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ABSTRACT

Type 2 diabetes mellitus is emerging as an epidemic on the globe. Currently, many researchers are working on type 2 diabetes
mellitus to eradicate it. But at genetic level, it’s not easy to deal with this disease, as every individual is unique at the genetic level.
Hence, through this article we are focusing on various aspects which are related with type 2 diabetes mellitus and insulin secretion
involving the role of mitochondrial DNA. Mitochondrial DNA may directly impart their role in the secretion of insulin via ATP
sensitive potassium channel. Moreover, the mitochondrial DNA in association with nuclear DNA build the complexes of electron
transport chain through which electrons are travelling and generates ATP which meets the cellular energetic of the body. Mutations
in the mitochondrial DNA may codes an anomalous polypeptide which may form defective electron transport chain complexes;
thereby producing lower ATPs and more free radicals. The highest concentration of ROS is directly involved in the pathophysiology
of diabetes, whereas lower concentrations of ATP may prevent blocking of the ATP sensitive potassium channel. Therefore no
depolarization has occurred in the cell membrane and stops the influx of Ca2" ions which may prevent the release of insulin from
insulin stored vesicles.
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(SNP).

INTRODUCTION

ype 2 diabetes mellitus (DM) is pervasive not only in

the United States but also around the World .

According to diabetes statistics published by the
American Diabetes Association at present total 25.8
million people in the United States (8.3% of the
population) have diabetes, 18.8 million people are
diagnosed with diabetes and 79 million people are in pre-
diabetic state”.

The prevalence of diabetes for all age groups worldwide
was estimated to be 171 million (2.8%) in 2000 which may
rise to 366 million (4.4%) up to 2030 **. In India,
epidemiological studies revealed that diabetes prevalence
varying from 1-4% in urban population and 1-2% in rural
population °. At present approximately 40 million people
in India are diabetic indicating that India is leading the
world in diabetes °.

Mitochondria are dynamic organelle which are often
referred as the power house of the cell and are
responsible for the production of 90% of energy needed
for cells to function "®. The mitochondria contain its own
genetic material (DNA: Deoxyribo Nucleic Acid) which is
inherited maternally 1. Mutations in mitochondrial DNA
not only cause impaired ATP synthesis and diabetes, but
also cancer and aging*".

Recent evidences on mitochondria revealed that it is not
just a powerhouse of the cell, but is involved in many
cellular responses, including proteins such as GTPases,

kinases, and phosphatases. These proteins with
mitochondria regulate metabolism, cell cycle control,
development, antiviral responses and cell death **. The
major advantage of the mitochondria is the operation of
electron transport chain; which transfers electrons from
complex | to complex IV and generates ATP (Adenosine
Tri Phosphate) via ATP synthase %,

The ETC (Electron Transport Chain) sometimes leaks an
electron when it flows through it. The leaked electron
then reacts with molecular oxygen, forming, highly
Reactive Oxygen Species (ROS) like superoxide anion
(=0, ) and other radical like hydroxyl radicals (*OH); also
called as free radicals. These free radicals cause oxidation
of membrane phospholipids, damage nucleotides in DNA
and react with sulphydryl bonds in proteins; thereby
initiating a series of degenerative processes which may
result in cell death or may create non-functional cells
towards the cellular communications”***,

Mitochondrial abnormalities cause increased production
of ROS (Reactive Oxygen Species), which may result in
insulin resistance and subsequent organ dysfunction 1
The ATP sensitive potassium channel is found in the
number of different cells and tissues which regulate the
secretion of insulin, prolactin and growth hormones
through endocrine glands. They influence the excitability
of cardiac, skeletal and vascular smooth muscles®’. In
pancreatic beta cells, insulin secretion is controlled by
ATP via inhibition of ATP sensitive potassium channels'.
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ABOUT THE MITOCHONDRIA

Mitochondria contain an inner membrane, an outer
membrane and inter membrane space. The matrix space
of mitochondria contains the enzymes of beta oxidation
and citrate cycle. Inner membrane contains the four
complexes of the electron transport chain and ATP
synthase. In aerobic cells, during metabolism, various
other metabolite substrates are formed and oxidized by
oxygen. It gives rise to release of various reducing
equivalents like FADH, (Flavin Adenine Dinucleotide),
NADH ( Nicotinamide Adenine Dinuceotide) and the free
energy which is utilized by mitochondria for the synthesis
of ATP (Adenosine Tri Phosphate) by the process of
oxidative phosphorylation. This reducing equivalents
enter an electron to the electron transport chain at
complex | which flows to the complex I, complex I,
complex IV and finally to oxygen.

Complexes I, Il and IV are redox pumps which pump
proton from the matrix generating an electrochemical
proton gradient across the membrane. Protons return to
the matrix through ATP synthase and drive the synthesis
of ATP***?_ Mitochondrial DNA consists of 22 genes for
transfer RNA (tRNA), 2 genes for ribosomal RNA (rRNA)
and 13 protein genes which codes for the complexes of
electron transport chain ! The human mitochondrial
genome consists of a 16,569 base pairs circular double
stranded DNA molecule *.

Mitochondrial DNA copy number

Each mitochondrion contains 2-10 mitochondrial DNA
molecules. The number of mitochondrial DNA copies in a
cell ranges from several 100 to more than 10,000 copies,
depending on a cell type; eg.- the mitochondrial DNA
copy number in peripheral blood mononuclear (PMNL)
cell is 223-854 , in human progressive spermatozoa the
number is 323-1111 2 in muscle cells 1075-2794 %, in
neurons the number is 1200-10,800 ?° whereas in liver
cells mitochondrial DNA copy number is up-to 25,000 =
Depletion of mitochondrial DNA copy number is directly
related to diabetes. Depletion of mitochondrial DNA
decreases glucose utilization by suppressing glucose
metabolism %, Furthermore, depletion of mitochondrial
DNA causes various types of cancers, including breast 2
gastric *°, hepatocellular ** ovarion ¥ etc.

Free Radicals and Diabetes

Free radicals generated due to electron leakage in
mitochondria play an important role in the pathogenesis
of diabetes. A growing body of evidence has suggested
that due to the overproduction of ROS oxidative stress is
increased in diabetes ***. Complex | (NADH-Coenzyme Q
oxidoreductase) and Complex Ill (Ubiquinol Cytochorome
C reductase) of the electron transport chain are thought
to be major sites for the leakage of electrons that
generate ROS in mitochondria ***".

Mitochondrial DNA codes for the polypeptides which
form the complexes of electron transport chain. A
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mutation in mitochondrial DNA causes defective
polypeptides of electron transport chain. It leads to
electron leakage and produces more ROS such as 02~ and
H,O0,. These free radicals play a central role in the
pathophysiology of various mitochondrial diseases;
among which insulin resistance is more common which
may result in diabetes mellitus*®**°. Increased oxidative
stress in the patients with type 2 diabetes mellitus is a
consequence of several other abnormalities which include
hyperglycemia, hyeprinsulinemia, dyslipidemia‘m.

Recent studies on hyperglycaemia provide a link between
free radicals, hyperglycaemia and diabetes. Various
biochemical pathways like glucose auto-oxidation, polyol
pathway, prostanoid synthesis, protein glycation etc. are
associated with hyperglycaemia which can increase the
production of free radicals”. Hyperglycaemia resulting
from uncontrolled glucose regulation is accepted by
researchers as a link between diabetes and its
complications. The major molecular mechanisms that
have been implicated in hyperglycaemia induced tissue
damage include activation of protein kinase C (PKC)
isoforms via de Novo synthesis of the lipid second
messenger diacyl glycerol (DAG), increased hexosamine
pathway flux, increased advanced glycation end product
(AGE) formation and increased polyol pathway flux *.

MITOCHONDRIAL DNA MUTATIONS

For many years, research about the diabetes mellitus has
been chiefly concentrated on insulin synthesis via insulin
gene, but now it has been studied that mutations in
mitochondrial DNA due to substitution, deletion or
duplication may also lead to type 2 diabetes mellitus 8t
has been estimated that 0.1 to 9 % of the diabetic
population is affected due to mutations in mitochondrial
DNA®*2, More than hundred mutations in the
mitochondrial genome have been identified which are not
only associated with a variety of human disorders, but
also cause low energy generation**. There have been over
forty different mitochondrial DNA mutations studied
worldwide resulting into diabetes mellitus®***“.

Many mutations in mitochondrial DNA cause many
known mitochondrial diseases, which can be diagnosed
from a muscle biopsy; a common mitochondrial DNA
mutation at position 3243 A/G can cause not only
diabetes but also a severe neurological disease .
Mitochondrial DNA mutations are responsible for various
other disorders like Mitochondrial Encephalopathy Lactic
Acidosis and Stroke like episodes (MELAS), Mitochondrial
Myopathy (MM), Leber’s Hereditary Optic Neuropathy
(LHON) etc. ¥, The various SNP’s (Single Nucleotide
Polymorphism) that cause mutation in mitochondrial DNA
and which may be responsible for type 2 diabetes mellitus
have been identified worldwide; few of them are enlisted
in table 1.
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Table 1. Various Types of Mitochondrial DNA Mutations
Worldwide

. Types of % of
CIE Bl mutations mutation R
. A3243G 0.4
Beijing, china G3316A 29 50
G3316A
_— . T3394C
Tianjin, china A3426G 4.7 51
A3243G
Tokyo, Japan A3264C 0.5 52
Osaka, Japan A8296G 1.0 53
Japan T14577C 6.2 54
Japan A3243G 2.0 55
A3243G 2.9
Japan T3394C 25 56
Tyne, UK T16189C 9.9 57
UK T16189C 11 58
Indonesia G3316A 0.4 59
T3394C 0.4 60
Coimbatore, India T8356C 1.3 61
. . A3243G 1.3
Coimbatore, India AB296G 0.6 62
A3243G
Korea AB344G 0.1 63

Heteroplasmic and homoplasmic mitochondrial DNA
mutations

Mitochondrial DNA is more prone to mutations than
nuclear DNA as their replication rate is high, with lack of
histone proteins and repair enzymes and high level
production of free radicals, specifically ROS which results
from oxidative phosphorylation in mitochondria® ** .
Hence, mitochondrial DNA easily undergoes mutation
causing heteroplasmic or homoplasmic mitochondrial
DNA. The mixture of wild type and mutant mitochondrial
DNA co-existing in the same mitochondria are referred as
a heteroplasmic mutation, while, when cellular
mitochondria contain same mutant mitochondrial DNA, it
is referred as homoplasmic mitochondrial DNA mutation.
Each cell contains hundreds or thousands of
mitochondrial DNA copies and distributes randomly
among daughter cells during cell division; a minimum
critical number of mutant mitochondrial DNAs is required
to cause mitochondrial related diseases in an
individual®®®®",

THE KATP (ATP - Sensitive Potassium Channel):

The k-ATP channel constitutes two types of subunits. The
first subunit is a sulphonylurea receptor (SUR) belongs to
the ABC transporter family and potassium channel
subunit (Kir 6.2) that forms the basic subunit for the
binding of ATP. The k-ATP channel consist altogether
eight proteins subunits among which kir 6.2 subunits
consists of four and another by SUR1 receptor to build a
functional kATP channel ®*". The Kir 6.2 subunits are a
pore forming protein that belongs to the family of a
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potassium channel®*™. From last many decades
sulphonylurea is used as a potent drug for the release of
insulin in type 2 diabetes patients’. Certain studies on
pancreatic beta cells revealed the mechanism of action of
sulphonylurea. It directly binds to the subunits of kATP
channel, concluding that suplphonylurea receptor (SUR) is
a part of kATP channel and it can regulate the
channel’®”’. Many studies have been done to know the
effect of ATP and its binding pattern of kATP channel
open state and concluded that binding of ATP to Kir 6.2
subunits of kATP channel make channel closure "%, As
there are four Kir 6.2 subunits in the ATP sensitive
potassium channel four ATP binds with it. As per Tim J
craig et. al, the ATP binds with KATP channel in both open
as well as closed states. This binding of ATP to kATP
channel gives rise to not only the decrease in mean open
time and mean burst duration but also increase in
interburst closed state duration. As KATP channel Kir 6.2
subunit contains ATP binding sites, ATP at first binds at
single site, when channel is opened " Trapp et. al. (1998)
and Li et. al. (2002) showed that there is a very little
effect of ATP on kATP channel when it is closed %,

The KATP Channel Regulation

ATP sensitive K* channel opening is mediated by ATP/ADP
ratio %, In normal resting condition kKATP channel is
opened, but is quickly shifted to the closing state as
glucose metabolism gets enhanced 8 High intracellular
concentration of ATP binds with Kir 6.2 subunits causes
the kATP channel to close as ATP directly bind to the open
state KATP channel . The central role of magnesium ion
has been investigated by researchers stating that Mg?*
ATP and Mg2+ ADP cause opening of kATP channel,
therefore the effect of ATP/ADP gets reversed if ATP/ADP
binds with a magnesium ion ®**. From above quoted
references, we can predict that increased glucose
metabolism increases intracellular ATP concentration,
which closes ATP sensitive potassium channel, whereas
decreased  glucose = metabolism  causes  lower
concentration of ATP, which is unable to close the ATP
sensitive potassium channel. Meaning, ATP sensitive
potassium channel activation or inhibition depends on
the concentration of ATP.

ATP sensitive potassium channel and insulin secretion

Diabetes mellitus, caused by the deficiency in the
secretion or action of insulin; classified into two major
classes as: Typel diabetes (Insulin Dependent Diabetes
mellitus) and type 2 (Insulin Independent Diabetes
Mellitus). Diabetes mellitus affects various organs like the
heart, eyes, kidneys etc. The lower cut-off for fasting
plasma glucose to confirm the diagnosis of diabetes
mellitus is 126 mg/dL (7 mMol/L or higher) 998 During
glucose metabolism, glucose transported to mammalian
cells via glucose transporter called as Glut 1, which was
found in the plasma membrane of the erythrocyte. There
are other glucose transporters, which are found in
different cells includes Glut 2 which is expressed in liver
cells *®, Glut 3 expressed in neurons *, Glut 4 is only in fat
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and muscle cells ®, and Glut 5 expressed in microglia *.
Glucokinase phosphorylates glucose into a glucose -6-
phosphate, which is converted to pyruvate through
glycolysis and is transported into the mitochondria where
it acts as substrate for TCA cycle, which produces NADH
and FADH2 reducing equivalents and thereby transfer
electrons to the electron transport chain and produces
ATP, which is then transported to cytosol *>%. However,
as stated before, the absence of ATP in intracellular
environment makes channel more active, referred as a
ligand independent gating or intrinsic gating”®. The
cytosolic increase, in the concentration of ATP/ADP ratio
causes the ATP sensitive potassium channel block. This
was first shown in 1984 by Cook and Hales, after studying
excised beta cell plasma membrane patches 9 and by
Harrison and Aschcroft in glucose stimulated intact cell %.
Glucose metabolism increases intracellular ATP/ADP
ratio, which blocks ATP sensitive potassium channel,
thereby inhibiting K* ion transport across the cell
membrane. This inhibition makes cell membrane more
depolarised by shifting normal resting state potential to
positive potential. As soon as, the cells get depolarized,
the voltage operated Ca® channels are opened, causing
influx of Ca®* ions. This results in the rise of cytosolic Ca®
concentration and activates the exocytotic machinery for
the release of insulin from insulin stored vesicles ®%.

Possible role of mitochondrial DNA mutation in insulin
resistance

Prodigious works have been done so far providing the
strong evidences about an involvement of mitochondrial
DNA in pathogenesis of type 2 diabetes mellitus. But no
one has explained the exact mechanism of action for
maternally inherited type 2 diabetes mellitus, as
mitochondrial DNA inherited via maternal side and if the
mutation is in it, obviously it will carry forward to the next
generation. So far, many researchers in this field have
published their opinion about the role of mitochondrial
DNA in type 2 diabetes mellitus. We have done a
literature survey of many studies and have tried to review
it. As quoted above, ATP shows its straight forward
involvement in insulin release with the help of Ca2+ ion.
However, many researchers have been mentioned the
possible roles of mitochondrial DNA mutation in insulin
resistance via ATP, which we have shown through Fig 1
and Fig 2 as; mutation in mitochondrial DNA may cause
the defective electron transport chain proteins which is
unable to transport the electron and hence fail to
generate electrochemical gradient and finally ATP. This
causes lower production of ATP. Lower concentration of
ATP opens the ATP sensitive potassium channel. When
ATP sensitive potassium channels open, it prevents cell
from depolarization, resulting in no influx of calcium ions
and blocks the release of insulin from insulin vesicles. A
vice-a-versa situation may be possible for the absence of
the mutation. 77,78, 88, 90, 98, 99-102.
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Figure 1: Glucose enters the cell via glucose transporter
and is converted into pyruvate after glycolysis. Pyruvate
enters in mitochondria and converts into reducing
equivalents like NADH, FADH2 through TCA cycle. These
reducing equivalents donate electrons to electron
transport chain, produces ATP, thereby increasing the
concentration of ATP, blocks K* Channel activity, causes
membrane depolarization, induces influx of Ca® ions
which allow insulin secretion through insulin vesicles.
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Figure 2: When a mutation has occurred in mitochondrial
DNA, it may cause insulin resistance. Mutated
mitochondrial DNA codes non functional polypeptides of
electron transport chain which is unable to transport
electrons. This results in an apparent reduction of ATP
production.  Decrease ATP concentration, opens K*
channel, hence no depolarization, no influx of calcium
ions and inhibit the insulin release.

NEW MODIFIED TECHNIQUES FOR THE IDENTIFICATION
OF MITOCHONDRIAL DNA POINT MUTATIONS

Most researchers use RFLP (Restriction Fragments Length
Polymorphism), Southern blotting, DNA sequencing
methods, etc. for the identification of point mutations in
mitochondrial DNA. But in recent years tremendous work
has been done worldwide on mitochondrial DNA,
specifically for the identification of point mutations. New
modified techniques have been identified by many
researchers for the accurate identification and
quantification of mitochondrial DNA mutations. It is not
easy to mention all these techniques in a single review;
however, we are trying to enlist a very few of them. In the
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year 2005 Richard A Jimnez provided a new modified
technique for the accurate identification of point
mutations in mitochondrial DNA, which is based on the
use of the transgenomic WAVE system for the HPLC (High
Performance Liquid Chromatograhy) mediated analysis of
mutation specific restriction fragments derived from PCR
(Polymerase Chain Reaction) products and hence,
referred as the PCR Amplicon Restriction Fragment
Analysis by HPLC (PARFAH) method. This method starts
with PCR product and ends with chromatogram analysis
and can reliably detect as little as 1% mutant in a sample.
Explicate that, this method is useful for the identification
of mitochondrial DNA mutation at very low levels *.

In the previous section we have discussed about the
hetroplasmy. There is no direct method for the accurate
quantification of heteroplasmy. Most researchers depend
on indirect method for the detection of heteroplasmy
which is largely relying on a hypervariable segment of the
control region. Mingkun Li et.al.(2010) demonstrate a
new method for the accurate estimation of heteroplasmy
within a cell. They used certain simulations and phiX174
sequence data to detect hetroplasmy and generated
more accurate and prominent results from it '%.
Furthermore, array based sequencing has also been used
for the detection of mitochondrial DNA. A novel statistical
method for re-sequencing arrays called as SRMA
(Sequence Robust Multi-Array Analysis) has also been
employed for the identification of mitochondrial DNA
disorders. As compared with Sanger’s capillary
sequencing this method has achieved a false discovery
rate of 2%, which is similar to automated second
generation sequencing technologies **.

For the last few decades, Sanger’s method for DNA
sequencing has established itself as a most reliable and
accurate method in molecular biology for the detection of
SNP’s (Single Nucleotide Polymorphism) in DNA. But Hong
Cui et.al., (2013) now set a new approach for the accurate
detection of SNP’s in mitochondrial DNA called as LR-PCR-
MPS (Long Range Polymerase Chain Reaction Massively
Parallel Sequencing) which is more sensitive, specific and
accurate than our traditional sequencing methods. This
Method is based on single amplicon amplification of
entire mitochondrial genome '®. Recently kits are also
used for the identification of mitochondrial DNA
alterations. A few years ago, the MRC Company from
Holland introduced kit (MLPA) for analysis of
mitochondrial DNA, which was used to analyze patients
with  molecular genetically proven mitochondrial
disorders. Multiplex  Ligation-Dependent  Probe
Amplification (MLPA) is a multiplex PCR method, enabling
amplification of up-to 50 different genomic DNA

sequences and quantification of DNA changes *.

MITOCHONDRIAL DNA AND TYPE 2 DIABETES MELLITUS:
NEW IMPORTANT STUDIES

Now-a-days, many scientists are working on
mitochondrial DNA to find out its various
pathophysiological, etiological and molecular roles in type
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2 diabetes mellitus. In recent years, many researchers
have provided the various evidences which prove the
relations between insulin resistance and type 2 diabetes.
Few of them, we are mentioning succinctly as follows. L.S.
Snogdal et.al.(2012), suggested that a common variation
in oxidative phosphorylation genes is not a major cause of
insulin resistance of type 2 diabetes. They have done a
meta-analysis of oxidative phosphorylation gene variants
in 11,729 type 2 diabetic patients and 43,943 non diabetic
individuals and concluded the above statement **’.

Furthermore, researchers have been shifting their focus
on clinical biochemistry to early diagnosis of maternally
inherited type 2 diabetes mellitus. Forwarding this, Saba
Khan et. al.(2011) for the first time reported that the
lymphocyte contains of mitochondrial DNA and the Al
(HbALC) shared inverse correlation with each other in
both early diagnosed patients and patients with the late
complications of type 2 diabetes mellitus; which might be
indicated the mitochondrial dysfunction in type 2
diabetes mellitus . Nevertheless, in addition to this, a
maternally inherited diabetes and deafness patients with
the 12s rRNA m. 1555 A/G and the ND1 m. 3308 T/C
mutations associated with multiple mitochondrial
deletions have been found in Tunisia . Mitochondrial
DNA and oxidative stress imprint its role in gestational
diabetes also. There is a significant increase of oxidative
stress in both gestational diabetic mothers and their
newborns. Research demonstrates that human
telomerase reverse transcriptase in gestational diabetes
mellitus  pregnancies would  protect neonatal
mitochondrial DNA  from oxidative stress ™.
Mitochondrial DNA, diabetes and renal transplantation

have now been correlated ™.

CONCLUSION

Through this article we have cogitated on the possible
role of mitochondrial DNA in an induction of maternally
inherited type 2 diabetes mellitus. Since mitochondria
engage itself in an energy generation through oxidative
phosphorylation one can ask how mitochondria affect the
pathophysiology of diabetes. Many researchers have
hypothesized the possible role of mitochondrial DNA as a
culprit in an insulin resistance. To know the exact
mechanism of mitochondrial DNA to induce diabetes
mellitus more work is required to be done. For the time
being, we can only anticipate and hypothesized that a
mutation in mitochondrial DNA codes for the aberrant
polypeptides of the electron transport chain which may
unable to displace electrons. This gives rise to lower ATP
production and insulin resistance via KATP channel
activity. In the near future mitochondrial DNA will be the
centre of attraction for research.

REFERENCES

1. Patti M E and Corvera S, The role of Mitochondria in the
pathogenesis of type 2 diabetes, Endocrine Review,31, 2010,364-
395.

2. American Diabetes Association 2011. Diabetes Statistics.
http://www.diabetes.org/diabetes-basic/diabetes-statistics/

E=

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

183



Int. J. Pharm. Sci. Rev. Res., 28(1), September — October 2014; Article No. 34, Pages: 179-187

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Wild S, Gojka R, Green A, Sciref R, King H, Global prevalence of
diabetes estimates for the year 2000 and projection for 2030,
Diabetes Care, 27, 2004, 1047-1053.

World Health Organization (WHO). Facts and
http://www.who.int/diabetes/facts/world_figures/en/

figures.

Gupta R and Misra A, Type 2 diabetes in India: regional
disparities, The British journal of Diabetes and Vascular Disease,
7,2007,12-16.

Diabetes in India. http://www.diabetes.co.uk/global-
diabetes/diabetes-in-India.html

Cadenas E, Davies K J, Mitochondria free radical generation,
oxidative stress and aging, Free Radical Biology and Medicine, 29,
2000, 222-230.

Lamson D W, and Plaza S M, Mitochondrial factors in the
pathogenesis of diabetes: a hypothesis for treatment, Alternative
Medicine Review,7, 2002, 94-111.

Chance B., Sies H, Boveries A, Hydroperoxide metabolism in
mammalian organs, Physiological Reviews, 59, 1979, 527-605.

Gills R E, Blanc H, Cann H M and Wallace D C, Maternal
inheritance of human mitochondrial DNA, PNAS,77, 1980, 6715-
6719.

Robert W. Taylor and Doug M T, Mitochondrial DNA mutations in
human diseases, Nature Reviews Genetics, 6, 2005, 389-402.

Mc Bride H M, Neuspiel M, Wasiak S, Mitochondria: More than
just a powerhouse, Current Biology 16, 2006, 551-560.

Sherratt HS, Mitochondria: structure and function, Revue
Neurologique, 147, 1991, 417-30.

Ide T, Tsutsui H, Kinugawa S, Utsumi H, Kang D, Hattori N, Uchida
K, Arimura Ki, Egashira K, Takeshita A, Mitochondrial electron
transport complex | is a potential source of oxygen free radicals in
the failing myocardium, Circulation Research, 85,1999, 357-363.

Machlin L J and Bendich A, Free radical tissue damage: protective
role and antioxidant nutrients, The FASEB journal, 6: 1987, 441-
445,

Szendroedi J, Phielix F and Roden M, The role of mitochondria in
insulin resistance and type 2 diabetes mellitus, Nature Reviews
Endocrinology, 8, 2012, 92-103.

Lazdunski M, ATP-sensitive potassium channels: an overview,
Journal of Cardiovascular Pharmacology, 24, 1994, S1-S5.

Markworth E, Schwanstecher C and Schwanstecher M, ATP4-
mediate closure of pancreatic beta cell ATP sensitive potassium
channels by interaction with 1 and 4 identical sites, Diabetes, 49,
2000, 1413-1418.

Johansen D L, Ravussin E, The role of mitochondria in health and
disease, Current opinion in Pharmacology, 9, 2009, 780-786.

Nelson D L, Cox M M, Principles of Biochemsitry, W H Freeman
and Company, 2005.

Chang Y, Huang F, Tung-bin Lo, The complete nucleotide
sequence and Gene Organization of Carp (Cyprinus Cario)
Mitochondrial Genome, J Mol Evol, 38, 1994,138-155.

Fernandez-Siva P, Enriquez JA, Montoya J, Replication and
transcription of mammalian mitochondrial DNA, Experimental
Physiology, 88, 2003, 41-56.

Gahan ME, Miller F, Lewin SR, Cherry C L, Hoy J F, Mijch A,
Rosenfeldt F, Wesselingh SL, Quantification of mitochondrial DNA
in peripheral blood mononuclear cells and subcutaneous fat using
real time polymerase chain reaction, Journal of Clinical Virology,
22,2001, 241-247.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

ISSN 0976 — 044X

Diez-Sanchez C, Ruiz-Pesini E, Lapena AC, Montoya j, Martos A P,
Enriquez J A, Lopez Perez M J, Mitochondrial DNA containt of
human spermatozoa, Biology of Reproduction, 68, 2003, 180-185.

Barthelemy C, Ogier de Baulny H, Diaz J, Cheval M A, Frachon P,
Romero N, Goutieres F, Fardeau M, Lombes A, Late onset
mitochondrial DNA depletion: Dna copy number, multiple
deletions and compensation, Annals of Neurology,49, 2001, 607-
617.

Cavelier L, Jazin EE, Eriksson |, Prince J, Bave U, Oreland L,
Gyllensten U, Decreased cytochrome c¢ oxidase activity and lack
of age related accumulation of mitochondrial DNA deletions in
the brain of schizophrenics, Genomics, 29, 1995, 217-224.

Berdanier CD, Everts HB, Mitochondrial DNA in aging and
degenerative diseases, Mutation Research, 475, 2001, 169-183.

Park KS, Nam KJ, Kim JW, Lee YB, Han CY, Jeong JK, Lee HK, Pak
YK, Depletion of mitochondrial DNA alters glucose metabolismin
SK-Hep 1 cells, Am J Physiol Endocrinol Metab,280, 2001, E1007-
E1014.

Tseng LM, Yin Ph, Chi C W, HSU CY, Wu C W, Lee L M, Wei YH, Lee
HC, Mitochondrial DNA mutations and mitochondrial DNA
depletion in breast cancer, Genes Chromosomes Cancer, 45,
2006, 629-638.

Wu CW, Yin PH, Hung WY, Li AF Y, Li S H, Chi C W, Wei YH, Lee
HC, Mitochondrial DNA mutations and mitochondrial DNA
depletion in gastric cancer, Genes Chromosomes Cancer, 44,
2005, 19-28.

Lee HC, Li SH, Lin JC, Wu CC, Yeh DC, Wei YH, Somatic mutations
in the D loop and decrease in the copy number of mitochondrial
DNA in human hepatocellular carcinoma, Mutation Research,
547,2004, 71-78.

Wang Y, Liu VW, Xue WC, CHueng AN, Ngan HY, Association of
decreased mitochondrial DNA content with ovarian cancer
progression, British Journal of Cancer, 95, 2006, 1087- 1091.

Kaleem M, Sheema, Sormad H and Bano B, Protective effects of
piper Nigrum and Vinca Rosea in alloxan induces diabetic rats,
Indian Journal Physiol Pharmacol, 49, 2005, 65-71.

Griesmacher A, Kindhouser M, Andert S E, Schreiner W, Toma C,
Knoebl P, Pietschmann P, Prager R, Schnack C, Schemthaner G
Mueller MM, Enhanced serum levels of thiobarbituric acid
reactive substance in diabetes mellitus, American Journal of
Medicine,98, 1995, 469-475.

Giron MD, Salto R, Gonzalez Y, Giron J A, Nieto N, Periago J,
Suarez MD, Hortelano P, Modulation of hepatic and intestinal
glutathione s transferase and other antioxidant enzymeby dietary
lipids in streptozotocin diabetic rats, Chemosphere, 38, 1999,
3003-3013.

Bovaries A and Chance B, The mitochondrial generation of
hydrogen peroxide: General properties and effects of hyperbaric
oxygen, Biochemical Journal, 134, 1973,707-716.

Turrens J F, Alexander A and Lelninger AL, Ubisemiquinone is the
electron donor for superoxide formation by complex Ill of heart
mitochondria, Archives Biochemistry and Biophysics, 237, 1985,
408-411.

Yau- H W, Ching- Y L, ChiaY W, Ma Y S, Lee H C, Oxidative stress
in human aging and mitochondrial diseases — consequences of
defective mitochondrial respiration and impaired antioxidant
enzyme system, Chinese Journal of Physiology, 44,2001, 1-11.

Valko M A, Dieter L, Moncol J, Mark TD Cronin, Mazur M, Telser
J., Free radicals and antioxidants in normal physiological function
and human diseases, The International Journal of Biochemistry
and cell biology, 39, 2007, 44-84.

Folli F, Corradi D, Fanti P, Davaui A, Paez A, GiaccariaA, Perego C,
Muscogiuri G, The role of oxidative stress in the pathogenesis of
type 2 diabetes mellitus micro-& macrovascular complication;

)

D

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

184



Int. J. Pharm. Sci. Rev. Res., 28(1), September — October 2014; Article No. 34, Pages: 179-187

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Avenues for a mechanistic-based therapeutic approach, Current
Diabetes Reviews,7, 2011, 313-324.

Giugliano D, Ceriello A, Paolisso G, Oxidative stress and diabetic
vascular complications, Diabetes Care,19, 1996, 257-67.

Rolo A P, Palmeira CM, Diabetes and mitochondrial function: role
of hyperglycaemia and oxidative stress, Toxicology and Applied
Pharmacology, 212, 2006, 167-78.

Berdanier CD, Mitochondrial gene expression in diabetes
mellitus: effect of nutrition, Nutrition Reviews, 59, 2001, 61-70.

Brandon M.C., Lott M T, Nguyen K C, Spolim S, Navathe S B, Baldi
P, Wallace D C, MITOMAP: a human mitochondrial genome
database-2004 update, Nucleic Acids Research, 33, 2005, 611-
613.

Richard A J, A new strategy for the detection low level of
mitochondrial DNA mutation using blood derived from diabetic
patients, The UCI Undergraduate Research journal, 8, 2005,61-70.

Moraes , C.T., Ricci E, Bonilla E, Di Mauro S, and Schon E A, The
mitochondrial t RNA Leu (UUR) mutation in mitochondrial
encephalomyopathy, lactic acidosis, and stroke like episode
(MELAS): genetic , biochemical and morphological correlations in
skeletal muscles, American Journal of Human Genetics, 50, 1992,
934-949.

Ballinger SW, Shoffner JM, Hedaya EV, Trounce |, Polak M A,
Koontz D A, Wallace D C, Maternally transmitted diabetes and
deafness associated with a 10.4 kb mitochondrial DNA deletion,
Nature Genetics,1, 1992, 11-15.

Van den Ouweland JM, Lemkes HH, Ruitenbeek W, Sand Kuiji L A,
Vijlderdel M F, Struyvenberg P A, Van Den Kamp JJ, Maasen JA,
Mutation in mitochondrial tRNA (Leu)(UUR) gene in a large
pedigree with maternally transmitted type Il diabetes mellitus
and deafness. Nature Genetics,1, 1992, 368-371.

Chol M, Labon S, Benit P, Chretien D, De Lonlay P, Goldenberg A.
Odent S, Hertz- Pannier, Vincent Delorme C, Cormier DV, Rustin
P, Rotig A, Munnich A, The mitochondrial DNA G13513A MELAS
mutation in the NADH Dehydrogenase 5 gene is a frequent cause
of Leigh-like syndrome with isolated complex | deficiency, J Med
Genet, 40, 2003, 188-191.

Linong J I, Xiaomei H O U and Xueyao H, Prevalence and clinical
characteristics of mitochondrial tRNA Leu(UUR) mt 3243 A/G and
ND-1 gene mt 3316 G/A mutation in Chinese patients with type 2
diabetes, Chinese Medical Journal, 11, 2011, 1205-1207.

Ming-Zhen L |, De-min Y U, Pei Y U, De-minL | U, KunWand Zhi T
X, Mitochondrial gene mutations and type 2 diabetes in Chinese
families, Chinese Medical Journal, 8, 2008, 682-686.

Suzuki Y, Suzuki S, Hinokio Y, Chiba M, Atsumi Y, Hosokawa K,
Shimada A, Asahina T, Matsuoka K, Diabetes associated with a
novel 3264 mitochondrial tRNA (Leu) (UUR) mutation, Diabetes
Care, 20, 1997,1138-40.

Kameoka K, Isotani H, Tanaka K, Azukari K, Fujimura Y, Shiota Y,
Sasaki E, MAjima M, Furukawa K, Haginomori S, Kitaoka H,
Ohsawa N, Novel mitochondrial DNA mutation in tRNA Lys
(8296A/G) associated with diabetes, Biochemical and Biophysical
Research Communication, 245, 1998,523-527.

Masato T, Hayashi Isobe J |, Eizo O, Masayuki O, Jing C, Kaoru A,
Onaya T, A new mitochondrial DNA mutation at 14577 T/C is
probably a major pathogenic mutation for maternally inherited
type 2 diabetes, Diabetes, 49, 2000, 1269-72.

Kodawaki T, Kodawaki H, Mori Y, Tobe K, Sakuta R, Suzuki Y,
Tanabe Y, Sakura H, Awata T, Goto Y, A subtype of diabetes
mellitus associated with a mutation of mitochondrial DNA, N Engl
J Med, 330, 1994, 962-968.

Ohkubo K, Yamano A, Nagashima M, Mori Y, Anzai K, Akehi Y,
Nomiyam R, Ashano T. Urae A, Ono J, Mitochondrial gene
mutation in the tRNA Leu(UUR) Region and diabetes: Prevalence

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

ISSN 0976 — 044X

and Clinical Phenotypes in Japan, Clinical Chemistry, 47,2001,
1641-1648.

Lynn S, Wardell T, Johanson MA, Chinnery PF, Dally ME, Walkar
M, Turnbull DM, Mitochondrial Diabetes: investigation and
identification of a novel mutation, Diabetes, 47, 1998,1800-1802.

Poulton J, Luan J, Macaulay V, Hennings S, Mitchell J and
Wareham N J, Type 2 diabetes is associated with a common
mitochondrial variant: evidence from a population based case
control study, Human Molecular Genetics,11, 2002, 1581-1583.

Poulton J, Scott Brown M, Cooper A, Marchington DR, Phillips
DIW, A common mitochondrial DNA variant is associated with
insulin resistance in adult life, Dibetologia, 41, 1998, 54-58.

Pranoto A, The association of mitochondrial DNA mutation
G3316A and T3393C with diabetes mellitus, Folia Medica
Indonesia, 41, 2005, 3-8.

Vijaya Padma V, Anitha S, Santhini E, Pradeepa D, Tresa D,
Gansan P,Ishwarya P, Balamurugan R, Mitochondrial and nuclear
gene mutations in the type 2 diabetes patient of Coimbatore
population, Molecular and Cellular Biochemistry, 345, 2010, 223-
229.

Duraisamy P, Elango S, Vishwananadha VP, Balamurugan R,
Prevalence of mitochondrial t RNA gene mutation and their
association with specific clinical phenotypes in patients with type
2 diabetes mellitus of Coimbatore, Genetic testing and Molecular
Biomarkers, 14, 2010, 49-55.

Lee HC, Song Y D, Li HR, Park J O, Suh H C, Lee E, Seungkil Lim,
Kyungrae Kim , Kampbum H, Mitochondrial gene transfer
ribonucleic acid (tRNA) Leu UUR 3243 and tRNA Lys 8344
mutations and Diabetes mellitus in Korea, Journal of Clinical
endocrinology and Metabolism, 82, 1997, 372-374.

Kanki T, Nakayama H, Sasaki N, Takio K, Alam TI, Hamasaki N,
Kang D, Mitochondrial nucleoid and transcription factor A, Annals
of the New York Academy of Sciences, 1011, 2004, 61-68.

Mikhail F. ALEXEYEV, Susan P, LEDOUX and Glenn L. W,
Mitochondrial DNA and aging, Clinical Science, 107, 2004, 355-
364.

Di Mauro S, Schon E A. Mitochondrial respiratory chain diseases,
The New England Journal of Medicine, 348, 2003, 2656-2668.

Diehl A M, Hoek J B, Mitochondrial uncoupling: role of uncoupling
proteins anion carriers and relationship to thermogenesis and
weight control, the benefits of losing control, Journal of
Bioenergetics and Biomembrane, 31, 1999, 493-506.

Ashcroft F M, ATP sensitive potassium channelopaties focus on
insulin secretion, The Journal of Clinical Invetigation, 115, 2005,
2047-2058.

Koster J C, Permutt M A and Nichols C G, Diabetes and insulin
secretion The ATP sensitive potassium channel (KATP)
connection, Diabetes, 54, 2005, 3065-3072.

Clement JP, Kunjilwar K, Gozalez G, Schwanstecher M, Panten U,
Aguilar-Bryan L, Bryan J, Association and stoicheometry of kATP
channel subunits, Neuron, 18, 1997, 827-838.

Shyng, S.L. & Nichols C.G, Octameric stoicheometry of the ATP
channel complex, J Gen Physiol, 110, 1997, 655-664.

Inagaki N, Gonoi T, Clement J P, Namba N, Inazawa J, Gonzalez G,
Aquilar BL, Seino S, Bryan J, Reconstitution of IkATP: an inward
rectifier subunit plus the sulphonylurea receptors, Science, 270,
1995, 1166-1169.

Sakura H, Ammala C, Smith PA, Gribble FM, and Ashcroft FM,
Cloning and functional expression of the cDNA encoding A novel
ATP sensitive potassium channel subunit expressed in pancreatic
beta cells, brain, heart and skeletal muscles, FEBS Letter, 377,
1995, 338-344.

&

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

185



Int. J. Pharm. Sci. Rev. Res., 28(1), September — October 2014; Article No. 34, Pages: 179-187

ISSN 0976 — 044X

74.  Inagaki N, Tsuura Y, Namba N, Masuda K, Gnoi T, Horie M, Seino 92.  Mayfield J, Diagnosis and classification of diabetes mellitus: New
Y, Mizuta M, Seino S, Cloning and functional characterization of a criteria, American family Phisician, 58, 1998, 1355-62.
novel ATP sensitive potassium channel ubiquitously expressed in 93 Lodish H. Berk A. Matsudaira P. Kaiser C. Kri M. S M P
rat tissues, including pancreatic islets, pituitary and skeletal ' '\;)I'S IY Cer” B'YI ats\l;v erFa ' a'sgc’ rleger2064 cott '
muscle and heart, J. Biol. Chem, 270, 1995, 5691-94. olecular Lell Biology, reeman & Lompany, '

75.  Ashcroft F M, Gribble F M, ATP sensitive potassium channel and 94. Mahgr F} \l/)anpucTc; SF,iszgd Slmp?o; 1'9’34 (il(nggsleOIrlansporter
insulin secretion: there role in health and diseases, Diabetologia, proteins in brain, The Journal, 8, ' - ’
42,1999, 903-919. 95.  Wollheim C B, Beta cell mitochondria in the regulation of insulin

76.  Ashcroft FM, Adenosine 5- tripdosphate- sensitive potassium secretion: a new culprit in type 2 diabetes, Diabetologia, 43,
channel, Annual Review of Neuroscience, 11, 1988, 97-118. 2000, 265-277.

77.  Miki T, Nagashima K and Seino S, The structure and function of 96. Il\/laelch_lerI_P,_Wa_ng I': WoIIhel_m CB, I(Ilontmeou_s mon|t0r|r|1_g c:(f A;P
ATP sensitive potassium channel in insulin secreting pancreatic IeVis In living Insulin Sif;rzetllfgggsceszge;grzes&ng cytocolic firefly
beta cells, Journal of Molecular Endocrinology, 22, 1999, 113- uciferase, FEBS Letters, 422, 19687592,

123. 97.  Cook D.L., Hales C.N, Intracellular ATP directly blocks potassium

78.  Craig T J, Ashcroft F M and Proks P, How ATP inhibits the open channel in pancreatic beta cells. Nature, 211, 1984, 269-271.
KATP channel, J. Gen Physiol,132, 2008, 131-144. 98.  Harrison DE, Aschcroft SIH, Glucose induced closure of single

79.  Gillis K.D., Gee W M, Hammoud A, Daniel MC, Falke L C and gi;asfggr Zzgn:f; in isolated rat pancreatic beta cells, Nature,
Misler S, Effects of sulphonamideson a metabolite regulated ATP ' R
sensitive K* channel in rat pancreatic beta cells, Am J. Physiol, 99.  Aguilar-Bryan L, Bryan J, Molecular biology of adenosine
257,1989, 1119-27. triphosphate sensitive potassium channels, Endocrine Review, 20,

80. Nichols C G, Lederer W Jand and Cannell M B, ATP dependence 1999, 101-135.
of kA_TP chgnnel kinetics in isolated membrane patches from rat 100. Ashcroft SJ., H. Weerasinghe L.C.C. and Randle P
ventricle, Biophys J., 60, 1991, 1164-1177. Interrelationship of islets metabolism, adenosine triphosphate

81. Davies N W, Standen N B and Stanfield P R, The effect of content and insulin release, Biochem, 2, 1973, 223-231.
intracellular pH on ATP dependent potassium channel of frog 101. Ghosh A, Ronner P, Cheong E, Khalid P & Matschinsky F M, The
skeletal muscle, J. Physiol, 445, 1992, 549-568. role of ATP and free ADP in metabolic coupling during fuel

82.  DrainP., LilL., & WangJ, KATP channel inhibition by ATP requires stlr':‘lulatded insulin relea_?s from 'SIIeti g_etla (f‘eIIISC'E th? 'Sdgzeﬁd
distinct functional domains of the cytoplasmic C terminus of the pe;fsgzsrsa; gsg;;eas, e Journal of Biological Chemistry, '
pore forming subunits, Proct. Natl Acad. Sci USA, 95, 1998, 1991, ) :

13953-958. 102. Henquin J C, Perspectives in Diabetse: Triggering and amplifying

83.  Trapp S, Prokes P, Tucker S J & Ashcroft F M, Molecular analysis patgwaéslo;‘ rfgiL;IZgon of insulin secretion by glucose, Diabetes,
of ATP-sensetive potassium channel gating and implications for 49, 2000, 1751- :
channel inhibition by ATP, J. Cren. Physiol, 112, 1998, 333-349. 103. Mingkun Li, Schonberg A, Schaefer M, Schroeder R, Nasidze | and

84.  Fan Z., and Makielski JC, Phosphoinosied decrease ATP sensitivity Stonekmg M'f Detectlmg T]eteroplasr_'ny hfrorc'in_ Tlgh-througthrl]Jt
of the cardiac ATP sensitive K* channel. A molecular probe for the sequencing 0 forfnﬁ ete (;Jman. mlgtgczgfo 227 gigoms, e
mechanism of ATP-sensitive inhibition, Journal Gen. Physiol, 114, American Journal of Human Genetics, 87, e frens
1999, 251-269. 104. Wanyi W, Shen P, Thiyagarajan S, Lin S, Palm C, Horvath R, Pstock

85.  Lil, Geng X, Drain P, Open state destabilization by ATP occupancy KT,Cl;tIefr DS’(F;'qICl;e L,_fgchr_uverfl, Ro';:ldAW' l_VImdr_mos_M, ;er((ejn_cel
is mechanism speeding burst exit underlying kATP channel zf Scdare el denti |ca§|ono re:)e J varients in m’\lltocl _onA”%
inhibition by ATP, J. Gen. Phisiol, 119, 2002, 105-116. isorders with improved array based sequencing, Nucleic Aci

Research, 39, 2011,44-58.

86. Kakei M, Ronan P, Kelly, Stephen J.H. Ashcroft F M, The ATP . h .
sensitive K* channels in rat pancreatic beta cells is modulated by 105. ganr? C, EBFYI\(/:I'Ien D”\Awslng G, Eaﬁlatlna }T(’ 1\'/(lu0ngJ BZS’ G"\iso[y N\I]’
ADP, FEBS, 208, 1986, 63-66. raham EB, Milone M, Megan L, Lansverk, Wang J, Zang W, Lee J,

Wong C, Comprehensive next generation sequence analyses of

87.  Gribble F.M. P. Prokes B E. Corkey and F.M. Ashcroft, Mechanism the entire mitochondrial genome reveal new insight into the
cloned ATP sensitive potassium channel activation by oleoyl-coA, molecular diagnosis of mitochondrial DNA disorders, Genetics in
J. Biol. Chem, 273, 1998, 26383-26387. Medicine, 15, 2013, 388-394.

88. Mark J D, Peterson O H, Intracellular ADP activates K* cahnnel 106. Lorenz M, Zierz S, Deschauer M, Multiplex Dependent Probe
that are inhibited by ATP in an insulin secreting cell line, FASEB Amplification (MLPA) for identification of mitochondrial DNA
Letters, 208, 1986, 59-62. alteration in patients with mitochondrial disorders, Klinische

) Neurophysiologie, 41, 2010, ID191.

89.  Bokvist K, Ammda C, Ashcroft F M, Berggren P O, Larsson O &

Rorsman P, Separate processes mediate nucleotide induced 107. Snogdal L S, Wod M, Grarup N, Vestmar M, Sparso T, Gorgenson

inhibition and stimulation of the ATP regulated K* channel in T, Lauritzan T, Nielsen BH, Henriksen J E, Pederson O, Hansen T,

mouse pancreatic beta cells, Proc. R. Soc. Lond. B, Biol Sci, 243, Hojlund K, Common variation in oxidative phosphorylation genes

1991, 139-144. is not a major cause of insulin resistance or type 2 diabetes,
) Diabetologia, 55, 2012, 340-348.

90.  Gribble F M, Stepehen J, Tucker, Trude H and Ashcroft F M,

MgATP activates the beta cell k ATP channel by interaction with 108. Khan S, Gorantla, Raghuram V, Bhargava A, Pathak N, Chandra D,
its SUR 1 subunit, Proceedings of the National Academy of Jain Subodh, Mishra PK, Role of clinical significance of
Sciences of the United States of the America PNAS, 95, 1998, lymphocyte mitochondrial dysfunction in type 2 diabetes
7185-90. mellitus, Elsevier,158, 2011, 344-359.

91. Hruz P W, Mueckler M M, Structural analysis of the Glut 1 109. Najila, Rebai E M, Kallel N, Charfi N, Amid M, Fakhfakh F., A
facilitative glucose transporter, Molecular Membrane Biology, 18, maternally inherited diabetes and deafness patient with the 12s
2001, 183-193. rRNA m. 1555A>G and the ND1 m. 3308 T>C mutations

associated with multiple mitochondrial deletions, Elsevier
R International Journal of Pharmaceutical Sciences Review and Research
&> Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

186



Int. J. Pharm. Sci. Rev. Res., 28(1), September — October 2014; Article No. 34, Pages: 179-187 ISSN 0976 — 044X

Biochemical and Biophysical Research Communication, 431,
2013,670-674.

110. Li P, Tong Y, Yang H, Zhou S, Xiong F, Huo T, Mao M,
Mitochondrial translocation of human telomarse reverse
transcriptase in cord blood nuclear cells of newborns with
gestational diabetes mellitus mothers, Diabetes Research and
Clinical Practice,103, 2014, 310-318.

111.

Beatriz T, Jaun G, Carmen DC, Laura L, Edurado RP, Francisco O,
Coto E, Mitochondrial DNA haplogroups and risk of new onset
diabetes among tacrolimus treated renal transplanted patients,
Gene, 538, 2014, 195-198.

Source of Support: Nil, Conflict of Interest: None.

Available online at www.globalresearchonline.net

é) International Journal of Pharmaceutical Sciences Review and Research
oY

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

187



