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Abstract---Mitochondria have its own DNA called Mitochondrial DNA 

(mtDNA)). There are many reasons behind Mitochondrial dysfunction, 
may be due to point mutations, deletions, and variations in 

Mitochondrial DNA  copy number. Pregnant women affected with GDM 

are associated with some alterations in mitochondria DNA copy 
number (mtDNA-CN). The aim of this study is to check the changes in 

mtDNA-CN using real-time PCR in pregnant women who are 

diagnosed with GDM. 25 GDM affected pregnant women and 25 
healthy pregnant women were enrolled for this study. Peripheral 

mitochondrial copy number was checked by Real Time PCR . The 

result shown a mild decrease in mtDNA-CN in the pregnant women 

who are affected with GDM when compared to the healthy pregnant 
women. This reduction or variation in mitochondria DNA CN can leads 

to mitochondrial dysfunction.  

Keywords---Gestational diabetes mellitus, Mitochondrial dysfunction, 

Mitochondrial DNA copy number, RT-PCR ,Metabolic disorders. 
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Introduction  
 

Mitochondrial dysfunction contributes to many mitochondrial diseases and a 

variety of aging-based pathologies as well. Mitochondria have their own genomes 
(mitochondrial DNA (mtDNA)) and the abnormalities, such as point mutations, 

mitochondrial copy number variations and deletions, are involved in dysfunction 

of mitochondrial. Psychosocial stress is known to contribute to oxidative stress in 

the placenta.  Many researches had showed that maternal mtDNA copy number is 
associated with birth weights of babys.1 Many studies suggested the hypothesis 

that mitochondrial DNA copy number may possibly serve as an early marker of 

health risks especially in pregnant women.1Mitochondrial DNA copy number 
(mtDNA-CN), is the measure of number of mitochondrial genomes per cell, is a 

most significant measure for checking the functions of Mitochondria  and is 

connected with many aging-related diseases too.2 

 

The mitochondrial copy number per cell is purely based on the energy demand of 

the cell. For example muscle cells and sperm cells have many mitochondria for 
performing contractile and motility function. So, the estimated range of mt DNA is  

from hundreds to one thousand mitochondria per cell, with 2 to 10 DNA copies 

per mitochondrion.3 Results from so many studies have shown that smoking, 

hypercholesterolemia, and obesity can induce mitochondrial DNA damage and 
dysfunction. 4 Mitochondrial mutations is likely to contribute to a number of 

common  diseases. The common example is diabetes mellitus, which is the most 

prevalent disease of carbohydrate metabolism affecting human race world wide.5 

 

Females are most affected than males due to the maternal pattern of 

mitochondrial inheritance.  It is very important to remember that there are many 
mitochondria within a cell, will have its own mtDNA and potential mutations too. 

so, when we are discussing about mitochondrial mutations, it is necessary to 

think about possibility of mutations present in the entire mitochondrial 
population rather than in a single mitochondrion.5,6 

 

Gestational diabetes mellitus (GDM) is a metabolic disorder which is due to 

glucose intolerance with the onset or first recognition at the time of 
pregnancy.Carbohydrate intolerance in pregnant women happens during the 

excess intake of food to guarantee the proper nutrient supply for the feotus. GDM 

is due    Insufficient insulin to meet the demand so the Normal glucose 
homeostasis is disturbed. 7,8,9 

 

Materials and methods: 
 

 The Study population includes 25 GDM diagnosed pregnant women and 25 

healthy pregnant women without any known complications with an age group 
between 20 to 36. 

 

Inclusion criteria: Pregnant women who are willing for the study with history of 
Diabetes for the first time during pregnancy and Pregnant women with obesity. 

 

Exclusion criteria: Patients who are not willing for the study and having H/O 

Type 1 & Type 2 DM. H/O Existing thyroid disorders, Pregnant  women who are 
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affected with chronic diseases like carcinoma, tuberculosis, kidney diseases and 

advanced liver failure like cirhosis etc. were excluded from our study. 

 
Mitochondrial DNA -CN was measured by amplifiying  ND1 gene in mitochondrial 

DNA and nuclear gene 18s by Real Time PCR technique.10,11 Two pairs of primers 

were designed and used in two steps for quantification of mitochondrial DNA. One 
primer pair was to amplify MT-ND1 gene in mitochondria and other primer 

sequence  to amplify single-copy nuclear gene 18s.The ND1 to18s  CN ratio was 

determined  from standard curve for each sample. 12,13,14 This ratio is proportional 
to the mtDNA -CN in each cell. The ratio for each sample was then normalized to 

calibrator DNA in order to standerdize between different runs. The calibrator DNA 

is a genomic DNA sample from healthy control subjects which is used for 
comparison of results of different independent assays.15,16 The DNA sample  

which is extracted from molecular lab  is retrieved and used for the study.17 

 

Setting up standards: For each standard curve one reference DNA sample is 
diluted 1:4 to produce a seven-pont standard curve. measure the initial 

concentration of reference DNA by nanodrop.18 A standard curve consisting of 

diluted reference DNA , a negative control and a calibrator DNA was included in 
each run. For  all standard curve one reference DNA sample was serially diluted 

to 1:2 to produce a seven point standard curve between 0.3125 and 20 ng of DNA. 

 
controls: 1.2819(calibrator) final concentration – 0.1 ng/µl, 2. 2888 (control)final 

concentration - 0.1 ng/µl. 19,20 

 

Setting up 96 well plate for RT-PCR.: 

 

All the samples were assayed in duplicate on a 96 –well plate with an applied 

Biosystems 7900 sequence detection system. The PCR for mitochondrial DNA and 
nuclear gene were as usual performed on 96 -well plates with the same samples 

in the same well positions to avoid position effect. 21,22 A standard curve with 

diluted reference DNA, one positive control and one calibrator DNA were included 
in each run. All the test samples are scanned before platting in the same order as 

they run on plates. Then prepare PCR mixture in a total of 14 µl per well for 96 

well plate.23,24,25 

 

Results 

Table: 1 Log ND1 Standard Concentration 
 

 ND1 

standards 

log ave 

Ct-

ND1 

stdev 

ND1 

  

BT1 15 1.176091 16.81 0.070711 slope -3.62802 

BT2 3.75 0.574031 18.34 0.141421 intercept 20.81831 

BT3 0.9375 -0.02803 21.06 0.056569   

BT4 0.234375 -0.63009 23.05 0.240416   

BT5 0.05859375 -1.23215 25.38 0.127279   

BT6 0.014648438 -1.83421 27.32 0.06364   
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BT7 0.003662109 -2.43627 29.77 0.077782   

BTBLANK       

 

 

 
 

Fig: ND1 Standard Concentration 
 

Table;2 Log 18S  Standard Concentration 

 

 

18S 

standards log 

ave 

Ct-18S 

stdev-

18s 

  

BT1 15 1.176091 18.275 0.035355 slope -3.39904 

BT2 3.75 0.574031 20.395 0.06364 intercept 22.34044 

BT3 0.9375 -0.02803 22.495 0.338346   

BT4 0.234375 -0.63009 24.72 0.328727   

BT5 0.05859375 -1.23215 26.395 0.103755   

BT6 0.014648438 -1.83421 28.27 0.067466   

BT7 0.003662109 -2.43627 30.825 0.049497   

BTBLANK       
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Fig;2 Log 18S  Standard Concentration 
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T11 22.17 0.24 -0.37 0.42 22.38 0.33 -0.01 0.97 0.44 1.06 

T12 22.34 0.16 -0.42 0.38 22.36 0.16 -0.01 0.99 0.39 0.94 

T13 23.33 0.01 -0.69 0.20 23.78 0.00 -0.42 0.38 0.54 1.31 

T14 23.60 0.08 -0.77 0.17 23.87 0.05 -0.45 0.35 0.49 1.18 

T15 22.58 0.02 -0.48 0.33 23.28 0.04 -0.28 0.53 0.62 1.50 

T16 23.25 0.05 -0.67 0.21 24.46 0.12 -0.62 0.24 0.90 2.19 

T17 22.89 0.13 -0.57 0.27 24.16 0.10 -0.54 0.29 0.92 2.24 

          24.16 0.02 -0.54 0.29 0.93   

T18 22.88 0.14 -0.57 0.27 2.25 

          24.11 0.00 -0.52 0.30 0.93   

TH1 22.82 0.11 -0.55 0.28 2.26 

TH2 23.39 0.06 -0.71 0.20 23.03 0.12 -0.20 0.63 0.31   

0.76 

TH3 23.60 0.08 -0.77 0.17 25.33 0.08 -0.88 0.13 1.30   

3.16 

TH4 22.40 0.08 -0.43 0.37 22.59 0.18 -0.07 0.85 0.43   

1.05 

TH5 22.72 0.06 -0.52 0.30 25.56 0.07 -0.95 0.11 2.66   

6.45 

TH6 23.29 0.08 -0.68 0.21 23.81 0.13 -0.43 0.37 0.57   

1.37 

TH7 23.17 0.09 -0.65 0.23 23.30 0.05 -0.28 0.52 0.43   

1.05 
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C11 18.88 0.14 0.53 3.42 19.01 0.09192 0.98129 9.5783 0.84738 2.055 

C12 18.605 0.09 0.61 4.07 22.94 0.06364 -0.1749 0.66847 1.0262 2.489 

C13 19.255 0.01 0.43 2.7 19.885 0.00707 0.72239 5.27706 2.55409 6.195 

C14 20.28 0.01 0.15 1.41 22.94 0.06364 -0.1749 0.66847 2.10521 5.107 

C15 20.185 0.01 0.17 1.49 22.605 0.09192 -0.0778 0.83593 1.78811 4.337 

          20.28 0.01414 0.60618 4.03816 0.6743   

C16 19.24 0.01 0.44 2.72 1.636 

C17 20.265 0.01 0.15 1.42 21.23 0.01414 0.32669 2.12174 0.6696 1.624 

C18 21.23 0.01 -

0.11 

0.77 21.41 0.06364 0.27521 1.88455 0.40862 0.991 

C19 22.305 0.11 -
0.41 

0.39 22.55 0.14142 -0.0617 0.86766 0.44861 1.088 

C20 18.37 0.01 0.67 4.73 19.06 0.02828 0.96511 9.228 0.51254 1.243 

C21 19.31 0.04 0.42 2.6 20.19 0.00707 0.63413 4.30658 0.60479 1.467 

C22 21.2565 0.03 -

0.12 

0.76 21.735 0.64347 0.17812 1.50703 0.50246 1.219 

C23 22.165 0.04 -
0.37 

0.43 22.59 0.06364 -0.072 0.84733 0.50206 1.218 

C24 21.305 0.12 - 0.73 21.26 0.03323 0.3189 2.08399 0.35234 0.855 
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0.13 

C25 20.25 0.03 0.16 1.43 20.31 0.07778 0.59883 3.97034 0.36126 0.876 

CONTROL 22.13 0.01 -
0.36 

0.43 22.26 0.028 0.02 1.06     

 

 
Fig:3 Ratio Of Mt Dna Cn Between Test Sample (Gdm) And Contr 

 

 

 
 

 

 
 

RATIO OF mt DNA CN BETWEEN TEST SAMPLE ( GDM) AND CONTROL 

 
 

 

 
 

 

 

 
 

 

 
 

 

Dicussion  
 

In last 25 years, many studies have reported and revealed some changes in 

mitochondrial function in the pathogenesis of diseases, including T2DM, GDM 
and ovarian dysfunction etc. The finding that mitochondrial dysfunction and 

Insulin Resistant can be passed from mother to offspring suggests that 

mitochondrial dysfunction may be the common underlying defect that links 

metabolic imbalance with reproductive problems. The relationship between 
mitochondria and insulin action or ovarian function is highly complex and 

interdependent. In this study, we have used Real-time PCR to quantify mtDNA 

copy number in GDM women and control group. Our result indicated that mtDNA 
copy number of GDM patients was decreased  compared to control group. The 

Mitochondrial dysfunction may induce damage to DNA inside mitochondria  

which leads to decrease in mitochondrial volume. Our study eventually 
demonstrated that quantification of mtDNA using real-time PCR is clinically 

feasible in screening patients with GDM and will further contribute to making an 

active treatment at the earliest. 
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