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High Performance Liguid Chromatography was used to 

measure degradation of nucleotides in human cadavers for the 

purpose of prediction of post mortem interval. Endogenous 

nucleotides were extracted from integumentary tissue of 

six(6) human cadavers using six percent(6%) tricholoacetic 

acid. Linear regression statistical techniques were used to 

determine linearity of degradation of various nucleotide 

pools. One case in particular showed r values of 0.97. 

Comparison studies of nucleotide pool degradation were 

performed using bacteria, specifically, Escherichia colir 

and animal (mouse) tissue. 

Because of difficulties encountered in the extraction 

of nucleotides from human tissue, changes were made in the 

sample cleanup techniques. These changes included 

additional freon-amine cleansing steps to insure pure 

extraction with low background levels in resulting 

chromatograms. 

There are numerous techniques for prediction of post 

mortem interval. These methods share the common shortcoming 

of inaccuracy. The technique employing nucleotide pool 



degradation for interval measurement proved to be of 

considerable value in that its results showed the accuracy 

which is required for time since death determinations in the 

area of forensic pathology. Additionally, the successful 

extraction of nucleotide pools from human tissue may prove 

to be useful in the area of medical diagnostics. 
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CHAPTER I 

INTRODUCTION 

The problem of prediction of post mortem interval 

represents a recurring and enigmatic issue for medical 

examiners and ancillary staff in the area of forensic 

pathology. Current methods of post mortem interval 

prediction entail the use of subjective measures which 

result in inexact estimates of this critical parameter. 

Historically, several methods have been used to determine 

time of death. 

Post mortem lividity, the tendency for blood to sink to 

the lower portions of the body on the basis of gravitational 

pull, with concomitant changes in coloration of the perfused 

areas of the body, can be used to approximate time since 

death up to 12 hours after cessation of normal circulatory 

function. Factors such as the effects of trauma and 

movement of the body after death confound the accuracy of 

this measure. 

Rigor mortis, stiffening of the voluntary and 

involuntary muscles with accompanying loss of range of 

motion in body joints, is commonly used in determining post 

mortem interval. The onset of rigor may vary from 15 



minutes to 15 hours depending upon various factors, e.g. 

ambient temperature, degree of contraction of the body 

musculature(carbon monoxide poisoning), nutritional state 

before death and age of the subject. 

Putrefaction by decomposition resulting from the action 

of anaerobic bacteria in the lower intestinal tract is an 

additional tool of use to the medical examiner in 

determining time since death. This technique is complicated 

by extraneous variables such as ambient temperature, 

perturbation by action of predatory animals, insect activity 

and the presence of chemicals in the body. 

More current methods of time since death determination 

are available to forensic pathologists. One such method 

involves the use of post mortem changes in ocular potassium 

ion concentration. Potassium levels of 1427 coroner cases 

ranging in age from infants to 90 years with maximal post 

mortem interval of 35 hours were measured in a pilot study 

to determine the efficacy of this technique. Methods 

employed in the experiment entailed removal of vitreous 

fluids from either eye with concomitant filtration of 

samples and quantitation of potassium concentration using 

SMAC-20 instrumentation. 

Data analysis involved ranking of potassium ion 

concentration within post mortem hourly groups. Standard 

means of these hourly measures were used in a graphic plot 



representation of post mortem intervals in hours versus 

vitreous humor concentrations in meq./L. Removal of 

outlying or abnormally high and low concentrations for each 

post mortem interval hourly group preceded the calculation 

of means of these data points. Means of each hourly group 

were analyzed by use of a linear regression statistical 

technique. The variance (r) of the analysis was presented 

as 0.374. This value indicates that 62.6% of variability in 

potassium ion concentration changes may be attributable to 

factors other than changes due to post mortem interval. The 

temporal variability of prediction of time since death using 

potassium ion concentration changes in this study was stated 

as plus or minus 20 hours. 

A more comprehensive approach to use of changes in 

various constituents in vitreous humor as predictors of post 

mortem interval is represented by a more recent study 

(Farmer, et al.,1985) The parameters examined in this 

experiment were vitreous humor concentrations of potassium, 

calcium and magnesium ions. Over a two year period vitreous 

humor was collected from the posterior chamber of the eyes 

of 84 coroner cases. Causes of death in these cases 

included heart disease, motor vehicle fatalities and 

drownings. Ages of subjects ranged from 2 to 95 years with 

approximately even gender distribution. Vitreous humor 

samples from each case were centrifuged, refrigerated and 



later analyzed for ion concentrations using air-acetylene 

flame Atomic Absorption spectrophotometry techniques. 

Data regarding concentrations of each parameter were 

plotted as potassium, calcium or magnesium versus post 

mortem interval using each cause of death as a separate 

group. Temporally, each data set for each variable was 

calculated at 12 hour interals after death. Prediction of 

post mortem interval was most accurate from analysis of 

changes of potassium ion concentrations. According to 

summaries of calculations for prediction of post mortem 

interval from potassium ion concentration changes, 36% of 

predictions were accurate within a five hour period, 59% 

within a 10 hour period, 80% within a 15 hour period and 97% 

within 20 hours of time since death. Values for calcium and 

magnesium ion concentration changes as predictors of time 

since death were even more inaccurate than the potassium 

indicators. 

A study which considerably lessens the efficacy of the 

use of vitreous humor biochemistry as a means of prediction 

of post mortem interval was conducted with emphasis on 

variability of potassium ion concentration data points 

between right and left eyes (Balasooriya, et al., A. 1984). 

Data for these experiments were from coroner cases at the 

Royal Liverpool Hospital and the Liverpool City Mortuary. 

Vitreous fluids were withdrawn from both right and left eyes 



via the chorion and then immediately centrifuged. 

Biochemical analyses of vitreous samples were performed by 

use of a more accurate kinetic enzyme system and 

accompanying data was statistically manipulated by the 

Department of Medical Statistics at Liverpool University. 

Significant linear increases in vitreous humor 

potassium ion concentrations were noted up to 85 hours after 

death. However, results of values from either eye varied 

considerably at identical time points. The results for 

18.6% of the cases varied as much as 10% when data from 

separate eyes were compared. This experiment elucidated 

apparent inherent differences in the biochemistry of the 

vitreous chambers of the right and left eyes which could not 

be related to the cause of death. 

A study of prediction of post mortem interval from body 

cooling data relies on the use of a single subject design 

which does not require knowledge of body size, clothing or 

position at time of death (Hiraiwa, et al.. 1980). The 

model used for this experiment relied on an estimated core 

body temperature, four temporal incremental rectal 

temperatures and ambient room temperature readings during 

the experiment. Rectal temperatures of eight subjects were 

taken at 15 minute intervals after body measurements had 

been discerned. Using computer assisted analysis of each 

case including estimation of body temperature at time of 



death as 98.4° F and fluctuation of ambient air room 

temperature of less than f F at the time of death, 

predictions of post mortem interval in seven of the eight 

cases were reported as highly accurate. 

Biochemical variation in electrolyte and enzyme 

concentrations from pericardial fluids have also been used 

in ascertaining post mortem interval in humans (Balasooriya, 

et_al., B. 1984). Coroner cases of known time of death from 

the Royal Liverpool Hospital were used in this study. 

Pericardial fluid was removed from the heart of each subject 

with a sterile 10 milliliter syringe placed in a specimen 

tube then centrifuged in order to remove all constituents 

not in solution. The accompanying supernatant was preserved 

by freezing until further analysis. Quantitation of 

parameters used in the study was performed with a sequential 

multi-channel analyzer with computer and a flame photometer. 

Parameters of interest were sodium, calcium, phosphate, 

alkaline phosphate, alanine aminotransferase, gamma glutamyl 

transferase, hydroxybutyric dehydrogenase, glutamic oxalo 

acetic transaminase, creatine phosphokinase, bicarbonate, 

urea, bilirubin, iron and cholesterol. 

Potassium ion concentration increased significantly 

with longer post mortem intervals but with considerable 

scatter. Sodium ion values collected in the study decreased 

dramatically but with a high value for the standard error of 



the mean indicating little value as a technique for the 

estimation of post mortem interval. After plotting calcium 

values, a horizontal distribution again resulted with a 

large range of measures for each time point. This indicated 

little usefulness for the parameter as a predictor. 

Phosphate values increased after death in pericardial fluid, 

A high standard error of the mean indicated considerable 

variation in phosphate ion concentrations at each time 

point. All pericardial enzymes quantitated varied in 

increase according to the particular enzyme but each high 

standard error of the mean reflected great variation in the 

concentration of the enzyme at each time point. In general, 

many of the parameters in this study showed changes over 

time but all were of little use in accurate prediction of 

post mortem interval. 

Efforts to obtain accurate prediction of human post 

mortem interval in subjects were made in a study of 

autolytic changes in erythocytes, leucocytes, spermatozoa, 

and cells from the spleen, lymphatic system, bones and lungs 

(Laiho & Pentilla, 1981). The theoretical basis for this 

study is the previous work of Haas, 1967, which indicates a 

relationship between the biological activity of cells and 

the perfusion of vital stains through their cell membranes. 

Materials for this study emanated from 123 coroner 

cases. The subjects ranged in age from 16 to 70 years with 
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the etiology of death varying considerably. Cadavers were 

stored at 4° C in a mortuary coldroom. Methodologically, 

five to ten milliliters of blood were drawn from the femoral 

vein. A complete epididymis, a specimen of bone marrow from 

the sternum, a spleen section, a lung section and inguinal 

lymph nodes were removed from each subject chosen from the 

original 123 cases. Vital dye staining of spleen, lymph 

nodes, lung, bone and epididymis sections involved the use 

of trypan blue solution after initial mincing of the tissue 

and suspension in phosphate buffer. Counting of stained and 

unstained cells was accomplished using a blood cell counting 

chamber. Ion determinations were calculated after 

centrifugation and lysis of cells using atomic absorption 

spectrophotometry instrumentation analyses. Resistance of 

cells to changes in osmolarity was determined by adding 

various volumes of blood to solutions of sodium chloride 

varying from 0.1% to 0.85% and subjecting the resulting 

solutions to spectrophotometry analyses. Hemoglobin 

content of red blood cells was ascertained by use of the 

cyanomethemoglobin method. 

The results of vital dye staining varied considerably 

for estimation of post mortem interval with the highest 

correlation (r equals negative 0.78) for leucocytic 

staining. An ensuing problem of the leucocyte technique was 

low reliability as post mortem time increased. Vital stain 



absorptive techniques were much less reliable for 

spermatozoa as was indicated by wide variability of samples 

in a shorter post mortem time period. Spleen and lymph 

cells were 50 to 75% non-viable at a post mortem time of 100 

hours. Seventy percent of the cells from the organic matrix 

of bone were non-viable at short post mortem times. 

Intracellular potassium and magnesium ion concentration 

changes correlated poorly with increased post mortem time. 

Osmotic resistance of erythrocytes did not prove to be a 

reliable predicter of post mortem interval as all cells 

succumbed to hypertonic extracellular conditions 

simultaneously. 

Diminution of 3—methoxytyramine from the brain as a 

function of time has been used as a predicter of post mortem 

interval in humans (Sparks et al., 1986). Samples of 

putaminal brain tissues were selected from 80 cororner 

cases. Causes of death of the 80 subjects varied 

considerably but those with toxicological results were 

excluded. Subjects' bodies were maintained at room 

temperature or at 4° C for 12 hours before autopsy. Brains 

were removed by standard autopsy technique and 15 millimeter 

coronal sections were made anterior to the optic chiasma to 

expose the putamen. Sections of the putamen 20 milligrams 

in weight were removed and treated with 0.1 M perchloric 

acid. Extraction solutions were centrifuged for 10 minutes 
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and then injected into an HPLC column using an aqeous based 

mobile phase with six grams/liter sodium acetate, glacial 

acetic acid and EDTA. External standards were used to 

verify all resulting sample compounds. Results indicated 

that 3-methoxytyramine levels were either negatively or 

positively correlated with post mortem interval in a linear 

fashion. The negative or positive correlation of this 

compound was dependent on cause of death. Accuracy of 

prediction of post mortem times varied plus or minus 7.5 to 

plus or minus 18.2 hours. 

Changes in autolysis of blood cells were used as a 

putative predictable measure of time since death (Pentilla & 

Laiho, 1981). This study employed measurement of 

morphological changes in the formed elements of blood as 

well as hematocrit count (a measure of the amount of these 

elements in a specific amount of blood) from 122 necropsy 

cases. Samples consisting of 5 to 10 millileters of blood 

were subjected to the following procedures. Erythrocytes 

were counted using a Coulter Counter while maintaining 

samples at room temperature, physiological pH and saline 

content. White blood cell sampling was accomplished by 

initial destruction of red blood cells with acetic acid. 

Then the white blood cells were stained with methylviolet. 

Platelet counts were determined by distinction of 

thrombocyte clumps by physical mixing. Hematrocrit or cell 
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packing entailed use of an autocrit centrifuge. Erythrocyte 

morphological analysis involved extensive chemical treatment 

including coating with carbon and gold. Subsequently, the 

cells were examined under a scanning electron microscope. 

Results from this study revealed a consistent mean 

hematrocrit count up to 12 hours after death and then a 

significant increase between 12 and 24 hours. Erythrocyte 

cell counts were reported as being considerably higher in 

these cases than normal values with significant increases 

between 12 and. 72 hours. Numbers of white blood cells 

remained constant throughout the sampling period as did 

platelet cell counts. Scanning electron microscope results 

revealed rapid changes in morphology of red blood cells 

after death. Red blood cells initially showed a discoid 

form gradually becoming echinocytic and then smooth in form 

in later sampling periods. Platelet morphology initially 

indicated smooth surfaces evolving to more granular surfaces 

over a longer post mortem time. This study reveals that 

many formed elements in the blood of human cadavers maintain 

their resistance to autolysis for long periods after death 

but seem to be of little use in estimation of time since 

death. 

The venture into endogenous nucleotide pool degradation 

relating to human tissue has its genesis in foundational 
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studies of the purine and pyrimidine pathways of various 

bacteria (O'Donovan & Neuhard, 1970). A basic explanation 

of nucleotide compounds and their functions in cells should 

be helpful in the initial stages of the discussion of 

nucleotide pool degradation in forensic studies. All cells 

contain nucleoside and nucleotide compounds. 

The nucleotide molecules are comprised of purines and 

pyrimidines, heterocyclic compounds which have aromatic 

characteristics. Purines consist of two rings, one six-

membered, the other five-membered, fused together. 

Pyrimidines include three compounds: uracil, thymine and 

cytosine. Purines include adenine and guanine. These two 

groups comprise the nitrogenous bases which form the 

nucleotides. Four deoxyribonucleotide triphosphates, 

namely, deoxyadenosine triphosphate(dATP), deoxyguanosine 

triphosphate(dGTP), deoxycytidine triphosphate(dCTP) and 

deoxythymidine triphosphate(dTTP) are necessary for DNA 

synthesis. The syntheses of these four deoxyribonucleotides 

are carefully regulated in all cells. Purine and pyrimidine 

compounds are critical in the synthesis of all 

macromolecules in living cells. Changes in living cells, 

such as lack of growth, evoke metabolic reorientation of 

essential metabolites, alter the genetic expression of the 

genome and induce changes in macromolecular syntheses. GTP 

has been proposed to play the role of second messenger 
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involved in regulation of polyamines (Bachrach, 1973), 

intracellular pH (Busa & Nuccitelli, 1984) and guanosine 

polyphosphates of the stringent response (Gallant, 1979). 

GTP is also required for activation and interconversion of 

carbohydrate precursors for bacterial cell wall 

biosynthesis, for RNA transcription and protein 

biosynthesis. Two molecules of GTP are hydrolysed for each 

peptide bond formed during the elongation cycle of protein 

synthesis (Lucas-Lenard & Lipmann, 1971). Intracellular 

concentrations of GTP, UTP and OTP vary in direct proportion 

to their requirement for biosynthesis (Frazen & Brinkley, 

1961; Karl, 1978? Smith & Maaloe, 1964; Smith, 1979). 

Ribonucleotides and deoxyribonucleotides are required for 

the synthesis of nucleic acids and thus must be in adequate 

supply for all cells. Synthesis of these compounds occurs 

in two stages: A. purine and pyrimidine ring system 

formation and their conversion into parent ribonucleoside 

monophosphates and B. interconversion of the monophosphates 

to form ribonucleoside triphosphates. The pyrimidine 

biosynthetic pathway is universal. Other nucleotides 

besides those involved in the purine and pyrimidine pathways 

occur biologically (Romberg, 1992) including glucose-1-

phosphate, uridine diphosphate-glucose, deoxy thymidine 

phosphate-rhamnose, cyclic adenosine monophosphate, cyclic 

guanosine monophosphate, ppGpp and pppGpp. The 
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ribonucleoside triphosphate pools of uridine triphosphate, 

cytosine triphosphate, adenosine triphosphate and guanosine 

triphosphate have many functions in cells (Lehninger, 1978): 

A. nucleotides control several biosynthetic pathways 

involved in the synthesis of proteins, RNA and DNA. B. 

nucleotides are required for synthesis of RNA and DNA. C. 

nucleotides are carriers of phosphate and pyrophosphate in 

certain enzymatic reactions in the transfer of chemical 

energy. (Atkinson, 1971). D. nucleotides serve as coenzyme 

carriers of building block molecules. ATP is the major 

intermediate between energy yielding and energy requiring 

action in cells (Lipmann, 1941). 

There are many techniques that are available for the 

separation and quantification of nucleic acid related 

substances (Chargaff & Davidson, 1972; Colowick & Kaplan, 

1957). Measurement of ribo- and deoxyribonucleotides has 

been improved with the advent of high performance liquid 

chromatography (HPLC) (Glaser, 1986). Refinement of HPLC 

procedures (Brown, 1973; Assenza & Brown, 1983; Hancock & 

Sparrow, 1984; Bolieu & Bory, 1985) was a major advance in 

the improvement of nucleotide separation. Two popular 

methods in column chromatography separation are reverse-

phase chromatography using silica resins (Horvath. et al.f 

1977; Hoffman & Liao, 1977) and ion exchange chromatography 

employing anion-exchange resins (Hartwick & Brown, 1975; 
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McKeaq & Brown, 1978). The use of polymer based phases such 

as poly(styrenedivinylbenzene) was evaluated by Brock and 

Dutta, 1987. This column type was able to withstand high 

pressure variances and produced efficient separations. 

Other techniques have been used to separate and 

quantitate individual nucleotides. These methods are 

summarized as follows. Enzymatic assays for determining the 

presence of specific substances, i.e., luciferase assay to 

show the presence of ATP (Strehler & McElroy, 1957), AMP 

deaminase assay for AMP (Smolenski & Skaladanowski, 1986). 

Nucleic acids have an array of ionizable groups and 

therefore are amenable to separation and identification 

based on differences in net charge at a given pH using paper 

electrophoresis. The various color reactions used in 

identification of nucleic acids have been reviewed by 

Schmidt, 1957. An example of a color reaction is the blue 

color shown by guanine and xanthine followed by treatment 

with folin phenol reagent. Nucleic acids may also be 

demonstrated by their characteristic absorption on active 

charcoal in acidic solutions and accompanying elution with 

acetone-water. 

Additional methods of separation and quantitation of 

nucleic acids are represented in chromatographic analyses. 

These methods are based on the concept of differential 

migration of various compounds in a two phase system. A 
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mobile phase, liquid or gas, provides a force which drives 

the compounds to be separated across a stationary solvent 

phase composed of a liquid or a solid. Two basic types of 

chromatography have thus resulted. 

In planar chromatographic separation the stationary 

phase consists of a planar arrangement such as a sheet or 

thin film. A mobile phase traverses the stationary phase by 

means of capillary action. Paper and thin layer 

chromatography are examples of planar chromatography. 

(Treiber, 1986). Column chromatographic techniques are 

characterized by a stationary phase consisting of solid 

packing materials. The three types of column chromatography 

include gas, liquid and ion exchange chromatography. 

Such dramatic advances in the analytical quantitation 

and separation techniques have made it possible to consider 

quantitation of appropriate nucleotides using HPLC at 

various times after death. There is a grave need to produce 

more accurate and objective determinations of post mortem 

interval. 

An application of this technology to the area of 

prediction of post mortem interval in forensic pathology is 

the basic purpose of this research. As individual 

nucleotides contain one to three high energy phosphate 

groups it has been theorized that a decay of these phosphate 

groups might occur in a manner which allows accurate 
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prediction of time since death in human cadavers. Sampling 

of nucleotides at various intervals post mortem might allow 

the use of linear regression techniques in the prediction of 

post mortem interval. Nucleotide concentrations are known 

for bacteria, plant and animal cells at various steps of the 

life cycle and when growth ceases. This information will be 

drawn upon in the present research. 

It is likely that the concentration of ATP or GTP would 

drop precipitously immediately after death but thereafter 

the decline in diphosphates or monophosphates may be 

constant and very slow. Knowing this immediate early drop 

for one or all of the nucleotides coupled with the rate of 

decline of the diphosphates and monophosphates would then 

allow the most accurate time of death extrapolation to date. 

An additional study of animal nucleotide degradation 

will be attempted in order to control more variables during 

the post mortem interval. Little information was gleaned 

from the literature after an intensive search of this area. 



CHAPTER II 

METHODOLOGY 

BACTERIAL METHODOLOGY: 

CHEMICALS AND REAGENTS 

Nucleotide standards, trichloroacetic acid (TCA) and 

tri-n-octyl amine were purchased from Sigma Chemical Company 

(St. Louis, MO); monobasic ammonium phosphate was purchased 

from Malincrofdt, Inc. (Paris, KY)? and 1, 1, 2 trichloro-

1, 2, 2 triflouro-ethane(Freon) was purchased from Eastman-

Kodak Company (Rochester, NY). Additional incidental 

chemicals were purchased from Fisher Scientific (Fairlawn, 

NJ). 

BACTERIAL STRAIN 

Wild-type Escherichia coli K-12, from the O'Donovan 

collection, was used as the standard in this study. 

GROWTH MEDIUM 

Bacterial cells were grown in Luria-Bertani medium 

obtained from Difco Company (Detroit, MI). 

BACTERIAL GROWTH PROCEDURES 

All cultures were grown at room temperature (25° C). 

Cultures were incubated with shaking in Klett Ehrlenmeyer 
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flasks (Kantes, Vineland, NJ) in a G10 gyratory shaker (New 

Brunswick Scientific Corporation, Edison, NJ). Growth of 

cells was determined by measuring turbidity in a Klett-

Summerson colorimeter and recorded as Klett Units (KU) 

7 
where one KU equals 1 x 10 cells per ml. 

BACTERIAL NUCLEOTIDE EXTRACTION PROCEDURE 

Typically, volumes of 100 ml of bacterial culture, 

grown to 100 KU density, were harvested and centrifuged at 4 

C at 12,000 x g for 3 minutes. The supernatant was decanted 

and the pellet resuspended in 1 ml of 6% TCA. This solution 

was placed on ice for 15 minutes, then centrifuged at 12,000 

x g for 3 minutes. The clear supernatant was then 

neutralized with 1 ml of ice-cold freon-amine solution 

(Khym, 1975). The top aqueous layer was removed and 

filtered through a 0.45 um Aero LCI3 filter (Gelman 

o 

Sciences, Ann Arbor, MI) and frozen at -20 C until analyses 

were performed. 

CHROMATOGRAPHIC APPARATUS 

The high performance liquid chromatographic (HPLC) 

instrumentation (Waters Chromatography Division, Milford, 

MA) utilized for this study consisted of two Model 510 

pumps, a Model 680 Automated Gradient Controller, a U6K 

injector and a Model 481 LC Spectrophotometer. Detection of 

nucleotides was accomplished by monitoring the column 

effluent at 254 nm with a fixed sensitivity of 0.05 AUFS 

o 
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(absorbance unit full scale). A Waters Radial PAK Partisil 

Sax Cartridge (0.8 cm x 10 cm) was used to perform 

separations of nucleotides. 

CHROMATOGRAPHIC CONDITIONS 

Storage of the chromatographic system entailed the use 

of 50-50 (v/v) filtered HPLC grade methanol and filtered MQ 

water (Millipore Corporation, Millford, MA). Initial 

procedures for operation of the HPLC included flushing the 

system with 50 ml of the methanol:water mixture at 3 

ml/minute. The system was then thoroughly washed with MQ 

water with an initial flow rate of 3 ml/minute for 10 

minutes. When back pressures of the column reached 850 

pounds per sguare inch the methanol:water mixture was 

removed from the system. Pump A was then flushed with the 

initial buffer (filtered 7 mM monobasic ammonium phosphate, 

pH 3.8). At this point Pump B was flushed with the final 

buffer (filtered 250 mM monobasic ammonium phosphate with 

500 mM potassium chloride, pH 4.5). An initial column 

conditioning program using low concentration buffer 

gradually increased to a high concentration buffer was run 

for 15 minutes. At this point low concentration buffer was 

run through the system for 30 minutes. 

Nucleotide samples were then injected onto the column 

for separation and quantitation. The Partisil SAX 10 column 

was an anion exchange column which employed a quaternary 
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nitrogen group bonded to Partisil 10 (Silica). Nucleotides 

bind to the quaternary nitrogen group with varying affinity 

dependent upon the number of phosphate groups at the C-5 of 

the ribose sugar. The separation of nucleotides employed a 

program entailing a 20 minute period of gradient low to high 

concentration buffer followed by an isocratic 10 minute 

period of high concentration buffer. The column was then 

regenerated using 7 mM NI&H2PC4 buffer (Pogolotti & Santini, 

1982). Flow rates were maintained at 3 ml/minute. 

Chromatographic peaks were integrated using a Waters Data 

Module. Sample peaks were identified by comparison with 

known standard peaks. 

HUMAN TISSUE METHODOLOGY: 

TISSUE SAMPLING 

Integumentary tissues were obtained from human cadavers 

at the Tarrant. County Medical Examiner's Office. These 

tissues emanated from mid sagital sections taken during 

normal autopsy procedures. Adipose endodermal layers were 

then excised from the tissues. 

EXTRACTION OF NUCLEOTIDES 

Tissue samples weighing 0.32 g were used for extraction 

of nucleotides. Each tissue sample was placed in 0.85% 

saline solution at 4° C for one hour before continuation of 

the extraction procedure. Samples were then placed in an 

apothecary mortar to which liquid nitrogen was added 
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directly. After 3 minutes a pestle was used to fracture the 

tissue into a fine powder. This powder was then placed in 

an ice cold 1.5 ml microcentrifuge tube to which 1 ml of ice 

cold 6% trichloroacetic acid (TCA) was added. The 

centrifuge tube was placed on ice for 30 minutes and then 

centrifuged at 12,000 x g using a Savant microcentrifuge 

(Savant, Farmingdale, NY) for 15 minutes. The aqueous layer 

was removed and placed in another 1.5 ml microcentrifuge 

tube to which 1 ml of ice cold freon-amine solution was 

added (Khym, 1975). The mixture was vortexed for 30 seconds 

and iced for 15 minutes. At this time the top aqueous layer 

was removed and placed in another 1.5 ml microcentrifuge 

tube. Two additional freon-amine cleansing steps were 

performed. After the final freon-amine wash the top aqueous 

layer was removed and filtered through a 0.45 um Aero LC13 

filter (Gelman Sciences, Ann Arbor, MI) and immediately 

injected into the HPLC column. 

CHROMATOGRAPHIC APPARATUS 

A Perkin-Elmer Series 400 HPLC (Perkin-Elmer Company, 

Elkhart, IND) was used to separate and quantitate 

nucleotides. This machine employed a self contained helium 

degassing system for solvents. A Perkin-Elmer UV/VIS 

spectrophotometer was set at 254 nm for detection of the 

nucleotide pools. This HPLC unit used a single pump head 

with a proportioning valve to mix high and low buffer 
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solvents. The system was stored with 50-50 (v/v) 

methanol:water. Initial procedures entailed operation of 

the HPLC overnight with distilled water at 0.50 ml/minute in 

order to purge the methanol:water from the system. Low 

buffer (7 mM NH4H2PO4, pH 3.8) was then run through the 

system for approximately two hours in order to equilibrate 

the column. A column conditioning program was then employed 

which entailed a linear gradient of low to high buffer (250 

mM NH H PO , 500 mM KCL, pH 4.5). The system was then 

returned to low buffer conditions for 20 minutes. Samples 

and standards were then injected into the column. A 

Partisil SAX 10 (Waters Instrument Company, Milford, MA) 

column was used in separation and quantitation of 

nucleotides. 

SAMPLING TECHNIQUES 

Tissues from each Medical Examiner's case were sampled 

at various hour intervals. Complete TCA extraction 

procedures were performed at each time point after death. 

SUBJECT POOL 

All subjects for this study were located at the Tarrant 

County Medical Examiner's Office. 

ANIMAL METHODOLOGY: 

TISSUE SAMPLING 
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Epidermal tissue samples were obtained from Sprague 

Dawley mice cultures at the University of North Texas 

Science Research Building. 

EXTRACTION OF NUCLEOTIDES 

Tissue samples weighing 0.30 g were used for extraction 

of nucleotides. Samples were placed in an apothecary mortar 

to which liquid nitrogen was added directly. After 3 

minutes a pestle was used to fracture the tissue into a fine 

powder. This powder was then placed in an ice cold 1.5 ml 

microcentrifuge tube to which 1 ml of ice cold 6% 

trichloroacetic acid (TCA) was added. The centrifuge tube 

was placed on ice for 30 minutes and then centrifuged at 

12,000 x g using a Savant microcentrifuge. The aqueous 

layer was then removed and placed in a 1 ml microcentrifuge 

tube to which 1 ml of ice cold freon-amine solution was 

added (Khym, 1975). The mixture was vortexed for 30 seconds 

and iced for 15 minutes. At this time the top aqueous layer 

was removed and placed in another 1.5 ml microcentrifuge 

tube. Two additional freon-amine cleansing steps were 

performed. After the final freon-amine wash the top aqueous 

layer was removed and filtered through a 0.45 um Aero LC13 

filter (Gelman Sciences, Ann Arbor, MI) and immediately 

injected into the HPLC column. 

CHROMATOGRAPHIC APPARATUS 

The high performance liquid chromatographic (HPLC) 
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instrumentation (Waters Chromatography Division, Milford, 

MA) utilized for this study consisted of two Model 510 

pumps, a Model 680 Automated Gradient Controller, a U6K 

injector and a Model 481 LC Spectrophotometer. Detection of 

nucleotides was accomplished by monitoring the column 

effluent at 254 nm with a fixed sensitivity of 0.05 AUFS 

(absorbance unit full scale). A Waters Radial PAK Partisil 

Sax Cartridge (0.8 cm x 10 cm) was used to perform 

separations of nucleotides. 

CHROMATOGRAPHIC CONDITIONS 

Storage of the chromatographic system entailed the use 

of 50-50 (v/v) filtered HPLC grade methanol and filtered MQ 

water (Millipore Corporation, Millford, MA). Initial 

procedures for operation of the HPLC included flushing the 

system with 50 ml of the methanol:water mixture at 3 

ml/minute. The system was then thoroughly washed with MQ 

water with an initial flow rate of 3 ml/minutes for 10 

minutes. Pump A was the flushed with the initial buffer 

(filtered 7 mM monobasic ammonium phosphate, pH 3.8). At 

this point Pump B was flushed with the final buffer 

(filtered 250 mM monobasic ammonium phosphate with 500 mM 

potassium chloride, pH 4.5). An initial column conditioning 

program using low concentration buffer gradually increased 

to a high concentration buffer was run for 15 minutes. At 

this point low concentration buffer was run through the 
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system for 30 minutes. Nucleotide samples were then 

injected onto the column for separation and quantitation. 



CHAPTER III 

RESULTS 

Data were generated for this study from three sets of 

samples, bacteria, human and animal tissues, by interval 

sampling of nucleotides. These data are presented below in 

text, tabular and illustrative forms. 

The 12 ribonucleotide standards were resolved using 

HPLC and their accompanying elution times were noted in 

order to verify the identity of sample nucleotides. 

Analysis of sample nucleotides was based on quantitation of 

either peak area or peak height data. 

BACTERIAL DATA 

Bacterial nucleotide data using HPLC quantitation have 

been available for a number of years and are used in 

characterizing the pyrimidine pathway for various organisms 

(Kellin, et al., 1975). Bacterial nucleotide extractions 

entailed the use of 6% TCA and accompanying freon-amine 

neutralization steps. Care was taken in the removal of the 

aqueous phase during the freon-amine step to not perturb the 

interphase between the two chemicals (Dutta & 0'Donovan, 

1987). HPLC techniques involved the use of Waters C-18 

Radial Pak columns and phosphate buffer gradients for 

27 
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adequate separation and quantitation of nucleotides (Dutta, 

et al., 1992) . 

In this study several samples were taken from bacterial 

cells in various stages. HPLC injections were made 

following each interval extraction and produced the 

following results. 

SAMPLE NUMBER ONE 

Sample number one represents an extraction of 

nucleotides from cells growing in exponential phase. This 

was the positive control. These data are seen in Table I. 

As can be seen in Figure 1, UMP showed a peak area of 755541 

and a retention time of 10.7, while CMP peak area and 

retention time were 247669 and 5.7, repectively. CDP showed 

a peak area of 1167399 and a retention time of 24.9 while 

UDP indicated a peak area of 465074 and a retention time of 

27.2. UTP revealed a peak area of 10676785 with a 

retention time of 42.7. CTP showed a peak area of 19166209 

and a retention time of 39.4. 

SAMPLE NUMBER TWO 

Sample number two represents an extraction of 

nucleotides at the end of the exponential death growth phase 

and yielded the following data listed in tabular form in 

Table II. As can be seen in Figure 2, UMP showed a peak 

area of 1559830 and a retention time of 10.7, while CMP 

revealed a peak area of 147047 and a retention time of 5.7. 
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TABLE I. 

Retention times and peak areas for selected ribonucleotides 
from bacterial sample number one. 

Compound 
Retention Peak Peak 

Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 5.7 247669 

Uridine 5'-monophosphate UMP 10.7 755541 

Adenosine 5'-monophosphate AMP 

Guanosine 5'-monophosphate GMP 

Cytidine 5'-diphosphate CDP 24.9 1167399 

Uridine 5'-diphosphate UDP 27.2 465074 

Adenosine 5'-diphosphate ADP 

Guanosine 5'-diphosphate GDP 

Cytidine 5'-triphosphate CTP 39.4 19166209 

Uridine 5'-triphosphate UTP 42.7 10676785 

Adenosine 5'-triphosphate ATP 

Guanosine 5'-triphosphate GTP 
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Fig. 1—Standard chromatogram from bacterial sample 
number one. 
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TABLE II. 

Retention times and peak areas for selected ribonucleotides 
from bacterial sample number two. 

Compound 
Retention Peak Peak 

Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 5.7 147047 

Uridine 5'-monophosphate UMP 10.7 1559830 

Adenosine 5'-monophosphate AMP 

Guanosine 5'-monophosphate GMP 

Cytidine 5'-diphosphate CDP 24.9 753405 

Uridine 5'-diphosphate UDP 27.2 468795 

Adenosine 5'-diphosphate ADP 

Guanosine 5'-diphosphate GDP 

Cytidine 5'-triphosphate CTP 39.4 94522 

Uridine 5'-triphosphate UTP 42.7 190344 

Adenosine 5'-triphosphate ATP 

Guanosine 5'-triphosphate GTP 
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Fig. 2—Sample chromatogram from bacterial sample 
number two. 
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UDP and CDP revealed peak areas and retention times of 

468795, 753405 and 27.2, 24.9, respectively. UTP indicated 

a peak area of 190344 and a retention time of 42.7. CTP 

showed a peak area of 94522 and a retention time of 39.4. 

SAMPLE NUMBER THREE 

Sample number three represents an extraction of 

nucleotides at two hours after the end of exponential death 

and resulted in the following data listed in tabular form in 

Table III. As can be seen in Figure 3, CMP showed a peak 

area and retention time of 113311 and 5.7, while UMP 

indicated a peak area of 5102107 and a retention time of 

10.7. UDP showed a peak area and retention time of 222117 

and 27.2. CDP revealed a peak area of 817675 and a 

retention time of 24.9. UTP indicated a peak area of 60097 

and a retention time of 42.7. CTP revealed a peak area of 

1479677 and a retention time of 39.4. 

HUMAN DATA 

Prom various hourly extraction of nucleotides from 

integumentary human tissue data were generated to determine 

changes in these nucleotides over time from five subjects. 

These data are presented below on a case by case basis in 

text, tabular and illustrated forms. All 12 ribonucleotides 

were separated and quantitated in each case, however, only 

selected data were used in the individual assessment of 

post-mortem interval. 
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TABLE III. 

Retention times and peak areas for selected ribonucleotides 
from bacterial sample number three. 

Compound 
Retention Peak Peak 

Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 5.7 113311 

Uridine 5'-monophosphate UMP 10.7 5102107 

Adenosine 5'-monophosphate AMP 

Guanosine 5'-monophosphate GMP 

Cytidine 5'-diphosphate CDP 24.9 817675 

Uridine 5'-diphosphate UDP 27.2 222117 

Adenosine 5'-diphosphate ADP 

Guanosine 5'-diphosphate GDP 

Cytidine 5'-triphosphate CTP 39.4 1479677 

Uridine 5'-triphosphate UTP 42.7 60097 

Adenosine 5'-triphosphate ATP 

Guanosine 5'-triphosphate GTP 
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Fig. 3—Sample chromatogram from bacterial sample 
number three. 
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Fig. 4—Standard chromatogram from bacterial 
experiment. 
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CASE NUMBER ONE 

Using peak heights of GMP these data, after linear 

regression statistical analysis, show a correlation 

coefficient of 0.33. Peak heights of all identifiable RNA 

nucleotides are presented in tabular form for each sample in 

this case. Figure 5 represents nucleotide standard HPLC 

data for this case. GDP was chosen in this case for 

statistical analysis. A plot of GMP peak height versus time 

of sampling is given in Figure 6. Data from each individual 

time point are presented below. 

Sample 1SW represents an extraction of nucleotides from 

this case at 11 hours post mortem and yielded the following 

identifiable nucleotides with their accompanying peak 

heights. As is seen in Table IV. Identities of all sample 

nucleotides were discerned from ribonucleotide standard 

injections as noted in Figure 5. As can be seen from Figure 

7, UMP showed a peak height of 1.4 and a retention time of 

5.76. GMP retention time and peak height was 12.07 and 2.9, 

respectively. UDP peak height was 1.5 and retention time 

was 19.59. This information is given in tabular form in 

Table V. 

Sample 2SW represents an extraction of nucleotides at 

14 hours post mortem which resulted in the following 

identifiable nucleotides and their peak heights. These data 

are seen in Table V. As can be seen from Figure 8, UMP 
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Fig, 5—Standard chromatogram from human case one. 
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Fig. 6—Plot of GMP peak heights versus sampling time 
illustrating results of linear regression statistical 
analysis for human case number one. 
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TABLE IV. 

Retention times and peak heights for selected 
ribonucleotides from sample number 1SW, human case one. 

Retention Peak Peak 
Compound Abv. Time Height Area 

Cytidine 5 *' -monophosphate CMP - -

Uridine 5'-monophosphate IMP 5.76 1.4 

Adenosine 5 *-monophosphate AMP - -

Guanosine 5-monophosphate GMP 12.07 2.9 

Cytidine 5 -diphosphate CDP - -

Uridine 5-diphosphate UDP 19.59 1.5 

Adenosine 5-'-diphosphate ADP - -

Guanosine 5-*-diphosphate GDP - -

Cytidine 5 *' - triphosphate CTP 

Uridine 5 *'-triphosphate UTP - -

Adenosine 5-'-triphosphate ATP - -

Guanosine 5-'-triphosphate GTP - -
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Fig. 7—Sample chromatogram from 1SW, human case number 
one. 
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Fig. 8—Sample chromatogram from 2SW, human case number 
one. 
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TABLE V. 

Retention times and peak heights for selected 
ribonucleotides from sample number 2SW, human case one. 

Retention Peak Peak 
Compound Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 

Uridine 5'-monophosphate UMP 6.38 3.5 

Adenosine 5'-monophosphate AMP 

Guanosine 5'-monophosphate GMP 8.48 5.0 

Cytidine 5'-diphosphate CDP 

Uridine 5'-diphosphate UDP 9.46 1.6 

Adenosine 5'-diphosphate ADP 

Guanosine 5'-diphosphate GDP 

Cytidine 5'-triphosphate CTP 

Uridine 5'-triphosphate UTP 24.49 1.2 

Adenosine 5'-triphosphate ATP 

Guanosine 5'-triphosphate GTP 
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showed a peak height of 3.5 and a retention time of 6.38, 

while GMP peak height and retention time were 5.0 and 8.48, 

respectively. UDP indicated a peak height of 1.6 and a 

retention time of 9.46. UTP showed a peak height of 1.2 and 

a retention time of 24.49. 

Sample 4SW represents an extraction of nucleotides from 

this case at 20 hours post mortem and yielded the following 

data with peak heights and retention times listed in tabular 

form in Table VI. As can be seen from the Figure 9, CMP 

showed a peak height of 1.1 and a retention time of 3.95 

while AMP peak height and retention time were .3 and 8.04, 

respectively. UMP peak height was 1.4 and its retention 

time was 8.88. GMP retention time was 12.45 and its peak 

height was 2.4 while ADP retention time and peak height were 

19.94 and 2.8, respectively. 

CASE NUMBER TWO 

Using peak areas of CDP these data, after linear 

regression statistical analysis, show a linear relationship 

with a correlation coefficient of 0.94. RNA nucleotide peak 

heights are presented in tabular form for each sample in 

this case. Figure 10 reveals a chromatogram of the 

ribonucleotide standards for this case. CDP was chosen in 

this case for statistical analysis. Changes in peak area of 

CDP over time in the various samples are ploted in Figure 

11. Data from each time point are presented below. 
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TABLE VI. 

Retention times and peak heights for selected 
ribonucleotides from sample number 4SW, human case one. 

Retention Peak Peak 
Compound Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 3.95 1.1 

Uridine 5'-monophosphate UMP 8.88 1.4 

Adenosine 5'-monophosphate AMP 8.04 0.3 

Guanosine 5'-monophosphate GMP 12.45 2.4 

Cytidine 5'-diphosphate CDP - -

Uridine 5'-diphosphate UDP - - -

Adenosine 5'-diphosphate ADP 10.94 2.8 

Guanosine 5'-diphosphate GDP - -

Cytidine 5'-triphosphate CTP - -

Uridine 5'-triphosphate UTP - -

Adenosine 5'-triphosphate ATP - -

Guanosine 5'-triphosphate GTP - -
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Pig. 9—Sample chromatogram from 4SW, human case number 
one. 
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Fig. 10—Standard chromatogram from human case number 
two. 
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Fig. 11—Plot of CDP peak areas versus sampling time 
illustrating results of linear regression statistical 
analysis for human case number two. 
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Sample 36S2 represented nucleotide extractions of this 

case at 36 hours post mortem. All samples were extracted 

and frozen at -70° C until further analysis. All 

identifiable nucleotides and their accompanying peak heights 

and areas are presented below and in tabular form in Table 

VII. As can be seen in Figure 12, CMP peak height and area 

were 1.9 and 22721, respectively, while UMP peak height was 

0.7. GMP peak height was 4.0 and peak area was 148955. CDP 

peak height and area were 2.3 and 77052, respectively. 

Data from Sample 11S2 representing nucleotide 

extractions at 11 hours post mortem are presented below. 

These data are presented in the text below and in tabular 

form in Table VIII. As can be seen in Figure 13, CMP peak 

height was reported as 0.6 with an area of 22975. GMP peak 

height was 1.5 while its area was 132657. CDP recorded a 

peak height of 1.3 and an area of 20428. 

Sample 20S1 represented nucleotide extractions of this 

case at 20 hours post mortem. All identifiable nucleotides 

with peak heights and retention times are given below and 

appear as well in tabular form in Table IX. As shown in 

Figure 14, CDP retention time and area were 20.39 and 

16.376, respectively, while UDP recorded a retention time of 

21.69 and a peak area of 1498. ADP retention time was 22.46 

with an area of 5805. 

CASE NUMBER THREE 
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TABLE VII. 

Retention times and peak areas for selected ribonucleotides 
from sample number 36S2, human case two. 

Compound 
Retention Peak Peak 

Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 1.77 22721 

Uridine 5'-monophosphate UMP 8.97 15291 

Adenosine 5'-monophosphate AMP 

Guanosine 5'-monophosphate GMP 13.64 148955 

Cytidine 5'-diphosphate CDP 20.40 77052 

Uridine 5'-diphosphate UDP 

Adenosine 5'-diphosphate ADP 

Guanosine 5'-diphosphate GDP 

Cytidine 5'-triphosphate CTP 

Uridine 5'-triphosphate UTP 

Adenosine 5'-triphosphate ATP 

Guanosine 5'-triphosphate GTP 
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Fig. 12—Sample chromatogram from 36S2, human case 
number two. 
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TABLE VIII. 

Retention times and peak areas for selected ribonucleotides 
from sample number 11S2, human case two. 

Compound 
Retention Peak Peak 

Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 1.38 22975 

Uridine 5'-monophosphate UMP 

Adenos Lne 5'-monophosphate AMP 

Guanosine 5'-monophosphate GMP 13.41 132657 

Cytidine 5'-diphosphate CDP 20.40 20428 

Uridine 5'-diphosphate UDP 

Adenosine 5'-diphosphate ADP 

Guanosine 5'-diphosphate GDP 

Cytidine 5'-triphosphate CTP 

Uridine 5'-triphosphate UTP 

Adenosine 5'-triphosphate ATP 

Guanosine 5'-triphosphate GTP 
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Fig. 13—Sample chromatogram from 11S2, human case 
number two. 
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TABLE IX. 

Retention times and peak areas for selected ribonucleotides 
from sample number 20S1, human case two. 

Compound 
Retention Peak Peak 

Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 

Uridine 5'-monophosphate UMP 

Adenosine 5'-monophosphate AMP 

Guanosine 5'-monophosphate GMP 

Cytidine 5'-diphosphate CDP 20.39 16376 

Uridine 5'-diphosphate UDP 21.69 1498 

Adenosine 5'-diphosphate ADP 22.46 5805 

Guanosine 5'-diphosphate GDP 

Cytidine 5'-triphosphate CTP 

Uridine 5'-triphosphate UTP 

Adenosine 5'-triphosphate ATP 

Guanosine 5'-triphosphate GTP 
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Fig. 14—Sample chromatogram from 20S1, human case 
number two. 
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Using peak heights of CDP, these data with linear 

regression analysis show a correlation of 0.90. RNA pool 

peak heights and retention times are presented in tabular 

form for each sample. Figure 15 reveals a chromatogram of 

the ribonucleotide standards for this case. CDP was chosen 

in this case for statistical analysis. A plot of CDP peak 

height versus time after death is given in Figure 16. Data 

from each individual sample point are presented below. 

From a 5.5 hour sample of tissue nucleotides were 

extracted. Their peak heights and areas are presented below 

in text and in tabular form in Table X. As is shown in 

Figure 17, CMP retention time and peak height were 8.53 and 

9.1194 while AMP retention time and peak height were 9.60 

and 1.6663, respectively. AMP retention time and peak height 

were 10.01 and 1.2736 while GMP peak height and retention 

time were 1.5692 and 11.53, respectively. CDP registered a 

retention time of 14.45 and a peak height of 1.7056. UDP 

retention time was 17.18 and its peak height was 0.3004. 

ADP retention time was 19.42 and peak height was 0.1512. 

GDP retention time and peak height were 20.92 and 0.5580, 

respectively. CTP retention time was 26.64 and its peak 

height was 0.8569. ATP retention time and peak height were 

29.69 and 0.3848, respectively, while GTP retention time and 

peak height were 36.13 and 0.5817. 
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Fig. 15—Standard chromatogram from human case number 
three. 
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Fig. 16—Plot of CDP peak heights versus sampling time 
illustrating results of linear regression statistical 
analysis from human case number three. 
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TABLE X. 

Retention times and peak heights for selected 
ribonucleotides from sample from a 5.5 hour time point, 
human case three. 

Compound 
Retention Peak Peak 

Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 8.53 9.1194 

Uridine 5'-monophosphate UMP 9.60 1.6663 

Adenosine 5'-monophosphate AMP 10.01 1.2736 

Guanosine 5'-monophosphate GMP 11.53 1.5692 

Cytidine 5'-diphosphate CDP 14.45 1.7056 

Uridine 5'-diphosphate UDP 17.18 0.3004 

Adenosine 5'-diphosphate ADP 19.42 0.1512 

Guanosine 5'-diphosphate GDP 20.92 0.5580 

Cytidine 5'-triphosphate CTP 26.64 0.8569 

Uridine 5'-triphosphate UTP 

Adenosine 5'-triphosphate ATP 29.69 0.3848 

Guanosine 5'-triphosphate GTP 36.13 0.5817 
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Fig. 17—Sample chromatogram from 5.5 hour time point, 
human case number three. 
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From a sample taken at 29.5 hours after death the 

following identifiable nucleotides resulted and are given 

below in the text as well as in tabular form in Table XI. As 

can be noted in Figure 18, GMP showed a peak height of 

3.6143 and a retention time of 8.56. AMP retention time was 

10.54 with a peak height of 0.1209. CDP retention time and 

peak height were 14.75 and 0.6557, respectively. OTP 

retention time and peak height were 27.83 and 0.4668. GTP 

retention time and peak height were listed as 36.13 and 

1.3784. 

From a sample extracted at 55.5 hours the following 

nucleotide pool information is indicated in the text and in 

tabular form in Table XII. As shown in Figure 19, CMP 

retention time and peak height were 8.34 and 1.6635, 

respectively. CDP retention time and peak height were 14.63 

and 0.5275. GTP retention time and peak height were 

recorded as 36.20 and 0.2590, respectively. 

CASE NUMBER FOUR 

Case Number Four involved the extraction of nucleotides 

from only two temporal points. Therefore, linear regression 

analysis was not performed. Peak heights of all 

identifiable RNA nucleotides are presented in tabular form 

for each sample in this case. Figure 20 shows a chromatogram 

of the ribonucleotide standards for this case. Data from 

each individual time point is presented below. 
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TABLE XI. 

Retention times and peak heights for selected 
ribonucleotides from sample from a 29.5 hour time point, 
human case three. 

Compound 
Retention Peak Peak 

Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 

Uridine 5'-monophosphate UMP 

Adenosine 5'-monophosphate AMP 10.54 0.1209 

Guanosine 5'-monophosphate GMP 8.56 3.6143 

Cytidine 5'-diphosphate CDP 14.75 0.6557 

Uridine 5'-diphosphate UDP 

Adenosine 5'-diphosphate ADP 

Guanosine 5'-diphosphate GDP 

Cytidine 5'-triphosphate CTP 27.83 0.4668 

Uridine 5'-triphosphate UTP 

Adenosine 5'-triphosphate ATP 

Guanosine 5'-triphosphate GTP 36.13 1.3784 
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Fig. 18—Sample chromatogram from 29.5 hour time point, 
human case number three. 
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TABLE XII. 

Retention times and peak heights for selected 
ribonucleotides from sample from a 55.5 hour time point, 
human case three. 

Retention Peak Peak 
Compound Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 8.34 1.6635 

Uridine 5'-monophosphate UMP - -

Adenosine 5'-monophosphate AMP - -

Guanosine 5'-monophosphate GMP - -

Cytidine 5'-diphosphate CDP 14.63 0.5275 

Uridine 5'-diphosphate UDP - -

Adenosine 5'-diphosphate ADP - -

Guanosine 5'-diphosphate GDP - -

Cytidine 5'-triphosphate CTP - -

Uridine 5'-triphosphate UTP - -

Adenosine 5'-triphosphate ATP - -

Guanosine 5'-triphosphate GTP 36.20 0.2590 
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Fig. 19—Sample chromatogram from 55.5 hour time point, 
human case number three. 
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Fig. 20—Standard chromatogram from human case number 
four. 
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Sample 100S represents a 15 hour post mortem time point 

of this case. All identifiable nucleotides are presented in 

the text below and in tabular form in Table XIII. As can be 

seen in Figure 21, UMP showed a peak height of 6.9479 and a 

retention time of 8.30. ADP registered a retention time and 

peak height of 14.94 and 0.7106. UDP retention time and 

peak height were 17.03 and 0.5991. GDP gave a retention 

time and peak height of 20.70 and 0.5930. UTP showed a 

retention time and peak height of 31.35 and 0.1654, 

respectively. 

Sample 200S represents an extraction of nucleotides at 

22 hours post mortem. All identifiable nucleotides and 

their peak height and retention times are given in the text 

below and in tabular form in Table XIV. As can be noted in 

Figure 22, CMP retention time and peak height were 3.30 and 

0.6549, while ANP retention time were 6.45 and 1.2607, 

respectively. UMP registered a retention time of 8.31 and a 

peak height of 4.2782. GMP gave retention time and peak 

height of 8.97 and 3.1042, while CDP registered 14.63 

retention time and 1.5816 peak height. ADP retention time 

and peak height were 15.93 and 0.9619, while UDP retention 

time and peak height were 16.86 and 1.2679, respectively. 

GDP registered a retention time of 20.69 and a peak height 

of 1.2758. 

CASE NUMBER FIVE 
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TABLE XIII 

Retention times and peak heights for selected 
ribonucleotides from sample number 100S, human case four. 

Compound 
Retention Peak Peak 

Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 

Uridine 5'-monophosphate UMP 8.30 6.9479 

Adenosine 5'-monophosphate AMP 

Guanosine 5'-monophosphate GMP 

Cytidine 5'-diphosphate CDP 

Uridine 5'-diphosphate UDP 17.03 0.5991 

Adenosine 5'-diphosphate ADP 14.94 0.7106 

Guanosine 5'-diphosphate GDP 20.70 0.5930 

Cytidine 5'-triphosphate CTP 

Uridine 5'-triphosphate UTP 31.35 0.1654 

Adenosine 5'-triphosphate ATP 

Guanosine 5'-triphosphate GTP 36.20 0.2590 
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Fig. 21—Sample chromatogram from 100S, human case 
number four. 
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TABLE XIV. 

Retention times and peak heights for selected 
ribonucleotides from sample number 200S, human case four. 

Compound 
Retention Peak Peak 

Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 3.30 0.6549 

Uridine 5'-monophosphate UMP 6.45 1.2607 

Adenosine 5'-monophosphate AMP 8.31 4.2782 

Guanosine 5'-monophosphate GMP 8.97 4.1042 

Cytidine 5'-diphosphate CDP 14.63 1.5816 

Uridine 5'-diphosphate UDP 15.93 0.9619 

Adenosine 5'-diphosphate ADP 16.86 1.2679 

Guanosine 5'-diphosphate GDP 20.69 1.2758 

Cytidine 5'-triphosphate CTP 

Uridine 5'-triphosphate UTP 

Adenosine 5'-triphosphate ATP 

Guanosine 5'-triphosphate GTP 
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Fig. 22—Sample chromatogram from 200S, human case 
number four. 
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Using peak heights of GTP for linear regression 

analysis, a correlation coefficient of 0.97 was obtained. 

RNA nucleotide peak heights are presented for each sample in 

this case. Figure 23 shows a chromatogram of the 

ribonucleotide standards for this case. GTP was chosen in 

this case for statistical anaylsis. A plot of GTP peak 

height versus time after death is presented in Figure 24. A 

plot of GDP peak height versus time is presented in Figure 

25. Data from each time point are presented below. 

Sample 5S1 represents an extraction of nucleotides at 

20 hours post mortem. RNA nucleotides are given in the text 

below and in tabular form in Table XV. As can be seen from 

Figure 26, CDP registered 14.63 retention time and 2.2340 

peak height, while ADP retention time and peak height were 

16.66 and 2.4029, respectively. UDP retention time and peak 

height were 15.50 and 1.4218, while GDP registered a 

retention time of 20.62 and a peak height of 2.2448. UTP 

registered retention time and peak height figures of 29.01 

and 0.9604, while CTP retention time and peak height were 

27.30 and 1.5887. ATP retention time and peak height were 

31.78 and 1.2462, while GTP retention time was 38.80 and 

peak height was 1.0392. 

Sample 5S2 represents an extraction of RNA nucleotides 

at 38 hours post mortem. These nucleotides and their peak 

heights and retention times are listed in the text below and 
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Fig. 23—Standard chromatogram from human case number 
five. 
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Fig. 24—Plot of GTP peak heights versus sampling time 
illustrating results of linear regression statistical 
analysis for human case number five. 
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Fig. 25—Plot of UDP peak heights versus sampling time 
illustrating results of linear regression statistical 
analysis for human case number five. 
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TABLE XV. 

Retention times and peak heights for selected 
ribonucleotides from sample number 5S1, human case five. 

Compound 
Retention Peak Peak 

Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 

Uridine 5'-monophosphate UMP 

Adenosine 5'-monophosphate AMP 

Guanosine 5'-monophosphate GMP 

Cytidine 5'-diphosphate CDP 14.63 2.2340 

Uridine 5'-diphosphate UDP 16.66 2.4029 

Adenosine 5'-diphosphate ADP 15.50 1.4218 

Guanosine 5'-diphosphate GDP 20.62 2.2448 

Cytidine 5'-triphosphate CTP 27.30 1.5887 

Uridine 5'-triphosphate UTP 29.01 0.9604 

Adenosine 5'-triphosphate ATP 31.78 1.2462 

Guanosine 5'-triphosphate GTP 38.80 1.0392 
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Fig. 26—Sample chromatogram from 5S1, human case 
number five. 
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in tabular form in Table XVI. As can be seen from Figure 

27, CDP retention time and peak height figures were 14.76 

and 2.3358. ADP retention time and peak height values were 

16.79 and 2.5229, while GDP values were 20.65 and 2.3004. 

UDP values were 15.79 retention time and 1.5527 peak height, 

UTP retention time and peak height values were 29.00 and 

1.0183, with OTP values of 27.27 and 1.6614. ATP retention 

time and peak height were listed as 31.66 and 1.4148, with 

GTP values of 38.87 and 0.5614. 

Sample 5S3 represents an extraction of nucleotides at 

44 hours post mortem. All identifiable nucleotides and 

their peak heights and retention times are listed in the 

text below and in tabular form in Table XVII. As can be 

noted in Figure 28, AMP values were 8.37 and 3.4338. CDP 

retention time and peak height values were given as 14.21 

and 0.3210 with ADP values listed as 16.78 and 0.3550. GDP 

retention time and peak height values were 20.58 and 0.3478 

ATP values were 31.23 and 0.2082. 

Sample 5S4 represents an extraction of nucleotides at 

62 hours post mortem. All identifiable nucleotides and 

their peak heights and retention times are listed in the 

text below and in tabular form in Table XVIII. As can be 

seen in Figure 29, CDP peak height and retention time were 

1.1415 and 14.77, while ADP figures were 0.3607 and 16.96. 

GDP values were 0.6246 and 20.67. CTP retention time and 
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TABLE XVI. 

Retention times and peak heights for selected 
ribonucleotides from sample number 5S2, human case five 

Compound 
Retention Peak Peak 

Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 

Uridine 5'-monophosphate UMP 

Adenosine 5'-monophosphate AMP 

Guanosine 5'-monophosphate GMP 

Cytidine 5'-diphosphate CDP 14.76 2.3358 

Uridine 5'-diphosphate UDP 16.79 2.5229 

Adenosine 5'-diphosphate ADP 15.79 1.5527 

Guanosine 5'-diphosphate GDP 20.65 2.3004 

Cytidine 5'-triphosphate CTP 27.27 1.6614 

Uridine 5'-triphosphate UTP 29.00 1.0183 

Adenosine 5'-triphosphate ATP 31.66 1.4148 

Guanosine 5'-triphosphate GTP 38.87 0.5614 



106 

Fig. 27—Sample chromatogram from 5S2, human case 
number five. 
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TABLE XVII. 

Retention times and peak heights for selected 
ribonucleotides from sample number 5S3, human case five. 

Retention Peak Peak 
Compound Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 

Uridine 5'-monophosphate UMP 

Adenosine 5'-monophosphate AMP 8.37 3.4338 

Guanosine 5'-monophosphate GMP 

Cytidine 5'-diphosphate CDP 14.21 0.3210 

Uridine 5'-diphosphate UDP 

Adenosine 5'-diphosphate ADP 16.78 0.3550 

Guanosine 5'-diphosphate GDP 20.58 0.3478 

Cytidine 5'-triphosphate CTP 

Uridine 5'-triphosphate UTP 

Adenosine 5'-triphosphate ATP 31.23 0.2082 

Guanosine 5'-triphosphate GTP 
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Fig. 28—Sample chromatogram from 5S3, human case 
number five. 
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TABLE XVIII. 

Retention times and peak heights for selected 
ribonucleotides from sample number 5S4, human case five. 

Compound 
Retention Peak Peak 

Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 

Uridine 5'-monophosphate UMP 

Adenosine 5'-monophosphate AMP 

Guanosine 5'-monophosphate GMP 

Cytidine 5'-diphosphate CDP 14.77 1.1415 

Uridine 5'-diphosphate UDP 

Adenosine 5'-diphosphate ADP 16.96 0.3607 

Guanosine 5'-diphosphate GDP 20.67 0.6246 

Cytidine 5'-triphosphate CTP 24.45 0.5846 

Uridine 5'-triphosphate UTP 27.36 1.2038 

Adenosine 5'-triphosphate ATP 29.79 1.7444 

Guanosine 5'-triphosphate GTP 36.96 0.4862 
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Fig. 29—Sample chromatogram from 5S4, human case 
number five. 
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peak height were 24.45 and 0.5846, while UTP values were 

27.36 and 1.2038. ATP retention time and peak height were 

29.79 and 1.7444, while GTP values were 36.96 and 0.4862. 

Sample 5S5 represents RNA nucleotides extracted from 

tissue 70 hours post mortem. All identifiable nucleotides 

and their peak heights and retention times are listed below 

in the text and in tabular form in Table XIX. As can be 

seen in Figure 30, CDP retention time and peak height were 

14.82 and 0.7308, while UDP values were 15.79 and 0.4478. 

ADP values were 16.96 and 0.9556, while GDP was 20.65 and 

0.8332. CTP retention time and peak height were 26.94 and 

0.8537, while ATP values were 31.31 and 0.9543. GTP values 

were 38.39 and 0.2571. 

Sample 5S6 represents RNA nucleotides extracted from 

tissue 88 hours post mortem. All identifiable nucleotides 

and their peak heights and retention times are listed below 

in the text and in tabular form in Table XX. As shown in 

Figure 31, CDP values were 14.62 and 0.8462, while UDP 

values were 15.61 and 0.5218. ADP retention time and peak 

height were 16.75 and 1.0167, while GDP was 20.58 and 

0.8938. CTP values were 27.16 and 0.7131, while ATP and GTP 

values were 31.64, 0.3743 and 39.60, 0.1359, respectively. 

ANIMAL DATA 

Animal nucleotide extractions in this study involved 
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TABLE XIX. 

Retention times and peak heights for selected 
ribonucleotides from sample number 5S5, human case five. 

Compound 
Retention Peak Peak 

Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 

Uridine 5'-monophosphate UMP 

Adenosine 5'-monophosphate AMP 

Guanosine 5'-monophosphate GMP 

Cytidine 5'-diphosphate CDP 14.82 0.7308 

Uridine 5'-diphosphate UDP 15.79 0.4478 

Adenosine 5'-diphosphate ADP 16.96 0.9556 

Guanosine 5'-diphosphate GDP 20.65 0.8332 

Cytidine 5'-triphosphate CTP 26.94 0.8537 

Uridine 5'-triphosphate UTP 

Adenosine 5'-triphosphate ATP 31.31 0.9543 

Guanosine 5'-triphosphate GTP 38.39 0.2571 
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Fig. 30—Sample chromatogram from 5S5, human case 
number five. 
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TABLE XX. 

Retention times and peak heights for selected 
ribonucleotides from sample number 5S6, human case five. 

Compound 
Retention Peak Peak 

Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 

Uridine 5'-monophosphate UMP 

Adenosine 5'-monophosphate AMP 

Guanosine 5'-monophosphate GMP 

Cytidine 5'-diphosphate CDP 14.62 0.8462 

Uridine 5'-diphosphate UDP 15.61 0.5218 

Adenosine 5'-diphosphate ADP 16.75 1.0167 

Guanosine 5'-diphosphate GDP 20.58 0.8938 

Cytidine 5'-triphosphate CTP 27.16 0.7131 

Uridine 5'-triphosphate UTP 

Adenosine 5'-triphosphate ATP 31.64 0.3743 

Guanosine 5'-triphosphate GTP 39.60 0.1359 
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Fig. 31—Sample chromatogram from 5S6, human case 
number five. 
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the use of 6% TCA and freon-amine cleansing steps. Extrac-

tions were quantitated using HPLC techniques. Using peak 

areas of CMP these data, after linear regression statistical 

analysis, show a correlation coefficient of 0.63. Peak 

areas of all identifiable nucleotides are presented in 

Tabular form. Figure 32 represents a nucleotide standard 

HPLC data for this case. Data from each individual sampling 

point are presented below. 

Sample number one represents an extraction of 

nucleotides from this case at one hour post mortem and 

yielded the following identifiable nucleotides as seen in 

Table XXI. As can be seen from Figure 32, CMP showed a peak 

area of 125744 and a retention time of 5.7. UMP showed a 

peak area of 77775 and a retention time of 10.7. GMP 

revealed a peak area of 449749 and retention time of 16.6. 

CDP and UDP showed peak areas and retention times of 

1711836, 837799 and 24.9, 27.2, respectively. ADP and GDP 

showed peak areas and retention times of 775470, 1592750 

and 29.1, 33.3, respectively. CTP and UTP revealed peak 

areas and retention times of 3621126, 2779731 and 39.4, 

42.7, respectively. GTP showed a peak area of 909114 and a 

retention time of 46.7. 

Sample number two represents an extraction of 

nucleotides at three hours post mortem which resulted in the 

following identifiable peak areas and retention times as 

seen in Table XXII. As can be seen from Figure 33, CMP 
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Fig. 32—Sample chromatogram from animal sample number 
one. 
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TABLE XXI. 

Retention times and peak heights for selected 
ribonucleotides from animal sample number one 

Compound 
Retention Peak Peak 

Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 5.7 125744 

Uridine 5'-monophosphate UMP 10.7 77775 

Adenosine 5'-monophosphate AMP 

Guanosine 5'-monophosphate GMP 16.6 449749 

Cytidine 5'-diphosphate CDP 24.9 1711836 

Uridine 5'-diphosphate UDP 27.2 837799 

Adenosine 5'-diphosphate ADP 29.1 775470 

Guanosine 5'-diphosphate GDP 33.3 

Cytidine 5'-triphosphate CTP 39.4 

1592750 

3621126 

Uridine 5'-triphosphate UTP 42.7 2779731 

Adenosine 5'-triphosphate ATP 

Guanosine 5'-triphosphate GTP 46.7 909114 
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TABLE XXII. 

Retention times and peak heights for selected 
ribonucleotides from animal sample number two 

Compound 
Retention Peak Peak 

Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 5.7 395906 

Uridine 5'-monophosphate UMP 10.7 397999 

Adenosine 5'-monophosphate AMP 13.6 1457597 

Guanosine 5'-monophosphate GMP 16.6 209531 

Cytidine 5'-diphosphate CDP 24.9 106740 

Uridine 5'-diphosphate UDP 27.2 3477 

Adenosine 5'-diphosphate ADP 29.1 

Guanosine 5'-diphosphate GDP 33.3 

Cytidine 5'-triphosphate CTP 39.4 

Uridine 5'-triphosphate UTP 42.7 

Adenosine 5'-triphosphate ATP 46.7 

170757 

109946 

179914 

367011 

1353264 

Guanosine 5'-triphosphate GTP 
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Fig. 33—Sample chromatogram from animal sample number 
two. 
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showed a peak area of 395906 and a retention time of 5.7. 

UMP, AMP and GMP revealed peak areas and retention times of 

387999, 1457597, 209531 and 10.7, 13.6, 16.6, respectively. 

CDP and UDP revealed peak areas and retention times of 

106740, 3477 and 24.9, 27.2, respectively. ADP and 

GDP showed peak areas and retention times of 170757, 

109946 and 29.1, 33.3. CTP, UTP and ATP showed peak 

areas and retention times of 179914, 367011, 1353264, 

and 39.4, 42.7, 46.7, respectively. 

Sample number three represents an extraction of 

nucleotides at 23 hours post mortem which resulted in the 

following identifiable nucleotides and their peak areas and 

retention times as seen in Table XXIII. As can be seen 

from Figure 34, CMP and UMP showed peak areas and 

retention times of 34124, 41576 and 5.7, 10.7. AMP and GMP 

showed peak areas and retention times of 1751796, 173344 

and 13.6, 16.6, respectively. CDP and ADP revealed peak 

areas and retention times of 25519, 116267 and 24.9, 29.1. 

GDP revealed a peak area of 53692 and a retention time of 

33.3. CTP, UTP and ATP revealed peak areas and retention 

times of 875357, 440974, 1604292 and 39.4, 42.7, 46.7, 

respectively. 
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TABLE XXIII. 

Retention times and peak areas for selected ribonucleotides 
from animal sample number three. 

Compound 
Retention Peak Peak 

Abv. Time Height Area 

Cytidine 5'-monophosphate CMP 5.7 34124 

Uridine 5'-monophosphate UMP 10.7 41576 

Adenosine 5'-monophosphate AMP 13.6 

Guanosine 5'-monophosphate GMP 16.6 

1751796 

173344 

Cytidine 5'-diphosphate CDP 24.9 25519 

Uridine 5'-diphosphate UDP 

Adenosine 5'-diphosphate ADP 29.1 116267 

Guanosine 5'-diphosphate GDP 33.3 53692 

Cytidine 5'-triphosphate CTP 39.4 875357 

Uridine 5'-triphosphate UTP 42.7 440974 

Adenosine 5'-triphosphate ATP 46.7 1604292 

Guanosine 5'-triphosphate GTP 
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Fig. 34—Sample chromatogram from animal sample number 
three. 
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Fig. 35—Standard chromatogram from animal study 



ABSORBANCE AT 254 nm 

m f 
3 

UMP 

AMP 
GMP 

CDP 

UDP 
» ADP 

GDP 

CTP 

UTP 

133 



CHAPTER IV 

DISCUSSION 

The basic purpose of this project was to evaluate the 

efficacy of nucleotide changes over time as a putative 

predictor of post mortem interval. Many problems were 

encountered during the course of this research endeavor. 

Human skin tissue samples contained large amounts of adipose 

cells, a situation not encountered in bacterial extractions 

of pools. The solution to this particular problem was found 

in a redefinition of the freon-amine "neutralization" steps. 

It appears now that the neutralization step is a misnomer. 

As freon and tri-n-octyl amine are strong organic solvents, 

their function in the extraction process is more a removal 

of organic cell detritus, specifically, adipose cell 

content. Additional freon-amine cleanup steps were added to 

the sample extraction process to insure purity of nucleotide 

pool samples. Evidence for the need for additional cleanup 

steps is noted in the low background levels of HPLC 

chromatograms presented in this study. The change in the 

sample extraction procedure constitutes a major improvement 

in this process. 

i 34 
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An additional problem encountered during this research 

was the necessity of injecting freshly made sample extracts 

directly into the HPLC system. Freezing of samples even at 

-70° C and maintenance of the samples over periods of 

several weeks before analysis seemed to have a deleterious 

effect on the quality of chromatographic analysis. It is 

suggested that the extraction of nucleotides for the purpose 

of accurate post mortem interval determination not be 

attempted unless an adequate HPLC system is immediately 

available. 

As can be noted from the literature review of current 

research in the area of post mortem interval, few 

quantitative efforts of a high level of accuracy have been 

attempted. This research entails an application of the 

principles and techniques of molecular biology and shows 

great promise as a highly accurate quantitative method of 

solving this age-old problem for the medico-legal community. 

The in vivo concentrations of UTP, OTP, GTP and ATP are 

known for several organisms. For instance, the 

concentration of ATP in most tissues is approximately 2 mM 

to 4 iM (Jones, 1980). Knowing this for a particular 

tissue, one can take samples from that tissue at 1, 2, 5 and 

10 hours post mortem and relate them to in vivo 

concentrations of 2-4 mM for ATP. Similarly, the values for 

9 
UTP, CTP and GTP are 1.02, 0.34 and 0.56 micromoles/10 
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cells and these can be related (Snyder & Seegmiller, 1976). 

This allows the initial precipitous drop in ATP (or any-

chosen nucleotide) to be calculated. The change will be 

largely independent of temperature and other conditions. 

From this point, henceforth designated zero time point, 

further datum points can be taken at appropriate hourly 

intervals to establish a slope from which time of death can 

be estimated. Nucleotide concentrations are typically 

predictable in nature with triphosphate levels, especially 

ATP and GTP, always declining quickly, while, in general, 

mono- and diphosphate levels increase for a time reflecting 

the triphosphate loss before decreasing more slowly. Once 

again, establishing the precise point when the 

monophosphates begin to increase would be vital in a study. 

During the current study most time was spent sampling and 

quantifying available specimens rather than trying to 

establish the relationship between in vivo nucleotide pool 

levels and those levels at 1, 2, 5 or 10 hours post mortem. 

Since sampling and nucleotide pool measurements of this 

nature, to my knowledge, have never appeared in print it was 

more important to work out whatever relationships were 

possible between changing nucleotide levels and time post 

mortem. This relationship was clearly established. 

An HPLC is standard operating equipment for medical 

examiners' offices, such that the measurements suggested 
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here could be easily included in the routine autopsy 

examination. By creating a standard time line with all 

points plotted from this and other studies, one could make a 

rough estimate of the time of death using a single time 

point. Selected curves are shown in Figures 36 and 37. By 

extrapolating the line shown in this Figure back to the 

ordinate (Y axis), it should be possible to make a 

reasonable estimate of the time of death. This estimate for 

times between 20 and 150 hours is not now possible. 

As can be noted in Case Number 5, an increase in GDP 

peak height at the 62 hour time point can account for the 

loss of GTP as GDP at the 62 hour time point. This trend 

continued through all succeeding hourly sampling points. 

As noted earlier in this section, loss of the four 

triphosphates may be accounted for by increasing levels of 

diphosphosphates at identical times. As well as the use of 

degradation of triphosphates to diphosphate forms as a means 

of prediction, increases in peak areas of the triphosphates 

over post mortem time may prove to be of value in the 

calculation of this important parameter. In Case Number 5, 

UTP degradation to UDP proved to be of value in prediction 

of post mortem interval yielding an r value of 0.95. In 

summary, with 12 ribonucleotide measurements available, many 

options exist for prediction. 
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Fig. 36—Nucleotide concentration time plot for 
triphosphates. 



139 

28 32 
12 

0 A T I M E ( W s ^ 



140 

Fig. 37—Nucleotide concentration time plot for 
diphosphates. 
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Extraction of nucleotides from many body tissues was 

performed in the initial case. A decision to concentrate on 

integumentary tissue resulted after the basic anatomical 

structure of skin was analyzed for the purposes of this 

study. This tissue was selected based on the microanatomical 

characteristics of the epidermal layer of the integumentary 

system which consists of stratafied squamous epithelial 

cells and the accompanying basal layer (Guyton, 1992). High 

levels of mitotic activity are characteristic of the 

epidermal layer due to a constant loss of cells from the 

upper strata with concomitant replacement by the basal layer 

(Tortura, 1983). In particular, the presence of a basal or 

germinal layer from which the various strata of cells in the 

epidermis are produced with its accompanying high level of 

mitotic activity narrowed the tissue of choice for 

extraction to that of integumentary tissue. Lysosomes, 

organelles which have a low pH and function as receptors of 

phagocytosed foreign materials in the body's immune 

response, lyse after cell death in a process referred to as 

autolysis. This autolytic activity in cells of the 

integumentary system results in the release of enzymes which 

may be involved in the degradation of the various energy 

forms of the nucleotides. 

Zheng, et al. (1991) have elucidated the mechanism of a 

type of cell death referred to as apoptosis or programmed 
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cell death. Apoptosis is a deliberate process of cell death 

which occurs as an organized tissue reaction in 

embryogenesis, tissue atrophy and aging. Characteristics of 

the cell during this process are a rise in cytoplasmic 

calcium concentration, plasma membrane blebbing and 

aggregation of chromatin into a dense mass with no fine 

structure. Addition of 0.5 mM ATP, but no other nucleotides 

induced this form of cell death. 

Previous attempts at prediction of post mortem interval 

have entailed identification of possible parameters of 

interest and the collection of large numbers of data points 

with the potential of developing indices for more accurate 

determination. This study indicates that single subject 

designs using degradation of nucleotides may be a more 

viable approach to prediction of time since death. Case 

number 3 and case number 5 both yielded regression analysis 

data with high correlation coefficients. Further work with 

nucleoside degradation as the salient parameter will be 

necessary to develop and expand these results for usage in 

day-to-day forensic pathology. But in this work it has been 

possible to make a fundamental start. 

In order to be able to accurately compare human and 

bacterial nucleotide degradation, the bacterial culture used 

in this study was allowed to transition through the 

exponential growth, stationary and exponential death phases 
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before nucleotide extractions were attempted. At this late 

exponential death phase comparisons of nucleotide 

degradation might accurately represent the degradation of 

nucleotides in human and animal systems. 

Extraction of nucleotides from mouse integumentary 

tissue generally yielded lower levels of identifiable 

nucleotides even though one and three hour post mortem 

extractions were performed. It was proposed that early post 

mortem extractions of nucleotides would provide insight into 

the possibility of a precipitous drop in nucleotides in the 

first few post mortem hours. This pronounced drop in 

nucleotides early in post mortem time was strongly indicated 

by this study. Peak areas for CTP and UTP were lowered from 

3621126, 2779731 to 179914, 367011, respectively, between 

hours one and three post mortem. Additionally, CDP and UDP 

peak areas diminished from 1711836, 837799 to 106740, 3477, 

respectively, during the same period. This trend is 

supported in human case number three by the pronounced 

decrease in CTP between the 5.5 and 29.5 hour time points, 

as shown by a change in peak area from 0.8569 to 0.4668. 

Correlation coefficients resulting from linear 

regression analysis of changes in various nucleotides over 

post mortem time in the animal study were consistently in 

the area of 0.60. This figure did not approach the 0.90 

correlation coefficient realized in the human study. 
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Nucleotide parameters may prove to be of value as a 

measure of basic health and certain disease states. For 

example, it is known that 60 to 70% of cervical oncogenic 

hypertrophy is related to the incidence of human papilloma 

virus which results in multinucleated cells at the juncture 

of squamous and cuboidal nucleated cells (Guyton, 1992). As 

this multinucleation occurs, changes in nucleotide ratios 

may occur in the cells thus allowing prediction of early 

onset of the pathological state. Longitudinal studies of 

these pap smears may be necessary to verify this premise. 

In addition, the basic state of transplanted organ 

systems might be ascertained by observation of ratios of 

nucleotides and may prove to be useful in prediction of 

rejection of organs. Routine biopsies of transplanted 

organs would provide necessary tissue for extraction of 

nucleotides to be studied. 
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