
Impact of Hyperoxia on Weight, Peptide YY, Lipid Profile and Atherogenic Index in Sprague Dawley Rats  

 JHBS M&DC Vol 1(2) April-June 2021 46 

 

 

Impact of Hyperoxia on Weight, Peptide YY, Lipid Profile and 

Atherogenic Index in Sprague Dawley Rats 

About the Author(s) 

Muhammad Raza1*, Khadija Fatima2, Farzana Majeed3, Irfan Mughal4, Tahira Saleem5
   

1,5Assistant Professor, Department of Physiology, HBS Medical and Dental College, Islamabad. 
2Professor, Department of Physiology, HBS Medical and Dental College, Islamabad. 
3,4Associate Professor, Department of Physiology, HBS Medical and Dental College, Islamabad. 

*Correspondence: abuukkaashah@gmail.com            Received:  July 29, 2020.    Accepted: Sept 05, 2020 

Muhammad Raza, Assistant Professor, Department of Physiology, HBS Medical and Dental College, Islamabad 

Abstract  

Objective: To determine the impact of hyperoxia on weight, peptide YY (PYY), lipid profile and atherogenic index in 

Sprague Dawley rats. 

Methodology: Experimental, randomized control study was conducted by the Physiology Department, HBS Medical 

and Dental College, Islamabad in collaboration with National Institute of Health, Islamabad, Pakistan and Islamic 

International Medical College, Rawalpindi, Pakistan from April 2015-March 2016. Total 40 male Sprague Dawley rats 

of 2-4 months weighing 250-520 g were included and divided into group A (n=20) exposed to 21% oxygen and group B 

(n=20) exposed to 30% oxygen for 7 days. Before exposure first weight (g) and blood sample was collected for serum 

PYY (pg/mL) and serum lipid profile (triglycerides mg/dL, HDL mg/dL, LDL mg/dL, and total cholesterol mg/dL). 

After exposure second weight and blood sample (serum PYY and lipid profile) was collected. SPSS 21 was used for 

statistical analysis. Comparisons among groups were analyzed using independent sample t-test. Correlation was done 

using Pearson’s correlation coefficient. In both analyses P value <0.05 was considered significant. 

Results: Group B had significantly (P<0.05) increased weight (g) and LDL (mg/dL) levels. Similarly, triglyceride 

(mg/dL) levels and atherogenic index were also significantly (P<0.01) increased. Significantly (P<0.001) decreased 

PYY (pg/mL) levels and significantly (P<0.05) decreased HDL (mg/dL) levels were also observed in group B as 

compared with group A. 

Conclusion: Hyperoxia decreases PYY levels causing an increase in appetite leading to an increase in weight, blood 

lipids (triglycerides and LDL) and atherogenic index. Therefore, hyperoxia may not be useful for treating obesity and 

cardiovascular disease. 
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Introduction 

As populations become more urban and incomes rise, the 

more traditional diets that were high in complex 

carbohydrates and fiber have been replaced by diets high 

in fat.1 This excessive energy intake in the form of food 

is the main reason for the rise of obesity.2 The 

accumulated energy is stored in adipocytes, mainly in the 

form of triglycerides, leading to an increase in their size 

ultimately increasing the overall the weight of the body.3 

Alterations in blood lipids such as elevated levels of 

triglycerides, low density lipoproteins (LDL) and total 
cholesterol, as well as decreased levels of high density 

lipoproteins (HDL) are also seen in obese individuals 

and pose a risk for the development of cardiovascular 

disease.4 

Recent research has identified a number of circulating 

hormones that play a vital role in controlling appetite, 
ultimately reducing the weight of the body.5 One such 

hormone is Peptide YY (PYY), a short 36 amino acid 

protein, released from the intestines and increases satiety 

leading to a decreased intake of food.6 Although, the role 

of exogenous PYY in reducing weight has frequently 

been studied more research needs to be carried out on 

raising endogenously produced PYY as its levels have 

shown to be low in obese individuals.7 

Oxygen, the colorless and odorless gas having is widely 

used for the treatment of various medical conditions.8 

Exposure to low levels of hyperoxia, produce small 

amounts of reactive oxygen species that have been 

shown to play an important role in the body such as 

signaling molecules that regulate various cellular 

processes and gene expression.9 On the other hand, 
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exposure to a high level of hyperoxia for extensive 

periods causes the production of excessive reactive 

oxygen species which damage cells through the process 

of lipid peroxidation.10 

Research has been carried out to observe how hypoxia 

affects PYY levels in humans which has shown that 

exposure to hypoxia decreases serum PYY levels, and as 

the oxygen concentration is gradually raised back to 

normoxia (i.e. 21% oxygen) the serum PYY levels have 

been shown to increase.11 Studies showing the effect of 
hyperoxia on PYY levels, especially as a potential 

treatment for obesity, still needs to be explored. The aim 

of our study was to see whether exposure to a low level 

of hyperoxia of 30% could be used as a treatment for 

obesity and cardiovascular disease by raising 

endogenous PYY levels, ultimately decreasing the 

appetite leading to a reduction in weight and serum lipids 

(triglycerides, LDL and total cholesterol). 

Methodology 

The research was conducted by the Department of 

Physiology, HBS Medical and Dental College, 

Islamabad in collaboration with the Animal house at 

National Institute of Health, Islamabad, Pakistan and 

Islamic International Medical College, Rawalpindi, 

Pakistan from April 2015 to March 2016. It was an 

experimental, randomized control study. A total of 40 

male Sprague Dawley rats of age 2-4 months and weight 

250-520 g were included and randomly divided into two 

groups of 20 rats each: control group A that was exposed 

to an oxygen concentration of 21% and group B that was 

exposed to an oxygen concentration of 30%.12 The rats 
were allowed to acclimatize to the Animal house 

environment for 7 days where they were provided food 

and water ad libitum. The first sample was taken on the 

morning of day 8 by placing each rat of group A and B 

individually in a jar containing cotton soaked in 

chloroform to anesthetize it after which its weight (g) 

was recorded using a weighing machine (TS200 

electronic compact scale, Jiangyin Ditai electronic 

technology Co. Ltd., China). Blood was drawn via intra-

cardiac sampling and collected in labeled gel tubes, 

protected from light and contamination and kept in a 
laboratory ice box at 2-8oC until shifted to the laboratory 

where they were tested for serum PYY (pg/mL) levels 

using an Enzyme-linked Immunosorbent Assay (ELISA) 

kit (CUSABIO Biotech Co. Ltd., China) and serum lipid 

profile (triglycerides mg/dL, HDL mg/dL, LDL mg/dL 

and total cholesterol mg/dL) using a Merck kit (DiaSys 

Diagnostic Systems GmbH, Germany). Two transparent 

plastic chambers of dimensions 1.22 m x 0.72 m x 0.72 

m were made. The chamber for group A was not made 

air tight by keeping the upper two sides open allowing 

fresh air of a 21% oxygen concentration to enter freely, 

whereas the chamber for group B was made air tight with 
only two holes: an inlet for oxygen to enter and an outlet 

for air to exit. Three oxygen cylinders of 4.5 m3, 3.4 m3 

and 3.4 m3 and two nitrogen cylinders of 6.8 m3 were 

used. Two flow meters (Richu Medical Regulator YR-

88E, Ningbo Beilun DB Marine Co. Ltd., China) were 

used, one attached to an oxygen cylinder and one to a 

nitrogen cylinder after which they were connected using 

a T-tube to allow mixture of both gases before supplying 

the group B rats.13 To monitor the oxygen concentration 

an oxygen sensor (CY-12C portable oxygen 
concentration tester, CLEVER Co. Ltd., China) was also 

attached in the chamber for group B rats. 

The rats were given 2 weeks for replenishing their blood 

volume to normal levels14 after which the experiment 
was initiated. An oxygen to nitrogen ratio of 3:7 was 

achieved by adjusting the flow rate for oxygen between 

1-2 L/min and that for nitrogen between 3-4 L/min 

ultimately resulting in oxygen concentration of 30 + 1% 

in chamber for group B rats.13 When a value of 31% on 

the oxygen sensor was reached the flow rates were 

readjusted to bring it back to a 30%. The required air 

humidity was provided by the water present in the flow 

meters and these conditions were kept for 24 hours for 7 

consecutive days15 except for two situations where the 

experiment was stopped for no more than 10 min: first 
for refilling gas cylinders and second for supplying food 

and water and to clean trays for waste matter. After the 7 

days of intervention, second sample for weight, serum 

PYY and serum lipid profile was collected on the 

morning of day 8 in a similar way to that of the first 

sample.  

The labeled gel tubes containing the blood samples were 

centrifuged in a centrifuge machine (EBA-20 small 

centrifuge, Andreas Hettich GmbH & Co. KG) for 15 

min at 3000 rpm. To measure serum PYY (pg/mL) the 

quantitative Enzyme-linked Immunosorbent Assay 

(ELISA) method was used. To measure serum 

triglyceride (mg/dL) the glycerol-3-phophate oxidase 

peroxidase (GPO-POD) calorimetric method was used. 

To measure serum HDL and LDL (mg/dL) the enzymatic 

calorimeter accelerator selective detergent end point 
assay was used. The serum total cholesterol (mg/dL) was 

measured using the Cholesterol Oxidase Phenol 

Ampyrone (CHOD-PAP) enzymatic quantitative 

calorimetric method. Statistical Package for Social 

Sciences version 21 (SPSS 21) was used for statistical 

analysis and results were documented as mean + SEM. 

Comparisons among the two groups was analyzed using 

the independent sample t-test and Pearson’s correlation 

coefficient was used for correlations among the 

variables. For both analyses a P value of <0.05 was 

considered significant. 

Results  

The weight of group B rats (309.08 + 10.71 g) was 

significantly higher (P=0.043) than the weight of group 

A rats (283.75 + 5.20 g) as shown in Figure 1. On 

comparison the serum PYY levels of the group B rats 

was 14.62 + 6.14 pg/mL which was significantly lower 

(P<0.001) than those of the group A rats (256.87 + 25.48 

pg/mL) as shown in Figure 2. The rats of group B had 

serum triglyceride levels of 35.53 + 1.51 mg/dL which 
were significantly raised (P=0.01) as compared to the 
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group A rats (30.00 + 1.34 mg/dL). Among the two 

groups the serum HDL levels of the rats in group B 

(15.47 + 0.67 mg/dL) were significantly lower (P=0.028) 

from those of the rats in group A of 17.39 + 0.49 mg/dL. 

Between the two groups the serum LDL levels of the rats 

in group B were 8.63 + 0.45 mg/dL which were 
significantly higher (P=0.020) than the LDL levels of 

group A rats (7.06 + 0.46 mg/dL). Mean ± SEM of 

serum lipid levels (triglycerides mg/dL, HDL mg/dL, 

LDL mg/dL and total cholesterol mg/dL) for the two 

groups of male Sprague Dawley rats exposed to different 

concentrations of oxygen.is shown in Figure 3. On 

calculating the atherogenic index (total cholesterol/HDL 

ratio), group B rats had a significantly higher (P=0.007) 

value of 2.38 + 0.04 as compared to that of the group A 

rats (2.22 + 0.04). 

 

Figure I. Mean ± SEM of weight (g) for the two 

groups of male Sprague Dawley rats exposed to 

different concentrations of oxygen. Weight (WT) 
* = P<0.05 (value vs corresponding control) 

 

Figure 2. Mean ± SEM of serum PYY (pg/mL) levels 

for the two groups of male Sprague Dawley rats 

exposed to different concentrations of oxygen. 

Peptide YY (PYY) 
*** = P<0.001 (value vs corresponding control) 

 

 

Figure 3. Mean ± SEM of serum lipid levels 

(triglycerides mg/dL, HDL mg/dL, LDL mg/dL and 

total cholesterol mg/dL) for the two groups of male 

Sprague Dawley rats exposed to different 

concentrations of oxygen. 

Triglycerides (TG), High density lipoproteins (HDL), 

Low density lipoproteins (LDL), Total cholesterol 

(TC) 
* = P<0.05 (value vs corresponding control) 

** = P<0.01 (value vs corresponding control) 

Discussion 

In the study carried out by Wasse et al, to explore how 

rest and exercise in a hypoxic environment influenced 
PYY levels in 10 male volunteers, it was concluded that 

the levels of serum PYY decreased on exposure to 

hypoxia and increased as the oxygen concentration was 

increased back towards normoxia.11 Our present study 

was aimed to see whether this pattern of increase in 

serum PYY levels was consistent after increasing the 

oxygen concentration beyond that of a normoxic state. 

However, according to our results, a 7-day exposure to 

an oxygen concentration of 30% resulted in a significant 

decrease in serum PYY levels demonstrating that both 

hypoxia, as shown by Wasse et al (2011), and hyperoxia, 
as shown by the current study, decrease serum PYY 

levels.11 

The present findings also showed a significant increase 

in weight on exposure to hyperoxia which was in 
accordance with the study conducted out by Lakani et al., 

(2012) who observed the effects of hypoxia, normoxia 

and hyperoxia on 81 great sturgeon Huso huso fish and 

concluded that the group exposed to hyperoxia led to the 

greatest weight gain.16 The significantly increased weight 

seen in our study could have been due to an increased 

appetite caused by the significant decrease in serum PYY 

levels which is supported by the research carried out by 

Guo et al., (2006) who showed that fasting serum PYY 

levels have a negative correlation with weight.17 

However, our results did not show a significant 

correlation of serum PYY levels with weight. 

Fevolden et al., (2002) states that cortisol is the most 

commonly measured indicator of stress that provides a 
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good reflection of the severity and duration of the stress 

response.18 High cortisol levels stimulate appetite and 

weight gain as well.19 Therefore, in our research an 

exposure to hyperoxia could have led to oxidative stress 

thus increasing the levels of serum cortisol in the rats 

causing an increase in their appetite resulting in the 

weight gain. 

Another hormone, ghrelin, could have also been at play 

as shown in the study carried out by Batterham et al., 

(2003) to investigate the resistance of PYY in 12 obese 
subjects in which it was concluded that PYY infusions 

significantly decreased the levels of ghrelin.20 The study 

conducted by Wren et al., (2001) on 9 volunteers showed 

that ghrelin increases appetite and food intake.21  

Therefore, maybe the decreased levels of serum PYY in 

our study could have led to increased levels of ghrelin 

which ultimately increased the appetite leading to more 

calorie consumption resulting in the increased weight. 

The significant increases in serum triglycerides and LDL 

levels as seen in our present study are in coherence with 

the results observed in the study carried out by 

Tsuneyama et al., (2011) to see the advantages and 

disadvantages of hyperbaric oxygen treatment in 19 male 

mice with obesity hyperlipidemia and steatohepatitis, and 

they concluded that the mice that underwent hyperbaric 

oxygen therapy had increased serum triglyceride and 

LDL levels. The underlying mechanism that they 

suggested was that the lipids may have migrated into the 

blood from liver cells as hepatocelluar damage was also 
reported in their study which may have occurred due to 

oxidative stress and lipid peroxidation hence leading to 

cell death and causing the release of free fatty acids and 

triglycerides into the blood from the damaged cells.22 

The significant weight gain observed in our study could 

have also led to the significant increase in serum 

triglyceride levels as supported by the study conducted 

by del Mar Bibiloni et al, (2015) on 451 2–10 year-old 

northern Mexican children which determined the levels 

of serum lipids and prevalence of dyslipidemia. In their 

research it was deduced that the majority of subjects who 

had an increased body weight also had a significantly 

high serum triglyceride level.23 In the present study we 

also observed a significant increase in serum LDL levels 

along with a significant decrease in serum HDL levels 
which could have also been related to the increase in 

weight as supported by the cohort study carried out by 

Horta et al (2009) on newborn males in Pelotas, Southern 

Brazil who were followed up till the age of 18 years. 

Their findings showed that those subjects who gained 

weight throughout the 18-year period also showed 

significant high serum LDL levels and significant low 

serum HDL levels.24 

According to our results there was no significant change 

in total cholesterol levels, however there was a 

significant decrease in serum HDL levels which 

ultimately led to a significant increase in the atherogenic 

index as supported by the study carried out by Lemieux 

et al., (2001) to determine the difference in significance 

between the total cholesterol/HDL ratio and the 

LDL/HDL ratio as indices of ischemic heart disease risk 

in middle aged men. They demonstrated that a significant 

and high atherogenic index is associated with a high risk 

of ischemic heart disease.25 This shows that in our 
present study a significantly high atherogenic index 

indicates that exposure to even a low level of hyperoxia 

as that of 30% can lead to ischemic heart disease.  

One limitation of our study was that we did not measure 
the change in adipose tissue mass or hormones such as 

cortisol and ghrelin which could have helped in clearing 

the picture of the underlying mechanisms involved. 

Conclusion 

The results of the present study conclude that hyperoxia 

decreases serum PYY levels causing an increase in 

appetite leading to an increase in weight and serum lipid 

levels (triglycerides and LDL). Therefore, hyperoxia is 

not a useful option for treating obesity and may be a 
precipitating factor for the development of 

cardiovascular diseases. 
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