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Abstract

High altitude sickness is associated with increased levels of reactive oxygen
species (ROS) that leads to oxidative stress in cells. At elevated mountains,
hypoxia induces several signaling pathways that contribute to imbalance in
cellular homeostasis and oxidative stress. This can further lead to altered redox
balance and accumulation of free radicals resulting in numerous pathophysiologi-
cal disorders including pulmonary asthma, cardiovascular and metabolic
disorders. Balanced ratio of pro- and antioxidants is essential for healthy life.
Thus, antioxidant supplements are usually given at high altitudes to maintain
cellular homeostasis. Use of antioxidant supplements can strengthen the
surpassed levels of ROS in respond to oxidative stress and the supply of
antioxidants is enhanced by using nanotechnology. The recent advancement in
nanotechnology has ensued sustained delivery of drugs and more efficient results
in curing various metabolic disorders. Emergence of nanotechnology has
provided researchers with enhanced solubility, bioavailability, stability with
less toxicity and conventional side effects. This chapter highlights the relation
amid high altitudes, increased oxidative stress, and how antioxidant supplements
and nanomaterial conjugated antioxidants provide shield to cells and ameliorates
the oxidative damage in high altitude related sickness.
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Abbreviations

AMS Acute mountain sickness
CAT Catalase
DOX Doxorubicin
GSSG Glutathione disulfide
HACE Hypoxia-induced cerebral edema
HAPE Hypoxia-induced pulmonary edema
HIF Hypoxia inducible factor
HRE Hypoxia responsive elements
HR-NPs Hypoxia responsive nanoparticles
NOX Nitrogen oxides
Nrf Nucleoid related factor
PEG-CNPs Polyethylene glycol ceria nanoparticles
PGC Pparg coactivator
PHD Prolyl hydroxylases family
PUFA Polyunsaturated fatty acid
ROS/RNS Reactive oxygen species/reactive nitrogen species
SOD Superoxide dismutase
TBAR Thiobarbituric acid reactive substances

13.1 Introduction

High range of foothills has always been a good source of captivation and motivation
for populaces. The tranquility and quietness of mountains magnetize individuals to
explore the environment and trap people to inhabit the areas of even higher spreads
of mountains. Investigators have proposed the additional antioxidant supplements
for the eminent levels of oxidative stress which could be particularly advantageous
in this situation. There is a very précised research done, which suggests that antioxi-
dant supply is beneficial for acute mountain sickness, reducing muscle soreness and
improving cell membrane fluidity. The antioxidant supplementation challenge at
altitude deceits in defining the perfect amalgamation and concentration of antioxi-
dant nutrients, which controls excess oxidative stress allowing adaptations to hyp-
oxia. Vitamin C and E, β-carotene, selenium are rich antioxidants which have proven
beneficiary effects in AMS, muscle soreness, and oxygenation of peripheral tissues.
A balanced antioxidants supply can counteract this oxidative stress maintaining ROS
levels in the body. The antioxidant supplementation system is enhanced via
nanotechnology.

Nanotechnology comprehends advanced technology combined with biological
processes comprising manufacturing of new drugs and delivery, reformative medi-
cine, and a defensible environment (Bowman and Hodge 2007; Roco 2003; Sahoo
et al. 2007). However, the originality behind the term is, an emerging family of
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various technologies involving a broad range of nanoscience and nanotechnology,
enables the manipulation of matter at atomic levels (Bowman and Hodge 2007;
Ramsden 2016). The National Nanotechnology Initiative (NNI) marked the Global
emergence of nanotechnology in January 2000 (Roco 2003). This technology
reassures re-construction of the world made by human itself by an expansion of
uprising products from machineries to medicines (Sachan and Gupta 2015). Hence
aid of nanotechnology in high altitude sickness is the major advancement in the
treatment of the related disorders. The following chapter elaborates about the
benefits of antioxidant therapy and nano-medicine in acute mountain sickness.

13.2 From Physiological to Molecular: Change of Perspectives

Reviewing the existence of different molecular events, it is clearly very evident that
all these patho-physiologies might be interconnected to each other. Individuals with
acute high altitude sicknesses express the presence of fluids rushed into the extracel-
lular spaces, in brain or in lungs. There lies molecular dynamics in the existence of
hypobaric hypoxia and related disorders. These molecular factors have an imperative
part in regulating the production of ROS and also they have a key role in release of
antioxidants to suppress the possessions of generated reactive oxygen species.

13.3 Stabilization of HIF in Signaling of ROS During Hypoxic
Conditions

HIF-1 substitutes a heterodimer, HIF-1α and HIF-1β oxygen and non-oxygenic
regulated. The oxygen dependent HIF complex has prolyl hydroxylases family
(PHDs) like PHD1, PHD2, and PHD3. In aerobic condition these PHDs degrade α
subunit of HIF, whereas in oxygen deficient condition it results in dimerization and
stabilization of HIF. At higher altitudes due to lessened PHD2 activity HIF-1α
increases which represents HIFs as the major player of the responses to cells due
to limited O2 supply. Though all the forms of PHD play an essential role in HIF
regulation, but it is found that suppression of PHD2 increases the level of HIF where
HIF-2α level can be enhanced by the suppression of PHD3 (Appelhoff et al. 2004).
To stabilize HIF-1α shushing of PHD2 with siRNAs is necessary in case of
normoxic human cells, while no effect on the stability of HIF-1α was observed in
epistating the role of PHD1, 3 in both normal and hypoxic conditions (Berra et al.
2003). Hence marking PHD2 as potential oxygen sensor. As already discussed
mitochondria are the major site for ROS production which further increases during
the hypoxic conditions leading to the redox changes resulting in participation in
other transcriptional responses. For the binding activity of HIF-1α DNA, mitochon-
drial ROS is required (Chandel et al. 1998), specifically complex III stabilizes both
the subunits of HIF linking ROS and HIF stabilization.
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13.4 Association of PGC-1 a and Sirtuins with HIF-1a
in Signaling of ROS

Hypoxia causes the self-destruction of mitochondrial cells via the process of
autophagy, reducing ROS and providing a sufficient amount of oxygen to the
remaining mitochondrial cells. In muscle cells there is a key relation between the
activity of HIF-1α and PGC-1α. It is observed that increase in PGC-1α levels rises
up the mitochondrial biogenesis, leading to increased oxygen consumption and
HIF-1α stabilization. Sirtuins (SIRT) are dependent on ratio of NAD to NADH,
where increased NAD levels activate sirtuins and elevated NADH levels overpower
SIRT activity. SIRT1 downregulates the activity of HIF-1α by its deacetylation
during hypoxia. Another classes of Sirtuin (SIRT1, SIRT6) downregulates HIF-1
alpha mediated transcription by chromatin binding on HRE (Zhong et al. 2010).
Similarly, overexpression of SIRT3 downregulates HIF stabilization and ROS
production. Kinases, Sirtuins, and PGC-1alpha are some factors that are essentially
regulated by the ROS generated by physical exercises for mitochondrial biogenesis.
The modulation occurs by changes in the redox state of the body. PGC-1α reduces
ROS production either by activation of antioxidant system or by elevating the
number of mitochondria.

13.5 Nuclear Erythroid-Related Factor 2

Nuclear erythroid-related factor 2 is a transcriptional factor which legalizes antioxi-
dant, anti-inflammatory, and observes the redox homeostasis. KEAP1 (Kelch-like
erythroid cell-derived protein1) is released via Nrf2 during stress conditions (Oh and
Jun 2017; Huang et al. 2002). Once released it is transported to the nucleus,
activating genes conferring resistance to various oxidative stress related neurode-
generative molecules. It is well established that fluctuations in cellular oxygen due to
hypoxia generated oxidative stress affects HIF-1α and Nrf2. Adenocarcinoma cell
line (A549) of lungs has elevated NOX1 levels which are required for amplified
ROS accumulation during sporadic hypoxia inducing HIF-1α and Nrf2. Inhibition of
endogenous NOX1 hinders the expression of Nrf2 and Trx1, whereas its
overexpression causes an upsurge in Nrf2 and Trx1. The twin upregulation of
these factors upsurges HIF-1α signaling. Hence, Trx1tends to appear as a link
between Nrf2 and HIF-1α. Nrf2 is a transcriptional factor which controls the genes
of antioxidant and detoxification system (Malec et al. 2010). There has been a
reduction in mitochondrial components among the cells surviving H2O2 treatment
which was prohibited by overexpression of Nrf2 preventing mitochondrial-related
morphological changes.
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13.6 Oxidative Stress Markers at High Altitude

Increased oxidative stress damages the cellular molecules imposing toxicological
implications. To mark the existence of ROS produced due to oxidative stress
different indicators are studied. These are called “biomarkers,”measuring the normal
and pathogenic processes (Biomarkers Definitions Working Group 2001). Injuries to
aerobic cell due to ROS production majorly affect the membrane oxidation called as
lipid peroxidation (Debevec et al. 2017). This membrane damage causes elevation in
exhalation of pentane gas. During hypoxia, polyunsaturated fatty acids (PUFAs) in
membranes get highly affected, which alters the normal functions of cells
(Magalhães et al. 2005). Another cellular damage is the changes in fluidity of red
cell membrane due to vitamin E/depletion in the same (Simon-Schnass 1994).

Training at high altitude influences the antioxidant defense system (SOD and
CAT) of RBCs (Güzel et al. 2000). Along with this the increased thiobarbituric acid
reactive substances (TBARS) in blood plasma due to lipid peroxidation are linked
with the injury in muscle cell membranes (Wozniak et al. 2001; Ramazan et al. 2000;
Bernabucci et al. 2002; Vani et al. 2010). Intermittent hypoxia activates HIF with
augmented levels of endothelin causing vasoconstriction, inflammatory cytokines,
and irregular lipid metabolism (Friedman et al. 2014; Gangwar et al. 2020). There is
no inconsistency about the reduction of glutathione reductase and increased gluta-
thione oxidase during hypoxic condition. A potent indicator for oxidative stress is
glutathione sulfide (GSSG) as it increases at high altitude (Magalhaes et al. 2004).
Also reduced glutathione peroxidase, cytochrome c oxidase, and superoxide
dismutase in the lungs appear to be wise indicators for oxidative stress (Lemoine
et al. 2018).

13.7 Physiological Consequences of Oxide Generated Stress

Formation of free radical is an important characteristic involved in the complicated
patho-physiology of high altitude ailment (Purkayastha et al. 1999). It is reported
that exercise before few hours of being exposed to high range marks the increase in
sincerity of altitude sickness (Roach et al. 2000). Moller et al. (2001a, b) deduced
that workout at high altitude proliferates the breaking of DNA strands which results
in hypoxia and depletion in an antioxidant system capability to endure the affront of
oxidative stress. Apart from mountain sickness the increased oxidative stress can
also be responsible for impairment in oxygen consumption, functioning of muscle,
and ultimately contributing to chronic diseases. Figure 13.1 explains the physiology
behind hypoxic hypobaric.
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13.8 Antioxidant Therapy for High Altitude Sickness

Higher ROS levels are related with exercise at moderate levels, reducing antioxidant
potentiality and increased oxidative stress. The overproduction of ROS, in antioxi-
dant defense systems, damages lipids, proteins, and DNA impairing cell and func-
tion of immune system (Fig. 13.2). Fascinatingly, increase in oxidative stress is the
consequence of normobaric hypoxia than hypobaric hypoxia. At moderate altitudes,
studies have represented inflammation and disease in association with increased
oxidative stress. Exogenous antioxidants counterbalance the free radicals, it is
rational to theorize that supplementation of antioxidants would be a well-intentioned
therapy to battle oxidative stress induced due to high altitude. Though early surveys
have shown that supplement of antioxidant modulates the effects on oxidative stress
and symptoms of altitude sickness. With the present crucial role of RONS in
endurance training, hypoxia and activated antioxidant defenses together, there is
no adequate confirmation which recommends that a single dose of antioxidant
supplement is sufficient to reduce the oxidative stress generated. Together, there is
no adequate confirmation which recommends that single dose of antioxidant supple-
ment is appropriate to attenuate induced stress.
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Fig. 13.1 Summarized pathophysiological adaptations to high altitude hypobaric hypoxia
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13.9 Effects on Antioxidant System at High Altitude

For normalizing the reactive oxygen/nitrate species effects, an enzymatic and
non-enzymatic system has been established by aerobic cells. This system comprises
MnSOD, CuSOD which converts superoxide to less empowering hydrogen peroxide
species. Along with this glutathione peroxidase and catalase decompose hydrogen
species to water. The other non-enzymatic system is complex and consists of
non-enzymatic antioxidants. A study reported alternating disclosure to high range
at 4000 m, which ensued decrease in protein content activity of mitochondria (Radak
et al. 1994). Nakanishi et al. 1995 found that at high altitude the activity of
glutathione peroxidase (GPX) decreases in liver signifying the sensitivity of liver
to oxidative stress at higher ranges. In other study the action of GPX was compared
in the blood serum of highlander’s native (Imai et al. 1995). This suggests that GPX
activity strongly depends upon the state of thiol system. Glutamyl cycle continu-
ously synthesizes most essential antioxidant, i.e. glutamyl cysteinyl glycine
(Fig. 13.3). The level of reduced glutathione decreases as the altitude range
increases, while the level of oxidized glutathione increases with increased altitude
range (Ilavazhagan et al. 2001; Joanny et al. 2001). All these studies represent that
there is a heavy decrease in the capacity of enzymatic systems at higher altitudes.
Schmidt et al. (2002) applied an antioxidant combination for the reduction in
oxidative stress due to altitude. This combination was found to be very active and
reduced the damage caused by increased oxidative stress. Few rats were shortly
exposed to an altitude range of 8000 m, later it was found that melatonin levels were
increased in their blood serum (Kaur et al. 2002). This melatonin acts as an antioxi-
dant, in which exposure after 4 days reported the decrease in mitochondrial number
of pinealocytes which suggested that there is another source apart from pinealocytes
which also produce melatonin. There are some pointers which suggest that
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Fig. 13.2 Mechanisms of antioxidant against free radicals
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antioxidant supplementation thwarts the oxidative damage due to high altitude to
macromolecules.

13.10 Status of Antioxidant Defense System in Body

For the survival of all forms of life specifically aerobic in nature, detoxification of
ROS is an essential factor to pay attention to. In order to enhance the deleterious
effects produced by oxidant species, the human system is armed with collection of
antioxidants (Table 13.1), which are characterized as enzymatic and non-enzymatic,
supplied exogenously via food. These supplements actively produce free radical
scavengers by contributing electrons to ROS (Kunwar and Priyadarsini 2011; Shinde
et al. 2012; Birben et al. 2012).

The antioxidant system works differently in the body: (1) formation of ROS at
minimum level, (2) scavenging of reactive species via catalytic molecule, (3) repair
and removal of damaged molecules (Sies 1986). This system holds the capacity to
develop antioxidants on adaptation to stress environment, in an appropriate concen-
tration. Hence, it is essential for a chain reaction to occur completely in order to
stabilize the generated radicals via stearic hindrance. This determines the importance
of antioxidant’s efficacy. It is witnessed that antioxidant defense system deteriorates
at high range, which can be conquered by supplying antioxidants as food add-ons to
the body (Poljsak et al. 2013; Halliwell 2011).

13.11 Antioxidant Therapy: Prevention of High Altitude Sickness

Altered endovascular permeability due to excessive ROS generation results in the
pathophysiological conditions as AMS, HAPE, and HACE hindered by the supple-
mentation of antioxidants, respectively. These antioxidants could be descent oxygen
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Fig. 13.3 Primary and secondary antioxidants and their functioning
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or a combinatory therapy in severe illness. The extract of Ginkgo biloba consists of
antioxidant properties and showed a protective effect on rats with condition of
HACE. It was detected that subjects treated with this extract showed diminished
MDA levels along with an increased SOD and GSH concentration (Botao et al.
2013). Patir et al. (2012) explained the part quercetin plays in reduction of hypoxia-
induced cerebral edema (HACE) against rats. The development of AMS at an
altitude of 5000 m is directly associated with increased serum hydro-peroxides
level. Supplementation of antioxidants as vitamins majorly reduces the oxidative
stress, enhances total GSH content during high altitude hypoxia (Magalhaes et al.
2004; Araneda et al. 2005). It was analyzed that supplementation of antioxidants
tends to be a better alternative to acetazolamide, a pharmacological drug, which is
used to inhibit symptoms of AMS protecting hypoxic tissues with no after effects
(Gertsch et al. 2004). Hereafter, it can be said that there are few benefits of these
non-pharmacological mediators, but with defined dosages only in order to battle
these patho-physiologies at high altitude (Table 13.2).

Table 13.1 Biological antioxidant defense system

S. No. Antioxidant system Key function

1 Vitamin E (α-tocopherol) Interference with chain reactions mediated via free
radicals

2 Vitamin C (ascorbic acid) Transforms vitamin E free radicals, disturbing lipid
peroxidation

3 Glutathione stimulating
hormone (GSH)

Reduction in lipid and hydrogen peroxide, oxidation of
GSH to GSSG

4 Flavonoids Potential of donating electrons or hydrogen atoms,
inhibition of lipid peroxidation

5 Vitamin A Quencher of singlet oxygen

6 Uric acid Singlet oxygen quencher, scavenges radicals

7 Plasma proteins Prevents formation of HO

8 Superoxide dismutases
(SOD)

Dismutate superoxide anions to H2O2

9 Glutathione peroxidase
(GPx)

Reduction of hydrogen and lipid hydro-peroxides

10 Catalase Hydrogen peroxide reduction

11 Peroxiredoxin Alcoholic forms by peroxide reduction

12 Thioredoxin (Trx) Reduces to H2O2 oxygen and water

13 Thioredoxin reductase Reduction of oxidized Trx

14 Glutathione transferase Inactivation of secondary metabolites

15 Glutathione reductase Reduction of glutathione oxidized form

16 Glutamate cysteine ligase Catalysis production of glutathione

17 Repair enzymes for DNA Correcting the faults due to oxidative damage
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Table 13.2 Some dietary antioxidant compounds, their sources and benefits

S. No.
Antioxidant
compound Benefits of the compound Sources of compound

1 Vitamin C Regulates various metabolic
diseases, fights acne,
improves vision

Raw peppers, parsley, broccoli,
cauliflower, fruits rich in citrus,
berries, lettuce, sprouts, papaya

2 Vitamin E Aids in cardiovascular and
circulatory system

Sunflower seeds, almonds, vitamin E
supplements

3 Coenzyme
Q10

Provides cellular energy,
helps in maintaining glucose
level

Ubiquinol supplements, fish, meat

4 Glutathione Works with the respiratory
system, vision, and immune
system

Spinach, potatoes, asparagus,
avocado, squash, cauliflower,
walnuts, garlic

5 Alpha lipoic
acid

Fights against diabetes Supplements, broccoli, green
vegetables

6 Selenium Brazil nuts, selenium supplements,
shrimp, calves liver, salmon

7 Beta carotene Prevents pain in joints,
arthritis condition, and
protection against radiations

Chlorella, spirulina, cooked carrots,
pumpkin, sweet potatoes, cantaloupe

8 Zeaxanthine Cooked green peas, romaine,
Brussels, corn, broccoli, sprouts

9 Lycopene Prevents condition of
cataract and macular
degeneration

Cooked and raw tomatoes,
watermelon, guava, pink grapefruit

10 Astaxanthin Prevents exercise induced
asthma and prostate cancer

Astaxanthin, salmon, shrimp

11 Flavonoids Aids in neurological
disorders, provides stamina

Dry beans, fruits, vegetables, green
tea, herbs, and spices

12 Quercetin Helps in asthma and related
allergies

Onions, chives, leeks, scallions,
garlic

13 Hesperidin Works as an anti-
inflammatory and anti-
histamine agent

Apricots, buckwheat, cherries,
prunes, rose hips, citrus fruits

14 Curcumin Most potential antioxidant,
antibacterial, and anti-
inflammatory properties

Turmeric, curcumin supplements

15 Ginkgo
biloba

Helps in circulation and
proper functioning of brain

Supplements

16 Anthocyanins Vision and brain functioning Acai, goji berries, mangosteen

17 Pycnogenol Relieves joint pain Supplements

18 Resveratrol Improves immune system Muscadine grape seeds,
supplements, organic red wine

19 Bilberry Specifically works against
night blindness

Bilberries, supplements

20 Milk thistle Detoxifies liver and boosts
glutathione levels

Supplements
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13.12 Nano-Medicine in Acute Mountain Sickness

13.12.1 Beginning of Nanotechnology

Modern science of nanotechnology has been in use for centuries as the nano-
materials were utilized to decorate the cathedral windows in medieval times. Not
limiting the use of nano-formulations, Chinese used the nano-formulations of gold
for introducing red color to ceramic porcelains, acting as an inorganic dye
(Pokropivny et al. 2007). In ancient period a process known as Ayurvedic Bhasma
was generally used for the preparation of active nanoparticles which involved the
melting of metals and then refrigerating them in appropriate media as phyto-herbal
juices for definite time. In order to transform these metals into biologically active
nanoparticles the above process should be performed numerous times to obtain
bhasma (incinerated metals) (Kumar Pal 2015; Sharma and Prajapati 2016). In
1974 Norio Taniguchi coined the term nanotechnology (Allhoff et al. 2010;
Krukemeyer et al. 2015), at the University of Tokyo. According to him he described
nanotechnology as a resource of yielding particles with accuracy and ultrafine
dimensions (Allhoff et al. 2010) (Fig. 13.4). The term nanotechnology is a Greek
derived word where “nano” means dwarf. The particle with this technology should
have at least one dimension in nanometer (nm) range. Hence, nanotechnology is
carved as “technology at nanoscale (1–100 nm),” involving the design and applied
materials by regulating their structure and properties (Fakruddin et al. 2012;
Ramsden 2016). This field of technology has given promising results in numerous
sectors, from health care industry to microelectronics. Specifically in medication, it
has shown groundbreaking possibilities in delivering drugs therapies in the areas of
research and development (Jena et al. 2017; Roco 2003; Safari and Zarnegar 2014).
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Fig. 13.4 Nanotechnology and its three types
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13.12.2 Nano-Formulations

For the application of nanotechnology there has been a consistent development
among the formulations of different nano-platforms as nano-biomaterials of a
specific surface properties, essential for the interaction of biological compounds
and their substantial beneficial effects (Fig. 13.5) (Prasad et al. 2018). Natural and
synthetic biomaterials interacting with biological systems have been extensively
used in the field of pharmacology as bone grafts, drug transport, tissue engineering.
However the advancement in expansion of novel technology has been accomplished
by combining the aids of nanotechnology and nano-biomaterials (Lee and Kim
2014). These nano-biomaterials include nanoscaled materials used in the arena of
biomedical as delivery of drugs, bio-imaging, tissue engineering, and biosensor (Ali
et al. 2013; Sitharaman 2016; Shen 2006; Yang et al. 2011). Lately, the development
of nano-formulations for medicinal drugs has fascinated the attention of several
researchers, specifically for delivering drugs and to enhance properties of conven-
tional site directed drugs (Jeevanandam et al. 2016). Dendrimers, nanoparticles
synthesized of polymers, liposomes, and micelles are some of the common nano-
formulations, attaining significance in the pharmaceutical business for improved
drug delivery (Singh et al. 2016).
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13.12.3 Hypoxic Nano-Formulations

Low oxygen availability with substantial effects on cells is a condition of hypoxia
(Semenza 2015). The affected tissues exist with various conditions when in hypoxic
situation (Airley et al. 2000), as disruptive sleep, cerebral disorders, and several
cardiac disorders (Bhatia et al. 2017). Hypoxic conditions come with inflammatory
responses as rheumatoid arthritis, bowel disease, and ischemic reperfusion injury
(Airley et al. 2000). The condition of hypoxia (increased ROS levels) has become a
threat to life. It can be fatal for both healthy individuals and individuals with
cardiovascular, respiratory and hemolytic diseases (Sun et al. 2016). The application
of nanotechnology is to develop nano-formulations to overpower the resistance of
delivering conventional drugs and herbal formulations for various pathophysiologi-
cal conditions including respiratory, cardiac myotrophy, malignancy, and high
altitude induced conditions.

13.12.4 Hypobaric Hypoxia and Nano-Formulations

As discussed earlier, hypobaric hypoxia fails to adapt the exposure of high altitudes
which in turn is allied with different physiological disorders as pulmonary edema
(HAPE) and cardiac hypertrophy (HACE) (Wilkins et al. 2015). For the upgrading
of treatment for the mountain illness few investigators have been working in the
arena of nanotechnology for the development of nano-therapeutics against high
altitude physiologies. Such therapeutic nano-formulations include nano-curcumin
and nano-ceria.

13.12.5 Nano-Curcumin for Hypobaric Hypoxia

Though native curcumin has many pharmacological properties, but still there
exhibits certain restrictions on its properties of being an effective pharmacological
drug. To overcome these restrictions different nano-formulations have been devel-
oped, demonstrating permeability, protracted blood circulation, better constancy,
and précised discharge of a dose at site to be targeted (Gera et al. 2017). There exist
two specifics about both hypoxia and curcumin, i.e. cardiomyocyte hypertrophy
induced by hypoxia and curcumin with antioxidant and anti-hypertrophic effects to
combat the same. The pharmacological ability of curcumin is limited due to its low
bioavailability. Nehra et al. (2015) conducted a study to analyze severity of nano-
curcumin against hypertrophy and apoptosis induced by hypoxia and compared it to
the naked curcumin targeting the same. Consequences of this research revealed that
nano-curcumin expressively countered the hypoxia-induced hypertrophy and apo-
ptosis via downregulating the activation of several factors essential for reducing the
production of ROS. This study concluded that nano-curcumin can potentially cure
cardiac pathologies induced via hypoxia by restoration of oxidative balance (Nehra
et al. 2015). Moreover, improvement in the cardiac damage due to chronic hypobaric
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hypoxia can be done by using nano-curcumin as compared to nano-curcumin, Nehra
et al. (2016b). High altitude acquaintance frequently leads to accretion of fluids in
lungs, resulting in high altitude-induced pulmonary edema (HAPE) (Sagi et al.
2014). Thus, the above study underlined the defensive worth of nano-curcumin in
lungs at high altitudes (Nehra et al. 2016a).

13.12.6 Nanoceria for Hypobaric Hypoxia

Nanoparticles customized of cerium oxide have a quenching effect against reactive
oxygen species (ROS) both in vitro and in vivo as well. Although their efficiency in
protecting lungs during oxidative stress due to hypobaric hypoxia was left undis-
covered until 2013. So, using microemulsion method spherical nanoparticles
(7–10 nm) were produced for lung protection during hypobaric hypoxia. Arya
et al. (2014) found that nanoceria decreases ROS content by lowering the amount
of cellular calcium. Impaired memory and cognitive dysfunction occur when an
individual exposed to high altitude ranges develops reactive nitrogen and oxygen
species in the cortex and hippocampus area of brain. Nanoceria coated with polyeth-
ylene glycol (PEG-CNPs) were proficiently localized in the brain of rodent resulting
in reduced oxidative stress and related damage during. Consequently, demonstrating
the promising act of nanoceria as therapeutic agent in metabolic diseases (Arya et al.
2016).

13.12.7 Nano-Formulations Forthcoming for Hypobaric Hypoxia

In patients with various metabolic diseases, hypoxia is commonly witnessed, pro-
moting multiple organ failure frequently (Sun et al. 2016). The developed nano-
therapeutics are appreciated in the ailment of patho-physiologies induced by high
altitude. Attempts have already been made to stabilize HIF-1α, involved in the
reaction to hypoxia virtually (Arachchige et al. 2015). Self-assembled hypoxia
responsive nanoparticles (HR-NPs) encapsulating doxorubicin (DOX) were devel-
oped by Thambi et al. (2014). HR-NPs can successfully supply DOX into human
carcinoma cell line under hypoxia. In vivo biodistribution study established that
HR-NPs were gathered specifically at the site of hypoxic tumor cells. This study
accentuated the possibility of HR-NPs as nano-carriers for targeted delivery in
treatment of hypoxic diseases (Thambi et al. 2014). Some instances of drugs
conjugated with nano-formulations are listed in Table 13.3, which tend to regulate
and prevent high altitude hypoxic physiologies.
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Table 13.3 Some nano-formulations examples that are considered as the valuable candidates for
managing the high altitude sickness

S. No.
Nano-
formulations

Active nano-
molecule Pharmacological action References

1 Polyethylene
glycol loaded
(NO)

Nitric oxide Targeted anti-
inflammatory effect

Cabrales
et al. (2010)

2 SOD (D,L-lactide-co-
glycolide)
(PLGA)

Improves uptake of
neurons and
neuroprotective effect by
SOD nanoparticles
After oxidative stress
induced via hydrogen
peroxide

Reddy et al.
(2008)

3 Nuclear factor κB
(PEG-PLGA)

NF-κB decoy Indigenous delivery of
NF-κB into lungs, thereby
inhibiting the
development of
pulmonary edema and
hypertension

Kimura et al.
(2009)

4 Encapsulated
chitosan

Minocycline
hydrochloride

Improved neuronal uptake
for better neuroprotective
and neuro-restorative
effects in ischemic injury/
stroke

Nagpal et al.
(2013)

5 Chitosan-nano-
composites

Au nanoparticles Adaptogenic and
antioxidant effects

Koryagin
et al. (2013)

6 Nano-selenium Selenium Better effect against
pulmonary arterial
hypertension at high
altitudes, reduced levels of
lipid peroxidation

Moghaddam
et al. (2017)

7 ABI-009 or
nab-rapamycin

Rapamycin Boosted engulfment of
rapamycin

Anselmo and
Mitragotri
(2016)

8 Liprostin Prostaglandin E-1
(PEG-1)

Improvement in drug
dynamics

Bulbake
et al. (2017)

9 Poly(glycerol-
succinic acid)

Encapsulation
with
Camptothecin

Improved cellular uptake
and retention

Morgan et al.
(2006)

10 Nanoparticles
composed of
polymers

Magnolia
officinalis isolated
Honokiol

Boosted vascular
management

Zheng et al.
(2010)

11 Ziziphus
mauritiana
extract

Ziziphus
mauritiana extract

Immuno-modulatory
activity in the extract

Bhatia et al.
(2011)

12 Cuscuta
chinensis

Flavonoids and
lignans

Improved solubility Yen et al.
(2008)

13 Curcumin Curcumin from
Curcuma longa

Greater solubility and
bioavailability

Sahu et al.,
2008

(continued)
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13.13 Conclusion

Increment in ROS production on exposure to high altitude disrupts the efficiency of
antioxidant system, resulting in damaging macromolecules oxidatively. Supplemen-
tation of antioxidant supplementation has advantageous effects that can diminish the
oxidative damage allied with high altitude. Surplus levels of ROS majorly affect cell
to cell signaling upsetting overall physiology of individuals exposed to high ranges.
Appropriate quantity of antioxidant supplementation is an important way to provide
control on excessively produced ROS for one to adapt in hypoxic condition.

Nanoscience is an emerging technology with different applications of targeted
delivery which is further utilised for the better treatment of human related disorders.
Patho-physiologies related to high altitude are a menace to human physiology under
hypoxic environment, and when in contact with UV. A few pharmacological
intrusions are being utilized for the management of these physiologies under these
harsh environmental conditions. It would be more profitable if nano-based products
are utilized in this framework, because nano-formulations improve the pharmacoki-
netics, conserving value of allopathic and herbal drugs. This chapter presented
readers, with the concepts of molecular mechanisms behind prevalence of high
altitude sickness, antioxidant therapy for counteracting hypobaric hypoxia and
nano-formulations enhancing the effects of antioxidants. This chapter is essential

Table 13.3 (continued)

S. No.
Nano-
formulations

Active nano-
molecule Pharmacological action References

14 Quercetin and
polyvinyl alcohol

Quercetin Antioxidant and free
radical scavenger

Wu et al.
(2008)

15 Liposome Breviscapine
Erigeron
breviscapus
isolated

Deterrence of cerebral and
cardiac diseases

Chakraborty
et al. (2016)

16 Nano-
precipitated
naringenin

Naringenin
isolated from
citrus fruits

Antioxidant and anti-
inflammatory

Bilati et al.
(2005)

17 Microsphere
composed of
chitosan

Genistein isolated
from soybean

Utilized in cancer
complications.

Si et al.
(2010)

18 Berberine
formulations

Berberine from
roots of Berberis
vulgaris

Inactivation of
cyclooxygenase-2 and
DNA topoisomerase II

Chakraborty
et al. (2016)

19 Silymarin Silymarin isolated
from Silybum
marianum

Anti-hepatotoxic effect,
reduction of lipid content
in blood, anti-diabetic.

Xu et al.
(2011)

20 Cryptotanshinone Cryptotanshinone
from roots of
salvia milti

Anti-inflammatory,
cytotoxic, antibacterial,
anti-parasitic effect

Hu et al.
(2010)
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for improved conception of high altitude related patho-physiologies and the other
tactics applied for their supervision.
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