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ABSTRACT 

The Dried Blood Spot method has recently gained popularity in drug toxicology 

and could also be used to test blood samples in the forensic field.  Testing dried blood 

stains found at a crime scene can help an investigator reveal what a person has consumed 

and if it played a role in their behavior or cause of death.  This study determined if 

analyzing a dried blood spot located on a cotton cloth could be an alternate source for 

obtaining a toxicological background.   

Although there are a few studies determining toxicological profiles on dried blood 

stains on cotton material, to our knowledge only a few have attempted to analyze the 

dried blood directly from cloth without putting preservatives on the blood, and none have 

used QuEChERS extraction.  This experiment was accomplished using cloth that was 

saturated in pig blood and allowed to dry with different metformin (an anti-diabetic 

medication) concentrations and for different aging periods (1 to 4 months).  Metformin 

was then extracted from the dried blood and analyzed by LC-MS.  It was hypothesized 

that metformin would remain stable on the dried blood over the course of 4-months and 

that extraction and clean up by QuEChERS would be effective.   

The findings include that methanol was a better extraction solvent used among 

other solvents (methanol/water, methanol/acetonitrile, acetonitrile, and 

water/acetonitrile at 3:6 and at 1:6).  It was determined that percent recovery of 

metformin using QuEChERS extraction was between 87% and 102% and that metformin 

remains stable in dried blood on cotton cloth for 4-months with no significant changes to 

its calculated concentration.  The methodology used to test the dried blood samples could 
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be applied across the forensic toxicology field to help discover, enhance, or support other 

found toxicant concentrations detected in the body by different means.  This study has 

the potential to reveal if a victim or suspect in question was using legal or illegal 

pharmaceuticals by testing blood stains left at the scene of the crime. 

Keywords: Dried blood spots, dried blood cloth, forensic toxicology, QuEChERS, 
metformin, LC-MS 
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CHAPTER 1 

INTRODUCTION 

1.1 Research Objectives/Goals 

 Drugs have played a part in many crimes because they alter human behavior to 

become easy targets of crime or make you more susceptible to engage in criminal activity; 

therefore, it is essential to determine the type of drug used by a person and its 

concentration.  In 2011, the National Drug Intelligence Center (NDIC) estimated that 54% 

of crimes were committed under the influence of drugs (1) and in 2017 the National 

Institute of Drug Abuse estimated that 72,000 Americans died from a drug overdose (2).  

The breakdown of crimes committed under the influence of drugs is demonstrated in 

Table 1.  Since crime rate is more than half attributed to drug use, it is important to be 

able to establish drug significance to the committed crime.  

Although there are many ways a toxicology screen can be accomplished, obtaining 

a chemical profile from a dried blood spot found on an object at a scene can be an 

alternative method to help discover, or enhance, findings of harmful components in the 

body of a criminal or victim.  Dried blood stains are commonly present at crime scenes, 

such as homicides, sexual batteries, burglaries, and hit-and-run accidents (3).  Currently, 

blood is used to interpret the bloodstain patterns to suggest the type of injury sustained, 

the type of weapon used, the angle of shooting, and the final movement of a victim.  

Bloodstains can also help correlate a witness testimony, define a crime scene, link a 

suspect to a scene, or point an investigation to a new direction (3, 4).  Their use in 
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forensics has been to determine the events of a crime by helping in crime scene 

reconstruction or to identify people by DNA analysis (3).    

Bloodstains found on clothing or objects are collected by investigators for further 

lab tests.  This collection involves allowing a sample to completely dry before packaging 

or packaging it wet and immediately setting it out to dry in the laboratory (5).  A piece of 

the sample can then be cut and analyzed, or the blood can be obtained by wetting a 

cotton swab with distilled water to reconstitute and absorb the blood.  Analysis of the 

dried blood consists of typing the blood (A, B, AB, O) and obtaining a DNA profile.  Due to 

bloodstain frequency, forensic investigators can easily collect a sample for drug analysis.    

Testing a dried blood spot will mimic the Dried Blood Spot (DBS) method used in 

a clinical setting.  The DBS test was first famously used to assess newborns for 

phenylketonuria disorder in the 1960s.  Over the years, there has been an increase in the 

number of medical tests that can be conducted with the DBS technique, such as diabetes, 

HIV, metabolism errors, and others (6).  Due to the advancement of analytical 

instruments, this test has recently gained popularity in therapeutic drug toxicology (7), 

which could be used to test blood samples in the forensic field.  Researching the potential 

of the DBS method for use in forensics could be beneficial because spots are relatively 

easy to store and transport, the contents in dried blood are more stable, there is limited 

exposure of the biological fluid to the collector, and the DBS method is less expensive and 

less invasive than the use of fresh blood (6-9).  Testing dried blood stains is advantageous 

over testing other biological specimens because they are less prone to degradation once 

the matrix is dry. 
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   Dried blood stains found at crime scenes have the potential to tell an investigator 

information that can help determine the identity of a person and can also determine what 

they have consumed.  This experiment was accomplished using cloth that was saturated 

in pig blood and allowed to dry with different metformin (an anti-diabetic medication) 

concentrations and for different aging periods (1 to 4 months).  There have been a few 

studies that have been successful at detecting drugs on bloodstains on cotton substrates; 

however, most of these studies treated the blood with an anti-coagulation preservative 

which eliminates the real-world natural behavior of the blood.   

Furthermore, QuEChERS have not been used to extract clinical DBS or dried 

bloodstains found at crime scenes.  QuEChERS stands for Quick, Easy, Cheap, Effective, 

Rugged, and Safe.  They are made up of salts and were first used by Anastassiades et al. 

in 2003 for the extraction of pesticides (10).  They have replaced liquid-liquid extraction 

(LLE), solid-phase extraction (SPE), and protein precipitation (PP).  Using QuEChERS has 

decreased the extraction time for many assays in a reproducible and easy manner. 

 The metformin content of the dried blood cloth was analyzed using Liquid 

Chromatography-Mass Spectrometry (LC-MS).  This research developed a method to 

prepare the sample for the analytical instrument to obtain qualitative and quantitative 

data.  The results obtained by the experiment were used to model examples of testing 

the smallest possible size of cotton cloth, determining the smallest blood volume that 

metformin can be detected in, and the hours that can pass after metformin is taken to 

still be detectable in the blood. 
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 This study can help forensic science by supplying an alternative way of examining 

toxicants in the body.  Methods that are used today for drug detection are effective, 

however, the body has the potential to further metabolize the drugs or create other 

toxicants by natural processes, like ethanol by colonic bacteria (10, 11).  Chemicals 

created by natural processes in the body cause problems because an investigator only 

assumes a concentration of drugs the body had during the time of crime.  Dried blood 

spots and their contents can remain stable for at least eight months (longer periods of 

time as compared to fresh blood) because the matrix is dry, therefore, it has reduced 

enzyme activity and microbial degradation (7).  This proposed method can potentially 

determine toxicant content at the time the blood left the body of the individual if the 

toxicant is stable.  The methodology used to test the dried blood samples could be applied 

across forensic toxicology to help discover, enhance, or support drug concentrations 

detected in the body by different means. 

Table 1: Types of crimes committed under the influence of drugs (1). 

Type of Crime Percentage  

Homicide 7% 

Aggravated Assault 5% 

Sexual Assault 4% 

Other Assault 8% 

Robbery 28% 

Burglary 34% 

Larceny 39% 

Motor Vehicle Theft 18% 

Stolen Goods 27% 

Prostitution 12% 

*percentage is from out of the type of crime (e.g. 7% of homicides were committed 
under the influence) 
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1.2 History of the Use of Dried Blood Spots 

 Dried blood spots were first used for clinical tests to detect diseases.  In 1913, Ivar 

Christian Bang was the first scientist to analyze DBS on filter paper, to determine glucose 

from eluates and nitrogen measurements (12).  In 1932, DBS was then used for syphilis 

testing.  Chediak identified syphilis from blood dried on a glass slide and later 

Zimmermann used dried blood on filter paper to detect syphilis by the microscopic 

agglutination test (13).  The DBS method was then used to detect antibodies against 

measles, mumps, poliovirus, parainfluenza virus, and respiratory syncytial virus.  In 1951, 

the stability of DBS was tested by detecting Schistosoma antibodies on dried blood spots 

from endemic areas three months after collection (12).  In 1963, Guthrie developed his 

famous method for diagnosing Phenylketonuria from DBS obtained by a heel prick from 

a newborn (14).  With the creation of new instruments (radioimmunoassay (RIA), gas 

chromatography-mass spectrometry (GC-MS), and LC-MS) DBS became widely used in 

other fields.   

 The first published use of dried blood spots or bloodstains for toxicological content 

in forensic science was in 1977.  The detection of morphine in dried blood stains in humid 

and dry environments was examined by Moller et al. (15).  This was accomplished by 

spiking clean blood with morphine, dropping it on a cotton cloth, and allowing it to dry.  

The cotton cloth was then placed in a dry environment at 19°C for 1, 7, or 21 days or in a 

humidity chamber at 37°C for 7 or 21 days.  Morphine was extracted from the biological 

matrix by elution with saline.  It was determined that 5 ng and 20 ng of morphine can be 

detected in dried blood stains (1 cm in diameter) on cotton after 21 days, in both 
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environments, using RIA; however, the recovery rate was improved by keeping the 

samples dry.  The use of RIA to detect morphine in a dried bloodstain was proven 

successful, but codeine can also react to the antigen used indicating that a positive result 

cannot be attributed to morphine alone (15). 

 In 1978, the detection of diphenylhydantoin (DPH) in blood stains on a cotton 

sheet was examined by Shaler et al. using RIA (16).  This was done by obtaining whole 

blood in ethylenediaminetetraacetic acid (EDTA), spiking it with DPH, and placing blood 

drops on a cotton sheet to dry.  The blood drops were then cut out and eluted with either 

saline, Triton X-100, or sodium dodecyl sulfate (SDS).  It was determined that for a 1-day 

old stain, saline could extract 40% of the analyte when left to elute for 1-hour, or 75% 

when left to elute for 24-hours.  Using Triton X-100 for 1-hour resulted in an 80% recovery 

rate and using SDS for 1-hour resulted in approximately 100% recovery of DPH.  Six-month 

old bloodstains were also tested to see if DPH could be recovered.  It was determined that 

the anticonvulsant drug can be detected in 6-month old blood stains, eluted with saline 

for 1-hour, in almost equal amounts to fresh dried blood stains (16).  RIA was proven to 

be an effective detection method of DPH in dried blood stains, DPH was proven to be 

stable for 6-months in a dried bloodstained cotton cloth, and saline was proven to be an 

effective extraction solvent.  Like Moller et al. (15), Shaler et al. used an anticoagulant 

blood agent, EDTA, which is not found in bloodstains found at crime scenes; therefore, a 

realistic bloodstain was not modeled (16).   

 In 1979, the extraction and analysis of different benzodiazepine drugs in dried 

blood stains on cotton was examined by Hammond et al. (17).  This study utilized gas-
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liquid chromatography with electron capture detection instead of RIA.  The blood used 

for this study had EDTA preservative and was from patients who took prescribed 

benzodiazepines.  They used two methods to extract benzodiazepines from the dried 

blood stain: non-enzymatic and enzymatic.  The non-enzymatic extraction consisted of 

placing a piece of the cloth with blood into Trizma base, incubating the contents for 1-

hour at 55°C, and adding n-butyl acetate to the aqueous layer.  The enzymatic extraction 

consisted of placing a piece of the cloth with blood into Trizma base and a proteolytic 

enzyme subtilisin, followed by the same steps as for the non-enzymatic extraction.  The 

stability of benzodiazepines in dried blood was tested by aging bloodstains for 4-6 

months. It was determined that benzodiazepine drugs in the aged, dried blood stains on 

cotton can be detected with recovery rates ranging from 40% to 80% and that the 

enzymatic extraction resulted in higher analyte recoveries (17).  This experiment did not 

model a real-life blood stain because of the added preservatives, but it proved that 

benzodiazepines remain stable in a cotton cloth with dried blood for extended periods of 

time.   

 In 1980, Smith et al. examined if morphine could be detected in bloodstains on 

cotton cloth, which was also done previously by Moller et al. (15).  The blood they used 

for this experiment was from an individual receiving morphine therapy, which was 

collected in EDTA, then placed on a cotton sheet and allowed to dry.  For the elution 

process, they used the same detergents as Shaler et al. (16), SDS or Triton X-100.   The 

resulting eluates were then purified by using column chromatography.  It was determined 

that the detection of morphine on a dried blood-stained cotton cloth after 9-months was 
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successful using RIA, with a recovery of 57%.  It was further determined that both elution 

detergents increased the extraction of morphine by over 50% as compared to saline 

alone, when used in low concentrations  (18).  The use of this method for morphine 

detection was able to quantitate the amount of morphine in a sample, as opposed to only 

identify if it was present as done before by Moller et al. (15).  However, cross-reactivity 

with codeine, heroin, morphine, and normorphine was not eliminated, meaning the 

method is not specific for morphine.  The experiment did not represent a real-life blood 

stain because it used a preservative to eliminate the coagulation of blood.    

 In 1981, the detection of digoxin, phenobarbital, and amphetamine on a dried 

cotton cloth were examined by Smith et al. via RIA (19-21).  In these studies, blood was 

collected into EDTA, placed on cotton sheets, and then stored at room temperature for 

different aging times.  The dried blood stains were eluted with SDS or Triton X-100, similar 

to Shaler et al. and Smith et al. (16, 18).   For phenobarbital, only SDS was used.  All three 

analytes were tested in blood containing an anticoagulant, which makes the bloodstains 

unrepresentative of a true bloodstain (19-21).   

 The blood used for the digoxin study was from patients undergoing digoxin 

therapy.  For digoxin, the eluates of the bloodstain were further purified by column 

chromatography, like in Smith et al. (18).  The extraction recovery of digoxin by Triton X-

100 was 268% to 339% and for SDS was 214% to 204%, as compared to saline extraction 

alone.  This concluded that the nonionic detergent, Triton X-100, was more effective in 

extracting digoxin.  This was attributed to the fact that digoxin is a nonionic drug, 

therefore, they hypothesized the relationship that nonionic detergents are better at 
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extracting nonionic drugs, and vice versa.  It was further determined that digoxin can only 

be detected in dried blood stains that are relatively fresh (less than 3 weeks old) (19).  

 The blood used for the phenobarbital study was from an individual on long-term 

phenobarbital therapy.  In this experiment, the amount of drug obtained in whole blood 

was compared to the amount detected in a dried bloodstain.  It was determined that the 

amount of phenobarbital in the dried bloodstain was representative of the amount 

detected in whole blood, because their differences in calculated amounts were not 

statistically significant.   The percent recovery of the analyte in an 18-month old stain was 

100%.   It was concluded that SDS was an efficient detergent for the extraction of 

phenobarbital from the dried bloodstain (20).     

 The blood used for the amphetamine study was obtained from volunteers 

undergoing amphetamine therapy.  This study also determined that the amount of 

amphetamine present in whole blood correlates to the amount of drug present in a dried 

bloodstain.  The effect of SDS and Triton X-100 detergents on the extractability of the 

analyte were measured and it was determined that both detergents had a negative effect 

on the elution or detection of the drug.  Saline was the better eluent for amphetamines 

in dried bloodstains.  The percent recovery from a dried bloodstain, using saline, was 43% 

in a fresh stain, 36% in a 1-week old stain, and 28% in a 1-month old stain.  It was 

concluded that amphetamines can be detected in 1-month old bloodstains by elution with 

saline and RIA detection (21).   



Texas Tech University, Nataly A. Gomez, May 2019 
 

10 
 

 In 1986, Smith et al. examined the detection of benzoylecgonine, a cocaine 

metabolite, in a menstrual-bloodstained tampon from a sexual assault victim by RIA.  The 

tampon blood was not preserved in any way as it was just taken from the victim, dried, 

and analyzed.  The bloodstained tampon was eluted for seven days with SDS and saline, 

and stabilized with sodium azide at 4°C.  It was determined that the cocaine metabolite 

could be detected in the dried cotton tampon at the picogram level.  It was also 

determined that other analytes with similar structure as benzoylecgonine could cross-

react with the analysis, indicating that the method proposed by Smith et al. is not specific 

for the detection of benzoylecgonine.  This was the first case, used in court, to use dried 

menstrual blood to demonstrate the use of an illicit drug by a victim (22).   

 In 1999, Elian investigated the detection of low levels of flunitrazepam (“roofies”) 

and its metabolites in bloodstains on a white cotton swatch by GC-MS.   The blood used 

for this study was clean blood that was spiked with the analytes and dried overnight at 

room temperature.  The bloodstains were eluted with deionized water and acetic acid.  

The supernatant from the eluate was then extracted by using an SPE column.  The 

analytes were obtained from the column by methylene chloride/isopropyl 

alcohol/ammonium hydroxide.  The analytes were subsequently derivatized with 

pentafluoropropionic acid anhydride (PFPA) followed by N-(tert-butyldimethylsilyl)-N-

methyl-trifluoroacetamide.  This study determined that flunitrazepam and its derivatives 

can be 90% extracted from a dried blood stain and successfully analyzed by GC-MS (23).   

 The most recent study on bloodstains is from 2002.  In this study, Schütz et al. 

determined a screening method for the detection of amphetamines, cannabinoids, 
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cocaine, opiates, and their derivatives on small dried blood samples.  This study was 

completed on two case studies using GCMS and SPE columns.  In one case, handkerchiefs 

and a curtain with bloodstains were tested.  In the other case, traces of blood left on a 

car after an accident were tested (24).   

Schütz et al. eluted the bloodstains with methanol and Tris buffer and the resulting 

supernatant was extracted by using an SPE column.  The analytes were obtained from the 

column by methanol.  The analytes were subsequently derivatized for amphetamines, 

cocaine, and opiates, or cannabinoids.  For amphetamines, cocaine, and opiates, 

derivatization was done with PFPA followed by 2,2,3,3-pentafluoro-1-propanol and 

ethylacetate.  For cannabinoids, derivatization was done with 

dimethylsulfoxide/tetrabutylammoniumhydroxide (DMSO/TBAH) followed by 

methyliodide, hydrogen chloride, isooctane, and ethyl acetate (24).   

Schütz et al. experiment was successful at detecting any amphetamines, 

cannabinoids, cocaine, opiates, or their derivatives in traces of blood found at two crime 

scenes.  For case 1, morphine was detected on the bloodstains found on the 

handkerchiefs and curtain.  The detected amount of morphine was higher on the 

bloodstains found at the crime scene than in the autopsy blood.  For case 2, 

benzoylecgonine was detected on the traces of dried blood found on the car of the 

offender.  The bloodstains used to test this experiment contained no preservatives, as 

they were collected from an actual crime scene (24).   
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 In 2005, a renewed interest in dried blood spot studies emerged for toxicology, 

pharmacokinetic, metabolic profiling, and therapeutic drug monitoring (12).  However, 

no studies on toxicological analysis of a dried bloodstain on cotton have been found since 

2002.  In 2016, the DBS analysis was determined to be a good test for tumor metabolite 

markers (25).  As the years pass, DBS will likely continue to be a valuable way to examine 

many different chemicals in blood, which can help forensic investigators know more 

information about a subject.     

1.3 History of the Use of QuEChERS in Forensic Science 

 QuEChERS is an extraction and clean-up method that is composed of a 

dehydrating agent and an agent that increases the aqueous phase ionic strength and 

induces separation.  This method was first introduced by Anastassiades et al. as an 

alternative way to extract pesticides from fruits and vegetables.  Their method included 

two steps: an extraction/partitioning and a dispersive SPE cleanup.  The 

extraction/partitioning step was completed by adding magnesium sulfate and sodium 

chloride to the homogenized sample in acetonitrile.  The dispersive-SPE cleanup step 

consists of adding the resulting supernatant to a mixture of primary and secondary amine 

sorbent (PSA) and magnesium sulfate (26).   

 QuEChERS have been used in the forensic field as a replacement for LLE, SPE, and 

PP. LLE extraction methods and PP, as pretreatment methods, can purify inadequately 

and contaminate the instrument and cause problems with the reliability and quantity of 

the samples (27).  SPE methods eliminate detection contaminants, however the method 

to perform it is laborious and time-consuming (27).  SPE has variations in the recovery of 
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analytes obtained by different experts and cross-contamination can occur because the 

same apparatus used for clean-up is used for multiple samples.  SPE is also more 

expensive then the QuEChERS method because it requires specialized equipment  (28). 

 QuEChERS are believed to be as simple as LLE and PP, and as selective as SPE.  This 

procedure is simple because it only requires simple mixing and centrifugation.  The results 

obtained from using this method are quick and reliable. The QuEChERS method has been 

proven to have little variation in quantitation of an analyte when used by different experts 

and less loss of analyte as compared to LLE, SPE, and PP.  QuEChERS also eliminates the 

reuse of the cleanup container because it is disposed after one use and eliminates the 

cost of specialized cleaning equipment (28).  QuEChERS have evolved from a two-step 

procedure to a one-step procedure, as seen in Table 2.  QuEChERS use in forensic science 

has been applied to whole blood, plasma, urine, bile, gastric content, and solid tissue (27-

40).   
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Table 2:  One-step and two-step QuEChERS procedures that have been used in forensic 
science studies.  

Required 
Procedure Steps  

QuEChERS Composition Published Forensic Studies 

One-Step Magnesium Sulfate and Sodium 
Chloride 

Matsuta et al. [2013] (29) 
and Salimiasl et al. [2017] 
(30) 

PSA and Magnesium Sulfate Anzillotti et al. [2014] (31) 

Potassium Carbonate and 
Magnesium Sulfate 

Pouliopoulos et al. [2018] 
(32) 

End-capped Octadecylsilane and 
Magnesium Sulfate 

Hasegawa et al. [2018] (33) 

Magnesium Sulfate and Sodium 
Acetate 

Kudo et al. [2015] (34) and 
Mishima-Kimura et al. [2018] 
(35) 

PSA, End-capped 
Octadecylsilane, and 
Magnesium Sulfate 

Hasegawa et al. [2015] (36) 
and Wurita et al. [2016] (37) 

Two-Step 1. Magnesium Sulfate and 
Sodium Chloride 

2. PSA and Magnesium Sulfate 

Plössl et al. [2006] (38) 

1. Magnesium Sulfate and 
Sodium Acetate 

2. PSA, End-capped 
Octadecylsilane, and 
Magnesium Sulfate 

Usui et al. [2012] (28), Usui 
et al. [2012] (27), and Usui et 
al. [2014] (39) 

1. Magnesium Sulfate and 
Sodium Chloride 

2. End-capped Octadecylsilane 

Dybowski et al. [2018] (40) 
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1.3.1 Two-Step QuEChERS Procedure Used in Forensic Science 

 The use of QuEChERS for forensic science started in 2006 by Plössl et al. (38).  They 

developed an analytical method using dispersive SPE and gas chromatography/ion trap 

mass spectrometry to determine pharmaceutical contents in whole blood.  In this study, 

whole blood samples of pigs spiked with 40 pharmaceuticals were tested and 8 were 

validated.  Their method to determine the contents in the blood samples included the 

separation of the analytes from the biological matrix using the same two-step QuEChERS 

method as Anastassiades et al. (26), with a decrease in the amount of magnesium sulfate 

and sodium chloride used.   

 Plössl et al. also compared the recovery when using different sorbents, styrene 

divinylbenzene (PPL), PSA, and aminopropyl (NH2) and sorbent masses (from 25 mg - 200 

mg).  It was determined that the use of PSA at 25 mg was the better sorbent because PPL 

retained cholesterol and NH2 resulted in unclean extracts.  Increasing the mass of PSA 

used caused the recovery of neutral and basic analytes to fade.  The method created lead 

to the percent recovery of 40 drugs between 56% to 104%.  The percent recovery of the 

validated drugs (lidocaine, methylphenobarbital, tramadol, amitriptyline, biperiden, 

diethylstilbestrol, codeine and diazepam) was 90% to 104%.  The use of QuEChERS in 

forensic science was proven effective because the recovery of analytes was possible, the 

simple extraction method required no special equipment for sample clean-up, and the 

method required minimal time and effort (30 minutes per 8 samples) (38).   

 The interest of using QuEChERS for forensic purposes was dormant for a couple of 

years until 2012.  Usui and colleagues published two papers on the use of QuEChERS to 
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extract forensically important drugs and poisons, and disulfoton and its oxidative 

metabolites (27, 28).  For the evaluation of forensically important drugs and poisons, 90 

compounds from human blood samples were extracted using QuEChERS and detected by 

LC-MS/MS.  This procedure was also a two-step method, however, in the first step sodium 

acetate was used instead of sodium chloride and in the second step end-capped 

octadecylsilane was added along PSA and magnesium sulfate (28).   

 Usui et al. used both acidic and basic drugs.  To detect acidic drugs, only the 

extraction/partitioning step was used in which diluted blood was placed with an internal 

standard made in acetonitrile and QuEChERS, shaken, and the resulting supernatant was 

directly injected into the LC-MS/MS.  For basic drugs, the resulting supernatant from the 

first step was placed in SPE sorbent and the supernatant was tested.  This process yielded 

a time effort of 7 minutes and percent recoveries varied from 39% to 127%.  This method 

was used in a real-life case study to determine the cause of death of a 40-year-old female.  

The developed QuEChERS extraction method was completed on blood from the external 

iliac vein that had been stored at -30°C with no preservative agents.  It was detected by 

LC-MS/MS that the female had died due to a drug overdose of diphenhydramine (28).   

 For the determination of disulfoton (an insecticide) and its oxidative metabolites 

in human blood and urine, QuEChERS were used for extraction and liquid 

chromatography-tandem mass spectrometry (LC-MS/MS) was used for detection.  The 

same two-part procedure, as mentioned above, was applied for both biological samples.  

This procedure was then applied to a forensic case to determine the cause of death of a 

70-year-old male who was found dead in a garden shed.  A bag of an agricultural chemical 
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(Di-Syston) was found near the body, therefore, a toxicological screen on the blood from 

the external iliac vein and urine were completed.  It was determined that the man had 

committed suicide by ingesting the agricultural chemical because disulfoton and its 

metabolites were detected in high concentrations in both biological samples. Usui et al. 

determined that QuEChERS was effective in extracting disulfoton and its metabolites with 

acceptable validation parameters and percent recoveries that ranged from 94% to 111% 

for blood and from 87% to 112% for urine (27).    

 Usui et al. (39) tested the QuEChERS method to determine if it would successfully 

extract 3,4 dimethyl methcathinone (3,4-DMMC) in blood and urine.  This cathinone 

designer drug was then detected by LC-MS/MS.  They used the same two-step extracting 

QuEChERS approach that was used in 2012 by Usui et al. (27, 28).  To validate their 

method, they spiked clean human blood and urine and determined a percent recovery of 

analytes from 86% to 89% in blood and 96% to 101% in urine.  Their procedure was then 

applied to a forensic case of a 30-year-old male that was found dead in his apartment 

near a disposable syringe.  It was discovered that the syringe contained 3,4-DMMC, 

therefore, a targeted analysis of 3,4-DMMC of the urine and blood from the external iliac 

vein were conducted.  The analysis detected 3,4-DMMC in both biological samples along 

desalkylflurazepam, quazepam, and 2-oxoquazepam.  This concluded that the proposed 

method could successfully detect 3,4-DMMC, a designer drug, in autopsy blood and urine 

(39).   

 Dybowski et al. applied the QuEChERS procedure to the analysis of Δ9-

tetrahydrocannabinol (THC) and its metabolites in human whole blood by GC-MS/MS.  
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The developed method consisted of a two-step QuEChERS method.  The first step 

consisted of mixing the samples with acetonitrile, magnesium sulfate, and sodium 

chloride.  In the second step, end-capped octadecylsilane was added to the resulting 

supernatant.  To validate their method, they used clean blood that was spiked with THC 

and two of its metabolites (40).   

 Dybowski et al. further tested the best ideal conditions of volume of material used 

for the QuEChERS method.  The amount of sodium chloride used varied from 50-100 mg, 

magnesium sulfate from 150-400 mg, and end-capped octadecylsilane from 10-25 mg.  

The best mix consisted of 80 mg of sodium chloride, 150 mg of magnesium sulfate, and 

12.5 mg of end-capped octadecylsilane.  The percent recovery of the analytes was more 

than 55%.  Thirty blood samples obtained from drivers suspected of driving under the 

influence of drugs, who had tested positive in a cannabinoid test completed by a Dräger 

DrugTest 5000 tester, were then tested by this method.  The method was able to detect 

THC, 11-hydroxy-Δ9-tetrahydrocannabinol (11-OH-THC), and 11-nor-9-carboxy-Δ9-

tetrahydrocannabinol 11-COOH-THC in all the blood samples obtained from the drivers.  

It was concluded that QuEChERS was successful at isolating the THC and two of its 

metabolites from blood in a convenient and easy manner (40).   

1.3.2 One-Step QuEChERS Procedure Used in Forensic Science 

 The two-step QuEChERS procedure evolved to become a one-step procedure.  

Matsuta et al. developed an extraction method for the determination of various drugs 

and metabolites, of forensic interest, in human whole blood by a modified QuEChERS 

approach.  A one-step extraction was done by using QuEChERS that consisted of large 
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amounts of magnesium sulfate and sodium chloride, the first step of the method created 

by Anasstasiades at al. (26).  The large amounts of salts allowed the blood to coagulate, 

creating a cake at the bottom.  This procedure made it easier to collect the organic extract 

from the rest of the sample.  The supernatant was then analyzed with GC-MS or LC-MS.  

The percent recoveries of the analytes ranged from 59% to 93%. 

 Furthermore, Matsuta et al. compared the extraction of the drugs using liquid-

liquid extraction and the modified QuEChERS extraction.  It was determined that the use 

of the QuEChERS method had higher percent recoveries for most of the analytes than 

liquid-liquid extraction.  It was also determined that the proposed method allowed the 

extraction of simultaneous drugs with different pH (basic, neutral, acidic), which cannot 

be done using liquid-liquid extraction unless the extracting solvent pH is adjusted.   

Matsuta et al. applied the modified QuEChERS approach to two whole blood specimens 

obtained from autopsies.  The drug content of one drug specimen was detected by using 

GC-MS, and it was found to contain chlorpromazine, valproic acid, carbamazepine, and 

iminostilbene.  The drug content of the other specimen was detected by using LC-MS, and 

it was found to contain methamphetamine and amphetamine.  The results of this study 

concluded that the one-pot QuEChERS extraction of various drugs was successful, 

required less time and effort, and was less expensive (29).   

 Anzillotti et al. completed a study to detect drugs of abuse and benzodiazepines 

in human whole blood by ultra-high-performance liquid chromatography-tandem mass 

spectrometry (UHPLC-MS/MS).  To extract the analytes from the blood, they used a one-

step approach that consisted of the addition of a mixture of PSA and magnesium sulfate, 
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as their QuEChERS.  They validated their method by using clean blood and spiking it with 

analytes in which 20% to 98% of the analytes were recovered.  They applied their method 

to 30 blood specimens from autopsy cases and drug facilitated sexual assaults.  They were 

able to detect methadone, morphine, O-6-monoacetylmorphine, cocaine, 

benzoylecgonine, ecgonine methyl ester, fentanyl, and benzodiazepines in the obtained 

blood samples.  Anzillotti et al. concluded that the use of the modified QuEChERS for 

drugs and benzodiazepines extraction in whole blood, was effective and had advantages 

of shorter preparation/extraction periods and elimination of special sample-clean up 

equipment as compared to LLE and SPE (31). 

 Hasegawa et al. studied the postmortem distribution of flunitrazepam, a date-

rape drug, and its metabolite 7-aminoflunitrazepam in body fluids and solid tissues.  This 

study was conducted on an autopsy case of a 70-year old woman who had been poisoned 

by her daughter with tablets containing flunitrazepam.  The samples used were whole 

blood from the femoral vein and the right and left atria, bile, brain, lung, heart muscle, 

liver, spleen, kidney, pancreas, skeletal muscle, and adipose tissue.  Preparing the analyte 

for LC-MS/MS consisted of homogenizing the specimens, adding the QuEChERS mixture 

(primary secondary amine, end-capped octadecylsilane, magnesium sulfate) and filtering 

the solution through a Captiva ND lipids cartridge.  The extraction of flunitrazepam and 

7-aminoflunitrazepam had a recovery of 64% to 111%.  QuEChERS was successful in 

extracting flunitrazepam and 7-aminoflunitrazepam in all biological specimens tested 

(36).  
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 Kudo et al. determined the presence of cathinone designer drugs and 

benzodiazepines in autopsy whole blood, urine, and gastric content.  To validate this 

study, clean blood and urine samples were spiked with analytes.  The percent recovery 

determined was between 73% to 94% for blood and 75% to 89% for urine.  The method 

was then conducted on samples obtained from a 30-year old woman who was found dead 

near aroma liquids, bath salts, and hypnotic drug tablets.  An immunochemical drug 

screen, performed on her urine, revealed positive results for benzodiazepine and 

amphetamines.  Routine drug screens on blood, urine, and gastric content by GC-MS and 

LC-MS/MS detected caffeine, triazolam, 7-aminonitrazepam, 7-aminoflunitrazepam, α-

hydroxytriazolam, nitrazepam, and flunitrazepam (34).   

 Unknown peaks were detected by GC-MS which were predicted to come from the 

bath salts and aroma liquids; therefore, further toxicological analysis of the samples was 

necessary.  This included the extraction of the analytes from the biological samples by 

QuEChERS (magnesium sulfate and sodium acetate) and two stainless steel beads.  The 

supernatant was then analyzed by LC-MS/MS which revealed that the blood, urine, and 

gastric content also contained new cathinone designer drugs 4-methoxy PV8, PV9, 4-

methoxy PV9, and a dissociative agent diphenidine.  These drugs were the unknown peaks 

detected in GC-MS.  This method provided an alternative method to extract new 

cathinone designer drugs by the use of QuEChERS (34). 

 Wurita et al. conducted a study to determine the metabolites of AB-CHMINACA, a 

synthetic cannabinoid, in a urine specimen obtained from an autopsy.  The presence of 

unchanged AB-CHMINACA was detected in solid tissue of the deceased, however, it was 
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not detected in the blood or urine.  To create a valid detection method, eight metabolites 

were spiked in urine.  The urine was then mixed with one of the two QuEChERS that were 

used, primary and secondary amine, end-capped octadecylsilane, and magnesium sulfate 

or end-capped octadecylsilane, magnesium sulfate, and Captiva ND Lipids cartridge.  It 

was determined that only two of the eight tested metabolites could be detected in urine 

and that using the QuEChERS without primary and secondary amine was more efficient in 

the extraction because of the acidity of one of the metabolites and the internal standard.  

The percent recovery of both analytes was 75% to 119%.  The urine sample obtained at 

an autopsy was then tested by the same method and both metabolites were detected by 

LC-MS/MS.  QuEChERS was proven to be effective in the extraction of metabolites of new 

cannabinoids in urine (37).   

 Salimiasl and colleagues compared the extraction efficacy of methadone in post-

mortem urine by using liquid-liquid extraction and QuEChERS.  In this study, 31 urine 

samples of deceased individuals suspected of taking methadone were analyzed.  The 

analytes in the urine samples were extracted by QuEChERS that consisted of magnesium 

sulfate and sodium chloride.  They were also extracted by liquid-liquid extraction.  The 

resulting supernatant was then analyzed by GC-MS.  This study determined that five of 

the urine samples contained methadone and that using the QuEChERS method increased 

the recovery of the analyte from 49% to 67% as compared to liquid-liquid extraction (30). 

 Pouliopoulos et al. did a quantification study in postmortem and therapeutic drug 

monitoring blood samples of frequently prescribed antipsychotic, antidepressant, and 

hypnotic drugs by UHPLC-MS.  To prepare their samples for detection of the analytes, the 
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sample was mixed with a modified mini-QuEChERS which consisted of potassium 

carbonate and magnesium sulfate.  The mini-QuEChERS name is contributed to the small 

amount of salt and sample used for the extraction process.  Their percent recovery of the 

extracted analytes was compared to the QuEChERS approach that uses primary and 

secondary amines and magnesium sulfate.  It was observed that using potassium 

carbonate instead of primary and secondary amines provided higher analyte recoveries.  

The percent recovery of the analytes by the proposed method was 85% to 113% (32).   

 After validating the method, five samples of psychiatric patients and eight 

postmortem samples were tested.  In the sample of psychiatric patients, quetiapine, 

haloperidol, mirtazapine, zolpidem, and clozapine were detected.  In the postmortem 

samples, olanzapine, zolpidem, clozapine, quetiapine, citalopram, haloperidol, and 

sertraline were detected.  This method was successful in the detection and quantification 

of psychotropic drugs.  The use of the modified mini-QuEChERS decreased the extraction 

time of the analytes from blood and increased the percent recovery as compared to using 

primary and secondary amines (32). 

 Hasega et al. completed a study of the detection of zolpidem and its metabolite 

phenyl-4-carboxylic acid in blood, pericardial fluid, urine, bile, stomach contents, and nine 

solid tissues of a 20-year old male.  A drug overdose was suspected because the male was 

found dead surrounded by various drugs and a syringe.  The analysis of zolpidem and its 

metabolite was accomplished after an immunochemical drugs screen and a conventional 

drug screen was completed on the urine and whole blood of the deceased.  The drug 

screens revealed that there was a tricyclic antidepressant and valproic acid in his system.  
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A confirmatory analysis was performed by LC-MS/MS. The analytes were extracted from 

the biological specimens and fluids using QuEChERS (end-capped octadecylsilane and 

magnesium sulfate) and a Captiva ND Lipids cartridge.  The recovery percent of the 

analytes by this method was 80% to 113%.  The only drugs and metabolites detected in 

all post-mortem specimens, at a fatal level, was zolpidem and zolpidem phenyl-4-

carboxylic acid.  QuEChERS was proven to be effective in the extraction of a hypnotic 

agent (33).   

 Mishima-Kimura et al. studied the detection of benzalkonium chloride (BZK) by LC-

MS/MS in a forensic autopsy case.  The case dealt with an 83-year-old male who had drank 

an unknown volume of germicidal disinfectant that contained 50% BZK.  The man survived 

but died 18-days after ingestion.  Due to other health problems, a forensic autopsy was 

performed to determine the cause of death.  The examination of BZK in his body was 

accomplished by examining his blood.  The analytes were extracted via QuEChERS 

(magnesium sulfate and sodium acetate) and two stainless steel beads.  Before the 

deceased blood was examined, a validation method was conducted using pig blood that 

was spiked with three BZK compounds (C12-BZK, C14-BZK, and C16-BZK).  The recovery of 

the analyte by this method was 76% to 106%.  The deceased blood was then examined, 

and it was concluded that the man had died due to BZK poisoning.  All three compounds 

were found in his blood even after 18-days of the consumption of the disinfectant.  This 

study determined that QuEChERS could be used to extract BZK from blood samples (35).   

 The use of QuEChERS began as an alternative method to extract pesticides from 

food and over the years it has been modified and altered for the use in forensic science, 
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veterinary medicine, and clinical use.  QuEChERS has been used to extract substances of 

interest from biological fluids and tissues.  Many studies have validated the QuEChERS 

method for use in real-life forensic specimens to either help determine the cause of 

death, the proper violation for the drug abuser, or to verify if a previous drug addict is still 

abusing a substance (27-40).  Even though the QuEChERS composition is different 

between some studies, the purpose of the materials remains the same: rehydration and 

phase separation.    

1.4 Laundering Effects on Cloth 

Determining how laundering an item of clothing can affect the detection of drugs 

is important because detergents have different chemical compositions (41) and can be 

unknown (proprietary).  The chemical composition of detergents can leave different 

substances on the clothing that can interfere with the analysis of cloth with dried blood.  

There is little to no information on the consequences for analysis of laundering an item 

of clothing before a blood spot is deposited on that clothing.  However, there are a few 

studies that have determined laundering effects on cloth performed after deposition of 

the blood spot in an effort to erase the evidence.  Most of these studies determined how 

DNA in seminal fluid and blood evidence on an item of clothing is affected after being 

washed.   

The detection of DNA in seminal fluid after washing a clothing item has been 

studied to determine how temperature, different detergents, and number of wash cycles 

affect discovery.  It has been determined by Farmen et al. that spermatozoa and DNA can 

survive laundering when washed at 40°C and 60°C, and with fabric softener (42).  Brayley-
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Morris et al. determined that using biological and non-biological detergents to wash off 

sperm and DNA from clothing did not affect their recovery.  DNA could still be collected 

from traces of sperm after three washes (43).  Nolan et al. determined that the DNA in 

sperm survived 6 washes with detergent (44).   

Blood identification and DNA recovery is mostly affected by chlorine bleach as 

determined by Bittencourt et al. and Harris et al. (45, 46).  Detecting blood on an item of 

clothing after one wash with non-chlorine detergent is possible and DNA recovery is 

successful (45, 46).  Identifying blood with luminol and tetra-methyl benzidine, two blood 

presumptive tests, is possible after 10 washes with detergent as determined by Gupta et 

al. (47).   

While DNA recovery and semen and blood identification on a clothing item after 

being washed is successful in most cases (with the exception of chlorine), this assumption 

cannot be made towards the recovery of a drug from a washed cloth because it has not 

been tested before to our knowledge.  Furthermore, it is not known if laundering clothing 

before blood is deposited on the cloth affects the analytical results.  This is important 

because not all the clothing found at a crime scene is new and may have been subjected 

to many laundry cycles.   

1.5 Advantages of Examining Dried Blood Spots  

 Studying dried blood spots has become increasingly important over the years 

because there are many advantages as compared to using whole blood.  DBS requires less 

blood volume to successfully test blood content and it is simple, non-invasive, and 
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inexpensive (12).   The inexpensiveness of the technique makes it available in resource-

poor settings because it does not require any special facilities or equipment to store and 

evaluate the collected blood.  Underprivileged areas can easily collect and ship dried 

blood samples through the mail to a more developed area for testing (13).  Dried blood 

stains or spots are easier to transport, because samples are light and can be shipped in a 

simple envelope since they do not require a fancy apparatus to keep the blood stable or 

at a specific temperature (40). 

The DBS method is simple because it tests the extracted content of the whole 

sample instead of a component of it.  For example, when dealing with whole blood 

testing, sometimes only the contents in the plasma is tested.  This eliminates the need of 

a highly trained personnel, such as a phlebotomist, since blood plasma does not need to 

be obtained by difficult processes for sampling.   It also creates more space in a laboratory 

because it eliminates the need for certain equipment and special storage containers, for 

blood preservation, as blood spots can be stored at room temperature (48).   

 Using dried blood spots is valuable because the risk of bacterial contamination and 

hemolysis is minimal.  The stability of a blood sample is enhanced when it becomes dry 

because it decreases water dependent analyte degradation that is caused by hydrolysis 

and enzyme activity (14).  Dried blood spots can be preserved for longer periods of time 

with little to no deterioration of analytes.  Analytes are stabilized on dried matrices and 

can better withstand temperature fluctuations (48).  In one study, it was found that dried 

blood can be viable for twenty years when stored at 4°C.  After 30 years in the same study, 

some samples showed no decrease in quality but a few showed a decline (12).   
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 A different study showed that dried blood spots and their contents can remain 

stable for at least eight months because the matrix is dried, therefore, it has reduced 

enzyme activity and microbial degradation (7).  In another study, it was found that dried 

blood can be viable when stored at room temperature up to 14 days.  This study also 

determined that dried blood can withstand temperature fluctuations between 32°C and 

22°C for three days and remain stable for three days at 37°C (49).   

The DBS method also offers a lower biohazard risk to handlers because it reduces 

the chances of interacting with a sample, since it is a small volume (50).  Working with dry 

blood makes it harder to contaminate an environment or oneself because the matrix is 

dry.  A dry matrix means that it is less likely that a sample will rub off on other objects to 

leave traces of its contents.  Dried bloodstains are less infectious because viruses and 

microorganisms are inactivated (51).  Biohazard risks to analysts are also lowered because 

the nature of blood-splattering, if dropped or mishandled, onto a person is eliminated 

since it is dry.   

 The advantages of using dried bloodstains instead of whole blood are numerous. 

In the forensic field, using DBS can help eliminate the case backlog of many laboratories 

due to insufficient resources.  In a BJS census from 2005, it was determined that case 

backlog was a problem in publicly funded crime labs.  It was also determined that half of 

the backlogged cases were in the area of controlled substances (3).  Using dried blood 

samples will allow forensic laboratories to mail some of their samples to other accredited 

laboratories to help alleviate their pending work.  Furthermore, the chances of not being 
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able to detect an analyte, if the samples must be stored for long periods, are eliminated 

with dried blood spots. 

1.6 Identification of Dried Blood 

 Before a forensic investigator collects a sample that is suspected of being blood, a 

presumptive test is performed.  A presumptive test is a qualitative analysis that can 

confirm the presence of a substance in a sample.  The applied test on the unknown 

questioned substance provides a positive result by displaying a color change.  A positive 

result does not mean that the sample is blood, in this case, a positive result means that it 

is possible that the stain in question is blood.  Presumptive tests for the detection of blood 

in the forensic field include: Phenolphthalein/Kastle Mayer Test, leuco-malachite green/ 

Hemident, tetramethylbenzidine/Hemastix.  Other presumptive tests include Luminol, 

Blue Star, and Fluorescein, however, these tests are mainly used to detect latent blood 

(4).    

 Once a positive result is obtained from a presumptive test, a confirmatory test 

must be performed on the blood.  Confirmatory tests identify the specific unknown 

substance conclusively with a decreased risk of a false positive.  Confirmatory tests are 

more specific towards the identity of the questioned stain and can confidently conclude 

if it is blood and if it belongs to a human.  Confirmatory tests for blood used in the forensic 

field include: Takayama and Teichmann Tests, Precipitin, ABA Card HemaTrace, 

HemeSelect, Hexagon Occult Blood Testing Immunocomplex (OBTI), and Rapid Stain 

Identification-Blood (RSID-Blood) tests (50-53). 
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1.6.1 Presumptive Tests for Visible Blood 

 Presumptive tests provide an investigator with more information about a 

questioned stain.  If a presumptive test is positive, an investigator will know that more 

tests are necessary to identify the stain.  Presumptive tests help investigators focus on 

important pieces of evidence and eliminates the collection of unnecessary items.  

Presumptive test work by reacting with hemoglobin.  These tests are sensitive and there 

are risks of false positives (4).   

1.6.1.1 Phenolphthalein Test/ Kastle Mayer Test 

 The Phenolphthalein Test/Kastle Mayer Test is composed of a reagent mixture and 

hydrogen peroxide.  The reagent mixture is composed of phenolphthalein, potassium 

hydroxide, deionized water, zinc, and ethanol.  The reagent mixture is applied first to a 

cotton swab that has been rubbed with the questioned biological fluid or to a small 

portion of the stain.  The hydrogen peroxide is then added, and the reaction is observed 

to determine if a color change has occurred.  The change of color is caused by the 

reduction of hydrogen peroxide, cleavage of oxygen, and oxidation of phenolphthalin to 

phenolphthalein, as seen in Figure 1.  A positive presumptive result will be denoted by a 

pink color and a negative result will not cause any color change (4, 52).  
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Figure 1: Phenolphthalin reaction with the presence of hemoglobin and hydrogen 
peroxide.  Phenolphthalin is oxidized to phenolphthalein, which produces a pink color, 
indicating that the questioned stain is possibly blood.  A negative result is demonstrated 
by no color change (53, 54).     
 

1.6.1.2 Leucomalachite Green/Hemident Test 

 Leucomalachite Green is composed of a reagent mixture that has leucomalachite 

green, glacial acetic acid, distilled water, and zinc dust.  The reagent is applied to a cotton 

swab that has the reconstituted suspected blood stain or directly onto the stain.  Then, 

hydrogen peroxide is added, and any color change is noted.  If the unknown stain is blood, 

a blue-green color will appear.  The blue-green color is due to the cleavage of oxygen from 

hydrogen peroxide and oxidation of leucomalachite green, as observed in Figure 2.  A test 

kit that uses leucomalachite green to test the possible presence of blood is Hemident (52). 

  
Figure 2: Colorless leucomalachite green undergoes oxidation to create blue-green 
malachite green to indicate the possible presence of blood (54).  
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1.6.1.3 Tetramethylbenzidine/Hemastix Test 

 The Hemastix test is a plastic strip that contains a reagent pad that consists of 

3,3’,5,5’-tetramethylbenzidine (TMB) and diisopropylbenzene dihydroperoxide.  The test 

is based on the peroxidase-like activity of hemoglobin.  When heme reacts with the 

reagent strip, oxygen molecules will be cleaved from hydrogen peroxide.  This catalyst 

reaction will cause the reduced colorless form of TMB to oxidize to the colored form, 

demonstrated in Figure 3.  A positive result will be a change of color from yellow to 

orange, green, or blue, depending on the concentration of blood as shown in Figure 3.  A 

negative result will cause no color change indicating there is no blood present or the 

amount present is below the detection limit (4, 52). 

  

Figure 3: TMB catalyst reaction with presence of hemoglobin.  A positive test will be 
indicated by a color change as demonstrated on the Hemastix test container indicating 
that the presence of blood is possible (54).  
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1.6.2 Blood Confirmatory Tests 

Confirmatory tests support a presumptive test.  These tests are only completed if 

a presumptive test is positive.  Confirmatory tests are selective and there are less risks 

of false positives.  Confirmatory tests are done to determine if blood is human, prior to 

sending it to the DNA lab.  

1.6.2.1 Takayama and Teichmann Tests 

 The Takayama and Teichmann tests determine if an unknown stain is blood by 

forming crystals when their specific reagents react with hemoglobin.  The Takayama test 

forms pink, needle-like hemochromogen crystals (Figure 4) when hemoglobin reacts with 

a reagent that is composed of a glucose solution, sodium hydroxide, and pyridine.  These 

crystals are formed when the heme is released by sodium hydroxide, heme iron is reduced 

by glucose, and pyridine combines with the reduced product to form 

ferroprotoporphyrin.  The formation of the homochromogen crystals are observed under 

a microscope (55).  
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Figure 4:  Homochromogen crystals, as viewed under a microscope, formed by the reaction 
of hemoglobin with the Takayama reagent (53). 
 

The Teichmann test forms brown ferroprotoprophyrin crystals (Figure 5) when 

hemoglobin reacts with a reagent that is composed of potassium chloride, potassium 

iodide, and glacial acetic acid.  When heated, the reaction creates hemin crystals, which 

are iron-containing porphyrins.  Like the Takayama test, the crystals need to be observed 

under a microscope.  Although the Teichmann and Takayama test are confirmatory tests 

for blood, they are not species specific (55). 

 
Figure 5:  Hemin crystals, as viewed under a microscope, formed by the reaction of 
hemoglobin with the Teichmann reagent (56).  
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1.6.2.2 Species Specific Confirmatory Tests 

 Species specific confirmatory tests can determine if the questioned stain is blood 

and if it belongs to a human.  Some common species-specific confirmatory tests are 

Precipitin, ABA Card HemaTrace, HemeSelect, Hexagon OBTI, and RSID-Blood tests.  

 The Precipitin test uses a human anti-serum.  This serum is made by injecting 

human blood into a rabbit to create rabbit serum that is sensitized to human blood.  The 

human anti-serum is added to the suspected blood and precipitation is observed.  If the 

mixture precipitates, the blood is believed to be from human origin (57).   

 The ABA Card HemaTrace, HemeSelect, Hexagon OBTI, and RSID-Blood tests are 

immunological based tests.  The ABA Card HemaTrace, HemeSelect, and Hexagon OBTI 

tests detect human hemoglobin and the RSID-Blood test detects human glycophorin A 

(58).  These tests use monoclonal antihuman hemoglobin antibodies.  When human 

hemoglobin reacts with these antibodies, the reaction migrates to the test zone and is 

shown by a color line.  The test zone has two columns, a column for the test sample and 

one for the control.  A positive test is depicted by two lines, one in the control column “C” 

and one in the test column “T,” and a negative test is shown by only one line in the “C” 

column, as pictured in Figure 6 (57-60).    

 
Figure 6: An RSID-Blood test demonstrating a positive and negative result.  A positive test 
will show a line in the control “C” column and a line in the test “T” column, as seen on the 
left.  A negative test will only show a line in the C column, as seen on the right (53). 
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1.7 Toxicology Screening Today 

There are three types of forensic toxicology: post-mortem toxicology, human-

performance testing, and forensic urine drug testing.  Post-mortem toxicology deals with 

the testing of the body fluids and tissues of the deceased to determine the presence or 

absence of an analyte and their contributing effects to the cause and manner of death.  

Human-performance testing determines the presence or absence of an analyte in a 

person and how it affects their behavior.  Forensic urine drug testing determines the 

presence or absence of a drug in urine to detect drug use and abuse.  Each type of forensic 

toxicology examines different body fluids or tissues to detect correlations between an 

analyte and an event (61). 

1.7.1 Post-mortem toxicology 

In examinations of fluids and tissue of a dead body, the corpse is still undergoing 

chemical and biological changes causing the interpretation of the concentration of 

contents and their identification difficult or impossible.  Inaccuracies in a toxicological 

screen increase unpredictably as time passes (10).  There is a need for more research to 

understand the relationship between concentrations and contents of blood measured 

antemortem and postmortem.  Until a reliable connection between the two is 

established, analyzed contents of blood and body fluids should be questioned.  In a 

forensic autopsy, the pathologist should keep in mind that some substances have 

disappeared due to continuous degradation and that other substances have been 

produced, like ethanol, by colonic bacteria (11). The pathologist must be aware of how 

body chemicals change after death so that false conclusions are not made. 
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One of the postmortem alterations that can change the detection of a drug is 

postmortem decomposition.  Decomposition is composed of two processes: autolysis and 

putrefaction.  Autolysis is the self-destruction of a cell or tissue by its own enzymes and 

putrefaction is the conversion of a soft tissue to a gas, liquid, or small molecule by either 

microorganisms, insect activity, or animal predation.  During autolysis, the bodies pH is 

decreased and during putrefaction it increases.  The increase or decrease of pH can affect 

some analytes concentration or detection in the body (61).   

Another postmortem alteration that can change the detection of a drug is post-

mortem redistribution.  Post-mortem redistribution is when drugs or chemicals move 

from one site of the body to another.  Before death, the body sequesters a drug or 

chemical in an organ or group of organs.  Once the biological function of the body is 

stopped, the drugs that were in the drug reservoirs, tempt to distribute to their 

surrounding tissues.  This affects the drug concentration detected in certain tissue or 

blood samples (61).   

1.7.1.1 Post-Mortem Common Samples 

To try to obtain a complete post-mortem toxicological profile, different body fluids 

or tissue samples are obtained.  The common tested postmortem samples are blood, 

urine, oral fluid, liver, brain, vitreous humor, and hair.   

Blood is the most common post-mortem sample because dozens of analytes and 

metabolites can be detected by a single analysis and quantitative results obtained can 

help interpret their consequences.  There has been extensive research of drug 
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concentrations in postmortem and antemortem blood samples; therefore, there is an 

extensive database that determines if found amounts of analyte are therapeutic, toxic, or 

lethal.  Blood is routinely collected from more than one site, usually a peripheral sample 

from the femoral vein and a central sample from the left or right side of the heart.  For 

screening purposes, to determine the absence or presence of a drug, the heart blood 

sample is usually used.  To determine the concentration of the analyte present in the 

body, the femoral blood sample is used (61).   

Urine is also collected as a postmortem sample.  All the urine present in the 

bladder is collected and if no urine is present, the bladder is rinsed with saline or water 

to obtain any residual urine.  Urine is usually used for drug screenings and not for 

qualitative analysis because high concentrations of drugs are found in the urine that are 

not representative of the true value.  Sampling urine is advantageous because many drugs 

and metabolites are excreted through it, drugs can be detected within hours after use, 

drugs can be detected after days of last use, and little to no sample preparation is needed 

(61). 

Vitreous humor is the fluid-like gel that is in the posterior chamber of the eye.  

Sampling this specimen is advantageous because it is susceptible to postmortem 

microbial contamination, protected from trauma by the orbital bone, and has trace 

amounts of glucose.  Glucose is known to be synthesized to alcohol by the natural 

decomposition process of the body; therefore, testing the vitreous humor for ethanol 

provides an analyst with a more accurate analysis of alcohol content in the body.  A 

disadvantage of testing vitreous humor for drug analysis is that not all drugs and 
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metabolites can be detected in this specimen, such as drugs that have a high degree of 

blood protein binding (61).   

Gastric content is collected from the deceased to detect the use of recently 

ingested drugs or basic drugs.  All the content is collected and homogenized for further 

sampling.  Not all drugs will be detected in gastric content due to the route of 

administration.  Bile is also collected from the deceased.  The postmortem analysis of bile 

is advantageous because it can detect drugs that may not be detected in blood or urine, 

since its drug concentrations are greater (61).   

Hair and nails are postmortem samples that have the greatest postmortem 

stability of a drug.  They are both suitable for the analysis of organic and inorganic drugs 

and a chronological relationship of drug use can be established because of their known 

growth rate.  These samples are disadvantageous because recent drug use cannot be 

detected.  A chunk as thick as a pencil is collected for hair testing and 50-100 mg of a nail 

sample is collected for testing (61).   

Common tissues that are collected for postmortem analysis are the liver, brain, 

lung, adipose tissue, bone and bone marrow, and skeletal muscle.  The downfall of testing 

tissue is that drug concentration is not homogeneous within the tissue; therefore, analyte 

concentrations will vary depending on the tested location.  The liver is commonly 

collected because many drugs and their metabolites can be found in this tissue, since it is 

the major site of drug metabolism.  The brain is not commonly collected because of its 

high fat content; however, sampling the brain can detect drugs and metabolites for longer 

periods of time than other tissues.  Sampling the lungs is good for detecting nonionized 
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and lipophilic drugs, sampling adipose tissue is good for the detection of highly lipid 

soluble drugs, and sampling bone and bone marrow can detect drugs for prolonged 

periods of time.  Testing skeletal muscle is beneficial because there are large amounts of 

it available in different body sites, however, not all analytes can be detected in the tissue 

(61).   

1.7.2 Human-Performance Testing and Forensic Urine Drug Testing 

Human-performance testing is performed on blood, urine, breath, saliva, hair and 

nails, and sweat.  Forensic urine drug testing is only performed on urine.  These tests are 

completed on living people for pre-employment, cause-testing after an accident or crime 

(e.g. driving under the influence), parole monitoring, drug abuse, and sport-performance 

tests (61).   

Testing blood is the preferred method of choice because of the extensive database 

of the relationship of analyte concentrations in blood and its low potential for alteration.  

Also, testing blood from a bruise of a living individual is more representative of the drug 

concentration present at the time of the trauma, because drugs decreases at slower rates 

in these places.  The disadvantages of testing blood are that some analytes have short 

detection windows in blood as compared to urine or hair and analyte concentration may 

be diluted due to administrations of intravenous fluids (61).   

Testing urine is beneficial because it is readily available, many drugs and their 

metabolites are present in the fluid, drugs can be detected within hours after their use 

and for days after the last use, drug concentrations are found at higher concentrations 
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than in blood, and urine needs little to no sample preparation.  However, testing urine is 

disadvantageous because it can be subjected to many forms of adulteration, such as 

substituting urine with synthetic or clean urine, water loading, or placing a substance to 

affect analyte detection.  Due to common urine sample adulterations, methods have been 

developed to protect against adulteration (61).   

Breath is commonly used for the detection of ethanol in an individual.  The 

collection process of breath is complicated, therefore, there may be many inaccurate 

ethanol readings.  To obtain a proper reading, there must be a wait period before 

completing the test to ensure the alcohol reading is being exhaled from the lung and it is 

not from residual ethanol from the oral cavity.  Other drugs that can be detected by 

breath are amphetamines, benzodiazepines, cocaine, opioids, and THC (61).   

Testing saliva is accomplished by either stimulating the subject to increase the 

production of their oral fluid or not.  When collecting stimulated saliva analytes may be 

diluted, as opposed to unstimulated saliva.  Testing saliva is advantageous because it is a 

noninvasive procedure and it is disadvantageous because the concentration detected of 

the analyte of interest may differ among collection procedure and device.  Testing hair 

and nails has the same advantages as stated above for postmortem analysis and it is also 

a noninvasive procedure.  Testing sweat is advantageous because its collection is simple 

and noninvasive, sample alteration is difficult, and drug use can be detected during the 

whole time period of collection.  Sweat is disadvantageous because there are no set 

standards of the pretreatment of the skin before applying the collection patch, the 
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location where the patch is placed is not standardized, and some drug vapors from the 

environment may be collected by the patch (61).   

1.8 Liquid Chromatography-Mass Spectrometry 

The analytical method LC-MS is one of the gold standards for drug detection in 

forensic science, along GC-MS.  As opposed to GC-MS, LC-MS does not need compounds 

to be volatile and it eliminates the need of low-volatile compound derivatization.  LC-MS 

is a combination of the separation technique high-performance liquid chromatography 

(HPLC) and the detection technique mass spectrometry (MS).  This instrument has high 

specificity and selectivity, provides accurate and reproducible results, and detects 

multiple compounds in a single analytical run (62).   

Liquid chromatography separates samples into its individual parts by using mobile 

and stationary phases.  The mobile phase in HPLC is the solvents used for the separation 

and the stationary phase is the column.  The solvents and compounds will pass through 

the column and the compounds will separate depending on their polarity affinity to the 

mobile phase and stationary phase, as pictured in Figure 7.  For example, in the column 

used for this experiment, non-polar compounds eluted before highly polar compounds 

(Normal-phase).  Each compound is collected and analyzed separately as they elute from 

the column (63). 
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Figure 7: Liquid chromatography separation example. The injected sample is 
demonstrated in black at time zero.  As time passes, it is separated into blue, red, and 
yellow depending on the polarity of the compounds.   
  

The mass spectrometer works by changing molecules into a charged state and 

analyzing the created ions and fragment ions according to their mass to charge ratio 

(m/z).  After the molecules are ionized, they enter a mass analyzer.  The mass analyzer 

used in this experiment was a triple stage quadruple.  The triple stage quadruple consists 

of three compartments each containing four rods with specified direct current and radio 

frequency voltages, as shown in Figure 8.  The voltages help filter out all ions except those 

with the selected m/z value.  Quadruple 1 (Q1) selects a precursor ion according to its m/z 

and transfers it to quadruple 2 (Q2).  Q2 is the collision cell that fragments the selected 

precursors from Q1.  The fragments are then transferred to quadruple 3 (Q3) where it 

selects the fragment ions according to their m/z ratio.  The ions are then sent to the 

detector for identification (62).  

  

Time Zero: 

     Mobile Phase 

Time X minutes: 

     Mobile Phase 
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Figure 8: Three quadruples are used to analyze molecules according to their m/z (62).  
 

1.9 Metformin 

 Metformin (1,1-Dimethylbiguanide hydrochloride) has the chemical structure of 

C4H12ClN5, as see in Figure 9.  It is a common drug used for the treatment of type II 

diabetes, prediabetes, and polycystic ovarian syndrome.  This drug is also being 

researched for the use of weight loss, eye health, heart disease, and cancer.  Metformin 

has been around for more than sixty years; however, it has only been around since 1994 

in the United States.  Since 2009, metformin has become the default oral treatment for 

type II diabetes by the American Diabetes Association, which has led to the administration 

of approximately 50 million annual prescriptions (64).  

Figure 9: The chemical structure of metformin hydrochloride (C4H12ClN5). 
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Metformin is an antihyperglycemic agent that lowers glucose levels in the blood 

to protect the body from high blood sugar levels.  There have been no reported problems 

of having low sugar levels by using this drug because it does not cause insulin to be 

released from the pancreas.  Metformin inhibits hepatic glucose production and increases 

the sensitivity of peripheral tissue to insulin (65).   

The therapeutic dose of metformin ranges from 500 to 2550 mg per day.  The dose 

is oral and is given over the course of the day, sometimes in an extended release capsule.  

Metformin is absorbed completely from the GI tract (small intestine) in 6 hours.  It enters 

body cells through transporters and then it travels to the target organs, the kidney, 

intestines, and, liver.  The bioavailability of the drug is 50-60% and its half-life is 

approximately 7 hours.  Metformin is excreted unchanged in urine and feces (64).         

1.9.1 Toxic Effects of Metformin 

The main toxic effect that is caused by a metformin overdose is lactic acidosis.  

This phenomenon is commonly seen in people who have taken metformin when it was 

not prescribed to them, patients who have overdosed on metformin, or patients with 

renal problems.  Lactic acidosis is a metabolic problem that causes lactate build-up and 

an extremely low pH in the blood.  It causes acid to accumulate and interferes with the 

oxidative metabolism of the body (66).   

Lactic acidosis is treated by gastrointestinal decontamination, sodium 

bicarbonate, and hemodialysis.  Decontamination is completed by either a stomach pump 

or by charcoal ingestion, to clear out the stomach of any additional undigested 
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metformin.  Sodium bicarbonate is administered intravenously to neutralize the blood pH 

and hemodialysis is performed to purify the blood, help restore electrolytes, and extract 

metformin from intracellular compartments (66).    

1.10 Thesis Study Objective 

The main purpose of this study is to determine if metformin could be extracted 

from dried blood on cotton cloth using QuEChERS and if the concentration of the analyte 

remains stable overtime.  Using the QuEChERS procedure is beneficial to forensic science 

because it can help decrease sample preparation time.  Decreasing sample preparation 

time allows a forensic scientist to analyze more samples in a day, which can lead to a 

faster conclusion to a case.  Additionally, increasing the stability of analytes is important 

to forensic science because it enhances their probability of being detected and quantified, 

appropriately.   

The hypothesis is that a piece of a dried blood cloth can be directly tested to 

determine metformin content utilizing LC-MS and QuEChERS.  It is also predicted that 

metformin will remain stable in the dried blood matrix.  The hypothesis was tested by 

creating a method to analyze the sample via LC-MS.  Also, dried blood cloths were left out 

to dry over the course of four months, analyzed by the proposed method, and their 

percent recoveries were obtained.  The calculated metformin concentrations were 

further analyzed by ANOVA to determine if there was any statistical difference within the 

months and within different solvents.    
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CHAPTER 2 

METHODOLOGY AND DATA ANALYSIS 

2.1 Materials  

2.1.1   Blood  

 Animal blood was obtained from slaughtered pigs from the animal science 

department at Texas Tech University.  These animals were used for a nutritional study 

and were not slayed just for the purpose of this study.  The blood was collected on a new 

and unused cotton cloth.  The cloth was then placed into a plastic bag and transported to 

TIEHH laboratory for storage in the freezer at -20°C.  Blood was obtained from slaughtered 

pigs, as opposed to live animals, to minimize unnecessary injury to subjects.  Pig blood 

was used as opposed to human blood because when working with human blood, 

gathering of participants is more complex and only a small amount of blood can be used 

from one participant.  A greater amount of blood can be obtained from an animal as 

opposed to a human.  Pig blood is an appropriate substitute to human blood due to its 

similarities in composition and immune response (67).    

2.1.2 Cotton Cloth 

 The cloth that was used for this experiment was a 28 x 29-inch flour sack towel 

from MainstaysTM made from 100% pure cotton with no added color.  It was prewashed, 

preshrunk, and lint free.  No other information about the cotton cloth is known since its 

packaging did not include detailed data.  Cotton was used because it is one of the most 
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common clothing materials (68).  Pigment and dyes were absent from the cloth to 

eliminate any possible confounding variables on the findings of the study.  

2.1.3 Instrumentation 

 LC-MS was used for this experiment to determine the test compound.  The 

instrument used is a Quantam Access MAX triple stage quadruple (TSQ) mass 

spectrometer (Thermo Scientific) with an AccelaTM LC system (Thermo Scientific) 

equipped with an CTC PAL autosampler (Thermo Scientific).  The column used was an 

Ascentis Express HILIC column (10 cm x 3.0 mm i.d., 2.7 µg) from Supelco.  The column 

used for preliminary studies was a Gemini C18 column (150 mm x 2 mm i.d., 3.0 µg) from 

Phenomenex.  Whatman syringeless filters were obtained from Sigma-Aldrich.  The 

centrifuge used was a Beckman AllegraTM 6R.  The ultra-high centrifuge was an Eppendorf 

centrifuge 5424R.  The sonicator was an FS20 from Fisher Scientific, the vortex was from 

Scientific Industries, INC., and the nitrogen evaporator was a Biotage TurboVap® LV.  

Miscellaneous items included are 2.0 mL crimp neck HPLC glass vials and tops, glass test 

tubes, crimper, and pipettes. 

2.1.4 Chemicals 

 The pharmaceutical used to test the efficiency of extraction and quantification of 

the method was metformin (C4H12ClN5, 1,1-Dimethylbiguanide hydrochloride), which was 

obtained from Sigma-Aldrich.  Metformin was used because it eliminated the need to use 

an illegal substance.  Metformin was the tested pharmaceutical of choice because it 

responds well to LC-MS analysis; minute amounts of metformin can be determined by LC-
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MS.  The internal standard used was metformin-d6.  The QuEChERS salt used in this study 

is composed of magnesium sulfate and sodium chloride and was obtained from thermo 

scientific.    

The chemical used for the extraction of the blood and metformin from the cloth 

was methanol.  Methanol is also used to reconstitute the contents after nitrogen 

evaporation and for the preparation of the calibration standards.  LC-MS water is used to 

create the metformin working solution used to spike the dried blood cloths.  The mobile 

phases used in the LC-MS system are water + 0.1% ammonia acetate + 0.1% acetic acid 

and acetonitrile.  All chemicals were obtained from Fisher Chemical.   

2.2 Methods 

2.2.1 Experimental Procedure 

The amount of blood on each 1 x 1-inch cotton cloth square was calculated by 

saturating a clean square drop by drop with water.  To determine if the examination of 

the contents of dried blood on a cloth is possible, a cotton cloth was soaked in pig blood 

until full saturation was achieved (approximately 1 minute) and was set aside to dry 

thoroughly under a fume hood for 24-hours.  The cloth was then cut into 1 x 1-inch 

squares, as shown in Figure 10.  Varying volumes of a 1 or 2.5 ppm metformin solution in 

LC-MS water were added onto the dry blood cloth and allowed to completely dry.  1 ppm 

was used for the low-level spikes and 2.5 ppm was used for the high-level spikes.  
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Figure 10: 1 x 1 inch squares obtained from the 28 x 29 inch cloth that was saturated in 
pig blood. 
 

             The analysis success was determined by the percent recovery obtained from the 

dried blood cloth.  The control variable used was a dried blood spot on cloth without any 

metformin.  An internal standard was used to determine the recovery percentage 

obtained, which was added to every sample to help improve the precision of the analysis. 

2.2.2 Preparation of Metformin Stock and Working Solutions 

A stock solution of metformin was prepared by dissolving 50 mg of metformin in 

50 mL of LC-MS water.  This provide a concentration of 1 mg/mL or 1,000 ppm.  The stock 

was further diluted to a 10 ppm solution by adding 0.5 mL of the 1000 ppm solution to 

49.5 mL of LC-MS water.  The 10 ppm solution was further diluted to a 1 ppm solution by 

mixing 5 mL of the 10 ppm solution and 45 mL of water.  The 1 ppm solution was used for 
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the calibration curve and to spike the dried blood cotton squares, for preliminary studies 

and to obtain the limit of detection and limit of quantitation.   

To create a 2.5 ppm solution of metformin, the 1000 ppm standard was 

subsequently diluted to 500 ppm and 250 ppm by adding 25 mL of the previous solution 

to 25 mL of LC-MS water.  The 250 ppm solution was further diluted to a 2.5 ppm solution 

by mixing 0.5 mL of the 250 ppm solution and 49.5 mL of LC-MS water.  The 2.5 ppm 

solution was used to spike the dried blood cotton squares for the stability study up to 4-

months. 

2.2.3 Preparation of 4-Month Stability Dried Blood Cotton Cloths 

For the stability study of metformin in dried blood on cotton cloth, 1 x 1-inch 

squares were spiked with 36 µL of the 2.5 ppm stock solution.  A 2.5 ppm stock was used 

to spike less volume onto the cloth to prevent it from seeping through.  This provided a 

total spiking concentration of 90 ppm with and expected quantitation of 30 ppb, since the 

concentration is diluted by a factor of 3 after extraction.  The dried blood cotton cloths 

were then aged for 1, 2, 3, or 4 months at 64-68°C and at 20-23% humidity.    

2.2.4 Calibration Curve 

A calibration curve was prepared for each run by creating samples that have 

metformin concentrations of 1, 5, 10, 25, 50, and 100 ppb.  The stability of the calibration 

standards was examined by testing the same standards prepared, for one run, each week 

for up to 5-weeks.  The contents of each calibration vial are presented in Table 3.   The 
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calibration samples each had 25 µL of the IS (metformin-d6 at 1 ppm).  The amount of 1 

ppm metformin stock varied according to its calibration level, as seen in Table 3.  The total 

volume in the vial was 1000 µL.   

Table 3: Preparation of metformin calibration standards for LC-MS analysis.   

PPB METFORMIN-D6 
1 PPM (IS) (µL) 

METFORMIN 
1PPM STOCK (µL) 

METHANOL 
(µL) 

TOTAL 
(µL) 

1 25 µL 1 µL 974 µL 1000 µL 

5 25 µL 5 µL 970 µL 1000 µL 
10 25 µL 10 µL 965 µL 1000 µL 
25 25 µL 25 µL 950 µL 1000 µL 
50 25 µL 50 µL 925 µL 1000 µL 
100 25 µL 100 µL 875 µL 1000 µL 

 

To determine the validity and reliability of the calibration curve, an r2 value and 

equation was obtained from the calibration curve.  The linearity of the calibration curve 

was also tested against the linear regression and response factor methods.  The 

calibration data was used to determine the concentration of metformin in each dried 

blood cloth.  The quality control sample used was 25 ppb and was ran at the beginning 

and at the end of all the other injected samples.  The quality control ensured maintenance 

of calibration throughout the run and determined if reliable results were obtained.  

Methanol served as the blank and determined if there were any sources of artificial 

contaminants or carry-over between samples.   

2.2.5 Extraction of Metformin  

 The 1 x 1-inch squares of the dried blood cloth were spiked with varying amounts 

of either the 1 ppm or 2.5 ppm metformin stock solution to reach the desired final 

metformin content.  The cloth was folded into three portions and spiked on top of a plastic 
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surface in order to avoid the metformin solution from seeping through the cloth, as seen 

in Figure 11.  The cloth was then set aside to air dry completely under a hood for 1-hour 

or 1 month to 4 months.  The sample extraction for further LC-MS analysis is presented in 

Figure 12.  

 

 
Figure 11:  Spiked cloths with dried blood on top of a plastic weight boat and folded into 
three sections 
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Figure 12: Steps taken to extract and prepare the dried blood cloth for LC-MS analysis. 
 

Extraction was completed by placing the square in a glass test tube with 3 mL of 

methanol and vortexing for 30 seconds.  Five other extraction solvents were tested to 

determine which one worked the best.  These consisted of a mixture of methanol/water 

(9:1), methanol/acetonitrile (ACN) (3:1), ACN, and water/ACN at 3:6 and 1:6.  Since 

methanol was an effective extraction solvent, it was used for all subsequent experiments.  

The mixture was then placed in a sonicator for 15 minutes.    

            While the solution was in the sonicator, 1 g of QuEChERS salt, for each sample, was 

measured and placed in a new clean glass tube.  Once sonication was finished, the 

QuEChERS salt was added directly into the sample and immediately vortexed for 30 

seconds.  The mixture was allowed to sit for one hour and then it was centrifuged at 3000 

Add 3mL of solvent, vortex 30 s, 
sonicate 15 m

Add 0.5 g of QuEChERS salt, vortex 30 s, 
let sit for 1 h

Centrifuge at 3000 rpm for 5 m, remove 1 
mL of supernatant into clean glass tube, 

evaporate via nitrogen for 20 m

Reconstitute with 975µL MeOH 
and 25 µL of metformin d6 (IS), 

vortex 30 s

Transfer to microcentrifuge tube, centrifuge 
at 12000 rpm for 10 m at 4°C

Transfer 450 µL into Whatman
syringeless filter, test via LCMS
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rpm for 5 minutes.  From the resulting supernatant, 1 mL of liquid was transferred into a 

new clean test tube.  The sample was evaporated via nitrogen for 20 minutes and 

reconstituted with 975 µL of methanol and 25 µL of 1 ppm metformin-d6 (internal 

standard).   

            The reconstituted sample was vortexed for 30 seconds and inserted into 

microcentrifuge tubes.  The samples were centrifuged for 10 minutes at 12000 rpm at 4°C 

to eliminate any microscopic interferences.  Lastly, 450 µL of the sample was transferred 

into a Whatman syringeless filter for LC-MS analysis. 

2.2.6 LC-MS 

 Using selected reaction monitoring, the parent ion for metformin selected is 130.2 

m/z and the product ions are 60.5 m/z (collision energy 12 V) and 71.4 m/z (collision 

energy 21 V).  The tube lens is 55 V.  For metformin-d6 (internal standard) the parent ion 

selected is 136.3 m/z and the product ions are 77.21 m/z (collision energy 22 V) and 119.1 

m/z (collision energy 12 V).  The tube lens is 40 V.  The spray voltage will be 3200 V, 

vaporizer temperature 400°C, sheath gas pressure 35 Arb, aux gas pressure 5 Arb, 

capillary temperature 300°C, and collision gas pressure 1.5 torr. 

 The total run time was 18 minutes per sample.  The mobile phases percentages 

were adjusted overtime between water + 0.1% ammonia acetate + 0.1% acetic acid and 

acetonitrile, as demonstrated in Table 2.  The column oven temperature was 40°C with a 

250 μL/min flow rate and 10 μL injection volume.  The LC-MS data obtained were analyzed 

by Thermo XCalibur. 
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Table 4: Gradient program of the mobile phase used by the LC-MS 

No. Time 
(min) 

Water + 0.1% 
ammonium acetate 
+ 0.1% acetic acid 

Acetonitrile µL/min 

0 0.0 2.0 98.0 250.0 

1 4.00 2.0 98.0 250.0 

2 6.00 30.0 70.0 250.0 

3 8.00 30.0 70.0 250.0 

4 12.00 2.0 98.0 250.0 

5 18.00 2.0 98.0 250.0 

 

2.3 Data Analysis 

The standard deviation was calculated by spiking 7 dried blood cloths with 3 µL of 

a 1 ppm metformin solution.  After the extraction/clean-up method was applied, the 

expected metformin was 1 ppb.  To obtain the standard deviation, the following formula 

was applied to the results: 

𝑠 = √
∑ (𝑥𝑖 − 𝜇)2𝑛

𝑖=1

𝑛 − 1
 

The LOD and LOQ were computed by:  

𝐿𝑂𝐷 = 𝐵𝑙𝑎𝑛𝑘 +  3𝑠 

𝐿𝑂𝑄 = 𝐵𝑙𝑎𝑛𝑘 +  10𝑠 

The coefficient of variation (COV) and relative standard (RSD) deviation were calculated, 

to demonstrate the precision of the results, by: 

𝑅𝑆𝐷 =
𝑠

𝜇
   

𝐶𝑂𝑉 = 𝑅𝑆𝐷 ∗ 100 



Texas Tech University, Nataly A. Gomez, May 2019 
 

57 
 

Percent recoveries were obtained for each of the months tested and for the 7 low spiked 

dried blood cloths, to determine the accuracy of the method.  Percent recoveries were 

calculated by: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 =
𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑚𝑒𝑡𝑓𝑜𝑟𝑚𝑖𝑛 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑚𝑒𝑡𝑓𝑜𝑟𝑚𝑖𝑛 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛
∗ 100% 

The linearity of the calibration curve was tested against the linear regression and 

response factor (RF) methods.  The linear regression method is applied by using the linear 

equation determined by the calibration curve, which is given in an y=ax+b form.  The 

response ratio (metformin area/metformin d6 area) calculated by the LC-MS is plugged 

into y and x (metformin concentration in ppb) is solved for.  The calculated theoretical x 

is divided by the expected x and multiplied by 100% to determine if it falls within 80-120% 

of the expected value.   

The RF method is applied by obtaining the response ratio (metformin 

area/metformin d6 area) calculated by the LC-MS and dividing them by the expected 

metformin concentration.  The average of the response factors is calculated.  The ratio of 

the RF and RFs average is calculated and multiplied by the expected metformin 

concentration to obtain the predicted metformin concentration.  The ratio is further 

multiplied by 100% to determine if the predicted metformin concentrations fall between 

80-120% of the expected metformin concentrations.   

A one-way ANOVA with post-hoc Tukey Honest Significant Difference Test (HSD) 

was used on the data obtained from the metformin stability study and from the data 

obtained from using different extraction solvents.  These tests were performed to 
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determine if there is a significant difference of the amount of metformin detected and 

the aging of dried blood or the type of extraction solvent used.  The α-value used as the 

cut-off for significance was p < 0.05, meaning the likelihood that a relationship between 

two or more variables is caused by something other than random chance. The 

independent variables for the stability study are the aging time (months) and the amount 

of metformin spiked on the dried blood and the dependent variable is the calculated peak 

ratio (metformin/metformin-d6).  The independent variables for the different extraction 

solvents are the type of solvent used and the amount of metformin spiked on the dried 

blood and the dependent variable is the calculated peak ratio (metformin/metformin-d6).  

The post-hoc Tukey HSD test was only used for the solvent data to determine where the 

observed difference detected using ANOVA came from.   

  



Texas Tech University, Nataly A. Gomez, May 2019 
 

59 
 

CHAPTER 3 

RESULTS AND DISCUSSION 

3.1 Extraction Solvents Preliminary Study  

The calculated metformin concentrations from using six different extraction 

solvents are shown in Table 5.  For MeOH + Water 9:1, the average metformin 

concentration is 15.28 ng/mL with a percent recovery of 50.95%.  The percent recovery is 

unacceptable because it is less than 80%.  The average metformin concentration is 33.07 

ng/mL, when using MeOH + ACN 3:1, with a percent recovery of 110.22%.  When using 

MeOH as the extraction solvent, the average metformin concentration is 31.57 ng/mL, 

with a percent recovery of 105.23%.   The average metformin concentration is 25.28 

ng/mL, when using ACN, with a percent recovery of 84.27%.  When using Water + ACN 

3:4 as the extraction solvent, the average metformin concentration is 29.98 ng/mL, with 

a percent recovery of 99.94%.  The average metformin concentration is 32.52 ng/mL, 

when using Water + ACN 1:6, with a percent recovery of 108.39%.  These percent 

recoveries were acceptable because they fell between 80% to 120%. 

Table 5: Calculated metformin concentration and % recovery by using different solvents 

Replicate MeOH + 
Water (9:1) 
(ng/mL)   

MeOH + 
ACN 3:1 
(ng/mL)   

MeOH 
(ng/mL)   

ACN 
(ng/mL)   

Water + 
ACN 3:4 
(ng/mL)   

Water + 
ACN 1:6 
(ng/mL)   

1 
2 
3 

Average 
% Recovery 

15.95 
13.34 
16.57 
15.28 

51 

34.87 
36.03 
28.29 
33.07 

110 

32.14 
31.94 
30.63 
31.57 

105 

27.72 
22.84 

 
25.28 

84 

26.07 
32.78 
31.10 
29.98 

100 

32.47 
32.56 

 
32.52 

108 
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The ANOVA analysis performed on the calculated metformin concentrations 

according to the extraction solvents is shown in Table 6.  The F-Statistic value obtained 

from ANOVA is 17.02, which is not near 1.  This indicates that there is a difference in the 

variance between groups and the variance within groups.  The p-value obtained from the 

ANOVA analysis is p = 0.0001; therefore, there is a significant difference from using 

different solvents since the p-value is less than p = 0.05.   

Table 6: ANOVA analysis results from the calculated metformin concentrations obtained 
from using six different extraction solvents  

Source Sum of  
Squares SS 

Degrees of  
Freedom 

Mean Square  
MS 

F statistic p-value 

Treatment 667.14 5 133.43 17.02 0.0001 

Error 78.40 10 7.84   

Total 745.53 15    

 

The Tukey HSD test determined that the significant difference observed in the 

ANOVA analysis comes from using the Methanol + Water 9:1 extraction solvent.  The Q-

critical value for the Tukey test at α = 0.05 is 4.9130.  As shown in Table 7, using the 

Methanol + Water extraction solvent yielded higher Q-statistics than the Q-critical; 

therefore, there was statistically different results amongst the Methanol + Water 

solvent and each of the other 5 solvents.   The Tukey HSD p-values are under p = 0.05, 

indicating that the calculated metformin concentration when using the Methanol + 

Water solvent provides statistically different results compared to all the other tested 

solvents.  All other extraction solvents provide statistically similar calculated metformin 

concentrations.  As shown in Table 7, the other five solvents used for extraction have Q-

statistics that are lower than the Q-critical and insignificant p-values.  
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Table 7: Tukey HSD test of MeOH + water (9:1) treatment with all other treatments.  
 

 

A= MeOH + Water (9:1), B= MeOH + ACN 3:1, C= MeOH, D= ACN, E= Water + ACN 3:4, F= 
Water + ACN 1:6.  

 

Although all other extraction solvents are statistically similar, the peak resolution 

using methanol is enhanced as compared to the other solvents, as seen in Figures 13-18.  

In Figures 13-17, it is observed that using other solvents causes split peaks and undefined 

chromatograms.  In Figure 18, it is observed that using methanol improved the peak 

quality.   

  

Treatment  
pair 

Tukey HSD  
Q statistic 

Tukey HSD  
p-value 

Tukey HSD  
inference 

A vs B 10.9995 0.0010053 ** p<0.01 

A vs C 10.0739 0.0010053 ** p<0.01 

A vs D 5.5320 0.0257230 * p<0.05 

A vs E 9.0933 0.0010053 ** p<0.01 

A vs F 9.5344 0.0010053 ** p<0.01 

B vs C 0.9257 0.8999947 insignificant 

B vs D 4.3062 0.0956504 insignificant 

B vs E 1.9062 0.7343465 insignificant 

B vs F 0.3039 0.8999947 insignificant 

C vs D 3.4783 0.2235047 insignificant 

C vs E 0.9805 0.8999947 insignificant 

C vs F 0.5241 0.8999947 insignificant 

D vs E 2.6013 0.4854760 insignificant 

D vs F 3.6537 0.1878265 insignificant 

E vs F 1.4011 0.8999947 insignificant 
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Figure 13: Chromatogram obtained from analyzing metformin using a MeOH + Water 
(9:1) extraction solvent. 
 
 
 
 

 
Figure 14: Chromatogram obtained from analyzing metformin using a MeOH + ACN (3:1) 
extraction solvent 
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Figure 15: Chromatogram obtained from analyzing metformin using ACN extraction 
solvent 
 

 

 
Figure 16: Chromatogram obtained from analyzing metformin using a Water + ACN 
extraction solvent (3:4) 
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Figure 17: Chromatogram obtained from analyzing metformin using a Water + ACN 
extraction solvent (1:6). 
 
 
 
 

 
Figure 18: Chromatogram obtained from analyzing metformin using a MeOH extraction 
solvent. 
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Methanol is a better extraction solvent as compared to MeOH/water (9:1), 

MeOH/ACN (3:1), ACN, and water/ACN at 3:6 and 1:6.  Methanol provided acceptable 

and precise percent recoveries and enhance the peak obtained by the chromatogram. 

Metformin, a polar compound, is successfully extracted by methanol because it is a polar 

solvent.  The compatibility of the polarities attracts the compound to the solvent.  

Acetonitrile is also a polar solvent; however, metformin is not completely soluble in ACN 

and is soluble in MeOH.  The solubility of the used extraction solvent is important in 

obtaining an ideal analyte concentration.  

The best performance and efficiency of the column was obtained when using 

methanol, as observed in another study by Mohamed et al. in 2015 (69).  In this study, 

three solvents were tested to determine which one improved peak resolution of 

metformin and pioglitazone, two hypoglycemic drugs.  Methanol was the better 

extraction solvent when compared to acetonitrile and ethanol because it provided an 

ideal separation and peak symmetry.  Furthermore, when using a methanol/water 

mixture as a solvent, the chromatogram had a better quality when more methanol was 

present than water (69).  These similar results are observed in this study because the 

methanol/water, acetonitrile/water, methanol/acetonitrile, and acetonitrile solvents 

caused split peaks as opposed to the pure methanol solvent.   

The small differences of the obtained metformin concentration by using each 

solvent could be caused by the way the cloth was spiked.  When the cloth was spiked, 

some of the metformin solution could have soaked through the cloth and remained on 

the plastic weight boat.  The cloth could have also been incorrectly spiked during 
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preparation due to errors in how it was pipetted.  The differences of the obtained 

metformin concentration could also be caused by the machine detection signal.    

3.2 Column Preliminary Study 

The detection of metformin from the dried blood cloth was first tested with a 

Gemini C18 column.  At the beginning the peaks resulting from this column were 

acceptable; however, overtime the resulting peaks were split as shown in Figure 19.  The 

split peaks were attributed to the column since in the preliminary solvent study, the peak 

obtained using methanol was a single, defined peak.  The column was changed to an 

Ascentis Express HILIC column to see if quality peaks could be obtained.  The resulting 

chromatogram from using the Ascentis Express HILIC column was a defined peak with an 

improved shape, as seen in Figure 20. 

The Ascentis Express HILIC column was a better column than the Gemini C18 

column because it effectively separates polar compounds in complex matrices (69).  

Metformin is a highly polar compound; therefore, the Ascentis Express HILIC column 

provided a good chromatogram.  The Ascentis Express HILIC column has been compared 

to a traditional C18 column in a previous study by Mohamed et al. in 2015 (69).  The study 

determined which column was ideal for the separation and quantitation of metformin 

and pioglitazone.  It was concluded that the Ascentis Express HILIC column was better 

than the traditional C18 column because the resolution, efficiency, and peak symmetry of 

the both drugs were improved using the HILIC column (69).  These similar results were 

observed in this study.  Additionally, the HILIC column increases the retention time of 

polar compounds which helps separate the analyte of interest from interferences that are 
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eluted early (69).  This phenomenon was also observed in this study because the retention 

time increased from 1.1 minutes to 9.7 minutes. 

  
Figure 19: Chromatogram of metformin using MeOH extraction solvent and the Gemini 
C18 column. 
 

Figure 20: Chromatogram of metformin using MeOH extraction solvent and an Ascentis 
Express HILIC column. 
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3.3 Calibration Curve 

The linear calibration curve equation is y = 0.0428x-0.0054 with a coefficient of 

determination of R2 = 1, as seen in Figure 21.  The value of 1 means that there is a high 

linear correlation between the variables with little variability and that the regression 

predictions perfectly fit the data.  Even though the R2 is perfect, the response factor 

method and the linear regression method were applied to determine if the linear 

equation fits the data correctly. 

 
Figure 21: The relationship between the LCMS response to the concentration of 
metformin.  The area ratio is the ratio of metformin and metformin-d6 (IS). 
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The RF method results are shown in Table 8.  The average of the RF is 0.0414.  The 

predicted metformin concentrations fell between 90% to 104%.  The calibration curve has 

good linearity and validity because the predicted values fall within the acceptable range, 

80% to 120%.  The calibration curve fits the data correctly according to the RF method. 

Table 8: Results of the response factor method applied to calibration curve to determine 
linearity 

Expected 
Concentration 
(ppb) 

Area 
Ratio 

RF Predicted 
Concentration 
(ppb) 

% 

1 
5 

10 
25 
50 

100 

0.037309 
0.203645 
0.419539 
1.074681 
2.136275 
4.273425 

0.037309 
0.040729 
0.041954 
0.042987 
0.042725 
0.042734 

0.9010 
4.9181 

10.1321 
25.9543 
51.5926 

103.2065 

90 
98 

101 
104 
103 
103 

 

The linear regression method results are shown in Table 9.  The equation used to 

test the linear regression method is y = 0.0428x - 0.0054.  The predicted metformin 

concentrations fall within 98% to 101%.  The calibration curve has good linearity and 

validity because the predicted values fall within the acceptable, 80% to 120%.  The 

calibration curve fits the data correctly according to the linear regression method. 

Table 9: Results of the linear regression method applied to calibration curve to determine 
linearity 

Expected 
Concentration 
(ppb) 

Area 
Ratio 

Predicted 
Concentration 
(ppb) 

% 

1 
5 

10 
25 
50 

100 

0.037309 
0.203645 
0.419539 
1.074681 
2.136275 
4.273425 

0.997881 
4.88424 

9.928476 
25.23553 
50.03913 
99.97254 

100 
98 
99 

101 
100 
100 
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Since the R2 is ideal and the data meets the RF method and linear regression 

method criteria, using the calibration curve to calculate the concentration of metformin 

in a prepared dried blood sample will give accurate results.   

3.4 Standard Stability 

The linear equations obtained from testing the same calibration standards once 

every week for 5 weeks are shown in Table 11.  All R2 obtained are acceptable because 

they are above 0.98.  The slope ranged from 0.0413 to 0.0439. 

The calculated metformin concentrations range from 1.01 to 1.08 ppb with a 

mean of 1.03, a SD of 0.026, and COV of 2.53%.  The average has a percent error of 3%.  

Week 4 had the highest deviation from the true value with a percent error of 8%.  

Different calculated metformin concentrations were obtained from week to week, as 

shown in Figure 22 (A), except the same calculated concentration was obtained in week 

2 and 3.  Since the standard deviation and COV are small, the 1 ppb standard did not vary 

significantly from week to week.  The metformin 1 ppb standard was stable over the 

course of the 5-weeks. 

The calculated metformin concentrations range from 4.74 to 4.99 ppb with a 

mean of 4.88, a SD of 0.11, and a COV of 2.29%.   The average has a percent error of 

2.46%.  Week 4 and 5 had the highest deviation from the true value with a percent error 

of 5.2%.  Different calculated metformin concentrations were obtained from week to 

week, as shown in Figure 22 (B), except the same calculated concentration was obtained 

in week 4 and 5.  Since the standard deviation and COV are small, the 5 ppb standard did 
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not vary significantly from week to week.  The metformin 5 ppb standard was stable over 

the course of the 5-weeks. 

The calculated metformin concentrations range from 9.70 to 10.13 ppb with a 

mean of 9.88, a SD of 0.14, and a COV of 1.42%.   The average has a percent error of 1.2%.  

Week 4 had the highest deviation from the true value with a percent error of 1.3%. 

Different calculated metformin concentrations were obtained from week to week, as 

shown in Figure 22 (C), except the same calculated concentration was obtained in week 

0 and 1.   Since the standard deviation and COV are small, the 10 ppb standard did not 

vary significantly from week to week.  The metformin 10 ppb standard was stable over 

the course of the 5-weeks. 

The calculated metformin concentrations range from 24.97 to 25.51 ppb with a 

mean of 25.1, a SD of 0.20, and a COV of 0.83%.   The average has a percent error of 0.4%.  

Week 4 had the highest deviation from the true value with a percent error of 2.04%.  

Different calculated metformin concentrations were obtained from week to week, as 

shown in Figure 22 (D).  Since the standard deviation and COV are small, the 25 ppb 

standard did not vary significantly from week to week.  The metformin 25 ppb standard 

was stable over the course of the 5-weeks. 

The calculated metformin concentrations range from 48.03 to 50.44 with a mean 

of 49.88, a SD of 0.92, and a COV of 1.84%.   The average has a percent error of 0.24%.  

Week 4 had the highest deviation from the true value with a percent error of 3.94%.  

Different calculated metformin concentrations were obtained from week to week, as 

shown in Figure 22 (E).  Since the standard deviation and COV are small, the 50 ppb 
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standard did not vary significantly from week to week.  The metformin 50 ppb standard 

was stable over the course of the 5-weeks. 

The calculated metformin concentrations range from 99.79 to 101.93 with a mean 

of 100.22, a SD of 0.18, and a COV of 0.84%.   The average has a percent error of 0.22%.  

Week 4 had the highest deviation from the true value with a percent error of 1.93%. 

Different calculated metformin concentrations were obtained from week to week, as 

shown in Figure 22 (F).  Since the standard deviation and COV are small, the 100 ppb 

standard did not vary significantly from week to week.  The metformin 100 ppb standard 

was stable over the course of the 5-weeks. 

There are small insignificant differences in the linear equations and calculated 

metformin concentration from the same standards tested for 5 weeks.  This could be 

caused by the signal detection of the instrument and by the differences of when the 

sample was injected.  There were times when the sample was tested after the machine 

had been thoroughly cleaned and there were times when the sample was tested after the 

machine had been used to test a variety of other analytes.  Also, the difference to the 

calculated metformin concentration to the expected metformin concentration could be 

attributed to errors in how it was pipetted.    
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Table 10: Linear equations obtained from testing the same calibration standards for 5-
weeks 

Week Equation R2 

0 y = 0.0422x + 0.007 0.99 

1 y = 0.0413x + 0.01 0.99 

2 y = 0.0439x - 0.0026 1 

3 y = 0.0428x - 0.0005 1 

4 y = 0.0434x - 0.0309 0.99 

5 y = 0.0432x - 0.0152 1 
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             A      B 

 

             C      D 

 

             E                   F 
Figure 22: Stability of the 1, 5, 10, 25, 50, and 100 ppb metformin standards in the 
calibration curve from 0-5 weeks. A) 1 ppb metformin standard B) 5 ppb metformin 
standard C) 10 ppb metformin standard D) 25 ppb metformin standard E) 50 ppb 
metformin standard F) 100 ppb metformin standard 
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3.5 LOD and LOQ 

 The LOD and LOQ were calculated by the obtained metformin concentration 

shown in Table 11.  The standard deviation is 0.03, giving an LOD of 0.09 µg/L and LOQ of 

0.30 µg/L.  This means that the minimum concentration that can be detected with a 99.7% 

confidence is 0.09 ng/mL and that the lowest concentration that metformin can be 

measured with precision and accuracy is 0.3 ng/mL.  The percent recovery is 118% with 

an RSD of 0.025 and a COV of 2.5%.  Since the percent recovery falls within 80% to 120%, 

the method is accurate. The RSD and COV both represent the level of dispersion around 

the mean.  Since the RSD and COV are small values, the results are precise because the 

data is clustered around the mean. 

Table 11: 7-spiked dried blood cloths with and expected 1ppb metformin concentration. 

Metformin PPB 

Spike 1 
Spike 2 
Spike 3 
Spike 4 
Spike 5 
Spike 6 
Spike 7 
Average 

1.179 
1.18 
1.171 
1.132 
1.189 
1.199 
1.23 
1.18 
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Since a metformin daily dose is usually 500 mg to 2550 mg per day and it is 50% 

to 60% bioavailable, after ingestion and absorption, the average concentration of 

metformin in the body ranges from 250 mg to 1530 mg.  If measuring the blood, this will 

range from 250 mg/5 L to 1530 mg/5 L or 50 ng/µL and 306 ng/µL, respectively.   

 The amount of blood on each 1 x 1 inch cotton cloth was 300 µL.  Since 3 µL of the 

1 ppm standard is placed on the cotton cloth, there is 3 ng of metformin in 300 µL of blood 

or 0.01 ng/µL.  For metformin to be detected by the instrument, at least 9 µL of blood 

must be present on the stain since the LOD is 0.09 ng/mL.  The smallest sized DBS that 

can be tested from this experiment is 1/33rd out of the 1 x 1-inch cloth, which equates to 

a 0.125 x 0.25 inch cloth, as shown in Figure 23.   

 If a human takes the smallest dosage of metformin, 500 mg, the necessary amount 

of blood to detect the drug on the cloth is 0.0018 µL and to correctly quantitate the blood 

is 0.006 µL.  If a human takes the highest dosage of metformin, 2550 mg, the necessary 

amount of blood to detect the drug on the cloth is 2.9 x 10-4 µL and to correctly quantitate 

the blood is 9.8 x 10-4 µL.  If a 1 x 1 inch cotton cloth saturated with blood from a human 

that has taken the smallest dosage of metformin is tested, the concentration of 

metformin is 15000 ng/300 µL.  This concentration can easily be detected since it is 5000 

times higher than the 3 ng/300 µL.  Taking the half-life of metformin into consideration, 

after taking the smallest dosage of metformin, if a person was to bleed onto a cotton cloth 

after 119 hours of taking the drug and a 1 x 1 inch square was tested, metformin could 

still be detected as shown in Figure 24.  If a person was to bleed onto a cotton cloth after 

105 hours of taking the drug and a 1 x 1 inch square was tested, metformin could still be 
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quantified with precision as shown in Figure 24.  The concentration of metformin is above 

the LOD at 119 hours and above the LOQ at 105 hours. 

 
Figure 23: Comparison of the smallest possible DBS to the DBS tested in this study.  
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Figure 24: Calculation of metformin in a 1 x 1 inch cloth (saturated with 300 µL of blood) 
according to its half-life.  
  

LOQ LOD 
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3.6 Four-Month Metformin Stability Study 

As the dried blood samples with metformin were left to age, the blood color 

changed from a dark red color to a brown-like color, as seen in Figure 28.  The change of 

color can be attributed to the degradation of the blood.  Blood can change from red to 

black due to hemoglobin alterations caused by the environment and microorganisms; 

however, the color of dried blood when soaked into a fabric does not change significantly 

(70).  As seen in Figure 28, the dried blood did not become black. 

The average of the calculated metformin concentration after 1 month is 28.37 and 

ranges from 26.93 to 30.40, as shown in Table 13.  The SD is 1.81 and the COV is 6.34%.  

The percent recoveries range from 89% to 101%.  These percent recoveries are acceptable 

because they fall between 80% to 120% and are precise because they do not differ 

significantly from the mean.   

The average of the calculated metformin concentration for month 2 is 27.86 and 

ranges from 26.03 to 29.11, as shown in Table 14.  The SD is 1.62 and the COV is 5.81%.  

The percent recoveries range from 87% to 97%.  These percent recoveries are acceptable 

because they fall between 80% to 120% and are precise because they do not differ 

significantly from the mean. 

The average of the calculated metformin concentration for month 3 is 28.99 and 

ranges from 27.39 to 30.57, as shown in Table 15.  The SD is 1.59 and the COV is 5.50%.  

The percent recoveries range from 91% to 102%.  These percent recoveries are acceptable 
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because they fall between 80% to 120% and are precise because they do not differ 

significantly from the mean. 

The average of the calculated metformin concentration for month 4 is 27.61 and 

ranges from 26.78 to 28.03, as shown in Table 16.  The SD is 0.45 and the COV is 1.63%.  

The percent recoveries range from 89% to 93%.  These percent recoveries are acceptable 

because they fall between 80% to 120% and are precise because they do not differ 

significantly from the mean.  Month 4 had more replicates because it was the last month 

needed for experimentation; therefore, all the left-over dried blood cloths were tested.   

The ANOVA analysis performed on the calculated metformin concentrations 

according to the extraction solvents is shown in Table 17.  The F-Statistic value obtained 

from ANOVA is 0.87, which is near 1.  This indicates that there is not a significant 

difference in the variance between groups and the variance within groups.  The p-value 

obtained from the ANOVA analysis is p = 0.49; therefore, there is no significant difference 

from the calculated metformin concentrations from each month since the p-value is more 

than p = 0.05.  Metformin was stable over the course of the four months.   

The stability of metformin was improved by being kept on a dried blood spot 

matrix.  The stability of metformin was tested in a study conducted by Naveed et al. in 

2014, against five different degradation parameters: acidic, basic, time, UV exposure, and 

heat (71).  Naveed et al. concluded that the degradation of metformin is mostly 

dependent on an acidic pH, increase of time in water, and UV exposure.  Degradation of 

metformin is slightly dependent on heat and a basic pH (71).  In this study, metformin did 
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not degrade in the dried blood; therefore, it can be predicted that the dried blood matrix 

remained at its normal pH and was not exposed to UV light or heat.  Also, in this study 

the time of metformin exposure to the environment did increase for more than 15 days 

(four months) and remained stable as opposed to the study mentioned above, it can be 

determined that keeping metformin dry helped increase its stability.    

There are small insignificant differences in the calculated metformin 

concentration tested for 4 months, as observed in Tables 13-16.  These differences could 

be caused by the signal detection of the instrument, the seeping of the metformin 

solution through the cloth, and to errors in how metformin was pipetted onto the cloth.  

Difference of the calculated metformin concentrations could have also been due to 

storing the dried blood cloths on a plastic container.  Plastic is not the ideal storage 

material because some analytes may be attracted to the plastic and adhere to its surface 

(61).   
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Figure 25:  Comparison of a 1 x 1 inch cotton cloth saturated in blood that was dried for 
1-day and 122-days (4 months) 
 

Table 12: Calculated metformin concentration and percent recovery after 1-month of 
aging. 

Replicate Calculated Metformin 
Concentration (ng/mL)  

Recovery (%) 

1 
2 
3 

Average 

30.40 
26.93 
27.78 
28.37 

101 
90 
93 
95 

* Expected calculated metformin concentration = 30 ng/mL 

  



Texas Tech University, Nataly A. Gomez, May 2019 
 

83 
 

Table 13: Calculated metformin concentration and percent recovery after 2-months of 
aging. 

Replicate Calculated Metformin 
Concentration (ng/mL) 

Recovery (%) 

1 
2 
3 

Average 

29.11 
26.03 
28.43 
27.86 

97 
87 
95 
93 

* Expected calculated metformin concentration = 30 ng/mL 

Table 14: Calculated metformin concentration and percent recovery after 3-months of 
aging. 

Replicate Calculated Metformin 
Concentration (ng/mL) 

Recovery (%) 

1 
2 
3 

Average 

29.02 
30.57 
27.39 
28.99 

97 
102 

91 
97 

* Expected calculated metformin concentration = 30 ng/mL 

Table 15: Calculated metformin concentration and percent recovery after 3-months of 
aging. 

Replicate Calculated Metformin 
Concentration (ng/mL) 

Recovery (%) 

1 
2 
3 
4 
5 
6 

Average 

27.43 
27.72 
27.88 
27.80 
26.78 
28.03 
27.61 

91 
92 
93 
93 
89 
93 
92 

* Expected calculated metformin concentration = 30 ng/mL 

 

  



Texas Tech University, Nataly A. Gomez, May 2019 
 

84 
 

Table 16: ANOVA analysis results from the calculated metformin concentrations 
obtained from month 1 to month 4 

Source Sum of  
Squares SS 

Degrees of  
Freedom 

Mean Square  
MS 

F statistic p-value 

Treatment 4.2410 3 1.4137 0.8698 0.4858 

Error 17.8790 11 1.6254   

Total 22.1201 14    
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CHAPTER 4 

CONCLUSION 

 Drugs have played a role in many crimes; therefore, detecting and quantifying 

drug presence in a criminal or victim is important to define their contribution to the 

committed crime (1).  Currently, there are methods to test postmortem drug content in 

a person.  These methods are not always viable because in postmortem testing, the 

cadaver has decomposition and drug redistribution effects that alter the true 

concentration of the present analyte (61).   This study sought to determine if testing dried 

blood stains found at a crime scene could help discover, enhance, or support drug 

concentrations detected in the body by different processes.   

This study examined if metformin could be extracted from dried blood on cotton 

cloth using QuEChERS and if the concentration of the analyte remains stable overtime.  

QuEChERS has not been previously used in testing clinical DBS or in testing dried blood 

stains found at crime scenes.  Due to the advantages of using QuEChERS, as opposed to 

different extraction methods (LLE, SPE, and PP), it is beneficial to apply this method to 

testing samples in forensic science because it can yield better reproducible results in an 

easy, quick manner.  It was hypothesized that a piece of a dried blood cloth can be directly 

tested to determine metformin content utilizing LC-MS and QuEChERS.  It was also 

predicted that metformin is stable on the dried blood matrix, over the course of 4 months.   

 The preliminary findings of this study include that methanol is a better extraction 

solvent for metformin on dried blood, as compared to MeOH/water (9:1), MeOH/ACN 
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(3:1), ACN, and water/ACN at 3:6 and 1:6.  Also, for column efficiency, the Ascentis 

Express HILIC column provided better results than the Gemini C18 column.  The major 

findings of this study are that metformin did remain stable over the course of 4 months 

on the dried blood-stained matrix.  This concluded that metformin is stable in a dry 

environment and at room temperature.  Not all drugs are stable at room temperature; 

hence, testing a dried blood stain with an unstable compound may not produce ideal 

results.  Another major finding of this study was that QuEChERS was effective at producing 

accurate and precise results.  The calculated concentrations, after the proposed 

procedure was applied to the sample, were satisfactory.   

 To apply this method to the forensic field, forensic scientists can obtain a piece of 

cloth that is similar in size to the piece of cloth being tested and predict the volume of 

blood it contains by saturating it with water, drop by drop.  They can then calculate the 

amount of an analyte in the predictive amount of blood and estimate the total 

concentration in the whole body.  If the calculated analyte concentration in a dried blood 

spot is representative of whole blood, the analyte concentration can then be used to 

determine if it is at a therapeutic, lethal, or fatal level.  A drawback will be finding a dried 

blood stain in a humid or hot environment.  The humidity levels a dried blood stain is kept 

in may affect the stability of an analyte because the matrix will remain wet for a longer 

period.  If a dried blood stain is found in an extremely hot temperature, the stability of 

the analyte can be decreased.  In future studies, the humidity and temperature variables 

can be analyzed to determine their effects on the efficiency of testing a dried blood stain.  
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Limitations to this study include that the concentration of drugs in a dried blood 

stain may be dependent on the origin the blood came from, as it is in post-mortem 

toxicology (61).  Also, it is not known if the obtained concentration of a drug in a dried 

blood stain is representative of the concentration present at the time the blood left the 

body.  To test these concepts a human or animal model will have to be given a known 

dosage of drug.  To determine if drug concentration is dependent on the location the 

blood came from, blood will have to be obtained onto a cotton cloth, from different sites 

of the body.  To determine if drug concentration is representative of the time the blood 

left the body, blood will have to be obtained onto a cotton cloth at different time 

intervals.  Whole blood could be collected at the same time and its calculated drug 

concentration could be compared to the calculated drug concentration obtained from the 

dried blood spot.   

Additional limitations include that this experiment spiked a dried cotton cloth that 

had been saturated with pig blood, not human blood.  Human blood could be used to be 

more representative of the real world.  Also, metformin was not subjected to its 

absorption, distribution, metabolism, or excretion mechanisms because it was never in 

the body of the pig.  Future studies could give metformin to a pig or human in order to 

account for the mechanisms variables not accounted for in this study.  Also, future studies 

could also test the laundering effects to the calculated drug concentration.  Since different 

detergents contain a variety of chemicals, washing the cloth can present other detection 

problems that were not tested in this study.   
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This study can help forensic science by supplying an alternative way of examining 

toxicological content of the body.  Dried blood spots and their contents can remain stable 

for longer periods of time as compared to fresh blood because the matrix is dry and has 

reduced enzyme activity and microbial degradation (7).  The methodology used to test 

the dried blood samples could be applied across forensic toxicology to decrease sample 

preparation time, which can lead to a faster conclusion to a case.  Additionally, increasing 

the stability of analytes is important to forensic science because it enhances their 

probability of being detected and quantified, appropriately. 
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