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ABSTRACT: Diabetes mellitus, coronary artery disease and oxidative stress are
some of the important complications encountered by women during menopause due
to decrease in estrogen levels. Food intake has a strong impact on menopausal

Keywords:

Menopause, Minor millets
Bilaterally ovariectomised rats,

women and a well balanced diet is important for good health and to combat some of
the complications of menopause to certain extent. Minor millets has much health
benefits and help to overcome non-communicable diseases like diabetes mellitus,
obesity, hyperlipidemia, cardio-vascular diseases, etc. It is rich in micronutrients,
especially vitamin B and minerals, Phytochemicals and dietary fiber. The phenolic
compounds in minor millets also helps in the prevention of chronic diseases like
Cancer. Minor millets like Paspalum scrobiculatum L., Panicum sumatrense Rothex
Roem. and Schult, Eichinochola frumentacea Link and setaria italic (L.) P. Beauv.
were chosen for the study. The bilaterally ovariectomized rat is an animal model for
the studies related to menopause. The powdered minor millets were mixed with rat
pellet and fed to the ovariectomised rats. After three months of the study, the blood
was collected and analysed for Blood Glucose, Serum Lipid profile, TBARS,
Gammaglutamyltransferase. There was a significant (P< 0.05) decrease in the serum
glucose,HbAlc, LDL cholesterol, Triglycerides, TBARS and GGT and improvement
in serum HDL cholesterol in the Minor millets fed group compared to the
control(SHAM operated). Thus Minor millets chosen for the study has the ability to
keep blood glucose level and serum lipid level in control and have the ability to
reduce the oxidative stress parameters.
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INTRODUCTION: Menopause is the event in
which the ovarian follicles get exhausted, as a
result there is a decrease in the production of
estradiol and other hormones *. Further, the much
reduced estrogen during menopause increases the
level of free fatty acid, which makes
postmenopausal women easily prone to the
metabolic syndrome and insulin resistance, which
are the risk factors for cardiovascular disease .
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Metabolic Syndrome and Cardio Vascular Disease
which are more common in older women with
notable increase in individual risk factors in the
postmenopausal phase *.

Women have a more tough phase of old age than
men because of the dominant effects of hormonal
changes caused by menopause. However, the
public health care system does not concentrate the
special health needs of older women. There has
been enormous research on menopause in the West
but in India only a few institutes have recognised
the importance of research on the subject °.
Nutrition is a basic need for human and an
important factor to lead a healthy life. From the
very early stages of life, a proper diet is essential
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for proper growth, development and to remain
active Symptoms of menopause may be
decreased by altering their nutritional status, which
is one of the important environmental factors to
lead a healthy life during menopause .

At different stages of life, the human body changes
and it requires unique eating habits to sustain
normal physiological functions. The increasing
urbanisation, westernization and mechanization in
most countries has led to a sedentary lifestyle and a
gliet having high energy-dense and high fat foods ®

Small millets, grown as a complement to existing
crops, could offer an answer to the malnutrition and
non-communicable diseases. They have good
nutritional properties, including high micronutrients,
low glycemic index, dietary fiber content', low
digestibility, low carbohydrate content and water
soluble gum content (b-glucan) which improves
glucose metabolism. Thus they release sugar
slowly in the blood and also slows the glucose
absorption **. Thus they exhibit hypoglycemic and
hypolipidemic  effects ', The bilaterally
ovariectomized rat model is the most popular
choice of animal model for the study related to
menopause, as it has been proven to represent some
of the most important clinical features like
postmenopausal bone loss *, cardiovascular
dysfunction **, metabolic changes ** and oxidative
stress (OS) *°.

Though there are more number of pharmacological
studies carried out worldwide on minor millets, no
research work have been carried out in
ovariectomized rats, an animal model of
menopausal complications. This research work was
done to study the potential effect of four minor
millets when consumed as combined mixture on
clinical and biochemical and clinical parameters of
the  metabolic syndrome in  experimental
menopause-induced rat model. Thus the aim of
current study was to determine the metabolic
impact of selected four minor millets when
consumed as feed by ovarictomized rats.

MATERIALS AND METHODS:

Plant Materials: Minor millets (Paspalum
scrobiculatum L., Panicum sumatrense Rothex
Roem. & Schult, Eichinochola frumentacea Link
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and setaria italic (L.) P. Beauv.) were purchased
from a local shop in Erode, Tamil Nadu, India and
was identified and authenticated by Dr. K. Althaf
Ahamed Kabeer, Scientist -D, Botanical survey of
India, Southern regional centre, Coimbatore, Tamil
Nadu, India. All the minor millets were taken in
equal proportion, subjected to cleaning with water
for 10 minutes and then they are rinsed with
distilled water and then air-dried overnight in an
oven at 40 °C. The Minor millets were ground to
coarse powder and the powder was mixed with
water to form dough which was rolled and cut as
the size of rat chow pellet. Then the pellets were
subjected to baking overnight in an oven at 40 °C
to dry out most of the moisture content so that it
can be stored until the end of the study. The pellet
was packed in a tight plastic container to keep it
fresh and free from humidity *'.

Phytochemical analysis of the aqueous extracts of
the selected minor millets and its mixture revealed
the presence of phenolic compounds, phytosterols,
carotenoids, flavanoids, calcium, iron, steroids,
alkaloids, carbohydrates and glycosides in extract.
It was also found to have antioxidant activity.

Animals: Twelve female wistar albino rats
weighing about 170 - 200 g in the age group of
about 90 days were used and acclimatized to the
experimental room at temperature 23+2°C,
controlled humidity conditions (50-55%) and 12-h-
light/12-h-dark cycle. Animals were caged with a
maximum of three animals each in a polypropylene
cage and were fed with standard food pellets and
water ad libitum. Ethical clearance was obtained
from the Institutional Animal Ethics Committee
(Proposal No. NCP/IAEC/N0:07/2014-15)) for
carrying out the animal study at Nandha Pharmacy
College, Erode, Tamil Nadu.

Experimental design: After seven days of
acclimation, the rats were ovariectomized (OVX)
or sham operated. The rat were anesthetized with
ketamine hydrochloride (70mg/kg i.m), the ovaries
were removed ventrally. Sham operation was
performed in same manner but only exposing the
ovaries. On sutures broad spectrum antibiotic were
applied for ten days. Ten days after recovering
from surgical damage, Experimental animals were
divided randomly into four groups of three animals
each.
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Group 1 was sham operated which served as basal
control. All the other groups were ovariectomized
and received treatment for 11 weeks starting from
the fifteenth day of ovariectomy. Group 2 received
the normal rat pellet diet and served as
ovariectomized control. Group 3 was orally
administered with Estradiol valerate (progynova
tablets - contain the active component estradiol
valerate which is a naturally occurring form of the
main female sex hormone, oestrogen) (2mg/animal/
day) orally for 11 weeks. Groups 4 were fed with
the feed prepared from the four minor millets
Body weights of all animals were measured

USED IN THE STUDY

FIG 1: SAMPLESOF MINOR MILLETS
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weekly. At the end of 11 week treatment, all the
rats were deprived of food. On next day, blood
samples from all the groups were collected through
sinus puncture. The blood samples were
centrifuged at 2500 rpm for 15 minutes to separate
serum and preserved (-20 °C) for analysis of blood
glucose, HbAlc, Hemoglobin and lipid profile.
Soon after collecting of blood, the animals were
sacrificed by cervical dislocation and the heart was
carefully removed, cleaned and weighed and

preserved in 10% formalin solution for
18,19

histopathological analysis

FIG. 2: FEED PREPARED FROM
THE FOUR MINOR MILLETS

FIG. 3: STANDARD DRUG —
ESTRADIOL VALERATE

FIG. 4: SHAM OPERATED
WISTAR ALBINO RAT

FIG.5: OVARIECTOMISED WISTAR ALBINO RAT
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Biochemical Assays of Serum: The level of blood
glucose, HbA1c and the lipid profile in serum were
determined by automatic analyser (Cobas C 111)
using standard methods.

Analytical Procedures: Estimation of blood
glucose was done by UV Test, Enzymatic reference
with hexokinase method 2> %', HbAlc was
estimated by Eross et al method *%. Estimation of
serum cholesterol was carried out by the method of
Roeschlau and Allain ** . Serum triglycerides
were estimated by the method of Wahlefeld ** and
HDL cholesterol was estimated by the homogenous
enzymatic colorimetric assay 2> 2. The VLDL
cholesterol was calculated using the formula,
TG/5mg/dl. The serum LDL cholesterol was
estimated by the homogenous enzymatic
colorimetric assay, an automated method %.
Atherogenic index was calculated by using the
formula, TC-HDL-C/HDL-C #. Estimation of lipid
peroxidation was done by Thiobarbituric acid
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reaction *°. Estimation of GGT was done by Szasz
31

Data analysis: Results were given as mean * S.D.
Data were analyzed using T test and one-way
analysis of variance (ANOVA). A p-value of 0.05
or less was considered as indicator of a significant
difference.

RESULTS AND DISCUSSION: The effect of
minor millets on body weight, blood glucose,
HbA1c and Hb are summarized in Table 1. At the
beginning of the study the body weight, blood
glucose and HbA1c of the OV X and Sham operated
rats were not significantly (P < 0.05) different but
after the start of the study OVX control group
showed significant (P < 0.05) increase in the body
weight whereas the minor millets fed group were
able to keep the weight under control within three
weeks of the start of the study itself.

TABLE 1: EFFECT OF SELECTED MINOR MILLETS ON BODY WEIGHT AND SERUM BIOCHEMICAL

MARKERS IN OVARIECTOMISED RATS

Group Body weight(g) Blood Glucose(mg/dl) HbA1c(%) Hb (mg/dl)
Initial Final Initial Final Initial Final Initial Final
Sham operated 19948.66 250.33+7.57 82.73+£2.05 82.73+£2.05 4.234£0.25 5.1+0.44 15.77+0.25 15.73+0.21
Ovx control 199+14.73 286.67+9.87 114.33+1.53 11641.55** 7.63%£0.35 7.77+0.81** 9.974£1.0 10.37+0.47**
Ovx +std. drug  194.67+5.03  213.67+18.01 115.5+0.5 91.2+0.72 7.43£0.93 5+0.2 10.47+0.6 14.5+0.5
Ovx + MM 200%2.0 203+4.73* 117.9+3.01 80.37+0.55* 7.9340.23 4.5+0.3* 10.37+0.57 15.3+0.3*

Mean * S.D (n = 3). **statistically significant (P < 0.05) from the sham-operated control group, * statistically significant (P < 0.05)
different from the OVX control group. Ovx control -Ovariectomised control, Ovx + std. drug - Ovariectomised + standard drug

control, Ovx + MM - Ovariectomised + minor millets fed

The blood glucose and glycosylated hemoglobin
level showed a dramatic reduced level in minor
millets fed group compared to the ovariectomised
control group. The Hemoglobin level was much
reduced after ovariectomy but after the beginning
of the study, there was a gradual improvement in
the hemoglobin level in the minor millets fed

group.

Total cholesterol, LDL, TG and VLDL level in the
serum of the ovariectomized control rats was found
to be markedly higher than in the sham-operated
controls (Table 2 and 3). Minor millets fed group
showed significant (P < 0.05) reduction in total
cholesterol, LDL, TG and VLDL compared to the
OVX control. HDL level was significantly (P <
0.05) increased in the minor millets fed group.

TABLE 2: EFFECT OF SELECTED MINOR MILLETS ON SERUM LIPID PROFILE IN OVARIECTOMISED
RATS

Group Total Cholesterol (mg/dl) HDL(mg/dl) LDL (mg/dl)
Initial Final Initial Final Initial Final
Sham operated 185+5.0 183.33+2.08 70+2.0 69.33+3.79 86+6.56 88.33+2.08
Ovx control 251+9.87 260+10** 37.67+2.52 37.67+2.51** 179+11.53 183.67+1.53**
Ovx + std drug 266.67+3.06 175.3345.03 33.33+2.31 67.67+2.5 177+8.19 87.67+1.53
Ovx + MM 279.33+19.22 174.33+8.14* 38+2.0 71.33+1.5* 182.67+8.33 85.67+2.08*

Mean £ S.D (n = 3). **statistically significant (P < 0.05) from the sham-operated control group, * statistically significant (P <
0.05) different from the OV X control group. Ovx control -Ovariectomised control, Ovx + std. drug - Ovariectomised + standard
drug control, Ovx + MM - Ovariectomised + minor millets fed.
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TABLE 3: EFFECT OF SELECTED MINOR MILLETS ON SERUM LIPID PROFILE IN OVARIECTOMISED RATS

Group TG (mg/dl) VLDL (mg/dl)
Initial Final Initial Final
Sham operated 158.33 £ 9.07 168.67 £ 1.15 26.53 £ 0.42 26 £0.2
Ovx control 262.67 +11.02 268.67 + 3.2%* 5253 +2.2 53.73 + 0.64**
Ovx + std drug 258.67 + 6.03 158+ 2.0 51.73+1.21 25.73+0.12
Ovx + MM 266.33£5.51 156.67 + 9.87* 51.67 + 0.58 25.67 £ 0.5*
Effect of Minor Millets on Serum Oxidative Postmenopausal status is associated with an

Stress  Parameters:  Minor  millets  fed
ovariectomised group showed decrease in the
oxidative stress (TBARS). Present study result
(Fig. 6) showed significant increase in blood serum
TBARS in Ovariectomised control rats compared
to Sham control rats. The Standard drug (Estradiol
Valerate) treated and Minor millets fed group
prevented the formation of reactive oxygen species
and induction of lipid Peroxidation by
Ovariectomised rats.

TBARS Assay

Absorbance

Grouping of Animals

FIG. 6: EFFECT OF SELECTED MINOR MILLETS ON
THIOBARBITURIC ACID REACTIVE SUBSTANCES
(TBARS) IN OVARIECTOMISED RATS

Minor millets fed ovariectomised group showed
decrease in the Gamma Glutamyl transferase
(GGT). Present study result (Fig. 7) showed
significant increase in blood serum GGT in
Ovariectomised control rats compared to Sham
control rats. The Standard drug (Estradiol Valerate)
treated and Minor millets fed group prevented the
formation of reactive oxygen species and induction
of lipid Peroxidation by Ovariectomised rats

Gamma glutamyl Transferase

Absorbance
- - [ %]
= [%] =2

=2 W

Sham operated OVX  OVX + STD OVX + Minor millets
Grouping of Animals

FIG. 7: EFFECT OF SELECTED MINOR MILLETS ON
GAMMA  GLUTAMYL TRANSFERASE (GGT) IN
OVARIECTOMISED RATS
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increased risk of Diabetes mellitus, Coronary artery
disease and Oxidative stress. Therefore, to prevent
the above complications, there is a need to evaluate
the blood glucose, lipid profile and oxidative stress
parameters from the time of the menopause *, in
which Low HDL-cholesterol level, high abdominal
obesity and low-grade chronic inflammation * are
the most frequent characteristics in comparison to
other metabolic components. The increased body
weight in ovariectomized rats is well-documented
in many studies *°. Some previous studies in
ovariectomised rats showed that estrogen
deficiency significantly led to weight gain ** %
The results of the present work revealed the weight
control  ability of the minor millets in
ovariectomised rats.

Estrogen also decreases blood glucose and
glycosylated hemoglobin, a marker of long-term
vascular damage in diabetes * *°. Hemoglobin
level was found to be much reduced in
ovariectomised rats which might be due to the
increased formation of HbALlc. In poorly controlled
diabetes, there is an increased glycosylation of a
number of proteins including hemoglobin .
HbAlc was found to increase in patients with
diabetes mellitus to approximately 16% and the
amount of increase was directly proportional to the
fasting blood glucose levels “*. So, the
measurement of HbAlc is a very sensitive index
for glycemic control.

Total cholesterol, LDL-C and triglycerides were
elevated and HDL cholesterol was decreased in
post menopausal women 2. Lipid profile and
atherogenic index have been shown to be strong
(significant) predictors for metabolic disturbances
including Dyslipidemia, atherosclerosis, hypertension
and cardiovascular diseases. Any changes in the
levels of lipids make the individuals more likely to
develop atherosclerotic cardiovascular diseases as
well as endothelial dysfunction *.
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High  density lipoprotein  removes excess
cholesterol from peripheral tissues and transports it
to the liver, thus by cholesterol reverse transport,
cholesterol homeostasis will be maintained * “.
Lowering of serum lipid levels by dietary or drug
therapy seems to be associated with a reduced risk
of vascular disease *'.

One of the major risk factors for developing
cardiovascular disease is the elevated cholesterol.
Ovariectomy lead to undesirable changes in the
lipid levels thus leading to atherosclerosis and
coronary heart disease *® “°. The present work
investigated whether the selected minor millets
were effective in reducing the increased serum
cholesterol level in ovariectomised rats. Deficiency
of estrogen have an indirect effect on lipid profile
> Coronary heart disease is directly linked with
increased LDL cholesterol and inversely linked
with increased HDL cholesterol **. Millets have
been reported to be the rich sources of dietary fibre
%2 resistant starch and low glycemic response >* >
thus attributed to exhibit hypoglycemic and
hypolipidemic effects > .

Minor millets, with their low carbohydrate content,
low digestibility and water soluble gum content (b-
glucan) have been reported to improve glucose
metabolism. These grains release sugar slowly in
the blood and also diminish the glucose absorption
3% These grains have also been demonstrated to
exhibit beneficial effects on cholesterol levels,
which is also due to their high dietary fibre and
phytochemical content.

Elevated plasma glucose develops Reactive
Oxygen Species (ROS) which leads to oxidative
stress *°. There is also a decrease in serum GGT in
the minor millets fed group which is an indicative
of the decreased oxidative stress. Oxidative stress
leads to the pathogenesis of hypertension . In
another study it was found that there was increase
in serum GGT with enhanced oxidative stress and
reduced antioxidant defense system in the post-
menopausal women which leads to the speculation
that GGT could be considered an index or a marker
of oxidative stress ®*. The beneficial effects of
antioxidants in releaving oxidative stress and
reducing elevated blood pressure is shown in
various clinical studies ®. And the antioxidants
have also been proven to reduce the oxidative stress
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accompanied by decreased levels of plasma glucose
and glycosylated hemoglobin, which is supported
by the hypoglycemic effect of honey accompanied
by reducing oxidative stress. Similarly, the
antioxidative properties of minor millets against
hyperglycemia and oxidative stress are due to rich
reserves of macro nutrient, micro nutrient and
phytochemicals like phenolics, tannins, phytates,
etc.

CONCLUSION: 1t is concluded that Blood
glucose, Lipid profile and serum oxidative stress
parameters are found to be elevated in the
ovariectomised Wistar albino rats, which indicates
that the menopausal women are at great risk of
complications like Diabetes mellitus, Hypertension
,coronary artery diseases and even depression.
Minor millets may be minor in their size but
superior in its nutrients. They contain many health
beneficial components which have been shown to
reduce many degenerative diseases of the mankind
like diabetes mellitus, cardiovascular diseases,
cancer, etc.

This age of mankind can be better termed as
“diseased period” because we are suffering from
innumerable diseases of which source and cause
are still under dark. We are not living but dying
each and every second of our life by the fear of
attack of the disease. Thus the only solution to be
freed from such panic is to change the food habit
and consume nutrient foods like minor millets.

REFERENCES:

1. Sachdeva A, Seth S, Khosla AH and Sachdeva S: Study of
some common biochemical bone turnover markers in
postmenopausal women. Indian Journal of Clinical
Biochemistry; 2005; 20(1):131-134.

2. O’Sullivan AJ, Martin A and Brown MA: Efficient fat
storage in premenopausal women and in early pregnancy:
A role for estrogen. J Clin Endocrinol Metab; 2001; 86:
4951-6.

3. Lejskova M, Alusik S, Suchanek M, Zecova S, Piha J.
Menopause:  Clustering of  metabolic ~ Syndrome
components and population changes in insulin resistance.
Climacteric; 2011; 13:83-91.

4. Rachel Talton, personal communication. “Presidential
address IMSCON - 2016.001”.

5. “Dietary guidelines for indians-a manual,
institute of nutrition, 2010; 17.

6. Backstrom T. Symptoms related to the menopause and sex
steroid treatments. Ciba Found Symp; 1995; 191:171- 180.

7. Obesity: Preventing and Managing the Global Epidemic.
Report of a WHO Consultation. WHO Technical Report
Series N0.894. Geneva, Switzerland: 2000. WHO.

National

3827



Prabha and Selvi, 1JPSR, 2017; Vol. 8(9): 3822-3829.

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

International Journal of Pharmaceutical Sciences and Research

Popkin BM: The nutrition transition and obesity in the
developing world. Journal of Nutrition; 2001;
131(3):871S-3S.

M. Karthikeyan. ”Small millets, big potential: diverse,
nutritious and climate smart” Policy Briefing 2014.
Anderson, R.A. “Water absorption and solubility and
amylograph characteristics of roll-cooked small grain
products,” Cereal Chemistry, 1982; 59: 265— 269.

Pathak P, Srivastava S. Development and evaluation of
food formulation based on foxtail millet for their
suitability in diabetic diet. Proceedings of Nutritional
Society of India; NIN; 1998; 59.

Muthusami S, Ramachandran 1, Muthusamy B, et al.:
Ovariectomy induces oxidative stress and impairs bone
antioxidant system in adult rats. Clin Chim Acta; 2005;
360: 81-6.

Lee SD, Kuo WW, Ho Y/, et al.: Cardiac Fas-dependent
and mitochondria-dependent apoptosis in ovariectomized
rats. Maturitas; 2008; 61: 268-77.

Williams CM. Lipid metabolism in women. Proc Nutr Soc;
2004; 63(1):153-60.

Agarwal A, Gupta S, Sharma RK. Role of oxidative stress
in female reproduction. Reprod Biol Endocrinol, 2005; 3:
28.

Saadat Parhizkar, Latiffa A. Latiff, Sabariah A.Rahman
and Mohammad A. Dollah. “Preventive effect of Nigella
sativa on metabolic syndrome in menopause induced rats”,
Journal of Medicinal Plants Research, 2011; 5(8): 1478-
1484.

Yongzhong Z, Longjiang Y, Mingzhang A, Wenwen J.
Effect of ethanol extract of Lepidium meyenii Walp. On
osteoporosis in  ovariectomized rat. Journal of
Ethnopharmacology; 2006; 105: 274— 279.

Zhen-Guo. The osteoprotective effect of Radix Dipsaci
extract in  ovariectomized rats.  Journal  of
Ethnopharmacology; 2009.123:74-81.

Kunst A, Drager B, Ziegenhorn J. In: Bergmeyer. Methods
of Enzymatic Analysis, 3"d. Volume VI, Metabolites 1:
Carbohydrates: 1984; 163-172.

Tietz NW, ed. Clinical Guide to Laboratory Tests, 3" ed.
Philadelphia, Pa: WB Saunders Company, 1995; 268 -
273.

J. Eross, D. Kreutzman, M. Jimenez, R. Keen, S. Rogers,
C. Cowell, R. Vines, M. Silink, Colorimetric measurement
of glycosylated protein in whole blood cells plasma and
dried blood, Ann. Clin. Biochem.1984; 21: 519-522.
Roeschlau P, Bernt E, Gruber W. Enzymatic determination
of total cholesterol in serum. Klin Biochem. 1974; 12(5):
226.

Allain CC, Poon LS, Chan CS, Richmond W, Fu PC.
Enzymatic determination of total serum cholesterol. Clin
Chem. 1974; 20(4): 470-5.

Wahlefeld AW, Bergmeyer HU, eds. Methods of
Enzymatic Analysis. 2™ English ed. New York, NY:
Academic press Inc, 1974; 1831.

Sugiuchi H,Uji Y, Okabe H,rie T et al.: Direct
measurement of High-Density Lipoprotein Cholesterol in
serum with polyethylene glycol-Modified Enzymes and
Sulfated a-Cyclodextrin. Clin Chem 1995; 41: 717-723.
Matsuzaki Y, Kawaguchi E, Morita Y. Evaluation of two
kinds of reagents for Direct Determination of HDL-
Cholesterol. J Anal Bio-Sc. 1996; 19: 419-427.

WT Fried wald, RI Levy, DS: Fredrickson. Estimation of
the concentration of LDL-cholesterol in plasma without
the use of the preparative ultracentrifuge, Clin. Chem.
1972; 18: 499-502

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

T. Suanarunsawat, W.D.N. Ayutthaya, T. Songsak, J.
Rattanama- haphoom. Anti-lipidemic actions of essential
oil extracted from Ocimum sanctum L. leaves in rats fed
with high cholesterol diet, J. Appl. Biomed. 2009; 745-53.
Ohkawa H, Ohishi N and Yagi K: Assay for lipid
peroxides in animal tissues by thiobarbituric acid reaction;
Anal. Biochem, 1979; 95: 351-358.

Szasz G: A Kkinetic photometric method for serum -
glutamyl transpeptidase. Clin Chem 1969; 15(2): 124-136.
Zahra Jouyandeh, Farnaz  Nayebzadeh, Mostafa
Qorbaniand Mojgan Asadi: Metabolic syndrome and
menopause. Journal of Diabetes & Metabolic Disorders,
2013; 12: 1.

You T, Ryan AS, Nicalas BJ: The Metabolic syndrome in
Obese Postmenopausal Women: Relationship to body
composition visceral fat and inflammation. JCEM; 2014;
89: 5517-22.

Tollba AAH, Shabaan SAM, Abdel MMAA. Effects of
using aromatic herbal extract and blended with organic
acids on productive and physiological performance of
poultry 2 — the growth during cold winter stress. Egypt.
Poult. Sci.2010; 30(1): 229-248.

Liu M, Xu X, Rang W, Li Y, Song Y: Influence of
ovariectomy and 17B-estradiol treatment on insulin
sensitivity, lipid metabolism and post-ischemic cardiac
function. Int. J. Cardiol.2004; 97(3): 485-493.

Sarkaki A, Amani R, Badavi M, Safahani M, Aligholi H .
Effect of Ovariectomy on Reference Memory Version of
Morris Water Maze in Young Adult Rats. Iranian Biomed.
J. (IBJ). 2008; 12 (2): 123-128.

Bjorrn Andersson, Lars-Ake Mattsson, Lennart Hahn,
Permarin,Leif Lapidus, Goran Holm, Bengt-Ake
Bengtsson, and Per Bjorntorp: Estrogen replacement
therapy decreases Hyperandrogenicity and improves
glucose homeostasis and plasma lipids in postmenopausal
women with Noninsulin-dependent diabetes mellitus. Jce
& m21997; 82(2):

H.E. Brussaard, J.A. Gevers Leuven, M. Fro” lich, C.
Kluft, H.M. J. Krans. Short-term oestrogen replacement
therapy improves insulin resistance, lipids and fibrinolysis
in postmenopausal women with NIDDM.
Diabetologia.1997; 40: 843-849.

K.G.M.M. Alberti, CM: Press The biochemistry and the
complications of diabetes, in: H. Keen, J. Jarrett (Eds.),
Complications of Diabetes, 43, Edward Arnold Ltd.,
London, 1982; 231 270.

L. Pari, G. Saravana: Anti diabetic effect of Cogentdb, a
herbal drug in alloxan-induced diabetes mellitus, Comp.
Biochem. Physiol. C: Phar- macol. Toxicol. Endocrinol.
2002; 131: 19-25.

Abdoljalal Marjani and Sedighen Moghasemi. The
Metabolic Syndrome among Postmenopausal Women in
Gorgan. Hindawi Publishing Corporation. International
Journal of Endocrinology. 2012; 6 doi:10.1155/2012/
953627.

Parinita K: Study of serum lipid profile in individuals
residing in and around Nalgonda. Int J pharm Bio Sci.
2012; 2:110-116.

Wilson PWF, Abbott RD, Castelli WP: High density
lipoprotein cholesterol and mortality. The Framingham
Heart Study. Arteriosclerosis.1998; 8: 737-741.

M. N. Pieters, D. Schouten, and T. J. C. Van Berkel. In
vitro and in vivo evidence for the role of HDL in reverse
cholesterol transport. Biochim. Biophys. Acta, 1994; 1225,
125-134.

3828


http://www.ncbi.nlm.nih.gov/pubmed/?term=Roeschlau%20P%5BAuthor%5D&cauthor=true&cauthor_uid=4440114
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bernt%20E%5BAuthor%5D&cauthor=true&cauthor_uid=4440114
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gruber%20W%5BAuthor%5D&cauthor=true&cauthor_uid=4440114
http://www.ncbi.nlm.nih.gov/pubmed/?term=Allain%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=4818200
http://www.ncbi.nlm.nih.gov/pubmed/?term=Poon%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=4818200
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chan%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=4818200
http://www.ncbi.nlm.nih.gov/pubmed/?term=Richmond%20W%5BAuthor%5D&cauthor=true&cauthor_uid=4818200
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fu%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=4818200
http://www.ncbi.nlm.nih.gov/pubmed/4818200
http://www.ncbi.nlm.nih.gov/pubmed/4818200
http://www.ncbi.nlm.nih.gov/pubmed/4818200

Prabha and Selvi, 1JPSR, 2017; Vol. 8(9): 3822-3829.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

G.G. Rhoads, C.L. Gulbrandse, A. Kagan, Serum
lipoproteins and coronary artery disease in a population
study of Hawaiian Japanese men, New Engl. J. Med. 1976;
294. 293-298.

Fait T, Malkova J, Zivny J: Effect of hormone replacement
therapy on the cardiovascular system. Ceska. Gynekol.
2002; 67(5): 285—293.

Liu M, Xu X, Rang W, Li Y, Song Y. Influence of
ovariectomy and 17 p-estradiol treatment on insulin
sensitivity, lipid metabolism and post-ischemic cardiac
function. Int. J. Cardiol. 2004; 97(3): 485-493.

Babiker F, Leon J: Estrogenic hormone action in the heart:
regulatory network and function. Cardiovasc. Res. 2002;
53: 709-7109.

Arsenault BJ, Lemieux I, Després JP, Wareham NJ, Luben
R, Kastelein JJP, Khaw KT, Boekholdt SM: Cholesterol
levels in small LDL particles predict the risk of coronary
heart disease in the EPIC- Norfolk prospective population
study. Eur. Heart J.2007; 28(22): 2770- 2777.

Wisker E, Feldheim W, Pomeranz X, Meuser F, Dietary
fibre in cereals. Adv. Cereal Sci. Tech, 1985; 7: 169-238.
Jenkins, D.J.A., Ghafari, H., Wolever, T.M.S., Taylor,
R.H., Jenkins, A.L., Barker, H.M., Fielden, H. and
Bowling, A.C., Relationship between rate of digestion of
food and post-prandial glycemia. Diabetologia, 1982; 22:
450.

Ring, S.G., Gee, J.M., Whittam, M., Orford, P. and
Johnson, |.T., Resistant starch: Its chemical form in
foodstuffs and effect on digestibility in vitro. Food Chem.
1988; 28: 97.

Krishna Kumari and Thayumanavan, Comparative study
of resistant starch from minor millets on intestinal
responses, blood glucose, serum cholesterol, and
triglycerides in rats. J. Food Sci. and Agric., 1997; 75:
296- 302.

Pathak P and Srivastava S: Development and evaluation
of food formulation based on foxtail millet for their

54,

55.

56.

57.

58.

59.

60.

61.

62.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

suitability in diabetic diet. Proceedings of Nutr. Soc. India,
NIN, 1998; 59.

Chen WL, Anderson JW and Gould, MR: Effect of oat
bran, oat gum and pectin on lipid metabolism of
cholesterol fed rats. Nutr. Rep. Int.1984, 24: 93-98.
Anderson, J.W., Hamilton, C.C., Horn, J.L., Spencer D.B.,
Dillon., D.W., Zeigler, J.A., Metabolic effects of insoluble
oat fibre in lean men with type 1l diabetes. Cereal Chem.,
1991; 68: 291-294.

Giacco F, Brownlee M. Oxidative stress and diabetic
complications. Circ Res. 2010.107(9):1058-70.
d0i:10.1161/CIRCRESAHA.110.223545.

Rodrigo R, Gonzalez J Paoletto F: The role of oxidative
stress in the pathophysiology of hypertension. Hypertens.
Res. 2011; 34: 431-440.

Omar F. Abdul-Rasheed, Ghassan A. Al-Shamma, Bushra
H. Zillo. Serum y-glutamyltransferase as Oxidative Stress
Marker in Pre-and Postmenopausal Iragi Women. Oman
Medical Journal 2010; 25(4): 286 — 288.

Houston MC: The role of cellular micronutrient analysis,
nutraceuticals, vitamins, antioxidants and minerals in the
prevention and treatment of hypertension and
cardiovascular disease. Ther. Adv. Cardiovasc. Dis. 2011;
4, 165-183.

Palsamy P, Subramanian S: Ameliorative potential of
resveratrol on proinflammatory cytokines, hyperglycemia
mediated  oxidative stressand pancreatic  beta-cell
dysfunction  in  streptozotocin-nicotinamide-induced
diabetic rats. J. Cell. Physiol. 2010; 224: 423-432.
Omotayo O. Erejuwa, Siti A. Sulaiman and Mohd S. Ab
Wahab. Honey: A Novel Antioxidant. Molecules. 2012;
17: 4400-4423; doi: 10.3390/molecules17044400.
Sangeeta Gupta, S.K. Shrivastava, Manjul Shrivastava:
Proximate composition of seeds of hybrid varieties of
minor millets. 2014; 3(2): http://www.ijret.org 687.

How to cite this article:
Prabha KC and Selvi S: Effect of combined mixture of four minor millets on blood glucose, serum lipids and oxidative stress in
ovariectomised wistar albino rats an animal model for menopausal complications. Int J Pharm Sci Res 2017; 8(9): 3822-29.doi: 10.13040/
IJPSR.0975-8232.8(9).3822-29.

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

3829



http://www.ncbi.nlm.nih.gov/pubmed/?term=Giacco%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21030723
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brownlee%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21030723
http://www.ncbi.nlm.nih.gov/pubmed/21030723

