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Introduction: Reactive oxygen species (ROS) serve several physiological functions. At

supraphysiological levels they participate in the pathophysiology of many diseases by

damaging biomolecules. In several disease conditions and following exposure to in-

secticides, pesticides and organic pollutants there is oxidative stress. Psychological stress

and depression are known to raise cortisol levels and cause oxidative stress. So, this study

was planned with the aim to measure and establish baseline ROS levels in whole blood in

normal healthy individuals and to investigate the effect of yoga on ROS levels and 8-hy-

droxy-2-deoxyguanosine (8-OHdG) levels which is an oxidative DNA damage marker.

Method: Whole blood ROS levels was measured in 175 healthy individuals by chem-

iluminescence method using luminol as a probe. Levels of blood ROS and 8-OHdG were also

measured in 50 healthy individuals following a 10 days pretested yoga programme. Sta-

tistical analysis was performed using SPSS version 15 software.

Results: The median whole blood ROS value in the healthy individuals was 1266.0 RLU/min/

104 neutrophil (Minimum e 573.0; Maximum e 2345.0). The mean ROS levels post yoga

(1020.81 ± 0.79 RLU/minute/104 neutrophil) was significantly lower (p ¼ 0.024) as compared

to pre yoga (1215.07 ± 0.88 RLU/minute/104 neutrophil). The 8-OHdG levels post yoga

(9367.57 ± 2709.58 pg/ml) was also significantly lower (p < 0.041) as compared to pre yoga

(10268.23 ± 3349.71 pg/ml).

Discussion: Baseline ROS value in the whole blood can act as a diagnostic tool in various

clinical conditions and exposure to several environmental modulators can disrupt ROS

homeostasis and life style intervention like yoga can decrease ROS levels.

Copyright © 2014, Anatomical Society of India. Published by Reed Elsevier India Pvt. Ltd. All

rights reserved.
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1. Introduction

Molecular oxygen is the terminal oxidant during respiration in

aerobic organisms as it is relatively harmless and chemically

less reactive. However it has the tendency to be reduced

partially to toxic intermediates. These toxic elements are

called reactive oxygen species, which are of different types

such as i) Singlet oxygen, ii) Hydroperoxyl radical, iii) Super-

oxide radical, iv) Hydrogen peroxide and v) Hydroxyl radical.

These molecules are called reactive oxygen species (ROS).

Biomolecules, such as DNA, proteins and lipids are prone to

get oxidized by these ROS.1,2

Oxygen free radicals are formed in the body from electron

transfer to molecular oxygen during the electron transport

chain. Superoxide anions which are the precursors of many

ROS are formed as a consequence of single electron transfer.

Peroxynitrite (ONOO�) is formed when O2
� reacts with nitric

oxide. O2
�, in aqueous medium forms hydrogen peroxide

(H2O2), by dismutation reaction catalysed by superoxide dis-

mutases (SOD). Hydroxyl radicals (OH�) are generated in the

body from H2O2 and O2
� in the presence of copper and iron.3

Reactive oxygen species have important roles in several

biological processes like cell signalling, regulation of gene

transcription and homeostasis.4 Oxygen radicals are

extremely reactive and cytotoxic in all organisms. At high

concentrations, they may trigger programmed cell death.5

Cells have antioxidant systems to maintain ROS levels in the

physiological range. Antioxidants inhibit oxidation of other

compounds by getting oxidized themselves. There are several

enzymatic and nonenzymatic antioxidants in the body, such

as glutathione, vitamin C, and vitamin E and enzymes such as

catalase, superoxide dismutase and peroxidases, which

maintain physiological levels of free radicals.

Physiological levels of reactive oxygen species (ROS) are

needed for various normal processes like cellular immunity,

sperm function, capacitation, acrosome reaction, proper em-

bryonic development and implantation and gene transcrip-

tion6 but when the level of ROS increases beyond the

antioxidant capacity of the body it results in a condition

known as oxidative stress (OS). OS has been implicated in the

pathogenesis of varied human diseases such as atheroscle-

rosis,7 cancer,8 diabetes,9 liver damage,10 rheumatoid

arthritis,11 systemic lupus erythematosus,12 cataract,13

AIDS,14 inflammatory bowel disease,15 neurodegenerative

disorders,16 Parkinson's disease,17 infertility18 and recurrent

spontaneous abortions.19 Mitochondria are both the source

and target of free radicals. Elevated ROS levels damage mito-

chondrial DNA which further increases free radical produc-

tion, leading to nuclear DNA damage and hence affects

integrity of mitochondrial and nuclear genome.20,21 Increased

ROS levels lead to Ca deregulation causing caspase activation

and ultimately cell death.22,23

As free radicals are involved in a varied range of disease

conditions there should be an easy and direct method to

measure free radicals and establish baseline blood ROS levels

in normal healthy controls. So we can identify disease con-

ditions in which ROS levels are elevated and could be the

underlying mechanism of disease causation. Our laboratory

has pioneered in India to establish normal range of seminal
ROS levels21 and also established that higher free radical

levels damage both mitochondrial and nuclear DNA and the

impact it has on sperm function, embryonic development and

foetal well being.24 We as a part of routine diagnosis measure

seminal ROS to evaluate infertile patients. We have found a

positive correlation between seminal ROS levels and poor

semen quality, nuclear and mitochondrial DNA damage.

Seminal ROS levels cannot be considered as indicative of the

oxidative status of the whole body but we found a strong

positive correlation between seminal and systemic ROS levels.

So, blood ROS levels would predict the systemic oxidative

status of the body. As blood free radical levels indicate sys-

temic oxidative status of the body, measuring whole blood

ROS levels can act as a diagnostic tool for the assessment of

clinical conditions that disturb ROS homeostasis and where

excess free radicals may be the aetiology of the disease con-

ditions or the disorders may actually raise free radical levels

which may lead to sequelae of the disease like autoimmune

disorders.

In several disease conditions and due to life style factors

(smoking, sedentary life style, exposure to various insecticides

and pesticides, electromagnetic radiations, increased con-

sumption of canned foods and obesity) we are increasingly

exposed to high free radical levels. If we have baseline free

radical levels we can diagnose early cases with oxidative

stress and manage by antioxidant therapy and life style in-

terventions or modifications.

Yoga a holistic mind body programme aims at achieving

total health-physical, mental, spiritual, social and emotional.

Cramer et al performed a meta analysis and reported that

yoga does have clinically important effect in cardiovascular

diseases and documented that yoga and transcendental

meditation can actually regress atherosclerosis and medita-

tion actually is critical in secondary prevention of coronary

artery disease.25 One of the major factors in aetiology of

various infectious and inflammatory disorders is oxidative

stress. Oxidative stress damages both the mitochondrial and

nuclear genome and may be the cause of infertility, recurrent

spontaneous abortion and even cancer (Dada R 2014, ISSRF

Newsletter). Free radicals target the guanine base in DNA as it

has the lowest oxidation potential and causes the generation

of a highly mutagenic base 8-OHdG. It results in GC to TA

transversions and single and double strand breaks in the DNA.

This study highlights the role of yoga in actually decreasing

free radical levels and subsequent significant lowering in

levels of 8-OHdG. Thus a simple life style intervention can

cause significant improvement by causing decline in free

radical levels and thus may improve overall health and also

prevent and delay onset of several age related and inflam-

matory disorders.

Clinical interventions involving the administration of

compounds that interfere in the free radical homeostasis can

disturb the normal cellular oxidative balance and lead to

oxidative stress. So, these clinical practices should be

accompanied with constant monitoring of the free radical

levels before and during the course of the treatment. Baseline

ROS levels established in normal healthy individuals would

help in the assessment of the effect of these compounds on

the normal physiological ROS levels. This study was intended

tomeasure and establish baseline ROS levels inwhole blood in
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normal healthy individuals and study the effect of yoga on the

levels of free radicals and mutagenic oxidative stress marker

8-OHdG.
Table 1 e Free radical level in male and female groups.

Study Subjects
(n ¼ 175)

Males
(n ¼ 91)

Females
(n ¼ 84)

p value

Age (years)

Mean ± SD

29.36 ± 5.36 30.04 ± 4.36 0.50

ROS (RLU/minute/104

Neutrophils,

Median (range)

1274 (605e2345) 1255 (573e2313) 0.66
2. Materials and method

In this pilot study 175 healthy individuals (91 males and 84

females) were enrolled. We recruited 50 healthy volunteers in

integral health clinic of Physiology in All India Institute of

Medical Sciences, New Delhi, India and they were trained for

practicing yoga. Proforma were filled and all subjects were

enrolled after taking written informed consent and ethical

approval.

2.1. Inclusion criteria

Healthy individuals falling in the age group of 20e40 years

with no history of exposure to insecticides/pesticides, non

smokers, non alcoholics were enrolled for this study. There

was no history of fever, drug intake or change in life style in

past 3 months.

2.2. Exclusion criteria

Individuals with recent 3 months history of fever or systemic

illness, infection, inflammation and drug intake were

excluded from the study.

2.3. Analysis of ROS

Blood was collected by venipuncture. 0.5 ml of the blood was

transferred into microcentrifuge tubes wrapped with

aluminium foil and containing heparin for ROS estimation

and 3.5 ml into EDTA tubes which was sent for the measure-

ment of other blood parameters [Total leucocyte count (TLC),

Differential count and Erythrocyte sedimentation rate (ESR)]

in order to adjust the chemiluminescence produced during

1 min in relative light units (RLU) per 104 neutrophil. To

measure the ROS levels in whole blood samples we adopted a

luminol enhanced chemiluminescence method.26,27 Chem-

iluminescence was recorded using single detector lumin-

ometer (Sirius, Berthold Detection Systems GmbH, Pforzheim,

Germany). Heparin was preferred over EDTA as an anticoag-

ulant for ROS estimation as we have found in our previous

study that being a chelating agent EDTA gives false lower ROS

values. Luminol acts as a chemiluminescent probe that reacts

with oxygen species produced by neutrophils in the whole

blood to produce an excited reaction intermediate. This

excited reaction product emits light when it returns back to its

ground state. 400 ml of heparinised whole blood was taken in

the tube and the readings were measured for 10 min. After

10 min 10 ml of luminol (5-amino-2, 3,-dihydro-1, 4-

phthalazinedione; Sigma) was added to the tube and read-

ings were recorded again for 10 min. The reading without

luminol was subtracted from the reading with luminol to

obtain the original value. Negative control was prepared by

adding 10 mL of 5 mM luminol to 400 mL of phosphate buffer

saline (PBS) and H2O2 was used as positive control. All mea-

surements were done in duplicates and the average values
were expressed as RLU/minute/104 neutrophil counts as

neutrophils are themajor producers of ROS in the blood. Since

ROS is very transient the sampleswere assessed for ROS levels

immediately after collection. To see the effect of life style in-

terventions like yoga on oxidative stress, levels of blood ROS

was measured in 50 healthy individuals trained to practice

yoga. Venous blood samples were collected at day 0 (pre yoga)

and after 10 days follow up (post yoga practice). ROS was

estimated at day 0 and after 10 days by the method described

above.
2.4. 8-hydroxy-2-deoxyguanosine (8-OHdG) estimation

Venous blood samples were collected in heparin from each

subject. The blood sampleswere placed on ice and centrifuged

at 3500 rpm, 4 �C for 15 min, and the separated plasma were

stored at �80 �C. The quantification of 8-OHdG was achieved

by using Cayman's EIA kit. Protocol was followed essentially

as described by the manufacturer for the quantification of 8-

OHdG (Promega).
2.5. Statistical analysis

Statistical analysis was performed using SPSS version 15 and

the parameters were compared by ManneWhitney test.

Pearson correlation test was used to find the correlation be-

tween parameters and a p value <0.05 was considered

significant.
3. Results

There was no statistically significant difference between the

age of male group (29.36 ± 5.36 years) and female group

(30.04 ± 4.36 years) (p value ¼ 0.50). ROS levels were measured

in heparinisedwhole blood samples. Chemiluminescencewas

observed every 1 s for 10 min and expressed as RLU/minute/

104 neutrophil. The samples were done in duplicates and at 2

week intervals and the mean values were considered. Care

was taken that each sample was processed under identical

conditions immediately after collection The median whole

blood ROS level in the healthy individuals was 1266.0 RLU/

minute/104 neutrophil (Minimum e 573.0; Maximum e

2345.0). The median whole blood ROS level in the male group

was 1274.0 RLU/minute/104 neutrophil (Minimum e 605.0;

Maximum e 2345.0) and in the female group was 1255.0 RLU/

minute/104 neutrophil (Minimum e 573.0; Maximum e

2313.0). There was no statistically significant difference be-

tween the ROS values inmales and females (p¼ 0.66) (Table 1).



Table 2 e Effect of yoga practice on free radical and 8-OHdG levels.

Life style intervention (Yoga) Pre yoga (Day 0) (n ¼ 50) Post yoga (After 10 days) (n ¼ 50) p value

ROS (RLU/minute/104 Neutrophils)

Mean ± SD

1215.07 ± 0.88 1020.81 ± 0.79 0.024

8-OHdG (pg/ml)

Mean ± SD

10268.23 ± 3349.71 9367.57 ± 2709.58 0.041
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Themean ROS levels post yoga (1020.81 ± 0.79 RLU/minute/104

neutrophil) was significantly lower (p ¼ 0.024) as compared to

pre yoga (1215.07 ± 0.88 RLU/minute/104 neutrophil). The 8-

OHdG levels post yoga (9367.57 ± 2709.58 pg/ml) also

declined significantly (p ¼ 0.041) as compared to pre yoga

(10268.23 ± 3349.71 pg/ml) (Table 2).
4. Discussion

Although remarkable success has been achieved in under-

standing the sources and mechanism of action of oxidative

stress, the role of ROS in many diseases is still to be explored.

Though high ROS levels are found in several diseases and it is

the chief cause of adverse effect in various diseases (e.g.

infertility, recurrent spontaneous abortion28,29 and glau-

coma19) but till date whole blood ROS levels are not evaluated

in such diseases. If we know baseline levels in normal healthy

population only then we can diagnose cases with high ROS

levels in various disease conditions and manage and counsel

them accordingly. Themajor problem inmeasuring ROS is the

lack of sensitivity and specificity in the assay methods.

Luminol enhanced chemiluminescence method is the most

reliable, sensitive and specific method to measure ROS levels.

In this pilot study we have established the baseline blood ROS

level in healthy individuals using a simple luminol dependent

chemiluminescence method. However there are shortcom-

ings of this assay as the ROS levels rapidly decline after

collection and thus the samples should be assessed within an

hour of collection (preferablywithin half an hour of collection)

and also shows marked variation in different machines for

assessing free radicals. Also there is marked fluctuation in

ROS levels between 2 readings taken a few days/weeks apart

thus newer methodologies need to be devised to assess free

radical levels. These are estimation of 8 Isoprostane (8IP) and

8-OHdG which are measure of lipid peroxidation and oxidised

guanine base in the DNA respectively. Guanine has the lowest

oxidation potential and thus is preferential target of free

radicals. In this study we have also assessed levels of this

oxidised mutagenic base (8-OHdG).

Blood is the connective tissue that links almost all the

systems and organs of the body together. So, oxidative status

of the blood can be indicative of the oxidative status of these

organs and systems. As this is already established that ROS

and oxidative stress is implicated in a varied range of diseases

and infections, elevated ROS levels in the blood can be

considered as a potential indicator of any infection or pa-

thology ormay lead to sequelae of some diseases.30 To employ

blood ROS level as a potential marker of these conditions a

baseline blood ROS range needs to be established. In this pilot

study we have established baseline ROS level in normal

healthy individuals.
It has been reported that humans live in sea of free radi-

cals. Exposure to several manmade chemicals, organic pol-

lutants, endocrine disrupting chemicals like insecticides,

pesticides, bisphenol A, phthalates not only disrupt the

hypothalmopitutary gonadal axis but also induce oxidative

stress.31 A sedentary life style, fast foods, smoking, excess

alcohol intake, electromagnetic radiation, high temperature

all result in exposure to increased free radical levels. Thus free

radicals can be produced by both exogenous and endogenous

sources. Endogenous sources include both acute and chronic

infections, inflammations and disorders like obesity. Psycho-

logical stress also introduces oxidative stress. Various studies

have shown reduction in psychological stress markers like

cortisol and inflammation markers like interleukin [IL]-6 and

tumour necrosis factor [TNF]-a after yoga intervention.32,33

Comprehensive life style changes also affect telomere length

and telomerase activity. Life style changes (diet, activity,

stress management, and social support) have been shown to

increase telomere length and decrease telomerase activity.34

In this study we also found that people who adopted yoga

and diet modification showed a significant reduction in the

mean free radical levels after 10 days practice of yoga (Table 2).

Free radicals cause consistent severe damage to both mito-

chondrial and nuclear DNA. Since mitochondria have a very

basic damage repair mechanism and the mitochondrial DNA

are naked molecules with no protective histones and lacking

introns, they are the first targets of free radical induced injury.

In a previous study from our laboratory35 we have shown that

cases with increased ROS levels had a higher number of non

synonymous pathogenic sequence variations in mitochon-

drial genome compared to cases with normal ROS levels. Also

this leads to a vicious cycle as mitochondrial DNA which ac-

cumulates these sequence variations (especially in complex I

and complex III) become dysfunctional and producemore free

radicals and this cycle continues. Thus it is important to

identify cases with raised ROS levels (by knowing normal

levels) so that they can be managed by adopting a healthy life

style (exercise in moderate, yoga, increased intake of fruits

and vegetables and meditation). In 2013 Alexander G and as-

sociates documented that yoga has ancillary benefits in term

of improved physical function, enhanced mental and

emotional health, enriched sleep quality and therefore

emphasised that it is a health promotion strategy and aids in

prevention and management of chronic diseases.36

As ROS are involved in several clinical conditions like in-

fections, inflammations and also there are environmental

factors that modulate the ROS levels, systemic measures of

ROS in the whole blood could act as a potential marker for

these clinical conditions and environmental exposures. Mea-

surements of markers for ROS other that direct free radical

estimation further substantiate our findings. Yoga a simple

life style intervention along with meditation decreased free
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radical levels and showed a significant decline in 8-OHdG

levels thus should be adopted by both healthy and diseased

individuals as yoga not only prevents onset but also delays

and retards the progress of disease.
5. Conclusion

In this pilot study we have analysed ROS levels in normal

healthy individuals both pre and post yoga. Free radical levels

of blood represent the oxidative state of the whole body,

hence assessment of ROS levels in thewhole blood could serve

as a measure of systemic free radical levels which can act as a

predictor of several clinical conditions like inflammation and

exposure to various environmental modulators of ROS. Short

time yoga-based life style intervention in general population

reduced blood ROS levels and the levels of 8-OHdG. Thus

simple life style interventions can be therapeutic and may

profoundly impact health and prevent and retard the progress

of several diseases.
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