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Androgen Treatment Attenuates the Expression
of Amyloid Beta in the Lungs of Male

Alzheimer�s Transgenic Mice

Sritulasi Karri, Skyler Mclaurin, Desiree Marshall, Cynthia
Jumper and Gopalakrishnan Coimbatore�

Department of Internal Medicine, Texas Tech University Health Sciences
Centre, Lubbock, TX 79430

� The Institute of Environmental and Human Health, Texas Tech University,
Lubbock, TX, 79409 P Box-41163

ABSTRACT

In recent years, significant progress in understanding the
molecular mechanisms of Alzheimer�s disease  (AD) in brain has
been made. However, very little information exists on AD�s systemic
affects. Bronchopneumonia is a major cause of death in AD patients
(>70%). This suggests a deeper involvement  of the lungs in AD
progression. This study investigates alterations in amyloid beta
expression in lungs occurring in association with protracted (3
week) administration of dihydrotestosterone (DHT) treatment  to
male Alzheimer�s transgenic mice. We found that amyloid beta
expression caused lung pathology  in AD transgenic mice,
specifically, diffused alveolar damage, distorted appearance of
lung parenchyma,  decreased alveoli number succeeding in the
loss of alveolar structure, resulting in lung amyloidosis. Long
term DHT administration caused a significant increase in the
body and organ weights in wild type and AD  groups. Lung
histoarchitecture improved with DHT treatment, explicitly,
increase in alveoli number in  AD mice. It also brought about a
decrease in amyloid beta protein and gene expression levels.
Overall, these results reveal for the first time that DHT attenuates
amyloid beta expression in the lungs of AD male transgenic mice.

Key words: Alzheimer�s disease, Dihydrotestosterone, Wild type,
Amyloid precursor protein, Amyloid beta.

Defective respiratory function in patient with neuromuscular and
neurological diseases is the  leading cause of death in the elderly (Bach
et al., 1998; Finder et al., 2004; Kang, 2006; Haas et al.,  2007). The
aging process is accompanied by a decline in lung function (Janssens
et al., 1999; Zaugg &  Lucchinetti, 2000). The ventilatory reserve is
compromised during acute illness, surgery, or exercise.  Lungs are
responsible for the gas exchange that allows for normal body organ
functions. Any deviation  from normal lung function has a direct effect
on system functionality (Zeleznik, 2003).

Patients suffering from hypoxic conditions are known to be more
susceptible to the development  of various forms of dementia including
Alzheimer�s disease (Peers et al., 2007) In a study of 84 AD  patients,
bronchopneumonia was the most common cause of death in 77% of
the cases (Burns et al.,  1990). Recently, immunohistochemical
localization of Ab  deposits in lung tissue (Skodras et al., 1993),  death
of AD patients due to bronchopneumonia (Attems et al., 2005), and
better respiratory function in  midlife associated with a lower late-life
risk of developing dementia and AD (Guo et al., 2007) reveal a  more
intricate involvement of the lungs in AD progression.

Depletion of sex steroid hormones associated with normal aging
is a significant risk factor for the  development of AD in men and
women (Paganini-Hill & Henderson, 1994; Rosario et al., 2004; Fuller
et  al., 2007). Among androgens testosterone has been attributed to
control of breathing, although its role is  unclear. With age, free
testosterone levels in blood decreases while LH is known to increase,
but the total  testosterone levels remain essentially unchanged. The
degree of respiratory disturbance appears to be  associated with
decreased overnight plasma free testosterone, but this relationship is
lost after age  adjustment (Schiavi et al., 1992; Saaresranta & Polo,
2002). In patients (males) with chronic respiratory  failure, serum
testosterone depression is associated with hypoxia (Semple et al., 1980).
Hence, we  consider it would be interesting to investigate the effect of
testosterone on Alzheimer�s disease lungs.

Transgenic mouse models have proven to be valuable tools to
study Alzheimer�s disease alterations and the effect of drug treatment.
A transgenic mouse model well suited to address these questions was
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introduced by Hsiao et al. (1996). These transgenic (Tg2576) mice
express the Swedish double mutation of human APP695 under control
of the hamster prion protein promoter and develop Alzheimer like b-
amyloid deposits in the brain when aged. These mice also exhibit
impairments in spatial reference and alternation tasks at the age of 9�
13 months (Holcomb et al., 1999). The β-amyloid deposits are present
in brain and are accompanied by the presence of massive gliosis and
dystrophic neurites, with evidence for oxidative stress in the cerebral
cortex (Pappolla et al., 1998; Smith et al., 1998). Therefore, this animal
model represents an appropriate tool with which to study the  expression
pattern of amyloid protein under pathological conditions.

To date in this mouse model, amyloid deposits are revealed in the
regions of brain alone. Earlier  studies on transgenic mice report the
role of hormones viz., progestins (Frye & Walf, 2008), luteinizing
hormone (Casadesus et al., 2006), androgens (Rosario et al., 2006)
and estrogens (Green et al., 2005) on  amyloid beta deposition in brain.
However, there is a lack of knowledge about the systemic outcome of
amyloid protein in Alzheimer�s disease condition. It is essential therefore
to assess the role if any, of  testosterone in modulating the systemic
effects of AD.

We speculate that amyloid protein may be expressed in AD lungs
and cause lung lesion.  Testosterone treatment may attenuate lung lesion
at least in part by clearing airways of amyloid protein,  which, might be
a cause for less oxygen supply to the AD brain. The present work was
undertaken to test  this hypothesis.

Materials and Methods

Chemicals

Dihydrotestosterone, antibody for beta actin were purchased from
Sigma. Antibodies for amyloid  beta precursor protein (APP), goat
anti-rabbit, and anti mouse, were purchased from abcam.

Transgenic mice

Male wild type (WT) and Alzheimer�s disease (AD) hemizygous
B6;SJL-Tg(APPSWE)2576Kha  transgenic mice 12-15 wks old were
purchased from Taconic Farms, New York. On arrival mice were

housed individually with controlled temperature (25° C) and 12h alternate
light-dark cycles. Food and  water were provided ad libitum.

Groups

Both WT and AD mice were randomly divided into 2 groups each:
i) WT (n=5), ii) WT+DHT  (n=6), iii) AD (n=8), iv) AD+DHT (n=8).
They were treated subcutaneously (sc) with or without DHT  1mg/kg
body weight for 21 days. Animal care and experiments were approved
and conducted according to the Texas Tech University Health Sciences
Centre Institutional Animal Care and Use Committee (IACUC)
guidelines.

Control and experimental groups of the wild type (WT, WT+DHT)
and AD (AD, AD+DHT) mice  were sacrificed by CO2 asphyxiation
on day 22 post DHT treatment. The body weights were recorded
everyday prior to DHT treatment. Lungs and seminal vesicles were
dissected out and weighed  individually. Relative organ weights were
calculated as the ratio between organ and body weight of individual
animal. Lung tissue was snap frozen in liquid nitrogen for immunoblot
and RT-POR analysis. The mice were 23-27wks old when they were
sacrificed.

Tissue preparation and lesion analysis

Tissues were fixed in 4% paraformaldehyde. Paraffin sections
were cut 5µm thick and stained with hematoxylin and eosin.
Microphotographs were taken using an Olympus microscope BX50
with Nikon digital camera DXm1200. Pictures were captured using
ACT-1 Nikon version 2.2 software. Analysis was performed using
Metamorph 7.5.4.0 2008 software from Molecular devices, Downing
town, Philadelphia, Pennsylvania. Adobe Photoshop CS2 was used for
final processing.

Semi quantitative analysis of Alveoli number

Hematoxylin and eosin stained paraffin lung sections were counted
in a blinded fashion using light  microscopy for alveoli number in all the
four experimental groups. Image analysis software Metamorph  7.5.4.0
2008 from molecular devices, Downing town, Philadelphia,
Pennsylvania, was used to count healthy alveoli with no infiltration
independently by two investigators.
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Immunohistochemistry

Staining of 5 µm thick paraffin sections was performed using
antibody to APP (1:500). Sections were deparaffinized and incubated
with 3%H

2
O

2
 to inhibit endogenous peroxidase activity. After washes

in PBS and water, the sections were incubated with anti-body diluted
in bovine serum albumin (BSA)  overnight at 4°C. Sections were washed
in PBS and probed with anti-rabbit anti-body (1:5000) for 1hr.
Peroxidase substrate DAB kit (Vector Laboratories, Burlingame, CA)
was used as per manufacturer�s  instructions. The sections were
counterstained with Harris hematoxylin (Fisher). Control sections in
which the primary antibody was omitted failed to show significant
staining. Pictures were captured using Olympus microscope BX50 with
Nikon digital camera DXm1200 and ACT-1 Nikon version 2.2 software.
Finally figures were processed by using Adobe Photoshop CS2.

Immunoblotting

Lungs were homogenized using microprobe, polytron setting of
�7�, 30 seconds (10 sec each time) on ice in lysis buf fer (10 mM Tris,
250 mM Sucrose; 0.779mM EDTA pH 7.4) containing 10mg/ml
aprotinin and 1 mM phenylmethylsulfonyl fluoride (PMSF) (Sigma).
Equal amounts of protein (50µg), as  determined by the BCA method
(Smith et al., 1985) was loaded onto a 12% polyacrylamide gels
containing 0.15 M sodium dodecyl sulphate (SDS-PAGE), electro
transferred to polyvinylidenedifluoride  (PVDF) membrane (BioRad)
and nonspecific binding was blocked with 4% nonfat milk  for 3 hours
at 4°C in phosphate buf fered saline containing 0.05% Tween 20 (Sigma).
Membranes were  then incubated overight at 4°C with APP (1:10,000)
or ß-actin (1:7500) primary antibodies. After washing  the membranes
and incubating at 4°C with anti-rabbit (1:20,000) or anti-mouse (1:2500)
antibodies  respectively, bands were visualized using chemiluminescence
(Pierce) and exposure to X-ray film  (Kodak). Band densities on X-ray
films were quantified using the Alpha imager 2000, Alpha Innotech
Corp., San Leandro, CA, USA. The bands of interest were designated

manually and the software then calculated the integrated density value
[IDV = S (each pixel value � background)] within the designated  area.

Reverse transcriptase (RT)-PCR for Amyloid beta.

Total RNA was isolated using Trizolfi reagent (Invitrogen) and
processed according to the directions of the manufacturer. Single
stranded cDNA from  total RNA was synthesized using the high-capacity
cDNA reverse transcriptase kit (Applied Biosystems)  according to
the supplier�s instructions. Target specific PCR primers for L-19 and
APP harboring the  amyloid beta (Aß) common to human and murine
sequences were used and the PCR products were run on  a 1.2%
agarose gel stained with ethidium bromide. Band densities on gel were
quantified using the Alpha imager 2000, Alpha Innotech Corp., San
Leandro, CA, USA. The bands of interest were designated manually
and the software then calculated the integrated density value [IDV = S
(each pixel value �  background)] within the designated area.

Statistical Analysis

Prism software (version 4.02, GraphPad Inc., San Diego, CA,
USA) was used for graphical  presentation and statistical analysis. All
values are represented as mean – SEM. Analyses of variance
(ANOVA) performed included one-and two-way ANOVA for matched
samples followed by Bonferroni  and Newman-Keuls post-hoc test of
differences between all group means. P<0.05 was considered
statistically significant.

Results

Figure1 depicts body weights in absolute grams – SEM as
mentioned in the graph. 5-8 mice were used in  each experimental
group. Body weights of mice in the four groups wild type (WT),
Alzheimer�s disease  (AD), wild type treated with dihydrotestosterone
(WT+DHT) and Alzheimer�s disease treated with  dihydrotestosterone
(AD+DHT) were recorded every day and an average of weekly body
weights  represented in the graph. Two way analysis revealed
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significance in the interaction (P<0.0001), time  (P<0.0001) and
treatment (P=0.0006). Bonferroni post-hoc tests shows significant
differences between  the groups mean. At day 0 one way ANOVA
revealed no significant differences in body weights. On day 7 of DHT
treatment a significant increase in body weights was  observed  in
WT+ DHT  group compared to  WT (P < 0.05),  AD (P < 0.001)  and

Fig.1. Effect of dihydrotestosterone (DHT) on the body weights of
mice. WT= wild type, AD= Alzheimer�s  disease.

Fig.2. Effect of dihydrotestosterone on seminal vesicles weights. WT=
wild type, AD= Alzheimer�s  disease.

AD+DHT (P<0.01) groups. On days 14 and 22 a significant body  weight
increase in WT (P< 0.05), WT+DHT (P<0.001), AD+DHT (P< 0.05)
was observed compared to AD group.

Morphological appearance of lungs in AD mice looked pale pink

in color compared to WT lungs which  were more reddish. No significant

differences in the normalized lung weights to individual body weights in

AD group was observed when compared to WT. DHT treatment did

not reveal any effect on lung weights in both the WT and AD groups

(data not shown). To confirm if the DHT treatment was effective on

mice, seminal vesicles were weighed as a marker for androgen action.

DHT treatment to WT mice augmented seminal vesicle weights

significantly (P<0.01) compared to WT  and AD groups. Such an

increase P<0.05 in WT+DHT group was also observed when compared

to  AD+DHT group (Fig. 2).

Effect of DHT on the histoarchitecture of lungs (Fig. 3)

Image analysis of hematoxylin and eosin stained lung sections

revealed well developed alveolar  ducts, alveolar sacs, septa, respiratory

bronchiole and respiratory alveolus in WT lungs (Fig. 3. A1, B1).  AD

lungs revealed diffused alveolar damage, distorted appearance of lung

parenchyma with loss of alveolar architecture and heavy inflammatory

infiltration. There was alveolar cell hyperplasia, scattered atypical

mononuclear cells within the alveolar interstitium, infiltration of small

blood vessels by eosinophils, presence of interstitial neutrophils,

macrophages in alveolar ducts, spaces and alveolar hemorrhage

observed in AD lungs (Fig. 3. A2, B2). Exogenous DHT treatment to

WT mice showed  normal lung architecture (Fig. A3, B3). On the

other hand, histological evaluation of AD lungs treated with DHT

showed a few healthy airways compared to untreated AD lungs,

although infiltration of cells was observed (Fig. A4, B4).
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Effect of DHT on alveoli number

Bar graph (Fig.3) shows the mean healthy alveoli number. One
way ANOVA  revealed  significant (P<0.0001) differences in the group
variances. Newman-Keuls multiple comparison tests revealed significant
differences between the groups mean. Alveoli number increased
significantly (P<0.05) in WT+DHT compared to WT. While, in AD
group the numbers decreased significantly (P<0.001) when compared
to WT and WT+DHT. On the other hand alveoli number in AD+DHT
group increased significantly (P<0.05) compared to AD group.

Fig.4. Representative photomicrographs showing immunohisto-
chemistry analysis of amyloid precursor protein (APP) (brown
DAB staining). WT= wild type, AD= Alzheimer�s disease. Note
that AD lung sections show intense staining for APP.

Effect of DHT on APP expression by immunohistochemistry

Immunohistochemistry analysis (Fig.4) revealed no APP labeling
in WT and WT+DHT lung sections. On the other hand an intense APP
labeling of infiltrated macrophages and type II alveoli cells and red
blood cells (RBC) was observed in AD sections. DHT treatment to
AD mice revealed labeling of APP was nevertheless observed in
alveolar infiltrated cells. Sections were also processed for negative
controls without primary antisera where labeling of APP was negative.

Effect of DHT on APP expression by immunoblotting

To examine the levels of APP quantitatively in AD lungs and the
effect of DHT, immunoblot analysis was performed. One way ANOVA
revealed significant (P<0.001) differences in group variances.
Newman-Keuls post hoc test revealed significant (P<0.01) increase in
APP expression in AD and  AD+DHT groups when compared to WT
and WT+DHT groups. The graph shown represents the mean of  %
integrated density value (IDV) normalized to ß actin n=3.
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Fig.3. Representative photomicrograph showing hematoxylin and eosin
stained lung sections. Bar  scale, A = 50 µm, B = 100 µm. WT=
wild type, AD= Alzheimer�s disease, DHT= dihydrotestosterone.
Note the well developed lung airways in  WT (A1, B1) and
WT+DHT (A3, B3) lungs compared to infiltrated and diffused
airways in AD (A2,B2)  and AD+DHT (A4,B4) lungs.



Fig.5. Immunoblot analysis of amyloid precursor protein (APP) in the
lungs. WT= wild type, AD= Alzheimer�s disease. The top panel
is a representative of autoradiograph from lung tissue. The
bottom panel shows bar graph of % integrated density values
normalized to ß actin. Significant mean differences. aP<0.001
WT and WT+DHT vs AD group. b P<0.01 WT and WT+DHT
vs AD+DHT group.

Fig.6. Reverse transcriptase PCR analysis of amyloid beta in the lungs.
WT= wild type, AD= Alzheimer�s disease. The top panel shows
triplicate ethidium bromide stained bands of amyloid beta and
L-19 in lung tissue. The bottom panel shows bar graph of amyloid
beta % integrated density values normalized to L-19. One-way
analysis of variance revealed a significant (P=0.0014)
differences.

Effect of DHT on APP gene expression by RT-PCR

To elucidate if APP gene levels alter in experimental groups,  semi-
quantitative PCR  using APP specific primers was performed with the
internal control house keeping gene L-19. One way ANOVA  revealed
a significant (P< 0.01) increase in amyloid gene levels in AD group
compared to WT and  WT+DHT groups. DHT treatment to AD mice
caused a significant (P<0.05) decrease in APP gene levels compared
to APP levels in untreated AD group. Fig. 6 upper panel shows ethidium
bromide stained gel of  triplicate samples from each experimental group.
The bar graph in Fig.6 represents % integrated density  values of APP
gene normalized to L-19.

Discussion

To study the effects of DHT on the lungs were assessed in AD
transgenic mice it is necessary to evaluate lesion in alveoli because this
is the important area for gas exchange (Askin & Kuhn, 1971). Further
more,  lesions in this area have been shown to correlate with hypoxia
or less supply of oxygen to other organs (Bensch et al., 1964; Policard,
1967a; Adamson & Bowden, 1974). It was found that DHT attenuated
alveoli number, amyloid protein and gene expression in AD mice,
because the lesion formation in AD mice lungs was greater than that
of DHT treated mice.

Amyloidosis localized to the respiratory tract was first described
in 1877 (Thompson & Citron,  1983; Utz et al., 1996). Recent reports
show that defective respiratory function in patients with  neuromuscular
and neurological diseases are the leading cause of death in the elderly
(Bach et al., 1998;  Finder et al., 2004; Kang, 2006). It is also known
that the aging process is accompanied by a decline in  the lung function
(Janssens et al., 1999; Zaugg & Lucchinetti, 2000; Rosenthal & Kavic,
2004). Most importantly bronchopneumonia was the most common cause
of death in 77% of the cases of AD patients (Burns et al., 1990) and
recent evidence revealing pulmonary amyloid expression in older men
and women (Matsutani et al., 2001) leads to speculate that amyloid
protein expression in lungs may be a useful marker to further uncover
the mystery of Alzheimer�s disease.
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Towards this end we used AD transgenic mouse model in our
present experiment. Immunohistochemistry revealed amyloid protein
deposits in the AD lung, predominantly observed in macrophages, type
II cells and red blood cells. Such an observation was not reported in
earlier investigations of pulmonary amyloidosis, although strong positive
staining of amyloid protein was shown in human AD lungs (Skodras et
al., 1993). Amyloid deposits have been identified as chronic inflammatory
stimulants in AD and many studies, amply document that �senile
amyloids� are common in non-neural tissues of aging individuals, humans
and animal models (Lee & Johnson, 1975; Skodras et al., 1993;
Roertgen et al., 1995; Hasleton, 1996; Matsutani et al., 2001; Agca et
al., 2008). Positive staining of APP on Red blood cells (RBCs) in our
studies is concurrent with earlier studies that RBCs bind amyloid beta
fibrils (Mohanty et al., 2008).

Pulmonary amyloid expression in our study was confirmed by
immunoblotting analysis. In an earlier study, Rossner et al. (2001) had
failed to detect APP in the lungs of this mouse model. This difference
in observation may be attributed to the detection of APP antibody
specificity.  Further, increase in amyloid beta gene level confirmed by
RT-PCR in our studies corroborates with  the previous report of Northern
blot analysis using human APP probe in transgenic rat model (Agca et
al., 2008).

Advancing age, depletion of testosterone as a normal consequence
of aging are related risk-factors for Alzheimer�s disease in men (Rosario
et al., 2004). Aging also increases respiratory disturbance associated
with lower levels of testosterone (Schiavi et al., 1992; Saaresranta &
Polo, 2002). Serum testosterone depression is also associated with
hypoxia (Semple et al., 1980) in male patients with chronic respiratory
failure. The impact of sex hormones on lung physiology and disease in
animal studies has been reported recently (Carey et al., 2007). On the
other hand, it has also been reported that, in both rodent and human,
androgens can exert beneficial cognitive effects (Cherrier, 2005;
Janowsky, 2006). However, a clear correlation between testosterone
and its effect on the lungs in AD condition needs attention.

The exogenous testosterone increased body and seminal vesicle
weights in both wild type and AD groups compared to untreated control
groups. Increase in the body and seminal vesicle weights of mice in
our study are concurrent with the previous studies (Hooker, 1943; Allen,
1958). A number of recent studies have highlighted the myriad of ways
in which sex hormones can  modulate lung development, physiology,
and pathology (Carey et al., 2007). Sex hormones have been
demonstrated to play important roles in models of allergic airway disease,
immune response, and lung injury, and the influence of sex hormones is
often dependent upon the model studied. DHT treatment did not
completely restore the pathology of AD lungs. The reason could be
attributed to the continued presence of amyloid protein in the lungs
even with DHT treatment as confirmed by immunohistochemistry,
immunoblotting and RT-PCR analysis. Although, a marked improvement
in the airways, an increase in alveoli number and a relative decrease in
amyloid protein and gene levels were observed after DHT treatment
in AD lungs. These levels were never back to normalcy when compared
to the wild type lungs.

In this study, we did not assess the mechanism(s) by which
testosterone attenuated APP  expression in lungs. Our observations
taken together with those of others may help explain some of the reports
with regard to the role of hormonal therapy in Alzheimer�s disease.
Histology and cytology of lung reveals that the alveoli bring RBCs into
close proximity with inspired air. Type I pneumocytes are the squamous
cells that form a component of the air-blood barrier. The Type II
pneumocytes secrete surfactant that reduces surface tension and
prevents atelectasis and macrophages reuptake surfactant, debris, etc
(Askin & Kuhn, 1971). Type II pneumocytes are progenitors of Type I
pneumocytes, developmentally (Adamson & Bowden, 1974). Type I
pneumocytes wrap around the endothelial cells and their primary function
is gas exchange which takes place in the alveolar septum (Bensch et
al., 1964; Policard, 1967b, a) . Our findings localize APP expression in
Type II pneumocytes and macrophages.
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This would explain that Type II pneumocytes with amyloid toxicity
are unable to act as progenitor cells to  produce Type I cells, which in
turn impairs the function of Type I cells of gas exchange in lungs. On
the other hand, APP expression in Type II pneumocytes would have
adverse effects on the collapse of AD lung alveolar septum inhibiting
surfactant secretion and macrophages unable to clear the debris with
APP toxicity. Furthermore, APP bound RBCs in AD lungs might be
deprived of oxygen transport and delivery.

In summary, the effects of dihydrotestosterone on lung lesion and
amyloid expression were assessed in Alzheimer�s disease transgenic
mice by immunohistochemistry, immunoblotting and RT-PCR analysis.
Our results unambiguously show that Alzheimer�s mice lungs express
significant levels of amyloid deposits. Further, our studies also indicate
that dihydrotestosterone attenuates amyloid levels in AD mice lungs.

Our findings if confirmed in humans may have important clinical
implications, because they would suggest the cause of death in AD
patients due to respiratory complications. Further, experiments using
AD animal models are needed to reveal the involvement of systemic
affects in Alzheimer�s disease progression for therapies that prevent,
slow down the progression or defer the onset, or in anyway improve
the symptoms of Alzheimer�s disease.
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ABSTRACT

Aging though inevitable, is an unwanted biological phenomenon.
During the life span, metabolic machinery of the body deteriorates
at an increasing rate after the organism reaches its maturity. This
process is thought to be related to increase in free radicals
generation and oxidative stress. Today, alcohol use and its
consequences are issues undergoing extensive debate. So in the
present study we made an attempt to investigate the impact of
alcohol treatment during aging by selecting two age groups
(3months as �young� and 18 months as �old�).  The parameters
like superoxide dismutase (SOD), catalase (CAT), glutathione
reductase (GR), glutathione peroxidase (GPx) and glutathione
(GSH) were assayed in the brain tissue. These antioxidant enzymes
were decreased with the advancement of age and also with alcohol
treatment. The decline in antioxidant enzymes with age and alcohol
ingestion could be due to the production of reactive oxygen
species and the action of these antioxidant enzymes on these
species. However, the activities of SOD, CAT, GR and GPx and
GSH levels were lesser with alcohol treatment in old rats. We
conclude that 2 months alcohol treatment was unsafe to the old
rats. It may be concluded that the consumption of alcohol during
old age should not be preferable.

Key words : Aging, alcohol, antioxidant enzymes, rats.

Alcohol use is related to wide range of physical, mental and social
harms (Abel, 1997). Most health Professionals agrees that alcohol
affects practically every organ in the human body. Alcohol consumption
was linked to more than 60 disease conditions in a series of recent
meta-analyses (Single et al., 1999; Ridolfo and Stevenson, 2001).
Alcoholism is a serious problem for any age group that can have
pathological effect on several important systems of the body, eg: Central
vascular system, central nervous system, liver, kidney function and
cognitive function. It is generally accepted that excessive alcohol
consumption can induce dramatic changes in the physiological and
biochemical processes of the whole organism and in the cells (Oba et
al., 2005). Ethanol exposure to brain can be associated with oxidative
perturbation of cellular oxidant/antioxidant balance (Calabrese et al.,
2000).  Chronic ethanol exposure leads to brain damage and production
of free radicals which ultimately leads to neuro degenerative changes,
such as aging (Benzi and Moreti, 1995).

An increasing evidence points to oxidative stress as an important
mechanism of alcohol toxicity (Sergent et al., 2001) in as much as
alcohol induces peroxidation of membranes lipids and oxidation of
proteins and nucleic acids (Davis et al., 2001). These effects lead to
changes in cellular markers of oxidative stress such as intraerythrocyte
glutathione (GSH) in alcohol consumers (Rigamonti et al., 2003).

Aging has been defined as the sum of all changes produced with
the passing of time, determining a decline in the morphological integrity
and functional capacity of the endocrine, nervous and immune systems,
together with a decrease in their ability to maintain homeostasis (Meites
et al., 1987). Aging associated decline in mitochondrial respiratory
function can lead to lower ATP production and higher oxidative stress
and leads to gradual decline in their physiological functions (Bakala et
al., 2003; Lee and Wei, 2007). Aging is characterized by a general
decline of physiological functions. The free radical theory purports that
oxidative stress develops when the well-regulated balance between
pro- and anti-oxidants gets out of control in favor of the pro-oxidants.
As age advances, several enzymes increase, while sum decrease and
some do not show any changes in their activities. (Husain and Mitra,
2004; Kakarla et al., 2005). The specific alterations in the enzymes
must have inflicted a great impact on the process of aging.

134 Indian Journal of Gerontology



Elderly people may be more susceptible to oxidative stress induced
by alcohol consumption than young. At present the role of the
antioxidant enzymes during alcohol use has not been thoroughly
investigated so for in old age. Taking into account the above,  the purpose
of the present study was to analyze the impact of alcohol in two different
age groups of male albino rats.

Materials and Methods

Animal care and treatment:

Pathogen free, Wistar strain male albino rats (n = 24) of two
different age groups i.e., young (3 months old) weighing 170±10gm
and old (18 months old) weighing 240±10gm were used in the current
investigation. [Approved by the Institutional Animal Ethics Committee
[(Regd.No. 438/01/a/CPCSEA/dt 17.7.2001) in its resolution number
9/IAEC/ SVU/ Zool, dated 4.3.2002]. We assumed such a division of
the age groups according to the studies of Cao and Cutler (1995). The
rats were housed in clean polypropylene cages, 6 rats per cage and
maintained under temperature controlled room (27 ± 20C) with a
photoperiod of 12 hrs light and 12hrs dark cycle. The rats were fed
with a standard rat pellet diet and water ad libitum.

Chemicals

All the chemicals used in the present study were Analar Grade
(AR) and obtained from the following scientific companies: Sigma (St.
Louis, MO, USA), Fischer (Pitrsburg, PA, USA), Merck (Mumbai,
India), Ranbaxy (New Delhi, India), Qualigens (Mumbai, India).

The animals of both the age groups i.e., young (n = 12) and
moderately aged/old (n = 12) were divided in to two groups of six
each.

Group I � Normal Control (SC) : Six rats were put on a six-
channel, motor driven treadmill for 5 days / week for a period of 2
months and given 23 m / min exercise for 5 mm for equivalent handling,
and also the rats received normal (0.9%) saline orally via orogastric
tube.

Group II � Alcohol Treatment (At) : Six rats received 20% of
alcohol with a dose of 2.0 grams / kg bodyweight via orogastric tube
for a period of two months.

After completion of 2 months treatment, the animals were
sacrificed by cervical dislocation and the brain tissue was excised at
40C.  The tissue was washed with ice-cold saline, immersed in liquid
nitrogen and immediately stored in deep freezer at -80oC for further
biochemical analysis. The selected antioxidant enzymes such as
Superoxide dismutase (SOD), Catalase (CAT), Glutathione peroxidase
(GPx), Glutathione reductase (GR) and Glutathione (GSH) levels were
monitored by the methods of Misra and Fridovich (1972), Aebi (1984),
Flohe and Gunzler, (1984), Carlberg and Mannervik (1985), Theodorus
et al. (1981), respectively.  Total proteins were estimated by the method
of Lowry et al., (1951). ).

Table 1 : Changes in SOD, CAT, GPx, and GR, activities and GSH level in
the brain tissue of  rats.

Parameter      Normal Control (NC)                  Alcohol Treatment (At)
Young Old Young Old

SODa 6.293–0.090 3.879–0.143* 5.036–0.128* 2.990–0.081*
(-19.974) (-22.918)

CATb 0.083–0.004 0.045–0.004* 0.041–0.006* 0.019–0.001*
(-50.602) (-57.777)

GPxc 0.393–0.056 0.182–0.027* 0.289–0.008* 0.108–0.005*
(-26.463) (-40.659)

GRd 0.114–0.006 0.050–0.004* 0.077–0.005* 0.026–0.004*
(-32.456) (-48.000)

GSHe 25.291–0.898 12.478–0.322* 21.223–0.741* 11.263–0.483*
(-16.084) (-9.737)

All the values are mean, – SD of six individual observations,
a values are expressed in units of superoxide anion reduced/mg protein/minute,
 b values are expressed in ì moles of H

2
O

2 
degraded/mg protein/minute,

 c,d values are expressed in ì moles of NADPH oxidized/mg protein/minute,
e values are expressed in ìmoles of glutathione/gram wet weight of the tissue
 values in the parenthesis denote percent change over normal control,
*significant at p< 0.001 with normal control.

Statistical analysis

The data has been analyzed by using SPSS (Version 13.5; SPSS
Inc., Chicago, IL, USA) and M.S. Office, Excel Software for the
significance of the main effects (factors), and treatments along with
their interactions. The data has been compared using one way ANOVA
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with Dunnett�s multiple comparison test and differences were considered
significant at 0.001.

Results

In the present study, the SOD activity in the brain tissue was
decreased in old age rats compared to young rats. With alcohol
treatment, SOD activity was significantly (p<0.001) depleted in the
brain tissue of both young and old rats. In the present study, down
regulation of SOD activity in brain (20%) of young rats, and (23%) in
old rats was observed with alcohol treatment when compared to their
respective normal controls.

 The activity of CAT was decreased in brain tissue of young and
old rats. But with alcohol treatment a significant depletion of CAT activity
was noticed in old rats when compared to young rats. CAT activity
was decreased in brain of young rats (51%) and in old aged rats (58%)
when compared to their respective normal controls.

We noted a significant reduction (p<0.001) in GPx activity in both
age groups of rats. However with alcohol treatment in old rats. However
with alcohol treatment in old rats GPx activity was further decreased.
It was 41 per cent vs 26 per cent when compared to their respective
normal controls.

A significant reduction (p<0.001) in GR activity in both age groups
of rats was observed. The depletion was 32% in young rats, and 48%
in old rats when compared to their respective normal controls.

The concentrations of GSH observed as a foot marker of oxidative
stress, dropped with advancement of age and further decreased with
alcohol treatment. In old rats alcohol treatment reduced GSH level by
10 per cent, whereas in young rats it was 16 per cent when compared
to their respective normal controls.

Discussion

Among various antioxidative mechanisms in the body SOD is
thought to be one of the major enzyme, which protects the cells against
tissue damage caused by the potentially cytotoxic relativities of free
radicals. (Carrillo et al., 1992). In this study, age related decrease in
SOD activity was observed in brain tissue indicate either reduced
synthesis of enzyme or elevated degradation or inactivation of enzyme

with the advancement of age. It is, therefore, possible that the decreased
in SOD activity with age might be closely related to the aging of the
organism. Sawada and Carlson (1987) reported that superoxide radical
formation increases with age, therefore a decreased protection against
toxic radical may have serious consequences for aging tissues. We
found that with alcohol treatment, SOD activity was decreased in both
age groups. However, in old rats more reduction of SOD was observed
than young rats. Somani et al., (1996) reported that brain SOD activity
was decreased with 20 per cent of alcohol treatment. Evidences exist
that alcohol intake increases the oxidative stress in the brain (Montoliu,
1994; Chen and Cohen, 1995) and its toxicity is associated with elevated
generation of reactive oxygen species like superoxide anion, hydrogen
peroxide and other free radicals (Reinke et al., 1994). SOD acts on
the superoxide radical hence, its activity was decresed. In old rats, the
over production of superoxide radicals due to alcohol intoxication implies
the over utilization of SOD, hence SOD activity was much decreased
in old age rats.

In the present investigation decrease in the activity of CAT was
observed in the brain of old rats than young rats. The decreased CAT
activity in the present study may be because of high reactive oxygen
metabolites production especially O�

2
 and H

2
O

2
 during aging process

and cause oxidative stress to the tissue.  Evidences suggest that O�
2

itself affect directly the CAT activity (Kono and Fridovich, 1982). Bindu
et al. (2002) reported that CAT activity was decreased with alcohol
treatment. The decreased CAT activity with alcohol treatment indicate
inefficient scavenging of hydrogen peroxide due to oxidative inactivation
of enzyme. However with alcohol treatment in old rats we, observed
more decrease in CAT activity than young rats (Mallikarjuna et al.,
2008).

A decrease in the specific activity of GPx was observed in old
rats when compared to young rats. The production of free radicals and
other ROS are believed to increase with age in most cells (Lee and
Wei, 2007). Age induced increases in the production of free radicals,
especially hydrogen peroxide was responsible for the lowered activity
of GPx in older rats. Vohra et al. (2001) reported decreased SOD and
GPx activities in aged guinea pigs. The decreased GPx activity might
have disturbed the glutathlone (GSH) homeostasis in brain cell and
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ultimately lead to the damage of brain. Ostrowska et al. (2004) reported
decreased GPx activity at a significant level in rat brain for a period of
4 weeks alcohol intoxication. Decreased GPx activity might be due to
either free radical inactivation of enzyme or depletion of its co-substrate
i.e., GSH and NADPH in the alcohol treatment (Chandra et al., 2000).
GPx catalyses the reduction of lipid peroxides or hydrogen peroxides
using reduced glutathione as a substrate, thus providing a line of
metabolism against alcohol induced oxidative stress (Albert II and Ren,
2003).

GR activity was dropped in the brain tissue of older rats. Recently
Mallikarjuna et al. (2007) and Pushphalatha et al. (2008) reported that
the decreased activity GR in hepatic and cardiac tissues with
advancement of age. The decrease in enzyme activity also suggests
the possible free radical mediated oxidative stress and consequent
damage to the brain tissue. Age induced oxygen derived free radicals,
which cause disturbance of pro-oxidants and antioxidant homeostasis
in the tissues and leads to decrease all the antioxidant enzymes including
GR. Glutathione reductase is involved in the detoxification of peroxides.
The activity of brain glutathione reductase was significantly decreased
with alcohol treatment in both age groups of rats. Somani et al. (1996)
also reported decreased GR activity with ethanol treatment in brain
tissue of rat. Das and Vasudevan (2005a) found a significant decrease
in GR activity in the hepatic tissue of rat. A significant decrease in
brain GR activity after alcohol treatment is indicative of impaired
reduction of GSSH to GSH due to depletion of reducing equivalent
(NADPH) which is a co-substrate for GR activity. The decrease in
GR activity and GSH levels after ethanol treatment reflected the
impaired glutathione of oxidized form to reduced form (Dinu and Zamfir,
1991). The increase in GSH / GSSG ratio in the brain of alcohol fed
rats and inhibition of GR activity are indicative of alcohol induced
oxidative stress in brain (Somani et al., 1996). In old rats with alcohol
treatment we observed very low activity of GR than young rats.

Glutathione is the most abundant intracellular thiol based antioxidant
present in milli molar concentration, and plays an important role in
maintaining the integrity of cells (Powers  et al., 2004). In the present
study, we reported that with alcohol treatment, GSH level was decreased
in both age groups. Several studies reported that chronic alcohol

consumption significantly depleted the GSH concentration in the hepatic
tissue of different mammals like, rats (Kim et al., 2003) mice (Zhou et
al., 2002) and man (Kannan et al., 2004; Das and Vasudevan, 2005b).
Alcohol interferes with the transport of GSH through membranes,
leading to its depletion from mitochondria.  The resulting GSH deficiency
may permit mitochondrial damage and cell death by means of unimpeded
lipid peroxidation (Zhou et al., 2002). Hence, the level of GSH was
decreased with alcohol intoxication.

From the above results, it is concluded that the antioxidant enzymes
help in countering the free radicals generated during aging process.
With alcohol treatment  these antioxidant enzymes SOD, CAT, GPx,
and GR activities and GSH levels were very much depleted in old rats,
which shows that these antioxidant enzymes acts on the excess free
radicals produced during old age.
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ABSTRACT

The main object of the present study was to evaluate association
between obesity and dementia in elderly people, and its prevention
and management by an herbal formulation.Under this clinical
trial, 80 men and women, aged 61 to 79 years who underwent a
detailed health evaluation, showing high BMI with a major
complaint of loss of memory and deterioration of other cognitive
functions were treated with a novel herbal formulation containing
hydro-alcoholic extract of Dioscorea bulbifera, Salacia oblonga
and Hippophae rhamnoides in effective doses. Normal 58 aged
(31 male and 27 female, BMI 18-25) with normal cognitive
functions, and 57 (33 male and 24 female) underweight aged
(BMI <18 with poor mental abilities) were also treated with test
formulation. The test formulation exerted beneficial effects on BMI,
mental functions particularly on memory and attention span,
inflammatory marker CRP including homocysteine, plasma leptin
and adiponectin levels during six months of study period. It is
concluded that test formulation enhanced the satiety, decreased
appetite and fat absorption through regulation of 5-HT, leptin
and adiponectin receptors involved in the onset of obesity. Thus
by regulating adipokines, memory, attention span and other
cognitive impairments significantly improved among obese elderly
demented subjects. Pre-clinical toxicity studies revealed that the
formulation was safe and could be administered for longer time.
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Obesity in adults is associated with cognitive impairment and
dementia and it is speculated to be a consequence of obesity or obesity
related processes like secretion of bio-active hormonal compounds,
altered insulin signaling diabetes, hypertension and other cardiovascular
disease processes (Graf et al., 2004; Rosengren et al., 2005; Whitmer
et al., 2005; Gustafson, 2006). Though some of the other mechanisms
are also involved in earlier life.

Obese adults particularly individuals with type-2 diabetes mellitus
may already have poor cognitive functions in childhood consistent with
a subtle developmental impairment (Chandola et al., 1958; Olsson et
al., 2008). Thus impairment in cognitive function in such cases may
begin much earlier in life showing early biological processes relevant
to neurological function and cognition. One of the views is that the
neurological mechanism and social influences also increase future risk
of obesity (Jefferis et al., 2002, Tong et al., 2007), and there is
association of childhood cognitive impairment with obesity in later life.

Dementia affects 4-10 percent of persons over 65 years or older.
In one of the studies (Beydoun et al., 2008) the workers observed
significant association between BMI and dementia i.e. the risk of
dementia increases with obesity and under weight. In a long term follow
up studies these workers noticed marked effect of over weight or
obesity with the onset of Alzheimer�s disease (AD) and vascular
dementia. Weight gain, and high waist circumference or more skin fold
thickness increased the risk of dementia. The meta-analysis showed a
moderate association between obesity and risk of dementia including
Alzheimer�s disease.

Several vascular risk factors have now been identified that are
associated with dementia (Kivipelto et al., 2006). Age, low education,
hypertension, hypercholesterolemia and obesity are the factors
responsible for future onset of dementia. Hyperhomocystenemia
appears to be an independent risk factor for various vascular linked
pathologies, including dementia, stroke and peripheral vascular disease
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(Braak and Braak, 1991). US National Institute of Health team found
that in middle age overweight increase the risk of developing dementia.
Obese people in their 40s are 74 percent likely to develop dementia in
comparison to the normal weight of same age group. The authors
warned that the percent epidemic of obesity might lead to a boom of
dementia.

BMI is an acceptable measure of body fat or adiposity in the
general population. Among old individuals, BMI may underestimate
adiposity because lean body mass is replaced by fat on aging
(Baumgartner et al., 1995). The association of increased adiposity to
dementia may be weaker among the older participants who may have
more body fat in spite of their low body weight. Thus association of
BMI to dementia may be more accurately assessed at mid life than in
the older years (Whitmer et al., 2005).

Adiposity is one component of metabolic syndrome, which has
also been shown to cause cognitive decline particularly in those with
high levels of inflammation (Yaffe et al., 2004). C-reactive protein an
important inflammatory marker is increased in those with greater
adiposity and is associated with dementia and cognitive decline (Das,
2001, Schmidt et al., 2002). In one of the recent studies obesity in
elderly women was shown to be associated with greater cerebral
atrophy and white matter hyperintensity (Gustafson, 2004).

It is reported (Brookmeyer and Gray, 2000) that in the next 20
years the incidence of dementia will increase 400 percent in aged
population. In one of the recent studies it was observed that obesity in
elderly women increase the risk of dementia (Wang, 2002, Gustafson
et al., 2003). It is evident that the ratio of lean to fat mass changes
with aging (Baumgartner et al., 1995) resulting in a decreased body
mass index (BMI). Later on dementia affects the appetite and causes
reduction in BMI and weight loss is responsible for dementia in elderly
population.

Sibutramin and Orlastat are the drugs approved by FDA for the
management of obesity (Rolls et al., 1998, Hill et al., 1999). Their
application is restricted due to risk profile, as these agents cause mood

enhancement, cardiovascular excitation etc. (Graddoc 1978, Bowen
et al., 1997).

As pointed out, obesity is a major risk factor for cardiovascular
and neurodegenerative disorders and a plant based tribal formulation
has been validated in the management of obesity associated with
dementia in elderly people. The Tribal plants Dioscorea bulbifera, Salacia
oblonga and Hippophae rhamnoides were selected, as
pharmacologically these plants have shown strong rationale for their
anti-obesity, anti-oxidant, anti-inflammatory and memory enhancing
property.

Materials and Methods

In the present study a prospective analysis of obese elderly was
carried out and subjects with age range of 61 to 74 years were selected
from urban population. All the selected obese cases had a major
complaint of dementia (memory loss with poor mental performance).

The study was divided into 3 groups �

Group-I: 58 elderly with normal body weight (31 male and 27
female, BMI 18-25), were treated with test formulation.

Group-II: 80 elderly obese subjects (34 male & 46 female, BMI
- >30) were treated with test formulation.

Group-III: 57 elderly with under weight i.e. (BMI <18) (33 male
and 24 female) were selected for validation of test formulation.

In all the three groups, the subjects were assessed for their mental
performance particularly for their memory status. Both Short Term
(Peterson and Peterson, 1969), and Long Term Memory (Chaudhary,
1978) were measured, Mini Mental State examination was conducted
using Folstein  et al. (1975) method. Attention span was determined by
electronic device, Attention Span Apparatus (Medicaid System).

Biochemical Assessment

Leptin and Homocysteine levels were measured by ELISA Kit
method. Adiponectin estimation was conducting using
Radioimmunoassay kit method. Inflammatory marker C-reactive protein
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was done by Kit for quantitative nephelometric determination of CRP
in human serum or Plasma, Turbox/Turbox analyzer.

The follow up studies were made at the interval of 3 and 6 months.
A written informed consent were taken from all the subjects to
participate in this clinical trial programme. The cases who showed any
serious metabolic, endocrine, neurologic, allergic or hemopoetic reactions
or did not follow the treatment schedule were discarded from the series.

Diagnosis of Dementia

A deterioration of memory along with complaints such as poor
orientation, poor judgment, problem solving difficulties, trouble in the
functioning of community affairs, inability to function independently in
home, during hobbies and personal care were noticed to be present.
The aged subjects who exhibited at least three of above mentioned
complaints were categorised in dementia group. Dementia rating scale-
2 (Jurica et al., 2001) has been used in the present study. Based on this
scale the score obtained for diagnosis of dementia is as follows :

Complaints Normal control Dementia

Attention 79.55 32.22
Initiation/Preservation 23.55 10.04
Construction 21.37 8.93
Conceptualization 2.55 1.45
Memory 21.18 9.79
Total Score 10.91 5.87

Preparation of test formulation:

Hydro-alcoholic extract of Diascorea bulbifera (400 mg), Salacia
oblonga (250mg) and Hippophae rhamnoides (300mg) were mixed with
additional additive (50 mg) to make one gram (1000 mg). The mixture
was then divided into 2 capsules of 500 mg so that each capsule contained
475 mg extract of three plants. One capsule was given in the morning
and one in the evening, continuously for six months. The values of
parameters obtained at initial level were compared with the values

obtained at the end of six months of treatment. Students paired T test
is applied to obtain significance level.

Results & Observations

Results indicated that incidence of obesity is more common in
female than the male sex. A high BMI at first visit was calculated in
obese demented elderly people. Similarly, triceps and sub-scapular skin
fold thickness was also recorded significantly high in obese subjects.
On the contrary, underweight elderly subjects exhibited low BMI with
poor skin fold thickness. A group of elderly showing normal BMI with
normal skin fold thickness without dementia served as the control group.
The obese subjects of group-II when treated with herbal formulation
for six months revealed a significant reduction in obesity index as BMI
and skin fold thickness reduced significantly (Table-1).

As discussed obesity is significantly associated with dementia
particularly in reference to elderly population. The present study also
indicated poor memory and deteriorated cognitive functions of elderly
people. On Mini-Mental State examination, memory and attention span
of obese individuals showed a very poor scores at baseline study which
improved significantly following six months of treatment (Table 2 - 5).

The novel herbal formulation has also shown beneficial role on
various bio-markers responsible for obesity like leptin and adiponectin.
A high value of leptin and significant low value of adiponectin was the
main laboratory findings of obese subjects at base line study. A marked
decrease in leptin level and significant increase in adiponectin was noticed
following treatment indicating anti-obesity property of the drug. On
comparison i.e. initial values vs six months values of the parameters
the changes were significant (Fig. 1 & 2).

An elevated level of homocysteine and inflammatory marker CRP
was associated with obese elderly cases. Following six months of
treatment, a reduction in the levels suggested improvement in vascular
inflammation and atherosclerotic process among obese subjects (Figs.
3 & 4), which exerted improvement in mental performance.
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Table-2 : Mini mental score among different elderly groups
(dementia) treated with herbal formulation.

Elderly 
Groups 

Sex  
No. o f 
C ases 

Mini Mental State Examination 
(Score) 

Initial 
After 3 
months  

After 6 
months  

Normal 
weight 

M 31 
19.81 
–3 .01 

19 .98 
–2.16 

20.28–2.35 
P>0.05 

F 27 
18.23 
–2 .94 

18 .86 
–3.41 

19.14–2.88 
P>0.05 

With obesity 
M 34 

14.51 
–2 .11 

15 .39 
–1.87 

15.83–1.91 
P<0.02 

F 46 
13.42 
–1 .98 

13 .88 
–2.01 

15.24–1.87 
P<0.001  

Under  
weight 

M 33 
15.77 
–1 .85 

15 .91 
–1.35 

16.54–2.16 
P>0.05 

F 24 
15.21 
–2 .04 

15 .54 
–1.84 

16.12–2.08 
P>0.05 

 
p value : Initial vs 6 months after treatment
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Fig. 1 : Decreased Leptin level in aged demented treated with herbal
formulation
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Table-3:  Short term memory score among different elderly groups (dementia) treated with  
               herbal formulation  
 
 

Short term memory span (Score) 
Initial After 3 months  After 6 months  

Elderly 
Groups 

Sex 
No. of 
cases 

3 sec. 9 sec. 18 sec. 3 sec. 9 sec. 18 sec. 3 sec. 9 sec. 18 sec. 

M 31 5.54 
±1.01 

5.14 
±0.92 

4.87 
±0.54 

5.71 
±1.12 

5.63 
±1.16 

5.21 
±0.98 

5.83±1.01 
P>0.05 

5.77±0.87 
P>0.05 

5.35±0.93 
P>0.05 Normal 

weight 
F 27 

5.16 
±1.02 

4.86 
±0.66 

4.68 
±0.71 

5.43 
±0.64 

5.10 
±0.55 

4.96 
±0.82 

5.71±0.84 
P>0.05 

5.53±0.49 
P<0.001 

5.48±0.86 
P<0.001 

M 34 
3.94 

±0.38 
3.71 

±0.41 
3.57 

±0.52 
4.64 

±0.62 
4.42 

±0.52 
4.12 

±0.38 
4.97±0.52 
P<0.001 

4.85±0.35 
P<0.001 

4.73±0.48 
P<0.001 With 

obesity 
F 46 

3.81 
±0.54 

3.64 
±0.43 

3.41 
±0.28 

4.33 
±0.39 

4.29 
±0.64 

4.10 
±0.48 

4.82±0.81 
P<0.001 

4.53±0.61 
P<0.001 

4.50±0.48 
P<0.001 

M 33 
3.94 

±0.38 
3.86 

±0.57 
3.71 

±0.61 
4.22 

±0.82 
4.16 

±0.71 
4.12 

±0.64 
4.80±0.48 
P<0.001 

4.63±0.91 
P<0.001 

4.55±0.73 
P<0.001 Under 

weight 
F 24 

3.69 
±0.61 

3.53 
±0.91 

3.38 
±0.29 

3.99 
±0.71 

3.86 
±0.81 

3.45 
±0.49 

4.27±0.67 
P<0.001 

4.16±0.68 
P<0.001 

4.08±0.91 
P<0.001 

 


