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Abstract— One of the important forensic pathology aspects is the establishment of the time since a death 

has occurred i.e. post-mortem interval (PMI). It gives the police a start to their investigation and help in 

dealing more professionally with the evidence available. The objective of the present was just to measure the 

yield of total RNA and cDNA at different post mortem intervals using most RNA extraction techniques in 

the heart tissue of Wister rats. A total of 36 female Wister rats (250–300 g, aged 12 weeks) were included in 

this study, with the exclusion of male rats. The standard and recommended laboratory conditions were 

provided to the animals. The autopsy of heart tissue was taken at 0, 16, 24, 30, 42- and 48-hours’ time. Total 

RNA yield was measured by Nanodrop and cDNA through real-time PCR. From the findings of the present 

study, we can conclude that post mortem heart tissue gives an acceptable yield of RNA and cDNA for further 

downstream applications. 
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1. Introduction 

One of the important forensic pathology aspects is the establishment of the time since a death has occurred 

i.e. post-mortem interval (PMI). It gives the police a start to their investigation and help in dealing more 

professionally with the evidence available. It may assist to eliminate some defendants and pursuit of the likely 

criminals. It may also help in approving or disproving a defense and to rule out any innocent suspect. In recent 

years genetic constituents such as DNA, RNA and protein have been used for estimation of time since death 

due to their property of reduction which is carried out by physical and chemical processes, which have been 

occurring when postmortem interval increase [5, 3]. The RNA has emerged as an important alternative method 

in forensics, for the estimation of postmortem interval, age of the wound and identification of body fluids as 

well as studying the mechanism of death [2]. 

Many factors affect the integrity of messenger RNA from human autopsy tissues including postmortem 

interval (PMI) between death and tissue preservation and the pre-mortem agonal and disease states [8]. One 

study of forensic autopsies with PMI ranging from 4 to 94 h (mean 27.3 h) showed brain samples had lower 

mean integrity than cardiac muscle or skeletal muscle [4]. It was also recently shown that the isolation method 

used to extract RNA from frozen tissue had effects on integrity and yield. The widely-used Trizol (guanidine 

isothiocyanate/phenol/chloroform) method produced higher yields, but had poor integrity compared to column 

purification methods [1], though this was not a uniform finding [6]. The objective of the present was just to 

measure the yield of total RNA and cDNA at different post mortem intervals using most RNA extraction 

technique in heart tissue of wister rats. 
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2. Materials and Methods 

This study was carried out in the Department of Forensic Sciences, University of Health Sciences (UHS) 

Lahore, Pakistan. The permission for the use of Wister Rats had been granted by the Advanced Studies and 

Research Board, UHS Lahore. A total of 36 female wister rats (250–300 g, aged 12 weeks) were included in 

this study, with exclusion of male rats. The standard and recommended laboratory conditions were provided 

to the animals. The autopsy of heart tissue was taken at 0, 16, 24, 30, 42- and 48-hours’ time. The animals 

were euthanized at different time intervals as mentioned above and the heart was excised, rinsed with 

physiological saline solution, frozen with liquid nitrogen and stored at -80oC until further use. 

 

2.1 Isolation of total RNA 

Total RNA was isolated from heart tissue samples using an RNA isolation kit (BioworldBiozol – G 

K=T10760055- 1) as per manufacturer’s instructions. 100 mg heart tissue was taken and homogenized with 

1ml of extraction reagent, and the homogenate was passed through (12Gauge) needle syringe 5 times. The 

homogenate was incubated for 5 minutes at room temperature (30oC – 35oC). The 200 µl of chilled 

chloroform (-20oC) was added per ml of extraction reagent. The sample tubes were securely caped and then 

shook by inverting and were incubated for 5 minutes at room temperature (30oC – 35oC). Then the tubes were 

vortexed for about 10 seconds. The centrifugation was done at 12000 rpm for 15 minutes at 4oC. After 

centrifugation, three different colored liquid phases were obtained, which include a transparent upper aqueous 

phase containing RNA, a white interphase and a lower red phenol-chloroform phase. The transparent phase 

was taken in a new tube and 500µl chilled isopropyl alcohol (-20oC) was added and shook well. The samples 

were then incubated for 10 minutes at room temperature (30 – 35oC). The centrifugation (at 12000rpm) was 

done for 30 minutes at 4oC and a pellet was obtained at the bottom of the tube. The RNA pellet was then 

washed with cold 70% ethanol (at ratio of 1ml of ethanol per 1ml of extraction reagent), the pellet was mixed 

by vortex and centrifuged at 7500 rpm for 5 minutes at 4oC. The RNA pellet was briefly air dried (for 5 

minutes) to remove ethanol, the RNA was dissolved in RNAase free water and was stored at -80oC for further 

use. 

 

2.2 Quantification of RNA 

NanoDrop® ND-1000 Spectrophotometer (NanoDrop Technologies, USA) was used for quantification of 

nucleic acid concentration. The purity of the total RNA extracted was determined by measuring the 

absorbance at 230, 260 and 280 nm, as the A260/A280 ratio with expected values range of 1.8 – 2 and 

A260/230 ratio range of 2.0 – 2.2.  A260/A280 ratios lower than 1.8 is indicative of protein contaminations, 

whereas low A260/230 ratios are indicative of residual contamination by organic compounds such as phenol, 

sugars or alcohol. 

 

2.3 cDNA Synthesis 

The cDNA was synthesized by reverse transcription of 1μg of total RNA using “RevertAid First Strand cDNA 

Synthesis Kit” (Thermo Fisher Scientific Inc =K1622) according to manufacturer’s instructions. The reagents 

given in Table 1 were mixed together to make total volume 12μl. After gently mixing and centrifugation for 

5 minutes, the samples were incubated at 65°C, followed by quick chilling on ice. The samples were then 

spun down and placed back on the ice. The samples were gently mixed by tapping, followed by a brief 

centrifugation. The samples were incubated for 60 minutes at 42°C. After that the reaction was terminated by 

heating the samples at 70°C for 5 minutes. The samples were chilled on ice and centrifuged to re-collect any 

vapors in the tube’s lid. The synthesized cDNA was then diluted to 100µl in nuclease free water and stored at 

-20°C until further use. 

https://www.seronijihou.com/


    ISSN: 13412051 

Volume 25, Issue 01, January, 2020 

 
 

407 
 

 

 

Table 1. Composition of reaction mixture for cDNA synthesis 

Reagents   Quantity Final concentration 

5X Reaction Buffer 4µl  

RibolockRnase inhibitor (20U/µl) 1µl 20U/ µl  

10mMdNTP mix 2µl  

Revertaid M-MulV RT (200U/µl) 1µl (200U/ µl) 

Oligo (dT)18 primer 1µl  

Nuclease-free water  10µl  

Total RNA 1µg  

Total volume 20µl  

 

3. Results 

 

3.1 RNA Quantification by NanoDrop® 

NanoDrop® was used for RNA concentration was measured in nano grams per microliter. The absorbance 

was calculated by 260/280 ratio (Table 2). 

Table 2. RNA Quantification by NanoDrop® 

Sample no Group Total RNA concentration    260/280 ratio 

1 Control         27.1 ng/ µl  1.82 

2 Control 18.9 ng/ µl 1.63 

3 Control 536.9 ng// µl 2.00 

4 Control 48.2 ng µl/ µl 1.87 

5 Control 115 ng/ µl 1.65 

6 Control 66 ng/ µl 1.55 

7 16 hour interval 529.9 ng/ µl 1.82 

8 6 hour interval 480.3 ng/ µl 1.96 

9 16 hour interval 215.3 ng/ µl 2.01 

10 16 hour interval 399.2 ng / µl 1.95 

11 16 hour interval 659.3 ng/µl 2.02 

12 16 hour interval  774.3 ng/ µl 1.76 

13 24 hour interval -718.8 ng/µl -ve 

14   24 hour interval 425.5 ng/ µl 1.88 

15 24 hour interval 207.7 ng/ µl 1.77 

16 24 hour interval 563.1 ng/ µl 1.90 
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17 24 hour interval 1013 ng/ µl 2.00 

18 24 hour interval 661.1 ng/ µl 1.95 

19 30 hour interval 892.9 ng/ µl 2.00 

20 30 hour interval 854.5 ng/ µl  2.03 

21 30 hour interval 1077.4 ng/ µl 1.99 

22 30 hour interval 1967.8 ng/ µl 2.04 

23 30 hour interval 749.3 ng/ µl 1.99 

24 30 hour interval 747.2 ng/ µl 1.99 

25 42 hour interval 635.8 ng/ µl 2.01 

26 42 hour interval 264.4 ng/ µl 1.84 

27 42 hour interval 740.8 ng/ µl 2.02 

28 42 hour interval 985.1 ng/ µl 1.98 

29 42 hour interval 1337.5 ng/ µl 2.02 

30 42 hour interval 1213.8 ng/ µl 2.03 

31 48 hour interval 896.4 ng/ µl 1.98 

32 48 hour interval 727 ng/ µl 1.97 

33 48 hour interval 1072.7 ng/ µl 2.03 

34 48 hour interval 1169 ng/ µl 1.98 

35 48 hour interval 421.6 ng/ µl 1.99 

36 48 hour interval 1365.2 ng/ µl 2.01 

 

3.2 cDNA Quantification by NanoDrop ® 

The cDNA was quantified by NanoDrop® in nano grams per microliter and concentration was checked by 

260/280 ratio. 

Table 3. Quantification of cDNA 

Sample no Group cDNA concentration 260/280 ratio 

1 Control group 2248.6 ng/ µl 1.74 

2 Control group 2356.6 ng/µl 1.74 

3 Control group 1767.6 ng/µl 1.65 

4 Control group 2185 ng/µl 1.64 

5 Control group 18551ng/µl 1.66 

6 Control group 1448.3 ng/µl 1.69 

7 16 hour interval 1893.7 ng/µl 1.65 

https://www.seronijihou.com/
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8 16 hour interval 2155.1 ng/µl 1.68 

9 16 hour interval 2559.7 ng/µl 1.69 

10 16 hour interval 2249.1 ng/µl 1.72 

11 16 hour interval 2355.1 ng/µl 1.7 

12 16 hour interval 2564.3 ng/µl 1.69 

13 24 hour interval -ve - 

14 24 hour interval 2547.5 ng/µl 1.69 

15 24 hour interval 2144.2 ng/µl 1.68 

16 24 hour interval 3834.2 ng/µl 1.79 

17 24 hour interval 2743 ng/µl 1.73 

18 24 hour interval 2792.5 ng/µl 1.73 

19 30 hour interval 535.3 ng/µl 1.89 

20 30 hour interval 2070.3 ng/µl 1.72 

21 30 hour interval 6395 ng/µl 1.82 

22 30 hour interval 2575.3 ng/µl 1.74 

23 30 hour interval 2461.2 ng/µl 1.71 

24 30 hour interval 459.7 ng/µl 1.93 

25 42 hour interval 1141.6 ng/µl 1.57 

26 42 hour interval 1377.5 ng/µl 1.65 

27 42 hour interval 1465.5 ng/µl 1.62 

28 42 hour interval 1707.9 ng/µl 1.68 

29 42 hour interval 1938.7 ng/µl 1.69 

30 42 hour interval 2119.6 ng/µl 1.7 

31 48 hour interval 2239.8 ng/µl 1.72 

32 48 hour interval 2184.8 ng/µl 1.73 

33 48 hour interval 2589.6 ng/µl 1.73 

34 48 hour interval 2567.2 ng/µl 1.74 

35 48 hour interval 3327.3 ng/µl 1.72 

36 48 hour interval 2625.2 ng/µl 1.75 

 

4. Discussion 

Quality control of tissue samples has focused in many studies on the quality of extracted tissue RNA. Many 

of these investigations have studied the isolation and stability of RNA from human brains; there have been 

relatively few studies on other tissues. The factors that could affect the quality of tissue and tissue-derived 

products include disease conditions of the subject, agonal state of the subject immediately premortem, 

postmortem interval, pH of the tissue, tissue handling and preservation techniques, storage conditions and 

length of time in storage. Although the majority of studies of brain RNA have concluded that PMI does not 

have an overall significant effect on RNA stability over the time periods under consideration, the methods 

used to assess this have varied considerably [8]. 

 

It is not clear from these results what additional factors are responsible for variability in RNA quality and 

yield. One critical factor, not measured here, is the ambient temperature during cadaver storage prior to 

autopsy. This is a crucial question to address as it will aid in sample selection prior to their use in gene 

expression profiling studies. It is expensive and labor-intensive to screen a large number of samples to find 

many to be unacceptable for downstream processing. We also showed for heart that the quantity of extracted 

RNA is fair enough for downstream applications. A recent study reported that expression of common 
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housekeeping genes is actually more stable with increased PMI than many other transcripts [7]. White et al. 

(2018) reported, importantly, that PCR analysis established that human tissue stored up to 23 years at −80°C 

yielded high-quality RNA. These results confirm that postmortem human brain tissue collected by brain and 

tissue banks over decades can serve as high quality material for the study of human disorders. A major variable 

in tissue collection is the time between death and tissue recovery. Factors affecting the PMI are the 

arrangement for tissue recovery if prior arrangements had not been made, time between death and refrigeration 

of the body, and the time required for legal processes to occur, such as performance of autopsies by medical 

examiners for cases under their jurisdictions. The combination of these factors and medical conditions of the 

patient in the hours to days before death, referred to as the agonal state, are conditions beyond the control of 

the tissue bank and studies have shown that these factors affected the integrity of the RNA. A totally 

contradictory finding has been reported by Partemi et al. (2010) that mRNA levels are independent from the 

PMI, even though there are mRNAs in which the expression levels are very susceptible to ischemia times. 

Clear knowledge about the relationship between mRNA integrity and expression and PMI could allow the use 

of several mRNAs as forensic tools to contribute to the determination of the cause of death with special regard 

to cardiovascular diseases. It remains an accepted practice and goal to prepare RNA of high integrity for 

downstream studies, and having as short a PMI as possible is still advisable for this purpose. 

 

5. Conclusion 

From the findings of present study, we can conclude that post mortem heart tissue give acceptable yield of 

RNA and cDNA for further downstream applications. 
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