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Abstract: Increase in altitude is always accompanied with low pressure and lack of
oxygen. In order to replicate high altitude conditions in normal altitudes, hypobaric
hypoxia model is often studied. Chlorogenic acid is known to have a variety of effects on
health and is most notably used to reduce blood pressure and weight loss. In the present
study, a simple hypobaric condition has been created using a hypobaric chamber in which
various pressure points (0.06, 0.05 and 0.04 MPa) has maintained for different time
periods (1h, 2h and 4h). The study has been simulated in rat model and their physiological
conditions including systolic blood pressure and heart rate was monitored after exposure
of hypobaric pressure at different time periods with or without administration of
chlorogenic acid. Data reveals that a brief exposure to low pressure do not affect the
physiological conditions to a great extent but longer exposures lead to increased blood
pressure and heart rate. However, it was observed that pre-treatment with chlorogenic
acid enabled the rats to combat the stress and the physiological parameters were reverted
near to the normal conditions. It can be concluded from this study that, chlorogenic acid
being an antioxidant can help to recover the altered physiological condition induced by
hypobaric hypoxia. Further, biochemical studies are required to explore the ameliorating
mechanism. The study also provides an idea regarding the physiological changes taking
place in rats due to low pressure.

INTRODUCTION

Oxygen is one of the most important components required

to maintain human body functions. It is responsible for energy
production which is utilized by biological pathways by the
oxidation of complex chemical food-stuff. High Altitude is
approximately defined as the height between 8,000 feet (2500
m) to 16,000 feet (5000m) above the sea level [1]. According
to Dalton’s law, the total pressure of air is equal to the sum of
partial pressures of gases it contains, so it can be represented
as (taking only the major gases):

P =pO2 + pCOz + pNz + pH20 [2]

pH20 and pCO:2 doesn’t depend upon altitude, only pO2 and
pN2 decrease with an increase in the height. Therefore at high
Altitude, low partial pressure of Oz leads to hypoxia. Above
10,000 feet, the arterial oxygen saturation falls rapidly due to
an increased 2,3-diphosphoglycerate concentration in RBCs
[3]. It is slightly less than 70% at 20,000 feet and much less at
higher altitudes. Low oxygen partial pressure due to

hypobaria greatly hinders diffusion, and therefore reduces
formation of oxyhemoglobin. Human body is designed
specifically in such a manner that it can deliver adequate Oz to
the body tissues only when oxygen is supplied at a pressure
close to the sea-level (P = 760 mm Hg) (PO2 =159 mm Hg) [4].
So, at high altitudes low partial pressure of oxygen leads to
hypobaric hypoxia which affects the tissue oxygenation and in
turn leads to physiological derangements.

Increase in altitude leads to high-altitude sickness,
which is showing a higher prevalence in the recent times due
to increased number of high altitude travelers especially of
South America, Nepal, and India [5]. High altitude sickness is
a common name for illnesses that can occur at high altitude,
usually above 3000 meters from sea level. Acute or chronic
exposure to high altitude causes reduced arterial oxygen
saturation resulting an increase in blood hemoglobin levels
and pulmonary arterial hypertension [6]. Various types of
higher altitude sicknesses have been reported, which include
high-altitude cerebral and pulmonary edema and acute
mountain sickness [7]. The underlying causative reason
behind these altitude dependent diseases remain the same,
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lowering of partial pressure of oxygen (PO2z). Reduced POz in
high altitude regions leads to development of a condition
known as hypobaric hypoxia [8]. Hypobaric hypoxia has
always been a keen topic of interest for aviators, space pilots
and researchers since it considerably changes the
physiological and psychological parameters within few hours.
With an increase in the number of people in high altitude
zones and attention being shifted to high altitude related
physiological and biological problems, more scientific studies
are required to understand the symptoms related to these
conditions in order to design proper therapeutics.
Chlorogenic acid (CGA) is an ester of caffeic acid and
(-)-quinic acid, found in green coffee, vegetables, fruits and
tea [9]. Chlorogenic acid is most commonly supplemented in
the form of green coffee extract and it is estimated that green
coffee beans contain approx. 5-12% [10]. It has a variety of
effects on health and is most notably used to reduce blood
pressure and weight loss. However, recent studies have
indicated that chlorogenic acid may improve mood, reduce
oxidative stress, and lower blood sugar levels. It has been
postulated that different natural products involving
polyphenols such as CGA, resveratrol, and flavonoids have
several beneficial effects on health [11]. It has been largely
accepted that CGA has several health advantages as an anti-
hypertension agent [12]. In another study, it was reported
that CGA derived from green coffee extract was the most
effective agent in lowering blood pressure and it was also
trusty for patients with mild hypertension as well [13].
Results indicated that consuming coffee bean extract could
significantly reduce the blood pressure without having any

Figure 1: Hypobaric chamber setup and experimental condition

adverse effects. The presence of phenolic compounds,
(cynarin and CGA) that are derived from the plant extract,
which has a strong vasorelaxant effect may be helpful in the
antihypertensive related disorders [14]. On the other hand,
results from a meta-analysis also indicated that CGA can
significantly (P < 0.05) reduce both systolic and diastolic
blood pressure [15]. Another study demonstrated that CGA
can alter the level of nitric oxide and therefore have a relaxing
effect on vasodilation of rat vessels [16].

The efficacy of CGA in regulating blood pressure and its role
as a vasorelaxant might be further exploited and studied to
establish the effect of this phytochemical in combating
physiological changes induced by hypobaric hypoxia
condition. Hence, this study evaluate the role of CGA in
ameliorating the hypobaric-hypoxia induced altered
physiological conditions in rat model.

MATERIALS AND METHODS

Animals and Ethical approval

Inbred albino male Charles Foster rats (240 + 30 g) were used
for the study. All the experimental protocols were approved
by the Central Animal Ethical Committee at Institute of
Medical Sciences, Banaras Hindu University, Varanasi.
Standard mice feed and water was available to rats ad libitum.
All rats was kept under ambient temperature of 25+2°C, with
a 12 hour diurnal cycle.
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Grouping

The study was aimed at acquiring the physiological
parameters (mainly blood pressure and heart rate) under
normal, hypoxic and drug treated condition for Charles Foster
rats. Rats were randomly divided into three broad groups viz.
normal (n=4), hypoxia (n=36) and hypoxia+CGA treated
(n=36). The hypoxia group was further subdivided into three
groups based on altitude i.e. high altitude (3500 m = 0.06MPa
pressure), very high altitude (5500 m = 0.05MPa pressure)
and extreme altitude (7500 m = 0.04MPa pressure) were
selected for the present study. Each altitude group was
further divided into three groups based on exposure time of
1h, 2h and 4h. Similar grouping system was adopted for the
treated animals.

Hypobaric Chamber

Hypobaric hypoxia (HH) was induced in a vacuum desiccator
20L (ABDOS Labtech Private Limited, India) equipped with a
vacuum pump and pressure gauge (Fig.1). The hypobaric
chamber was maintained at ambient air temperature of 28°C
and humidity 55%. Rats of each group was placed in the
chamber to simulated altitude of 3500, 5500 and 7500 meter
for different time periods.
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Chlorogenic acid administration

10mg/kg dose of CGA was administered through intranasal
route of all treated animal before subjecting to hypoxic
condition. The CGA of 80 pl/kg dose volume was prepared in
0.1 M phosphate buffer (PB; pH 7.4) and immediately used for
the intranasal dosing.

Systolic blood pressure and Heart Rate measurement

The systolic blood pressure (SBP) and hear rate (HR) of the
animals were monitored by the tail cuff method using the
NIBP (AD instruments) controller. All awaked rats of each
group was kept in a restrainer and the SBP and HR were
measured using the non-invasive blood pressure monitor
equipped with pulse transducer and tail cuff (Fig. 2). The
parameters are noted from the Lab Chart software (Fig. 2).

Statistical analysis

All data were statistically analyzed with GraphPad Prism
software and expressed as Mean*S.D. Two way ANOVA was
applied to the datasets with Bonferroni posttests and p<0.05
were considered statistically significant.
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Figure 2: Measurement of SBP, HR by the tail-cuff method and values obtained using Lab Chart Software

RESULTS AND DISCUSSION

The SBP and HR of normal rat group were found 103+3.2 and
254+3.8 respectively. The SBP and HR of hypoxia and
hypoxia+CGA treated groups were also recorded and are
presented in the tables. An increase in both SBP and HR was
observed increase in altitude and exposure time. The highest
increase “of SBP and HR was observed during the maximum
time of exposure (4 hours) in case of all three altitudes. At
0.06MPa pressure, equivalent to 3500m, an exposure for 4
hours increased the SBP by 26.21% and heart rate by 11.8%
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as compared to the normal group (Table 1). At 5500m and
7500m, SBP increases by 41.74% and 52.42% respectively,
whereas HR increases by 52.36% and 70.47% respectively
(Table 2, 3). It was also observed that animals receiving pre-
treatment with CGA exhibited lower SBP and HR as compared
to the untreated group, though the parameters remained
higher than the control group. There was no significant
lowering of SBP in the CGA pre-treated animals of high
altitude (1h exposure) group, but HR was significantly
decreased (p<0.05)as compared to the untreated animals
exposed to similar conditions. But, significant lowering of the
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SBP was observed in CGA treated animals of high altitude
groups receiving 2h and 4h exposure (p < 0.05 and p < 0.01,
respectively) along with significantly decreased HR (p <
0.001) in comparison to CGA non-treated group. CGA
pretreatment also significantly lowered SBP and HR (p < 0.05
and p < 0.001 respectively) in higher altitude group animals
as compared to only hypoxia group after 1h exposure. Both
the parameters were also significantly reduced due to CGA
pre-treatment (p< 0.001) after 2h and 4h exposure in the

higher altitude group animals in comparison to animals
without CGA pre-treatment. CGA pre-treatment also had
similar effect on animals of extreme altitude group since both
the physiological parameters (SBP and HR) are significantly
reduced (p < 0.001) during all the exposure times (1, 2 and
4h) as compared to the CGA non-treated animals exposed to
hypoxia for similar time duration. The obtained results thus
signify that CGA have an ameliorating effect on the altered
physiological conditions induced by hypobaric hypoxia.

Table. 1 Effect of hypobaric hypoxia and pre-administration of CGA on SBP and HR at high altitude (3500 m = 0.06MPa pressure)

Time (h) SBP P HR P
Hypoxia Hypoxia + CGA Treatment Hypoxia Hypoxia + CGA Treatment

1h 109+3.52 106+3.85 P>0.05 267%2.37 261+1.88 P<0.05

2h 123+3.81 115+4.17 P<0.05 326%3.33 276%2.35 P<0.001

4h 130+4.35 118+4.42 P<0.01  354#3.65 284+2.52 P<0.001

Table. 2 Effect of hypobaric hypoxia and pre-administration of CGA on SBP and HR at very high altitude (5500 m = 0.05MPa

pressure)
Time (h) SBP P HR P
Hypoxia Hypoxia + CGA Treatment Hypoxia Hypoxia + CGA Treatment
1h 123+3.51 114+3.26 P<0.05  328+3.17 271+3.26 P<0.001
2h 139+4.42 121+3.45 P<0.001 369+3.87 324+3.44 P<0.001
4h 146+4.68 126+4.22 P<0.001 387%4.53 348+3.71 P<0.001

Table. 3 Effect of hypobaric hypoxia after pre-administration of CGA on SBP and HR at extreme altitude (7500 m = 0.04MPa

pressure)
Time (h) SBP P HR P
Hypoxia Hypoxia + CGA Treatment Hypoxia Hypoxia + CGA Treatment
1h 140+4.15 125+2.29 P<0.001 364+3.77 332+£3.26 P<0.001
2h 153+4.33 129+2.34 P<0.001 410+4.89 351£3.55 P<0.001
4h 157+4.87 136+2.37 P<0.001 433+5.54 363+3.78 P<0.001
CONCLUSION pressure and heart rate conditions. This might be due to the

The physiological parameters investigated during this study
were the blood pressure & heart rate. It was observed that
both of these parameters increased with the decrease in
pressure. With the gradual decrease of pressure in the
vacuum chamber, there was an increase in blood pressure of
rats as compared to the normal rats. Also, the blood pressure
& heart rate is also dependent on the exposure time. These
observations can lead to the conclusion that prolonged
exposure to low pressure conditions can lead to
pathophysiological changes. To combat the physiological
changes caused by low pressure, chlorogenic acid was
administered to the rats. Cholorogenic acid is an antioxidant
and a well-established neuroprotectant. Intra-nasal
administration of chlorogenic acid in rats showed improved
blood pressure and heart rate conditions. Even after the
highest time exposure to the lowest pressure, Chlorogenic
acid treated rats showed significantly improved blood

fact that chlorogenic acid is and anti-oxidant and successfully
scavenges the free radicals generated due to prolonged
hypoxia exposure. Therefore, this study gives an idea about
the conditions harmful towards physiological conditions and
also identifies Chlorogenic acid as a possible treatment for
hypobaric hypoxia. To understand the mechanism of
Chlorogenic acid’s action in ameliorating hypobaric hypoxic
conditions, further biochemical studies are being carried out.
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