiency of 
enzymatic and non-enzymatic 
antioxidants to quench the excessiveness 
on the other hand, the harmful and 
damaging effect of the oxidants comes to 
play: causing biological damages to 
cellular lipids, proteins, or DNA, 
disrupting their normal function 
(Therond, 2006). 

Free radicals exert oxidative 
injurious effects by modifying virtually 
molecules found in living cells thus the 
impairment of their respective biological 
functions (Lobo et al., 2010). Thus, the 
‘fragile’ balance between favourable and 
damaging effects of oxidants (or free 
radicals) is a very essential aspect of 
living cell. Many botanicals have been 
reported to prevent or cure 
dysfunctional inflammatory responses 
(Oso et al., 2017). As a result, there is an 
intensifying curiosity in identifying 
plants and characterising the 
phytochemicals with antioxidant and 

immunomodulatory activities ever since 
their possible use in the prevention, 
management and treatment of ailments 
has been since ancient times. 

Thus, this article reviews the 
balance of oxidant and antioxidant status 
as a possible target in the management of 
disorders that are associated with 
dysfunctional immune response. 

Diseases associated with immune 
dysfunction 

Generation of ROS is usually 
increased in the stimulated phagocytes 
and neutrophils resulting in the 
generation of considerable local or 
systemic increase of ROS levels by the 
immune system.  Many studies had, 
however, related the beneficial and 
detrimental roles of oxidants in the 
mediation of immune response and 
subsequent development of unsuitable 
immune responses. 

Autoimmune disease 

Characteristically, the immune 
system is able to differentiate the ‘aliens’ 
from the organism’s ‘selfs’. 
Autoimmunity, however, illustrates a 
diseased state in which an organism fails 
to recognise its own cells and tissues, 
thereby enabling the immune system to 
mount an attack against its own tissues. 
Presently, more than 80 clinically distinct 
human diseases that result, at least in 
part, from an autoimmune response have 
been recognised which include multiple 
sclerosis, rheumatoid arthritis, 
pernicious anaemia, lupus, type 1 
diabetes, vasculitis, Goodpasture's 
syndrome and Lyme disease (ADCC, 
2005). Hypersensitivity to oxidative 
stress in response to excessive 
generations of ROS has been assumed to 
contribute to the inflammatory process 
at large (Cho and Moon, 2010). Persistent 
production of ROS has been shown to 
potentially influence T cell function 
which has been associated with 
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rheumatoid arthritis (Belikov et al., 
2015). 

Myalgic Encephalomyelitis/ 
Chronic Fatigue Syndrome 
(ME/CFS) 

ME/CFS has been shown to be 
linked with a chronically activated innate 
immune system characterised by 
significant elevated concentrations of 
oxidative stress markers such as 
malondialdehyde and protein carbonyls 
comparable to healthy group (Morris and 
Maes, 2014). A mechanism was proposed 
by the authors to explicate the interplay 
between neuroinflammation 
(characterised by brain disorders) and 
oxidative/nitrosative stress in patients 
with ME/CFS: elevated levels of ROS and 
TN-α increase the permeability of 
endothelial tight junctions in the blood 
brain barrier and the gut. (Lochhead et 
al., 2010; Yu et al., 2012) According to the 
review, these species facilitates 
neuroinflammation by causing 
disruption of the blood brain barrier and 
allowing encephalitogenic T cells to enter 
into the CNS (Zajac et al., 1995) and 
allowing translocation of bacteria and 
lipopolysaccharides, through the gut 
increased permeability, into the blood 
stream. The entry of lipopolysaccharide 
into the circulation incites the activation 
of a range of immune-inflammatory 
responses (Maes et al., 2009). 

Immunodeficiency diseases 

Humans infected with HIV have 
been revealed to be under chronic 
immune stimulation characterised by 
elevated generation of ROS and loss of 
redox maintenance (Awodele et al., 
2012). The hyper activation of the 
immune system has however been 
suggested to underlying immune 
deficiency, the basis of acquired 
immunodeficiency disease syndrome 
(AIDS) (Hazenberg et al., 2000). 
Moreover, stress associated with ROS 
overload has been detected in many 

tissues of HIV infected individuals using 
different biochemical markers and 
diverse bio-techniques (Gil et al., 2003).  

Maintenance of oxidants/ 
antioxidant status and modulation 
of immune response by an array of 
defence pathways 

Inflammation and cell-mediated 
immune activation are associated with 
the generation of ROS. (Jiang et al., 2012). 
Cellular oxidants which can act as 
signalling molecules can drive biological 
responses such as those that modulate 
the productions of pro- and anti-
inflammatory cytokines (Hussain et al., 
2016). Beneficial effects of the cellular 
oxidants are balanced by an array of 
defence pathways comprising the 
endogenous and dietary antioxidants 
(Hussain et al., 2016). When there is an 
imbalance between increased oxidative 
species and suppressed antioxidant 
defences, oxidative stress and associated 
secondary complications may occur. 
Therefore, to balance the oxidative stress 
to treat/manage/prevent immune 
associated disorders, targeting the redox-
sensitive inflammatory pathways and 
transcription factors may possibly offer 
optimistic assurance for the management 
of oxidative stress and immune 
disorders. Such targeting includes 
increasing various endogenous and 
exogenous antioxidants enzymes while 
maintaining the free radicals at low 
concentration. Several plants have been 
reported to enhance healing from diverse 
ailments and their curative and disease-
preventing potential, at least in part, has 
been associated to their influence on 
cellular antioxidant and immune 
function. (Spelman et al., 2006; Oso et al., 
2017). The bioactive constituents of 
dietary phytochemicals are believed to 
modulate the inflammatory processes, 
proliferation, cell signalling pathways, 
apoptosis and redox balance. Majority of 
these natural products and botanicals 
have been examined and established to 
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mediate inflammatory response (Hatcher 
et al., 2008). For instance, polyphenols 
have been shown to exert their anti-
inflammatory properties at various levels 
through the modulation of bio-signalling 
pathways of nuclear factor kappa-light-
chain-enhancer of activated B cells and 
mitogen-activated protein kinase by 
modulating activity of cyclooxygenase, 
productions of cytokines and ROS 
(Ichikawa et al., 2004; deVries et al., 
2008). Several phytocompounds are also 
endowed with the ability to activate the 
nuclear factor E2-related factor 
2/antioxidant response element 
(Nrf2/ARE) pathway initiating the 
expressions of scavengers of oxidative 
species and protective enzymes thus 
enhancing the maintenance of cellular 
redox homeostasis (Johnson et al., 2008).  

Conclusion 

Cellular generation of oxidants 
can stimulate the onset of inflammatory 
response and dysfunctional immune 
system which can invariably progress to 
patho-physiological damage. 
Management of oxido-immuno-induced 
pathologies may be enhanced by 
targeting and influencing several of the 
redox-sensitive inflammatory signalling 
pathways. This approach may offer 
anticipative possibilities for treatment of 
diseases interrelated with redox 
imbalance and immune disorders. 
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